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FOREWORD 

A continuing program is b-eing conducted at U.S. ATIIJY' Natick I.a.bo:ra.­
tor:tes directed t?W.!'d roeplacing t;he rigid, cylindrical tin-can with a 
flat plastic pouch for products in individual Arnzy" rations. These 
efforts have resulted in an alv.minum-foil film laminated pouch, heat­
seal-::d, a.'1d processed by means of steam tmder pr�ssure in a batch-type 
st�== 1Hz =-r. 

This report mttl.i.nes the f�asibility of lli>ing m1cr'OW8.ve energy on 
a continuous basis to accomplish heat sterilization of food products in 
plastic film laminated pouches. It describes previous v0rk done by other 
investigators, describes a pilot processor which bas been designed, built 
and operat�d successfully and out�ines a process for steriliza�ion, hold­
ing and cooling of plaetic laminatc•d pouche:s containing food products 
such as chicken ala king and frankfurte:cs. 

The object:l.\-e of this stl..ldy 1.s to achieve improved ration component 
quality in t�rms of flavor, textur.e �d appearance and obtain the economic 
benefits of continuous processing. Much of this work 'W8.S reported at the 
Annual Meeting cf the Institut.� of Food Technology a.t San Francisco, 

California, �ay 1970 and a pape� is scheduled for publication in the 
Journal of Food Science. 

Acknowledgment is made to signtficant technical contributions made 
in these studies by Mr. Philias I.a.ca.sse, GEPL and Mr. James W. Gould, 
Food Laboratory. 
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ABSTRACT 

Potent:i.all;v, microwave power offers an opportunity to achieve a 
continuous and ~ry rapid method of heat sterilization for food ~ro­
ducts, The capability of attaining tem;peratures of 250"F (12l°C} or 
above in a, matter of about five minutes as opposed to the present 
50 to 6o minutes in a steam retort is expected to result in a product 
with great~ improved texture and flavor. In addition, there should 
be economies in the operation. 

Previous' York is redewed briefl;y and the problems basic to the 
application of microwave power in food sterilization are discussed, 

A continuous system for the thermal processing of food in plastic 
pouches has been developed in which over-riding air pressure is used 
to balance internal pressure and prevent pouch rupt1.1Xe. The pouches 
are filled with 6 to 8 ounces of food product, heat-sealed and intro­
duced through an air lock onto a conve.yor inside a 5-inch i.D plastic 
(epoxy fiberglass) pipe which is located within a (Litton Model 
C-1.08-2) microwave conveyor cavity. Microwave energy is supplied by 
four modular units generating a total of 10 kW at 2450 MHz. 
Conveyor speed and power level are regulated to provide the desired 
process time and temperature. Pouch cooling is accomplished either 
by a refrigerated platen under the final section of the conveyor or 
by immersion in a cold watsr reservoir. Pouches are over-pecked 
after processing, in a barrier film (aluminUlll foil-plastic) l.aminate 
to provide protection and storage stab1lit.1• 

Several food products incl.ud:Ulg frankfurters and chicken ala 
king ha'V'e been processed in order to evaluate the system. 

Design and performance data are discussed and an evaluation is 
made of the future potential., both from the technical and economic 
points of view, 
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INTRODUCTION 

A nWDher of p:;:esent and planned Arrrfii ope:retional rations are being 
designed around the c�ncept of food packaged and sterilized in flat, 
rectangular flat seal design, plastic-lamir�te pouches as a replacement 
for the conventional� �anned items. FIGURE ;. ie a photograph of three 
pouches showing typical prooucts not.• be!.ng j.nvestigated for use ill these 
experimental operational ratio:.:w. The photo .:>howG the reJ.a.tive size and 
general confi��tion of the poaches� 

A study w.s conducted to d.etermine the feasibility of accomplish­
ing sterilization cf food items in p..:..uches similar t.o these using 
m:tcrowave power. �n.e goal was l.lllproved texture, flavor and i:. genera� 
higher qu�lity product over those produced by present steem or water 
retm:t Lnethods. 

