
using microwaves under vacuum
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of fro7PUSirial requirement for a rapid thawing system for “standard" 
join«-"*®31 P r o c e < c - d out meat’ which are increasingly used as raw material in 
C(w, ^  s m a l l - 9 °Perations* The meat, ranging in size from large primal 
An 9ated fibrpP>leces and tri™>in9s * is packed in 25kg lots within solid or 
Cat'!!era9e cartL -rd cart°ns, usually containing a polyethylene inner liner. 
temDoned ^at bin L1ze is 61 by 40 by 15cm thick (Creed and James, 1981a). 
i$e future 0f Jof . of this size require at least 22 hours to thaw to a centreuse ‘ of o°c

in the fastest practical conduction based system which would
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the+Ld t>om it,y ai!" at 30°C (Creed and James, 1981b). Even if the meat is
in9 timp carton» and thawed using condensing steam at 30°C under vacuum, 

ficuu9 the cartCannot be reduced below 13 hours (Creed and James, 1981b).
°Perah tin,e con?°",a"d *ra,PPin? from the frozen meat is, in any case, a dif-

In

... • - I me rnnci v. i j , aujr Lose , a u i i -
utors> nsuming, double handling operation disliked by all industrial

the
Lran<:f ma0Oritv nf + u
c°ndu er of heat f thawing operations the thawing time is a function of the 
dijCti ti°n of tu . ? m th® thawing medium to the surface of the meat, and the 
limit ty °f thaJ/SHheat ln t0 the centre of the frozen product. The poor con- 
fl0w the rnaximiWed meat’ together with microbiological requirements which 
Qverc and result? ™edla temPerature that can be used, restrict the rate of heat 
aP p i t h e s e  nJ ?  lon9 thawing times. In theory, microwave systems should

0ri is !ems because heat is generated within the material, but their 
beca„?ay be cookp!IStra]ned by thermal instability. At its worst, parts of the 
S i  the abso^t- llst the rest remains substantially frozen. This arises 
bein re9i°n, q g ptl°n by frozen food of electromagnetic radiation in the micro- 

annespecialiv i 2,5 GHz’ increases as the temperature rises, this dependence 
ŝ qhti°ached y riar9e at about ‘5°c > increasing as the initial freezing point, slig 0aohed y ,Ia^ e

j  » C i »  hott;. i f for
will be

S r t  Ï b°tter th • any reason during irradiation a region of the material 
’S a  within th3? 1ts surroundings, proportionately more energy will be 
S e n  ed* As th 3t region and the original difference in enthalpy will be 
*' ,Jness of hPAt-enthalpy increases so the absorption inc 
, , J3 Point fut1ng worsens at an ever increasing rate.

%  th!°r a given temPerature increase is held in check by thermal inertia 
S h e r i 31 canaritner9y input the temperature rise is inversely proportional to 
S i n .  i n i / . / ;  If inradiation is continued after the hot spot has 

n9 Point tla' freezing point

s ng worsens at an ever increasing rate. Below the initial

hot spot has 
the temperature may continue to rise to. 1 Point

«HQL
inC(. runaway k

i S l n 1" 9 the^ii”9 can b e .reduced by lowering the power density (thereby 
S  kiy distrih,.?<essing time) to allow thermal conduction to even out the

rn.j °UtlOn thrnunh thp m atpriA l fli'riflr n f  ntlnnifn^n + -J---

** b®low .si.«» t1mes involved for thermal stability and showed that 
S  Ocr Matures ha*-and above g°(- relatively uniform rapid heating is possible, 
,rC r- condit?tWeen "5°C and “1°c* where the maJ°r enthalpy change on thaw- 

en,Ployeri } ,0ns are unstable unless processing times of 8 hours or qreat- 
a (Jason, 1974., Ohlsson. 1983).

*the
main

1974., Ohlsson, 1983).

’"stability tends to occur at the surface, attempts have been
Figure 1 Microwave Vacuum Thawer

Results

The conditions and times used in the trials together with the minimum, maximum 
and average temperatures and the percentage weight loss after thawing are shown 
in Tables 1 and 2. Typical temperature profiles through a block at the end of 
its thawing cycle for the first and second set of trials are shown in Figures 2 
and 3 respectively.

Run
No.

Weight
Initial Loss

Thawing
Time

Power
Minimum

Temperature
Maximum Average

(Kg) (%) (h) (KW) (°C) (°C) (°C)

1 26.0 1.5 2 0.91 -3.6 2.1 -2.8

2 25.0 0.8 2 0.88 -2.7 7.7 -2.5

3 26.1 1.9 1 1.83 -4.4 0.9 -3.5
4 26.0 1.2 1 1.82 -3.7 4.0 -3.2

5 14.5 2.1 0.5 2.03 -4.6 1.4 -3.5

6 16.6 1.8 0.5 2.32 -2.2 6.8 -2.0

Table 1. Initial weight and % weight loss from meat, thawing time and micro- 
wave power supplied during the first set of thawing trials, and the 
maximum, minimum and average meat temperatures after 'thawing1. All 
runs were carried out from an initial starting temperature of -20°C 
at a pressure rising from 16 to 28 mbar.

