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FREEZE DE37CCATION - A NEW METHOD OF FOOD PRESERVATION 

■ ^ ib 
JURGEN STRASSER, JOHN G. KAPSALIS* and J. WALTER GIFFEE 

U. S. ARMY NATICK LABORATORIES 

NATICK, MASSACHUSETTS 

INTRODUCTION 

Most dehydrated foods, when compared with other kinds of 

processed foods, offer considerable logistic advantages for mili¬ 

tary feeding. Dried products are lightweight, easy and quick to 

prepare, and are stable when held without refrigeration over an 

extended length of time. As a result of intensive research per¬ 

formed in recent years, these products have reached a high quality 

f. tandard. The main breakthrough in acceptance occurred when the 

food was vacuum freeze dried, a process by which the water vapor 

aublitnes from yie frozen product under low total pressure directly 

Into the gaseous phase. By this method migration of solutes, 

shrinking, case hardening, loss of flavor volatiles, and other un¬ 
desirable effects of air drying were greatly reduced. * 

Since the inception of this process about 15 years ago 
much pioneering development work has been performed at the 

Quartermaster Food and Container Institute in Chicago and its AUG 9 
successor, the Food Laboratory of the U. S. Army Natick (í.M¡¡,) 
laboratories. yLj 

1968 

In conventional freeze drying the water subliming from " 

the food is condensed on refrigerated surfaces at sub-zero temper- 

alure. In I956 work at the Western Regional Research Laboratory 

and in collaboration with the Biological Warfare Laboratories at 

Fort Detrick, Maryland, showed that frozen pellets of bacterial 

cultures could be vacuum freeze dried using silica gel (l). 

Iw'cently we have investigated the use of solid desiccants similarly 

tor drying foods. We termed this process "Freeze Desiccation". 

Preliminary studies indicated that the retention of quality of the 

food processed by freeze desiccation was high and that the equipnent 

required was less intricate and less expensive than that needed for 

the conventional method. The new process offered certain additional 

advantages^which are discussed later in this paper. .Although our 

A r 
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lab?ra\017 ECale In etches, the 

ous a^t^r^Sñ^ °f * 

procedures 

and freezeISE"cfSn0a^biSeâte1ablnan7Tal?t,í'r:eZe dl7l"s 
Pared in the sanie vay for both processes iS Pre" 
drying a condenser to +™-n pr°cesses* In conventional freeze 

necessary to provide the heat for sïblimti^ PlateS Qre 
tion, as i»rformed in our laboratories ^ In ?eeZe deslcca- 
vith a protective fabric and surrounded bv í00d VSS wrapPed 
a drying chamber. Silica rel which i« by n lid desiccaat inside 
dioxide, was found to be suitable 1f^r.1+v1franUla^, £Un0rphous silicon 
penetrates its snhMeroLopíc p^s^d ^ LTh'' T* ^ 
tion and capiUary condensation. The action o? ? absorP- 
vapor is reversible by heat The x slllca gel on water 
350¾ and is than caíble 2 0^ "^Ms ^ 
In repeated cycles there is son** Wo Sc . ^11 caP-acity again, 
gel due to occlusion orsmill ^o^f Î SOrption caPac^y of the 
from the foods and their alt-rati0f. Vj;iatlle organic materials 
eel. Por sore purpoSs de t0 ^ «» 
example, when low moisture levels in ^ USeful- For 
mixture of silica rel with rv-o Sin , dried food were desired, a 
than silica gel alone. The molecul-rS i^8 W&S f0und to be better 
Plex silicates conta^nftlnnS ^ c^staH-1ne com- 
elements. nlng alunlnum ^d one or more other metallic 

9. 

pies as described abov^'^was^vacuat^^t'1 Vn th the fr0zen food sam- 
POint the valve to the Vacuum ? &b?ut 0*3 at which 
Placed in a refrígeralíro™ ^C) ^ chaniber was then 
aturo of the charter vas ïoSd to h. citable vail tenper- 
tnre of the food U T.T ° C Eni 10 C- ^ 
and is absorbed by the de-ie-ant "»P6 S°Pd lnt° th0 vapor Phase, 
frozen foed fron Ltttnr? SlrtL tf ? snmeient to keep the 
the heat evolved du* to^h* adso™t<I eai!ly ataees of dehydration, 
utilized as the prlraw eíe'r^ Iln , f Vat6r by the «^iccant is 
proeresses, the heat SnductS toX plldtel îîf1?' ^ iryins 
becomes increasingly important Thnc lr0::i tne chamber walls 
chamber are also import bhe Slze sha^ of the 
the walls of the chamber náv h- >> ev,+ Ce 1S COr'pletely sublimed, 
hasten desorption of bound ïater t0 tefrature to 
moisture level. and attaini.)cnt of the ultimate 
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gyggg.i| m FREEZE-DESICCATION process UNDER I^BORATORY 

1' Relationships Between The Weight of The Pood And The 
Weight of The Desiccant. ““ “ 

Preliminary studies to determine the relationship 
between the initial weight of the product and the weight of the 

desiccant needed for drying were conducted with high protein foods 

(precooked beef and raw codfish). Differences in the^nitial mois¬ 

ture content of the frozen samples were considered to be negligible. 