The rapid, continuous process as opposed to the batch process is 
genera� the goal of the proces� design engineer. It usua� offers 
economic e�vantages and in most cases for food products rapidity of 
heat treatment, wil� improve product quality by eliminating long time 
cooking or processing tiroes. Microwave power offers an opportunity 
to achieve both of these objectives of short ti�e, continuous 
processing. 

The essentials of such a system are: 1) a coutainer which is 
relativezy transparent to mic:&."o-wave energy, retains its str-ength at 
sterilization pressQres and temperatures, can be hermetical� sealed, 
�nd will resist recontamination of the product subsequent to steril­
ization; 2) a method of introducing microwave energy efficientzy 
into the food product rT:i. thin the container in order to achieve 
sterilization temperatures for the requiz·ed times; 3} n. method for 
cvnveying the container and ito contents �hrough the microweve field. 

If con�iner materla.ls reJ..o.tiveJ-\1 transparent to microwa".re 
ene�gy were available capable of withstanding the intP.raal pressures 
developed at the +�mperatures neceesar,y for food sterili�ation and 
easi:cy sealable .• J?T.efera.bzy in automatic machinery, the problem wo1.lld 
be a relative:cy simpl� 011�. Unfortunate:cy, at the present time, this 
is not the case. Transperenc,y to microwave energy generally is asso­
ciated with non-metallic, o.cganic-po�ric &.;�.terials ( plastics } , or 
the glasses and inorganic materials of that clo.ss. 



Examination of the literature of the dielectric cbflracteristics of 
materials indicates many )naterials which are rela1;1vel3' transparent and 
ndght be candidates :for containers .:for such a process. However, :few of 
these materials meet the second two requirements ofc being easi.13' sealable 
and able to withstand the internal pressures at the temperatures required 
for :food sterilization. Table 1. indicates the typical destruction times 
of. various bacterial spores, which is the most heat resistant :form of an;y 
micro-organism. 

As can be seen, all but a small class of organisms, name13' thermo­
philes, are essentially destroyed at temperatures of 250"F and above at 
times of 1 to 10 minutes. Commercial practice would generally indicate 
a temperature o:f at least 250"F :for 3 to 4 minutes would give ''practical" 
sterilization. 

As the temperature with:i.n a hermetical� sealed pouch containing 
food product with an appreciable water content is raised above 212"F, 
the pressure due to steam generated will rise predictab:cy, and at 250"F 
an internal pressure of approximate13' 15 psi gauge will prE;lvail. 

A film or laminate of films must be sele cted "Which will not soften 
at temperatures around 250"F :for periods of :from 3 to 4 minutes. This 
softening is particular)¥ critical. around the heat-sealed seams (gener­
ally used to fabricate such pouches in order to minimize rupture .. due to . 
the ililternal pressure at the seams ) which are general)¥ the weak points 
i:il the package. 

Studies have been conducted (Qould et a.l. (1), Hu et al, (2) and 
others) which have shown that :foods can be sucCE:l!Hlf'llllj heat processed 
in steam or water retorts if air over-pressure is used during heating 
and cooling. It seemed reasonable to employ an air over-pressure to 
counterbalance tbe internal pressure developed in microwave processing. 

Future studies are pl.snned with respect to the most suitable :films 
or film laminates :for use in microwave processing, but prelimina.:cy ex­
periments showed thatJa laminate of )tr'lar-polyeteylene-pozyisobutylene 
bella� reasona.b:cy well with respect to sealability, seal and package 
strength under pressure, and transparency to microwave el:!.ergy. Since 
the main objective of this study was the engineering system :feasibility, 
t..llis :film laminate has been used to date and has proven to be reasonab:cy 
satisfactory. 
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The need for an air over-pressure jntrodu�ed a fo1xrth essential to 
i.lJe processing system, namely - that the entire coz:v.cying system within 
the microwave cavity would need to be pressurized on a controlli,ble basis. 
In additio.a, if the system were to be continuous a method of getting the 
pouches in and ou"C of the ;;>ressure system, and fo::- cooling the pouch to 
212� o� below before removal needed to be devised. 

