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-‘-he freeze-drying method of food preserving is an inte res ting procedure that has received considerable attention by the different food industries in recent years.
It is generally known that the process is particularly 

suitable for fruits»vegetables,shrimps and Crustacea etc and that 
fairly good results have been obtained with poultry and some meat products.

For these reasons we found it important to carry out 
some investigations in order to consider what possibilities the 
freeze-drying procedure would offer our meat industry.

The experiments were carried out in cooperation with 
the Norwegian Research Board for Meat and Vegetable Preservation.

E2 ui£ment_

From the firm Ostlandske Lloyd A/S in Oslo represen
ting the Vickers Armstrongs (Engineers) Limited we received a pilot plant freeze-drying unit for the experiments.

The drying capacity of the equipment was about 5 kg 
raw material a charge.The vacuum chamber had a volume of about 
500 litres. In '.he upper part of the chamber the drying goods were 
placed on 2 net trays between electrically heated plates.The dis
tance from the heat source to the surface 0f the material to be 
dried was about 15 millimeters.The heat transfer was brought about
; L radia^lon,In the.lower Part of the vacuum chamber were placed “ refrigerated coils lor condensing the evaporated water.These 
were coolea directly with Freon 22 from a 10 IIP compressor.The
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was established by a 2 HP Edwards vacuum pump. The 
temperatures of the heating plates and of the surface and 
interior parts of the products were registered by a continous
in°figure 1 ^  principal parts of the equipment are illustrated

Vacuum and temperature.
. Vacuuum and temperatures were controlled by hand.

ianee^rom oPhiatl?nS Wure C£ffled out at Pressures in the range irom . , 0 1  - l mm Hg andvcorresponding evaporating
temperatures m  the products were from - 60 - -20V  The
heating plates were brought up to surface temperatures
atnfh2gstart of +h15° The hifher temperatures were applied at me start of the process, and as the drying of the material
pr°ceded,the temperatures were gradually lowered according 
to the temperature development on the surface,where it had 

xceed 65 C. A typical temperature diagram for
in fi^nioeuerJ hl+k+SnllSeS 0f rawJtoPloin is demonstrated of thi total drying time varied with the thickness°t the meat slices, but it was generally found to be about one hour per millimeter thickness.

low nr+ii l i t  internal temperatures of the products remained low until the last crystals of ice had sublimated. Then the 
temperature rose m  the course of a couple of hours towards
end  T iaCG t e m p e r a t 4 r e ’ an d  t h e n  the Process had come to an ena. Figures concerning processing technique, yield etc. are shown in table 1.

Experimental part.
The experiments comprise the following products.

Pure meat.
Raw, fresh strip, loin 
" tenderized strip loin 

Cooked, " " h
Raw, fresh bottom round 
" tenderized bottom round 

Cooked, lean ham
" rein-deer hind leg

" " tongues" chicken meat
Minced b e e f  *,

Ready made dishes.
Emergency rations 
Raw hamburgers 
Fried "
Cooked Norwegian meat stew 

" meat and bean stew 
Beef goulash
Raw frankfurter forcemeat
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Preparation.
All visible fat was first trimmed off. The pure 

meat was then sliced and frozen overnight at -f- 25 u before 
drying. In the experiments with precooked meat, the cooking 
was carried out before slicing in order to prevent loss of taste and flavour.

Ready made dishes were frozen in about 15 millimeter thick layers at -f 25 C overnight before the process.
Some runs were also performed without prefreezing 

O-l the material. In these cases the fresh foods were brought 
directly into the freeze-drying cabinet. Due to rapid 
evaporation of water from the product when vacuum was set 
on, the temperature fell within 10 minutes to about e- 45°C 
somewhat dependent upon the degree of vacuum applied.

Packaging.
V/hen the freeze-drying was completed , the vacuum 

was destroyed by foiling the chamber with nitrogen. This was 
done in order to prevent oxygen from penetrating into the 
meat pores when it was removed from the vacuum chamber. Then 
the products were immediately vacuumpacked in aluminium - 
polyethylen bags. The size of the bags were 216x184 millimeter. 
Different types of films and foils were tried. It became 
apparent that the packaging material was most essential for 
the storage life of the products. Eest results were obtained 
with the_mentioned aluminium - polyetbylen bags. If a leakage 
occured in a package, the food was spoilt within a short 
time, mainly due to the fatbecoming rancid.