Experiments with beef promptly revealed that the ratio of food^o 

desiccant regulates the degree to which the product is dried (Fis 2) 

sharp increase in the amount of desiccant necessary to obtain a 

low moisture content in the meat reveals the limitations of a one- 

step batch-type freeze-desiccation process. It should be noted that 

to Sst«in S0Unt 0f^0liCalar SleVe than 0f slllca gel 15 necessary 
to obtain the same final moisture content. The difference is caused 

y he strong af.inity between molecular sieves and water in th° 
low moisture region. 

lnflup-nco oT The Location of The Desiccant. 

, . 0r^er to investigate the influence of the heat 

fr?ffl ths desiccant to the product, two experir^nts were 
one experiment codfish samples (discs 16mm diameter, 

6mm thickness) were packed in silica gel and the mo is tut, content 

YJ! determined aiuer different dzying times. Kie weight ratio of 

was kept6at +1^0° StÍ1Ív 631 vas 1:5‘ 1112 chamber wall temperature 
was kept at +10 C. In the other experiment, the sample and the 

l0catsd in connecting chambers. Tie weight ratio 
and the chamoer wall temperature were the same as in the first exper- 

vere^oS^ryT2 î-"* sa£iple8 in c0ntact with the desiccant 
+ thaa those for «hose not in contact because of 

conditions for heat and mass transfer (Fig. The 

SSfífÍ8 fls0+fhoved that tha «nal moisture content was indepen- 

°f tYf/00d relQtivP t0 that of the desiccant. 
3he final moisture content depends upon the weight ratio of frozen 

sampie to dry desiccant, final chamber temper at ui'e, and the sorption 
characteristics of both the food and the desiccant. 

3* Correlation Between Tie Desorption Isotherm of The 

Food And The Adsorption Isotherm of ThTbe'siccantï 

At the end of the freeze-desiccation process, an 

Va^fvvaï°r Pressure has been established in the cham- 

C0J? bs bsst underst0°d if the adsorption iso- 
herm of the desiccant and the desorption isotherm of the food at 

S! ’r”- iOT isotherm «.asurewnt, 
the instruu-ntation sho-.n m Fig. 4 was used. Precise water vapor 
pressure a were generated in the system by means of a ? 

iH 
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thanaostatically controlled water bath. This method of measuring 

S^^tion!TrÍOr î° t?e USU^ of using saturated 
* \ Q closely spaced points over the entire relative 

umidity (R.H.) range can be obtained and controlled. A front view 
of the apparatus is shown in Fig. 5. 

ra1-52'sture sorption isotherins of raw codfish and silica 

Si^+Pl°tted in lls' 6' Cl ohe baslß of these isotherms, one can 
fie of àesiccant necessary to reach a certain de- 

deíired° ^ ent' in the food- follcn/ing equation was 

mi “ 1% 

R = ratio of weight of vet food to weight of dry desiccant 

= final equilibrium moisture content of desiccant ($ dry basis) 

mi = initial moisture content of food ($ dry basis) 

mg * desired final moisture content of food at end of drvina 
process (% dry basis) y S 

sorption characteristics of molecular sieves are compared with 
the sorption behavior of silica gel in Fig. 7. Below about 30* 

£ f sieves of the ^A type have a consider- 
fffinity for vatsr vapor. Above 30^ R.H., silica gel 

ySf?SCOpiC* misrefor^ substitution of a molecular 
wän V Vne-iSil^C^ eel bel0V about 3°^ R-H- would be suitable 
when low final moisture contents are desired, especially in a con- 

r-ïïSS 5TZe;deSiccati0n apparatus- &ach a Plsnt would be almost mandatory for large scale production. 

It is conceivable that eventually a continuous free re- 
desiccation process may become competitive ^nlth the freeze-drying 

in+UC3: It I2icht even be considerably less expensire, 
Sxnre high-cost refrigeration eciuip-ent would be displaced by low- 

íf®l?eS+?C2ntSn\vhlch cra bG used ^Pcatedly folloiring simple heat 
“fr;, solubion of all problems concerning the feasibil- 

of a continuous system cwst await the information that con only 
be supplied by pilot-plant studies. 7 

ADVANTAGES 

freeze-desiccation process has several privante res 
I,o sophisticated freeze-drying eculprent with refrigerated conden- 
lll 0 1 plates is necessary. A simple laboratory desicca¬ 
tor or any other sealable container may be used for the dryiíj 
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charriber. Vacuun pumping is necessai-y only at the beginning of the 
process. Therefore, a single vacuum source can be used for a whole 
series of chambers which are simply sealed off after evacuation and 
transferred to a cooler. 