While the application of microwave E>.ne1·gy to the heating of food 
materials is re1a.t1vely new, the:e 1s a Slll1?::dsing.cy- small body of open 
literature available on the concept of sterilization of foods 1n hermet­
:i calzy sealed containers on a continuous basis using this form of heat 
input. This may be,� in part, explained by the fact t�t while work me.y 
be undf?rway in this field, much of it nay be of a proprietary nature. 
Certainly the bulk of the lit·.::rat� has appeared as patents. 

Pasteurization �f liquids and surface inhibition of micro-organisms 
has been more adequately describedo Decareau (3) recentl3 SUIIlllBriz.ed 
the present state of the art in both sterilization and pasteurization. 

True sterilization in containers either prior to or after hermetic 
sr�aling was discussed by �rackson ( 4) who also su.nuna.rized ear.Uer work. 
Most studies were conducted at relatively low frequencies compared to 
present standards. The vorlt of Jackson and others "Wt..s done in glass 
cent �lners of various types lncluding baby food jars, and were prime.ri.ly 
batch experiments. J�ckson dis�ussed problems E?ncountered including 
local heating, arcing and burning, ntptta�; of ccnta.iners and suggested 
the use of higher frequencies iihan tl:.- <J previous� us.�d. 

Iandy (5), discussed a batch process in wh:i.ch the food material 
could be sterilized in both glass and p19.stic t.ubes in a batch :process 
by use of microwave energy. Mention vas mad(, of the use of a rigid 
form in some cases to ma.intatu constant volume of the flexible con­
tainers used Q Thus 1 a cC'unterbalance 'tO in-rernal p�essure ::l.s 1•ecessary 
to attain p�actical sterilization temperatures. 

Long (6), discussed a method by which food products could be ster­
ilized by microwave energy on a continuous basis in plf,stic pouches. 
In this case, the pouch was open �o th� atmosphere during the heat 
treatment and subsequ�nt],y sealedo A .:.a.byrinth-type opening in the 
pouch was designed to pr�clude the entry of micro·-or,ganisms dl..lring the 
process. This method was limi�ed to those products which could be 
sterilized at 2l2�. 
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Jeppson et al. ( 7), discussed a continuous method of sterilization 
of foods in whic�a hydrostatic pressure system was used to maintain tne 
lzydrostatic head (and hence over-pressure for materials in flexible plastic 
pouches), and a heating section filled with mineral oil to provide a non­
lossy medium for the product. 

Jeppson (8), further discussed continuous microwave processing of skim 
milk (in 8-ounce glass jars) and heat-sensitive fruits using conveyorized 
ovens, 

EX PER mENTAL 

The Process 

'l'he process involves passing food packaged in sealed plastic pouches 
ttu·ough a microwave energy field on a continuous basis to achieve a 
sterilization temperature. This is followed by cooling of the pouches 
and a subsequent aseptic overpackaging with a suitable plastic-foil 
laminate to afford adequate storage and handling protection of the 
product. 

ibe equipment used to accomplish these objectives was designed to 
provide an experimental machine as inexpensivel;y and as simpl;y as pos­
sible in order to establish the feasibility of the process and to study 
the quality of the resulting product. No attempt was made to refine 
the. design or to provide sophisticated automation, although design 
features were selected which would permit future refinement. 

Equipment 

1. Chamber - The principal componEll:rl;of the system is a 25-ft. 
long cylindrical fiberglass reinforced epo:x;y tube. A metal (aluminum) 
box at each end contains the drive and idler mechanisms of the conveyor 
system and other accessory devices, Fiberglass epo:x;y was chosen as a 
tube material because., of its strength at elevated temperatures and its 
relative t..""SJlspareney' to microwave energy. The dimensions of the tube 

were dictated by: 

a. The dimensions of the microwave caVity available. 

b. The pouch size (the standard pouches are approximate}J" 
� 1/4 by 7 by 1j2 inches, 

c. AvailabU:!.ty of standard pipe. 