Reconstitution.
In the directions for reconstitution of freeze- 

dryed foods 1 0 - 1 5  minutes are generally recommended as 
adequate of rehydrcting periods. In our experiments this 
was an insufficient length of time. In most cases the meat 
was rehydrated f'.r about one hour. This was done in order 
to obtain the most favourable starting point for the 
consistency before the preparation and the following quality judgement

The water absorption was accelerated considerably by kneading the meat pieces by hand'. By this treatment 
the gas enclosed in the meat pores was pressed out, and the water penetration facilitated.See figure 3.

Only a part of the water absorbed was naturally 
bound to the meat. The texture was after rehydration rather 
spongy, and much of the water could be squeezed out of the 
meat pieces by hand. this amount of loosely absorbed water 
seemed to be somewhat dependent upon the meat quality and 
the thickness of the slices. Cooked before drying, the meat 
apparently retained water a little better than meat dried 
m ^ e r a w  state, when the calculation was based upon the 
water content of the cooked meat before freeze-drying. Calcu
lated on the water content of the original raw meat, the 
water retention was much the same.See figure 4.



4 3 /o

The percentage of water that could he squeezed 
out of different kinds of meat by hand is shown in table 2.

Table 2 .

Thickness
mm Water squeezed out

Raw reconstituted strip loin!» _ »! _ t! !»
Cooked !t _ »! !»
Raw 11 - bottom round

15
1 0
15
15

11 - 13 
2 2  -  2 4  

7 - 9  
17 - 19

The comparatively high figures for bottom round 
may be due to the fact that this meat had been stored for 
about 2 years at e- 50°C, and thus lost some of its binding capacity.

Frying.
Usually the quality evaluation was carried out 

on samples fried for two minutes on each side, because 
freeze-dried meat lost much of its palatability by cooking.

During frying there was a more intensive water 
evaporation from the reconstituted samples in comparison 
with natural,fresh meat, even though a hot pan and the 
shortest possible frying times were applied. The water loss 
was about twice that 'of ' fresh meat fried in
the same way. In fried,freeze-dried meat the water content 
was about 50 percent where as the corresponding figure for 
fried, fresh meat, was 70 percent. This refers in both 
cases to 15 millimeter thick slices. The varying water losses 
during the frying process are shown in table 3.

The high water losses could to a considerable 
extent be counteracted by dipping the meat pieces in an egg batter before frying.

Quality Judgement.
The quality was juegod by a taste panel consisting 

cl 5 - C trainee persons..The quality components were tasted 
for aroifla/taste and consistency and in addition a score 
was given for general impression. Most samples to be tested 
were compared to a freeze-stored reference sample of the same meat.

The following scoring system was used;
10 Excellent 
8 Very good 
6 Good (normal)
4 Inferior 
2 Bad
A survey of scores including all the runs 

produced can be viewed in table 4 • The figures are average scoresircm the participating judges.
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Discussion.

rrflnnpr- v. ireeze-arying equipment worked in a satisfactorymanner, vacuum and temperatures could be regulated '
^ ^  series of runs was processed by varying 

ondioions with regard to temperature, vacuum etc. The results 
obtained substansiate In broad cutlinewhat had previously been found by other investigators. *

, lcJt js very important for the results that there is a correctlv - landed correlation between heat supply, vacuum and the
haddtnSbP *emperJture; The temperature of the heating plates had to be kept at such a level that the temperature of the 
meat surface did not exceed 65^C in order to prevent 
denature °f the meat. On the other hand it had to be kept
rati^n^fh-t0 SUpply the nescessary heat for water evaporation within a reasonable length of time. How the heat 
suppiy should be regulated, was dependent upon the product
thanUothers’ because some foods w^re more sensitive to heat

. + exPerisnce is that pure meat is a very difficultproduct to freeze-dry, as consiaered from a qualify point
? L Vte^,l*Sh  and ilavour are falru  « 1 1  retained^ bSt the texture became dry and tough by the process Some
irreversible changes took place in the meat, so that it 
lost some of its natural properties and ability to retain water during preparation.