The advantages of predetermining a uniform terminal mois¬ 
ture content in the freeze-desiccated foods are manifold. In fact, 
this feature is as yet one of the unachieved goals for the ccnven- 
tional fjieeze-tlrying method. It has been known for several years 
that some foods undergo oxidative deterioration more rapidly when 
excessively dry than when they contain the so-called monolayer 
amounts of water (4, 3)* Still higher levels of moisture promote 
discoloration and off-flavor development through anino-carbonyl and 
other types of reactions. Retention of desirable texture also re¬ 
quires optimal amounts of irater in the stored product, and it was 
recently demonstrated (2) that this optimal moist lire range can be 
accurately defined by suitable instrumentation. 

There is a need by the military for a number of com¬ 
pressed food bars for both tactical and logistic purposes. Froeze- 
^.rred foods are particularly suitable for compression because of the 
voids remaining after renoval of water. A certain amount of resi¬ 
dual moisture in the dried product contributes a desirable degree of 
plasticity for compression purposes while an overly dry product 
tends to crumble. Without the advantage of freeze desiccation, pro¬ 
ducts are often overdried and an extra step is introduced wherein 
the products are moistened before compression. This constitutes an 
added cost. 

r 

Freeze desiccation is a very gentle process ; the mild heat 
of adsorption released by the desiccant is supplied to the food by 
conduction without perceivable damage to the product. The high sur¬ 
vival rates achieved with bacterial cells by Graham et al. (l), is 
evidence that even subtle damage is unlikely. 

SUMMARY 

Freeze desiccation of foods is based on the use of a solid 
desiccant for the adsorption of water vapor which subliras from the 
frozen food at a reduced pressure. Desorption isotherms of the food 
and adsorption isotherms of the desiccant ware used for the calcu¬ 
lation of the quantities of desiccant necessary to obtain different 
pre-determined residual moisture contents of the food. An equation 
and a curve were developed for this purpose. The new rathod com¬ 
pares favorably with conventional freeze dehydration. It offers 
the specific advantages of accurate control of the end point resi¬ 
dual moisture in the food. For moisture contents above about 5$, 
‘.he use of silica gel as a desiccant was found to be very suitable. 
For moisture contents 1210-,: this limit, substitution of molecular 
sieves for the silica gel in a two-stage desiccation process was 
necessary in order to desorb the more firmly bound water. 

y/3 



STRASSER, KAPSALIS* and GIFFEE 

REFERENCES 

1. G. üiam, R. P., a. H. Brown, and L. F. Ginnette. 1956. Develop- 
ment of Silica Gel Drying Process for Vegetative Bacteria. 
Contract Research Report, Western Regional Research Laboratory, 
Albany, California, Interagency Agreement No. CD3-2460. Also: 
iJa Patent No. 2853797 and US Patent No. 2897600. 

2* ¾S+1i!, G‘ m:iB‘ 1967, Hygroscopic equilibrium 
®Jd parameters of special freeze-dried foods. Present- 

fr7th feting, Inst. Food Obchnol., Minneapolis, Minn. 
JLp-19 May. 7 

3* Maloney, J. F., T. P. Labuza, D. H. Wallace and M. Karel. 1966. 
âiitoxidation of methyl linoleate in freeze-dried model systems. 
Î*. vater on t-e autocatalyzed oxidation. J. Food 
öd • j j! j O ( O • 

4. Salwin, H. 1959. Defining minimum moisture contents for dehy¬ 
drated foods. Food Ibchnol., 13, 594. ^ 



* 

STRAS SER, KAPSALIS* and GIFFEE 

C
o
m
p
a
r
i
s
o
n
 
o
f
 
c
o
m
m
o
n
l
y
 
u
s
e
d
 
f
r
e
e
z
e
 

d
r
y
i
n
g
 
w
i
t
h
 
f
r
e
e
z
e
 
d
e
s
i
c
c
a
t
i
o
n
 



W
E

IG
H

T
 R

A
T

IO
 

F
R

O
Z

E
N

 B
E

E
F

 : 
D

R
Y

 D
E

S
IC

C
A

N
T

 

STRASSÏÏR, KAPSALIS* and GIFFEE 

Fig. 
2Sí0nStÍP betv‘een f00¿ to desiccant 
Tn belf ° Qnd final noistur2 content 
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Drying Time 

Fig. 3. Comparison of different œthods of freeze 

desiccation. The dotted line indicates the 

moisture uptake of silica gel during 
experiment 2. 
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Fig. 5 Apparatus for determining sorption isobars 
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