The commerci�J.l¥-availe.ble pipe selected was Chemline* with the f')lloving 
characteristic�: 

�;y Fiberglass Tube Characteristics 

Outside diameter 

Inside diameter 

\-Tt�.ll thickness 

Maximum pressure-tellq)erature 
rating 

4.580 inches 

4.36o II 

0.220 II 

Standard. flanges and sleeves were used with the pipe to permit attach­
ment of the pipe to the end boxes and to assemble sections of pipe in 
order to permit disassemb:cy of the system fron:. the m:i.cro-wa.ve cavity if 
desired. Figure 2 shows a sketch of the complete system. The letter -
F, is the fiberglass epoxy tube passing through the microwave oven unit. 
Letters - G, K, and D are the aluminum end boxes constructed of 3/8" 
alumin� plate with appro)?l•i ate openings to accept the tube, the entrance 
valve system A-B-C and the receiver chamber. letters - L, E a.nd J, are 
·new and access ports to the end boxes. 

2. Valve System - In order to pass the pouches in and <.mt of the 
pressure sys"tP..m sc� type of valve arrangement ws necessazy. Various 
devices were considered including rotar,y valves, barometric legs and 
several special designs. An air lock arrangement was fina.ll;y adopted 
which utilized a standard, commercialzy-availa.ble butterr:cy valve*t 
A wafer-type, hand lever-operated3 611 I.D. valve rated for 50 psi shut­
off service was used. The entrance system utilized two of these valves 
tc �rc. ;i"l.e �n aj r lock system. FIGURE 3 shows a cross-sectional sketch 
of the valve sy&tem with a section of tubeo 

The vs.lve is mounted at an angle to the horizontal of approximate:�¥ 
45 degrees into the feed box end of the pressure system as shown. In 
this way, the pouch slides by gravity through the air lock ass.ambzy G. 
During operation, the lower section of the assemb:cy (attached to the 
end box F ) is under system pressure (15-18 psi ) and tbe lower B valve 
is shut. The pouch is introduced into the upper section at A. The 
first valve B is opened, and the pouch slides into "the first chamber G. 

*Dow Smith Inc., Little Boock, Arkansas 
**Rockwell Manufacturing Co., Pittsburgh� Pa. 



The first vaLve B is closed, and the· chamber between the two valves is 
pressurized by compressed air, When the pressure on both sides of the 
second valve B is equalized, this valve is opened and the pouch slides 
into the pressure system and is guided onto the conveyor K, by chute c, 
and guide H. The second valve B, is then closed, the first chamber is 
depressurized, and the.cycle is repreated. Letter D, is the endless 
belt idler roller with screw take-up adjustment E. The po:cypro:rorlene 
strip J, serves to support the belt within the tube. Letter -I, shows 
the flange attachment of the tube. 

Refinements such as pouch :positioning sensors, pressure trans­
ducers, and electric or hydraulic operation of the valves can easizy 
be introduced to automate the system. It is planned to do this in 
future redesig.!'l of the equipment. 