, . Por minced meat and some mixed meat foods such as different kinds of ste»s, beef goulash etc ?hfs 
quality delect was less predominant because that the mpot texture is less important in these products.

Thf quality was a little better retained.he mea t was cooked before freeze—drying.
_ Best results were obtained with cooked chicken 

meat, which after reconstitution had a far better aualitv than the other kinds of freeze-dried meat. quality
Lean meat was more fit for freeze-drying than 

-at pieces as the surface temperature during the Drocess 
must be kept low in order to avoid melting of the fatP 
And in addition thedfficulties in preventing fat meat from 
growing rancid during storage are considerable.
-Hfp r Sy!tematj-cal investigations concerning the storage 
thf -rof the+ir?eZe7urifd Products were not undertaken, for §
Would hP°n-f Ma1\ Wi-5+ihe-qialltleS SenerallJ Obtained this thof + h„ 1+ only interest. But . • it became evident,annuls storage life was very dependent upon the packaging applied and on the packing technique. 6
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Most of the products contained a certain amount 
of fat that had to he protected against oxygen and light 
in order to prevent it from growing rancid/Cans and glass 
jars were considered too heavy for freeze-dried
foods; Best results were obtained with a polyethylene- 
laminated aluminium foil. Vacuum-packed bags of this 
material were low in weight and gave reasonably good 
protection against oxygen and light.

An important factor of freeze-drying is the 
production costs. The expensive machinery for the drying and 
packaging operations, requirement of high meat quality, 
and expensive packaging material in addition to the other 
production costs, result in a high retail price

■. So it is necessary for the products to have 
particular advantages that make them preferable to other meat foods in order to make them competitive.

In some cases a low weight or a long storage life 
without the necessity for refrigeration may be a' cfmcl.si.Te fact 
in the choice. Alternatively,it may be the quality or the 
convenience in usage which is considered " important.
At the present time we must take into account that the 
quantities of freeze-dried meat that can be marketed in 
our country are limited. For this reason it will be difficult 
to establish the specific production of freeze-dried 
foods. If, on the other hand, the whole scale of foods is 
included, the prospects for freeze-drying would appear somewhat more favourable.

Conclusion.
Our experience with freeze-drying of pure meat, 

is that these products to a considerable degree are reduced 
in quality during the process. Taste and flavour are 
retained quite well, but the texture is rendered tough 
and dry. Minced meat and some ready made dishes such as 
hamburgers and different meat stews appear to be more 
suitable for this process. Precooked chicken meat was 
particularly suited for freeze-drying.

According to our investigation the freeze-drying 
technique at the present stage appears to have only limited 
possibilities as far as pure meat is concerned.
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S U M M A R Y  .

Experiments with freeze-drying of meat and meat products have been 
carried out on a p ilo t plant scale. From a technical point of view 
the drying procedure worked sa t is fa c to rily , The resu lts obtained, 
however, indicate that pure meat is not particu lare ly  suitable for 
freeze-drying. The quality of the products did not reach a level 
that would enable them to compete with sim ilar types of preserved 
foods on the market as, for instance, frozen or canned meats. An 
exception was cooked freeze-dried chicken, which after reconsti
tution had a far better quality than the other types of freeze-dried  
meat.

It  was f i r s t  of a l l  the texture of the rehydrated meat that 
was in fe r io r . It  became hard and tough during the process. Taste and 
flavour were retained fa ir ly  w ell. The quality was a l i t t le  better 
when the meat was cooked before drying.

Minced meat and some ready made dishes such as fried  hamburgers 
and d ifferent kinds of meat stews seemed to be more f i t  for freeze
drying than pure meat, because the texture of the meat is  less  
important for the quality of these products.

The storage l i f e  of freeze-dried meat depends upon the pack
aging of the product. Most meat foods contain a certain amount of fat 
that has to be protected against oxygen and ligh t in order to prevent 
i t  from getting rancid. This leads to comparetively high packaging 
costs, which in addition to the other production costs, make the 
finished freeze-dried products rather expensive.

