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nan, roze al requirement ‘r_'or a rapid thawing system for "standard"
juiy'ﬂe Dmcg" boned out meat, which are increasingly used as raw material in
Car"ts t0 sna ]551_'19 Operations. The meat, ranging in size from large prima)

IS "ugated i Pleces and trimmings, is packed in 25kg lots within solid or
a\’erage e "€ board cartons, usually containing a polyethylene inner liner.
d,ﬂeatrgf{n Size is 61 by 40 by 15cm thick (Creed and James, 1981a).
"atupg of 0?“‘? of this size require at least 22 hours to thaw to a centre
Velocit. C In the fastest practical conduction based system which would

the Ved from § Y air at 30°C (Creed and James, 1981b). Even if the meat is
R%:?ﬂ‘ling i S carton, and thawed using condensing steam at 30°C under vacuum,

ime
ficlﬂtng the Cartcannot be reduced below 13 hours (Creed and James, 1981b).

On and wrapping from f U i if-
upe'itérslme Pons apping from the frozen meat is, in any case, a dif

uming, double handling operation disliked by all industrial

In th
tranes. Mori

Eo:;str goragtﬁ thawing oper_‘ations‘the thawing time is a function of the
duq‘-‘m"n of from the thawing medium to the surface of the meat, and the
im;h of th 15 heat into the centre of the frozen product. The poor con-
f]l)u the mdximawed meat, together with microbiological requirements which

Oygy, 3d resM:'“ Media temperature that can be used, restrict the rate of heat
aDp]?ome e S in long thawing times. In theory, microwave systems should
ey Catj is DV‘Oblem:.; because heat is generated within the material, but their
heca“may ba coQEW\Strgmed by thermal instability. At its worst, parts of the
Wiy Se the abs ed whilst the rest remains substantially frozen. This arises
beip, 'egmn’ Orption by frozen food of electromagnetic radiation in the micro-
is 3 N ecia]i to 2.5 GHz, increases as the temperature rises, this dependence
8l p'°ﬂched‘ Y large at about -5°C, increasing as the initial freezing point

absg’:tly hotte, fm_r any reason during irradiation a region of the material is
,nwheq Within than its surroundings, proportionately more energy will be
u,,Ev:Sed. As t;gat region and the original difference in enthalpy will be

fpeezr_lness of enthalpy increases so the absorption increases and the

sinc;"g POint t:tmg worsens at an ever increasing rate. Below the initial

the tthr a giy, ® temperature increase is held in check by thermal inertia

r‘ﬂch & )y enyEnergy input the temperature rise is inversely proportional to

hgmed its in?:‘?‘t)ﬁ- If irradiation is continued after the hot spot has

" ng Poing 1al freezing point, the temperature may continue to rise to

g :

g, n‘“aua 5

ﬁn(;:?s"l v :e“‘"g can be reduced by lowering the power density (thereby

hayg ', PY qistriEY‘OC_ESsmg time) to allow thermal conduction to even out the

Nhereh%n e ution through the material. Order of magnitude calculations

iy 28 belgy _gf the times involved for thermal stability and showed that

‘ngot rat‘"‘es bc and above 0°C relatively uniform rapid heating is possible,

e aretur_ cond etween -5°C and -1°C, where the major enthalpy change on thaw-
enmoyed”w"s are unstable unless processing times of 8 hours or great-

Sineg (Jason, 1974., Ohlsson, 1983).

® maip 5 ¢
n “"Stabﬂity tends to occur at the surface, attempts have been

2, 0 gy

‘%;ﬂ}?s- : §2° Surface during thawing using air or liquid nitrogen (Bialod et
:"‘ried the ¢,cro-Ondes Industrielles, undated). Although experimentally suc-
hiu Ut int eMmS are not economically viable. In this paper investigations
"Qduc:"tnned b? the feasibility of using a hybrid microwave/vacuum system to
Watgy : the 14, ??ks are described and the results discussed. The system

1 ta ]W: ihood of excessive surface temperatures by boiling off surface

hm" S emperature, with consequent evaporative cooling.
The Sten

"icup'“toty

:ha*:rchavgerma"mgAsystem shown in Figure 1 consisted of a cylindrical

ng bSO aPproximately 1 metre in diameter and 1 metre long. This

::rg Ing in se:_Evav:t._uated to absolute pressures as low as 10 mbars by a water

gqe "o o, od }es with a rotary pump. Microwaves at a frequency of 915 MHz

m""etgt ang pg Nto the chamber via two wave guides positioned near the top at

"o‘ Bl T t:" of the plant. The microwaves were produced from a 25 KW

atatw"‘gi“ By € trials the output from the generator was limited to 2.5 Ky
'fny.g Withi Oblems within the chamber. A large circular twisted disc was
8¥en g 4 Chamber during thawing to "stir" the microwaves and produce

