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Reconstltutlon

_ I:l THE ULTIMATE GOAL in
food heating is to be able to raise .
the temperature of the food mate-
rial to serving temperature, as
needed,” in' the shortest possible

. time,  with" no - deterioration in
quality. This is more difficult to
accomplish from initial tempera-
tures below freezing, less difficult
from 2’ témpered or refrigerated

"~ condition, and least difficult from

room temperature,
-'I‘radltlonal heat sources: are

g THE AUTHORS are with the Food
Engineering  Laboratory, U.S. Army
Natick Résearch- and Development

© Command, Natick, MA 01760 -

Mlcrowave sys- .
- tems permit.
rapid reconstitu-
tion without loss
in quality
 R.V. Decareau, J.K.
Prifti, J M. Tuomy, and
. D.E. Westeott

Limited-by the thermal. conduc-
tivity -of the food material -and
cannot begin to approach the theo-
. retical minimum energy required
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to do the joh. Infrared and steam
under pressure come the closest.
Methods in which heat is gener-
ated within the food mass would

appear to offer the best oppor-- E

tunity of approaching the ultimate
goal. Such methods - inchide direct .

~ ohmic heating, dielectric heatmg,

and microwave heating.

® Direct Ohmic Heating is-’ac— .

complished by using the food -

material as part of an eléctrical
circuit. Ordinary 60-Hz current is
passed through the food from an -
electrode in contact with the top .
surface of the food to the container -

which serves as the opposite elec: - -




. electric. ' equipment. Today,
- resitlt of the very-active’ deveIop

. ket these past few years..
e Of these - three. methods onIy..
. microwave. energy -is_ being tised
i commercially and'i n the home for-'i___
heatmg foods G

trode. From an efficiency point of .-
- view, this method ranks very high.
© The only heat losses:are: to' the
surroundings, and: those ‘can be:
minimized, by proper insulation. .
" Heating: cycles of 20 ‘min‘or-léss. -
... have been obtained for heating 2:
- in-thick food ‘masses from. —10°F_."f-

to 160°F (-23. 3°C to.71. 1°C)

Equlpment ‘cost

- componentry. - An . advantage of :
dielectric. over: ohmic heating is-

o ‘that contact between -food

] Mlcrowave Heatmg can’,
_-accomphsh the '

_"Z.Ityplcaliy 50% M1crowave equip--
: ment: ¢osts, until: recentiy, were

'substantlally higher than' for.

" differences are less dramatic; as

ment of the mlCI‘OW&VG oven mar

i MICROWAVE APPLICATIONS
- Some lnnovatlve
"and developmentai efforts involv:

- ing microwave: energy are; worthy.:__

of commient:

022 (Moore,

" Leyers, 1974). The system involves _
a special food tray. ard.a specmi'_-'-

o m1c1 owave: oven.

. The rationale behmd thlS devel-i
L opment is that in removing a plate
- of food from-a tray to heat it in a~"
o nicrowave - ovenscarries- the -risk o
_that theé plate’ may be inadver-:
tently returned  to. another. pa-
. tient’s tray. This: ¢ould cause a
.- problem if the patlent Were on-a
special diet.. - -
.. Inithe Chemetron system, the'--’.
e complete tray 'is.'placed. in ‘the:
- microwave:: oven;: but the oven:
“‘design permits; chly:the plate: of:
~-food: to be heated. ‘A metal cover, .

Certies;:

apphcetlon :

built ‘into the oven cavity. drops -
down. over all meal components.
except those to be heated; thereby
. shielding -them from ° microwave "
efiergy. The. fray has a built-in .
sensing element and will fit in the.
oven- in only ' one  orientation,-
- directly over a.detector that is’
.- below the floor of the oven. Closing

' Dislectric ‘Heating - can . ac ;.. the oven door automatically turns .

' comphsh the same’ resuits as ohmlc K
- heating in the. same time frame; -
... however, the efficiency is consider’
. .ably poorer; as there are’ lossesiin< -
" converting 60-Hz power to high- .
7 freguency power in the 13-40: MHz &
. range. “also.

i -on the microwave power, :
. The sensor in the tray is made’ of
g ferromagnetic. material of such .
- composition that it heats at a rate
close to that of thé food material.
" When the sensor reaches a certain’ .
' .:'preselected temperature approxi-
mating the serving temperature of
. the food, it loses its. magnetic prop-
thls -pduses - a. -magnetic -
s'w1tch in the detector below the -
“‘oven floot to-open, thereby turning -
6ff” the ‘microwave: power, If the
“trayis not réemoved from the oven,
thie: sensor - ‘will 'cool, ‘regain; its: -
magnetic properties, and cause the -
~.citeuit:to close and the microwave.,
. POWEE: enerator: to agaiin become__'
energized. The oven will continue
Cinithissway to: cycle onand off i to;
: keep ‘the food. warm until a logic: "
 circuit built into' the controls turns-.
he oven off after:a predetermmed
number of cyelés. o
' _Thls system:. has been mstaIled_ :
ina number . of hospltals but in .
“view. of its newness should still be
" considered 'experimental.” A possi--
© :blé drawback of this system is its.’
o hmltatlon to - non-frozen food
items: Because it does not take
“inito: account ..thé: extra. energy .
equn‘ed to effect.a change 'of state, - :
he ssensor would - shut: off before_ -
“frozen: food: materlals wele com:

& Total Tray- System (Cheme- .._-':.-:.pletely thawed

.+ -tron Corp., Louisville, Ky.). This is -
A relatwer-recent innovation in’>
- hospital food: service; covered. by

- 2 U.S..patents 3,854,021 and: 3,854,-
1974 “Moore . and -

e Dlﬂ"erentxal Heatmg Contam-_
| er System (Teckton Inc,
tham,” Massi)."
- Heating Container. System is an-
- other experimental .syStem being. -
~used:In a limited way for hospital-

_ This *system, de-
sceribed in U.S.. Patents 3,647,661

‘and 3,615, 713 {Stevenson,
1971), is able to handle meals from
3the frozen state.

Wal-
Fhe

food: service.

~."The dlfferentlal heatmg contain-

er (DHC) is a metal holder with
various-sized. ‘apertures to permit "
the: passage’of microwave energy.
The plated frozen or refrigerated .
. meal is placed in the container in a

specific orientation. The opeénings . .

in the container above and below

-each-.of the components of ‘the
‘meal ‘are sized to permit micro-.
wive energy to enter the:compo-
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lefel ential -

1970,

nents in quantxtles approprlate to
the temperature to’ which each:of
the compornients must be raised. If’
good portion control is maintained
in the fabrication of frozen. meals
and placement of the components
is  reasonably consistent, a sirigle
DHC design' can be: used’ for -a
- number of dlfferent meals.’

® Hot-Food Vendmg System A
‘large number of food service oper-
ations  use relrigerated vending.
machines in conjunction with sep-
arate microwave ovens to provide -
hot foods to-customers. There are:
even & few simple units which have
microwave-: hedting  means built
mte the  unit, but these have
involved heating:only single items
such as hot dogs. A vending system
for- heating. a complete three-
component meal is not commer-
cially available.- A prototype of-
. such a concept is, however, being -
- fabricated ‘under contract to the
‘U.S. Army Natick Research and
Development Command. - ,

. The system has been d951gned 80
- that the individual components of
a meal could be heated separately -
in paralléel microwave ovens within
the vending machine. Before selec:
. “-tion, the items are maintained at

. =10°F (=23.3°CY in a mechan-

The customer may select one item

. from each of three sections, each =

section having four choices and
each. choice being in a separate
- stack. The selected items are auto-
- matically transferred: to' a micro--
" wave hedting. chamber in front ‘of
ceach section: Each item-is- then
“heated ‘at a predetermined rate -

‘controlled’ by ‘a’ solid-state pro- -

cgrammer (the 5TI Programmable .

- Control- System, Texas Instru-
ments, Inc., Attleboro, Mass.);
the average heating period for the

- complete. meal is 2-3 min.. Al-

“'though some items will be ready
before others, all are delivered to

the consumer at the same time. = -

- A unique feature “of this system '

heating  and dlrected hot, air to
heat and " crisp - certain highly-

potatoes ‘and fried chicken. The.
directed:. h‘ot-air o technique' de-
seribed - in ULS: Cpatent - Nowo.
3,884, 213 (Smlth 1975), has been -
apphed commercially. for the con-
" tinuous -baking- of frozen - pizza. .
More - than - 1,000 pizzas/hr  are -
- being processed through a pair of -
units. at. the Texas- A&M Univer- -
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-ically-refrigerated storage area. - .

is the combination. of microwave: '

- popular items stich as French fried - -



' RecanStituffoh . S
o sﬂ:y student cafeterla

directed through multiple 7/16-in

- - apertures at velocities of 1,200 ft/ .
~ min; The banks of- apertures are-
- located above and below ‘a wire -
‘mesh conveyor.belt and spaced-at

~regular. intervals along the belt.

' The "hot:air 'jets create discrete

.. areas-of high heat transfer which
: accomphsh cnspmg, browmng, or
- searing when they impinge against-

: food surfaces. The effect is spread
-evenly over the product by virtue
vof. product movement on the belt.

‘The" technique . can - also be

_': . applied to the progressive heating "
. -of prepared. frozen or tempered

'=-foods: n bulk containers such as

L the half—-and ful -size steam table .
. Baswally, the system: works as
follows: "Air heated to 400°F is. -

niques with increased emphasison -

\.38 FOOD TECHNOLOGY—DECEMBER 1976~ - -

- REFERENCES
pans common.: to " the food service " il
industry. For: example half-size

* steam table pang containing 5 Ibof .. -
" beef stew have been heated: from :
38°F to 160°F in 16—18 mm :

MORE PROGRAMMED CONTRO_L

The above examples represent
only a few of the possibilities for_-_
innovation in food reconstitution: -
equipment. The future willisee
mmprovements  in . control ' tech-’

programmed control -of “cooking '

* processes. Such control- will result - -

in more efficient use of energy as
well as higher yields and 1mproved' L
quahty '




