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FREEZE STORAGE OF HEAT AT DIFFERENT TEMPERATURES

By OliLE DAHL

Scan’ s Cent ra ilaborato rium, I'almo, Sv/eden.
Amo nr the most important factors pertaining to the ^ ^ ^ in s  

preservation o f meat and other foods are the conditions o f fe e z in g  
(fast or slow freezing) and the temperature during storage.
r t  the nualitv o f the goods to he frozen, e.g. their
S n t e n f  o f f a t )  aM the 3ize of the items as well as the wrapptac 
material, i f  used, must he regarded.

I t  is not possible to give a general recommendation, which 
would he applicable to any variation o f the factors mentioned, an 
which would also fu l f i l  economical requirements.

In older to solve part o f the problems, we started some experi­
ments on beef and pork to get answers, i f  possible, to the following
questions:

1. What temperature ought to be chosen fo r  freeze storage?

2. For how lon3 a period is  i t  possible to store frozen meat with- 
out noticeable loss o f quality?

3 . How do fa t and size o f the items e ffe c t quality and shrinkage 
during freeze storage?

L\, What protection w ill  be obtained by glazing or by using d ifferen t 
kinds o f wrapping material?

For the experiments wholesale cuts of heif e r ’ s r i o jo a t^
(with bones) o f a weight o f 6 - 9 k ilo s , sliced he;mj3jr__s_jpi]̂  
roasts o f a weight o f 0.7 - 1 .0  k ilo  o f each s lic e , wholesale 
outs o f pork loins (with bones but without rind and back fat^ 
ex cept ~â  1 a ye r o f 1 - 3 mm) o f a weight o f 2 - 2,5 k ilos , and 
«lined work loins (= pork chops) o f a weight o f 120 - 170 g^of 
each chop, were used. The carcasses were stored in a cooling 
room fo r  3 and 2 days, respectively, before cutting. On account 
o f the nature of the experiments (see below) i t  was necessary 
to make use of the meat from many carcasses. These were from 
animals, which, as fa r as possible, had the same age, quality, 
characteristics and antecedents within the respective species.

The items were stored partly unwrapped, partly glazed 
a fter freezing ard, in the case o f s lices , also stored a lte r 
havinr been wrapped in thick aluminium f o i l  and Cry-o-vac bags 
respective ly .“ The s lices were wrapped before freezing. The 
Crv-o-vac bags were evacuated and shrunk by dipping in hot water.

I t  is geneially found, that fast freezing w ill cause less 
drip a fter thawing than slow freezing. On the other hand, slow 
freezing w ill cause a more tender and juicy meat than fast 
freezing as stated by Callow (1955).

Freezing was performed in an a ir  blast tunnel at a tempera­
ture o f -U5°C overn igh t (10 hours). The items were then 
(a fte r  glazing in some cases, see above) stored in four top­
opening Jrefrigerators witho .t a ir  circulation. The temperature 
in the ̂ respective re frigerator and the storage periods were as 
fo llow s:-
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-  8 °C > iA , 1/2, and 1 year

- 15°C i t f f I f I f i t

-  2 2 ° G 5
i f t f I f f f h

- 30°C f t ff I f I f i f

Results on wholesale cuts of rib roasts and pork loins 

Unwrap'oed meat

Serious discoloration, freeze turn and rancid ifi cation o f the 
fa t in the ex te mal parts o f a ll itéras stored at -8 g and -15°C, 
less pronounced such damages on samples stored at -22 G fo r  I/I4 and 
1/2 year, and just s ligh tly  v is ib le deterioration o f the items 
stored at -30°G were observed.

The shrinkage decreased considerably by lowering the temperature. 
On an average a shrinkage o f about l-f0 and 7$ at -30°C and - 8°C, 

fc respectively, was obtained on the rib roasts a fter storage 1 year.
The corresponding figures fo r  the pork loins we re 3o and 106 s 
respectively.

Glazed meat.

Glazing was shown in some cases to protect the frozen meat 
against the damages mentioned to an appreciable degree. Yet the 
items stored fo r 1/2 and 1 year at -o°C and -15°C exhibited d is­
coloration, freeze burn and rancidification (particu larly the pork 
lo ins) to nearly the same extent as those, which were not glazed.
This may, however, be due to a faster sublimation o f the ice than 
at the lower temperatures. The results on the samples stored at 
-22°C were intermediate to those obtained at the two higher tempera­
tures and -30°C. The ice layer o f the items stored at -30°C had 
sublimated a fter about 1/2 year. Thus, some time before the end 
o f this period the meat ought to be reglazed. This was, however, 
not done in these experiments. By glazing the rib roasts gained 
1-i- - 2/% in weight, the pork loins 2-1$. A fter storage for 1 year 

- at -30OC and - 80c the shrinkage was on an average 2%?0 and 5%,
respectively (rib  roasts), and 2-o$ and ¿$ respectively (pork lo ins).