& ting istribution of field potential.
§, Nta) tria)
Nicg )

Nigpe N0 suj
f"‘x?‘:"’\e fig:]g €quipment was available to monitor meat temperatures within a
of NQQ ia]s the :""\9 thawing, two sets of trials were carried out. In the
W Meﬂe}e"'pﬂatu Otal amount of energy theoretically required to raise the
a, "ho]e (]957) e of the meat to 0°C was calculated using the enthalpy data
D'nxi M‘)Cks and supplied within either a 0.5, 1 or 2 hour period to half
Hnt':ite]y a0 Since this resulted in significant under-thawing, with

faseq i Percent of the energy absorbed, the amount of energy supplied
1“ SXpap a factor of 2.5 in the second series of experimental runs.
biot) g Men

W tks 6? obt:::l Procedure was the same in both cases. Chilled meat (85% visual
Pheg . X 4 xe%l from a commercial abattoir and made up into either whole
~30°na] d" p°‘.¥eth5cm’ or half blocks 30 x 40 x 15cm. The blocks were then
t, 3 imens‘un Ylene film and placed singly in solid fibre board cartons of
e QS o, :86] X 40 x 15cm. A1l the cartons were blast frozen in air at
\,!r’“he,. "tong o hours before being stored for a minimum of 4 days at -20°C.
%ne "\t:hic Nos ghed to 1g were placed on a rack in the centre of the vacuum
lh,htionoq"“d then evacuated to a pressure of 16 mbar before the microwaves
N ch&u,s Shoyn .C3rtons remained in the chamber for the times and under the
bs 5 er l‘em Tables 1 and 2. During the thawing process the pressure in
A m“"tai ased to between 20 and 28 mbar due to the inability of the
Y " the high vacuum.

tag's eng

oy, Ang . OF

N}e"’li:et ] w:?e Set time the vacuum was released, the top of the carton rem-
hdgt hh:d usingpp‘"g opened so that the maximum surface temperature could be
?.ha " Tode"mc 2 Kan e May radiation thermometer accurate to 2°C. A single
‘Enttyﬂe ¢ Carto,,pmbe was then used to find the minimum temperature within the
thy e ofdesc,.ibed“‘“ then re-weighed and a multipoint thermocouple probe (of
'ha Wth the mea by James et al. 1977) placed vertically through the geometric
S“‘ate"'be ‘ssemb]t block. The BTock was then placed inside an insulated box and
by 2Pty "ﬂtu Y stored in a chill room at 0°C for 2 hours. During this time

gy, 10 re :
ckwn dat, S Within the meat were monitored and recorded to 0.5°C using a

A a 3
v Calc“]ggg:jﬂg system. From this data the average temperature of the

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 Weight Thawing  Power Temperature
No. Initial Loss Time Minimum  Maximum Average
(Kg) (%) (h) (KwW) (°c) (°c) (°c)

i) 26.0 1.5 2 0.91 -3.6 2.1 -2.8

2 25.0 0.8 2 0.88 =2.7 ri -2.5

3 26.1 1.9 1 1.83 -4.4 0.9 -3.5

4 26.0 132 3 1.82 -3.7 4.0 -3.2

5 14.5 231 0.5 2.03 -4.6 1.4 =325

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 'thawing'. 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 Weight Thawing  Power Temperature

No. Initial Loss Time Minimum  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 25,6 143 2.0 35 -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 & 2.0 2.8 -0.2 25.0 6.2

7 1.9 6.5 130 5 4.6 14.9 12.2

8 11.9 6.2 10 2.5 7.0 17.5 13.0

9 12.3 7.0 1.0 2:b -4.2 3.2 -1.0

10 14.5 9.4 §.0 2.5 15.5 28.4 20.5

1 1.9 7.6 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'. Al1 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 3 Typical temperature profile at end of second trial.

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 28.4°C.

From the enthalpy data of Riedel (1957), 335 KJ’Kg of energy are required to
raise the temperature of Tean 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% (Malton, 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 KW 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 1ikely 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 -1° 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.
A1l 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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that would be expensive, if not impossible to solve.

It is clear that a hybrid microwave/vacuum system will thaw single mea:n
in a time that would be attractive in many commercial operations, t
and other practical considerations could severely limit its industr
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