Due to the high price and in many cases an unsatisfactory  
quality , it  is  unlikely that freeze-dried meat products w ill at present 
become a common household food in our country. For special purposes, 
where conveniance in use, or nutritive value compared to weight are 
regarded as more important than p a la ta b ility , freeze-dried meat 
products may meet a certain demand.

The conclusion drawn from our investigation is ,  that at its  
present stage of development this process of freeze-drying w i ll  be 
of only limited interest to the Norwegian meat industry.
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Z U S A M M E N F A S S U N G  .

Versuche mit Gefriertrocknung von Fleisch und Fleisch- 
prcuukten sind im Laboratorienmasstabe ausgeführt worden.Yom tech
nischen u-esichtspunkt aus verliefen die Versuche zufriedenstellend 
f1!? err~ächten Resultate zeigten jedoch, dass reines Fleisch für Ge- 
11 '-recknung nicht besonders gut geeignet ist.Die getrockneten 

Produkte waren nicht von solch einer Qualität,dass sie mit anderen 
entsprechenden konservierten Nahrungsmitteln auf dem Markte konkur
renzfähig sein würden wie mit gefrorenem oder dosenkonserviertem 
Fleisch.Eine Ausnahme war gefriertrocknetes Kückenfleisch,bei dem 
aas rehydrierte Produkt «ine viel bessere Qualität hatte,als andere horten von gefriertrocktenem Fleisch.

war v o r allem die Konsistenz der rehydrierten Produkte 
*} -adeln war.Während der Gefriertrocknung wurde sie hart und 

zahu.Geschmack und Aroma wurden leidlich gut bewahrt.Die Qualität 
war etwas besser,wenn das Fleisch vor dem Trocknen gekocht wurde.

Hackfleisch und einige fertig zubereitete Gerichte wie 
gebratene Hamburger und verschiedene Sorten von Labskaus schienen 
iur Gefriertrocknung besser geeignet als reines Fleisch,weil die
Struktur des Fleisches für die Qualität dieser Produkte eine geringe Rolle spielt.

Die Haltbarkeit der gefriertrockneten Fleischprodukte ist on der Lmballage abhängig.Die meisten Fleischwaren enthalten eine 
gewisse Menge Fett,das gegen Sauerstoff und Licht geschitzt werden 

.eän_ Ranzigwerden des Fettes zu verhindern.Das führt zu ver- 
altmsmässig hohen Emballagekosten,die zusammen mit den anderen 

Produktionskosten die fertigen Produkte ziemlich teuer machen.
egen höherer Preise und oft nicht ausreichender Qualität 

Rönnen gefriertrocknete Fleischwaren bei uns noch nicht gewöhnliche 
^irtschaftswaren worden.Für spezielle Zwecke,wo Bequemlichkeit im 
gebrauch oder der Nährwert im Verhältnis zum Gewicht wichtiger ist 
als Geschmack und Aroma,können gefriertrocknete Produkte einen °-e  ̂Wissen Bedarf erfüllen.
, Die Folgerung unserer Untersuchungen ist,dass der Gefrier-
^rocknungsprozess im heutigen Entwicklungsstadium nur von beschränkter Bedeutung für die norwegische Fleischindustrie sein wird.

0 0 0 OOO0 0 0
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Ontu M3cyniHBaHHH Maca h mhchhx npoíyKTOB cnocodoM 
3aMopaMBaHHH dbui nposeji^H b jiadopaTOpHOM Macnade.
C TexHĤ ecKOi! tohkm speHMH npoiiecc 3aMopaxKBaHHfl/M3- 
cyuiMBaHHfl jiaji yiOBAeTBopKTeAbHbiM pe3yjiLTaT. ¿[ocmr- 
HyTbie pesyjiLTaTbi nom3ajiH oiHaKo, mo mhco b hhctom 
BMie He ocodeHHO noixoiin jíjih 3aMopa$MBaHMH/H3cyiiiH- 
BaHHfl. KaneCTBO npOiyKTOB He ÍOCTKrAO yDOBHH, koto- 
ptlK dbl Ĉ CJiaJI MX JTOCTOfiHHMM KOHKypeHHMM CO CXÔHblMM 
BMjraMii KOHcepBMpoBaHHbix npoiyKTOB noTpediieHMH Ha pbiH- 
Ke, KaK HanpMMep MopoxeHHe mjim KOHcepBMpoBe.HHbie mhc- 
Hbie npojtyKTH. Eckjidhehmem dbuio BapéHoe, MoposenoM3- 
cymeHHoe maco ubinAHT, ríe pa3MoqeHHHft (reconstituted) 
npoíyKT ótiji 3HaHMTejiBH0 donee nyniiiero KanecTBa, neM 
ipyme copia MoposeHo/H3cymeHHoro Maca.