Po lotab ility  tes ts .

The meat was thawed, fr ied  in slices and judged by a taste panel. 
On thé outer parts o f the meat a rancid taste was established in the 
same cases as those mentioned above. In some cases the rancidity 
Was very pronounced. The inner parts o f the meat were, however, 
quite perfect even a fter storage at a temperature o f - 8°C and fo r  
s period of 1 year.

No decision could be made with regal’d to the correlation between 
"tenderness and storage temperature. Low temperature possibly caused 
a slight tendency to induce a more tender meat than did higher 
temperature s.

Phip during thawing

When the storage periods had elapsed, cubes o f 150-200 g 
(without fa tty  tissue) were sawn out from the internal part of the 
frozen meat, placed in cans and covered with petroleum ether. In 
this way the meat cubes were allowed to thaw overnight (15 hours) 
at room temperature. The drip thus separated was measured. This 
method of determining the drip has been developed and successfully 
employed by Xaloyereas (19U7). A drip ranging between about It and 
106 was obtained. No sign ificant difference o f drip seemed to
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exist between items stored at d iffe ren t -temrearot.ures or for d i f fe r ­
ent durations. In rexo-b, even duplicates generally agreed poorly, 
so that the method seems to lack in reiDroducibility. According 
to Callow (1955) the way of sawing* out the meat cubes, especially 
the angle between the saw blade and the meat fib res, has been shown 
to interfere very much with the percentage o f drip.

Results on sliced items

Unwrapped and glazed

Similar results as on the corresponding wholesale cuts o f rib 
roasts and pork loins were obtained, yet s t i l l  more pronounced 
deterioration and greater shrinkage was noted.

Wrapped in aluminium fo i l

This material was very e ffic ien t against drying and discolora­
tion but could not prevent the fa t  from getting rancid.

%  Wrapped in Cr,v-o-vac. evacuated and heat sealed

This method offered an excellent protection against drying, 
discoloration, and, at low temperatures, also against rancidification. 
Practically no shrinage was observed, although the packages were 
small. < The samples stored at -8°C and -15°C fo r  1/2 and 1 year 
were sign ifican tly  rancid.

Discussion and conclusions

The follow ing tables give a summary o f the results obtained 
on wholesale cuts o f rib roasts and pork loins: -

Approximate lim its fo r  appearance o f d istinct rancidity of

the fa t or discoloration o f the meat:

Pork loins without rind 
(unwrapped)

and most o f the b a ck fa t r emo ve d

-15 °C ooCMCMi -30°C

1/1} year
Rib roasts (unwranued^

1/2 year 1 year

- o°C -15 °C - 22°C

1/b year 1/2 year 1 year

By these investigations the importance o f a low storage tempera­
ture has been evident, particu larly when the meat is stored fo r long 
periods. When storing wholesale cuts of pork fb r 1/2 - 1 year there 
are strong arguments fo r applying so low a temperature as -30°C. 
Glazing, i f  not being considered as fraud owing to adding of ice to 
the weight of the meat, w ill retard freeze burn, discoloration and 
rancidity to an extent su ffic ien tly  great fo r  being ju stified  to use 
even fo r meat as in the case with fa t fish . Yet the ice layer 
ought to be rather thick and, in addition, reglazing is necessary 
when the meat is stored fo r long periods.

Small pieces o f meat, e.g. s lices , should be wrapped in a vapour 
and a ir tight film  before freezing. The freeze storage temperature, 
°Ught to be low, preferably -30°C, especially for storage periods 
exceeding about 1/2 year.
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What has thus been said, is valid only for meat in a fresh and 
good condition before freezing. In particular, the d iet w ill 
considerably e ffec t the quality and keepability o f pork (Dahl, 1957, 
1958). In experiments on the keeping qualities o f frozen pork 
Wismer-Pedersen (1957) found that the diet was o f a decisive 
importance fo r  the keepability o f d ifferen t cuts of pork as well 
as o f sausage manufactured from the pork. Thus, pork from pigs 
fed garbage developed a very bad taste a fter storage fo r  •§■ year at 
-20°C as compared with pork from pigs fed skim milk and barley, 
which was palatable even a fter storage at - 20° C fo r  about 1 year.
The freeze storage temperature was of a lesser importance than the 
d iet.

For a long time -18°C (=0°F) was considered as a su ffic ien tly  
low temperature fo r  meat and many other foods. This temperature 
and even a l i t t l e  higher may be suitable fo r  whole or half carcasses 
o f pigs with rind or quarters o f beef, when the storage period does 
not exceed some months. Later on, the temperature in the cold 
stores has gradually been lowered to -20^0 and -25°C, thus enabling 
the storage o f food fo r  longer periods without deterioration. 
According to my opinion storage temperatures of about -30°C are, 
however, so far not applied in practice.

This work has been performed by Helsingborgs Frys, Hälsingborg, 
and Scan, Malmö, in co-operation.
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