It is clear from Table 1 that insufficient energy was supplied to the blocks to 
raise their average temperatures above 0°C, however both surface temperatures 
(maximum 7.7°C) and percentage weight losses (average 1.6%) were low.

Run
No.

Weight
Initial Loss

Thawing
Time

Power
Minimum

Temperature
Maximum Average

(Kg) (*) (h) (KW) (°C) (°C) (°C)

1 25.6 9.0 2.0 2.5 3.0 24.3 8.0

2 25.5 7.9 2.0 2.5 2.6 24.0 8.1

3 25.6 7.3 2.0 2.5 -2.0 12.7 4.0

4 24.5 10.3 2.0 2.5 21.2 26.7 23.3

5 33.2 5.9 2.0 2.5 -2.0 22.0 4.8

6 27.9 7.1 2.0 2.5 -0.2 25.0 6.2

7 11.9 6.5 1.0 2.5 4.6 14.9 12.2

8 11.9 6.2 1.0 2.5 7.0 17.5 13.0

9 12.3 7.0 1.0 2.5 -4.2 3.2 -1.0

10 11.5 9.4 1.0 2.5 15.5 28.4 20.5

11 11.9 7.5 1.0 2.5 -2.4 15.2 4.3

Table 2. Initial weight and % weight loss from meat, thawing time and microwave 
power supplied during the second set of thawing trials, and the maxi
mum, minimum and average meat temperatures after 'thawing'. All runs 
were carried out from an initial starting temperature of -20°C at a 
pressure rising from 16 to 28 mbar.
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Figure 2 Typical temperature profile at end of first trial.

Figure 3 Typical temperature profile at end of second trial.

that would be expensive, if not impossible to solve.
t bl°c

It is clear that a hybrid microwave/vacuum system will thaw single IB®aencr̂ y 
in a time that would be attractive in many commercial operations, bu 
and other practical considerations could severely limit its industria
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Four blocks in the second set of trials had minimum meat temperatures below 0°C, 
however only one had an average temperature below this value. Weight losses 
averaged 7.6 percent, and maximum surface temperatures ranged from 3.2 to 28.^C.

From the enthalpy data of Riedel (1957), 335 KJ'Kg of energy are required to 
raise the temperature of lean meat (assuming a water content of 75%) from -20°C 
to 9.0°C (the average final meat temperature). The average energy required in 
the second set of trials, calculated from the data in Table 2 was 690 KJ/Kg, 
giving an efficiency of 49%. Assuming that the average weight loss of 7.6% 
consisted only of water boiled out of the surface layers, this would consume 
187 KJ/Kg of meat thawed. The remainder 168 KJ/Kg was absorbed by the wave 
guides and thawing chamber.

Discussion and Conclusions

These experiments have demonstrated that it is possible, using a hybrid micro- 
wave/vacuum system, to thaw 15 cm thick blocks of meat inside solid fibre board 
cartons in either a one or two hour cycle. The average meat temperature after 
thawing was 9.4°C (ranging from -1.0°C to 23.3°C between cartons) and the maxi
mum surface temperature measured on any block was 28.4°C. Surface temperatures 
of this magnitude would be unlikely to produce substantial increases in 
bacterial numbers because of the very short thawing times. However temperatures 
much higher than this could result in some protein denaturation.

Weight losses averaging 7.6% (ranging from 6.2 to 10.3%) appear large when con
sidered against other reported thawing losses of 1 to 2% (Bailey et al., 1974., 
James et al., 1977., Creed et al., 1979), but the latter were obtained from 
carcasses or large joints with a low cut surface to volume ratio. Unpublished 
values from industrial thawing systems that handle similar types of blocks 
range from 3 to 10% (Maiton, 1984).

The overall energy efficiency of 39% appears low, but no comparative figures 
have been located for other thawing systems. One third of the energy supplied 
was absorbed by the vacuum chamber. The prototype was constructed from mild 
steel and a vessel made of either stainless steel or aluminium would substan
tially reduce the absorption of microwave energy. However, even if no energy 
were absorbed in this way it would still require approximately 520 KU to thaw 
one kilogram of meat. This would create a substantial problem in scaling up 
the prototype to a commercial sized thawing plant. The largest microwave 
generators currently available have an output of 60 Kw and would therefore only 
thaw approximately 0.5 metric tons per hour. Since they would need regular 
loading and unloading their maximum output per 8 hour working day would be no 
more than 4 metric tons of thawed meat. Many industrial plants require con
siderably higher throughputs than this, and would thus need multiple units.
The capital cost of a unit is likely to be very high which would severely 
limit its commercial viability.

Furthermore commercial thawing systems are required to process a number of 
cartons in a single operation. These results show wide variation in final 
average temperatures between individual blocks ranging from -1r to 23°C. This 
is probably due to differences in fat/lean content and distribution of material 
within a carton, and uneven microwave field strength within the vacuum chamber. 
All the meat used in these experiments was obtained from a single source and 
was carefully packed; variations under commercial conditions due to these 
factors are likely to be even greater. Uniform irradiation of considerable 
numbers of cartons inside a large vacuum vessel would also present problems
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