Ilpejue Bcero cociaB pa3MoneHHHX npoiyKTOB ociajica 
tb&píum m ynpyrHM. BKyc m apoMaT coxpaHMAMCb íoboab-  
ho xopomo. BapgHoe mhco coxpaHMJio KanecTBo Jiymiie 
neM cupoe.

Mojidoe maco M3 0M$niTeKca m  HeKOTopbie roioBbie npoiyK- 
Tbi, KaK HanpMMep xapeHbie Kouiera n pa3Hbie dnioia m3 
Mflca cBapeHHoro c OBomaMM m c coycoM, noBMíHMOMy 
dOJIMie nOíXOÍHT ÍAH 3aM0paKHBaHMH/M3CyiUMBaHMH, new 
HMdoe mhco, t . k. CTpyKiypa Maca MrpaeT Menee Barayio 
pojiB íah KanecTBa otkx npoiyKTOB.

OneHL BajxHO íah coxpaHeHMH Ha coaie  Mopo)¡ceHo/H3cy- 
weHHoro Maca u;eAecoodpa3HaH ynaKOBKa npoiyKia. Boab- 
UIMHCTBO MHCHHX npoiyKTOB COiepKMT HeKOTOpOe KOAMHeC- 
TBO XMpa, KOTOpHH flOAXeH dbITB 3amMi8H OT KMCAOpOia M 
CBeia, HTodu npeiOTBpamib nporopBKAocTB. 3to npKBO- 
í m t  k cpaBHMTeAbHO BbicoKMM pacxoiaM Ha iapy, HTO B 
iodaBAenne k ípyrwM pacxoían no npoiyKitfiM, 3HanMTenb- 
ho noBHinaeT aeHy Ha roTOBHe TOBapy.
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lÎ3 -3â BHCOKHX USK H BO MHOTMX CJiyHäHX He^OCTS-TOHHO 

xopomero KanecTBa, 30.MopoaceHHHe/M3cymeriHtie MacHue 

npojTyxTH ne CMoryT b HacToamee BpeMH aBaaTbca oÖhkho -  

BeHHHMH X03aHCTBe HHHMH npO^yKTaMH. Ho, eCJIH Bonpoc 

KacaeTca ynpomemia b noTpeöaeHMM, mjik TaM, r,ne 3Ha- 

aeHKe rarraTejibHOCTW Baraee KaaecTBa BKyca, to 3aM0- 

po3KeHHue/H3 cyineHHHe npo^yKTH MoryT noxpiiTb noTpeö-  

HOCTL.

Pe3 yJiBTaT0M Hamxx M3caeÄ0BaHKM aBaaeTca bh bo ä , xto 

b nacToameñ CTajum pa3BXTxa npoiiecc 3aMopascMBaHiia/ 

H3 cyniHBaHHa MOKeT jihuib xifeTb orpaimaeHHoe SHaaeHxe 

ÆJia MacHoro ßeaa b HameM cTpaHe.
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REHYDRATION OF RA /REETE-DRIED MEAT 
Ao RELATED TO DEHYDRATION TIME.
The water absorbuion is calculated in 
relation to the original weight of meat.

FIGURE 3

REHYDRATION TIME, MINUTES



FIGUR 4.

RUKYDRAIICl; CF Ra -./ AND COOliED FR33ZE-DRYED 
ITEA'i? A3 RELATED TO REifYDRATION TEiE.
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