3, Conveyor System - In order to move the food pouches through 
the epoxy fiberglass tube, 9nd hence through the mic�ve field, a 
continuous be.lt conveyor system is provided within the main pressure 
system. One-eighth inch thick strips of po:cypro:rorlene were cut to a 
width slightl,y lesB than the internal diameter of the epoxy tube 
{approximately 4 inches wide and in lengths of approximate:cy 4± ft). 
'l'hese strips were fastened together 'tith flat head eylon bolts and 
laid within the epoxy tube to serve as a bearing surface on which 
the continuous belt rides. The belt passes over the top of the 
po:cypro:rorlene surface and returns under it in the tube. The bo;>lt 
is a neoprene Ty:palon* (Chl.orinated sulphenated po:cyethylene) coated 
pozyester fabric materiQ.l 3t inches wide and- approxi!Mte.lj: 50 ft. 
continuous length. .FIGURE 4 is a cross-sectional svtch of the end 
box of' the system. A geared motor G, with suitable gear reduction 
druves a 4-inch drum G, with an idler roller F, providing approxi-
IJI9. telzy' 80')1, wr.,.,p-around on the druru. The drive pulls the belt from 
the opposite end to the ��trance feed box. The belt speed can·be 
controlled frcm ·<ero to approximate]¥ 7 ft/min by' an appropriate 
speed control device. The drive motor C, is located within the end 
box eliminating the need for external shafting and pressure-tight 
bearings. The motor is l/.32 hp with a maximum operating teuq1e�ture 
ra·t;ing of' approximate:j;y' 200 "F. Tension adjustment is provided for the 
belt to compensate for expaasion.and contraction under va�ing 
temperatures. 

*MIL-C-13285 Type I Class I 
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4. Microwave Applicator - A modd C-lOS-2* microwave conveyor 
unit was available in thesf!l. Laboratories. FIGURE-5, This unit ha.d been 
used for several :pilot studies and small SC!!,le :production runs. It had 
:proven to be highly reliable a.nd :previous studies ha.d established the 
various energy .distribution characteristics of the cavity. The main 
cavity is 9 ft. 7 in. long by 27 in. wide, by 26 in. high; however, the 
entrance a.nd exit sections to the cavity ,are 5 in. high a.nd 14 in. wide. 
It was not desired to reconstruct the nnit so the 5 inch-dimension was 
the limiting one which determined the outside diameter of the epoxy tube 
which :passes through the main cavity. The belt of the unit a.nd its 
drive were. not used, of course, since the epoxy .tube contained its own 
conveyor system• 

The microwave unit operates at a. frequency of 2450 Ml!z a.nd is 
powered by :four water-cooled, modular, magnetron generators :providing 
b to 10 kW average power in eight steps of· approximately 1.25 kW. · . 
(Each module operates at 1.25 kW or 2.5 kW}. This modular desitiJ:! offere 
flexibility of operation not obtainable with a sin~le generator,giving 
advantages which have been discussed by Gerling (9). · 

One of the :principal advantages of a conveyor type syst®111 which 
!llO:VeS the product through a fairly long cavity is the evenmg.:.out 
of noD,~uniformitj,es of electromagnetic f=\.eld strengths which a.lwys 
exist :tn a. cavity applicator no matter how skillful the design. The 
product in this si tua.tion is subjected to a. uniform dose of energy 
during its travel through the cavity. 

Another advantage of this microwave unit is the provision of 
water .loads in the entrance a.nd exit sections of the main ca.v:l.ty 
which permit operation of tlle unit with small loads in the cavity, 
e.g., a. few food :pouches at a tima., if desired, without damage to 
the generator tubes. 

COOLING 

After sterilization tlle food pouches must be cooled to .at least 
212~ in order to reduce internal pressure prior to removal from the 
pressure system. In any production operation this can be accomplished 

*Litton Industries, Atherton Division, Minneapolis, Minn. 
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by jDcorpora�i4g a cooling section within the pressvxe s.ystem in which 
the belt convf!ying the :pouches passes over a cooli.."lg platen prior to 
discharge from the s.ystem. Experiments were conducted and preliminar.y 
design data have been collect�d to permit the addition of a cooling 
section in the process system at a Jater date. For the present 
experiments (FIGURE 4) a receiver chamber K, utilizing cooling ""8.ter L, 
on an empt:f.ed batch basis is being emplO"Jed through valve H. In either 
case, pouch temperatures can easi� be reduced from the process tempera­
ture (250-T) down to 212"F in approximate}¥ 3 to 4 minutes, or less. 

PACKAGJNG 
The process described is deGigned to sterilize solid or semi-solid 

food products sealed in flexible, plastic film-laminate pouches. In 
these �riments the pouches were heat sealed on three sides, filled 
with approximate� 6 to 8 ounces of product and the fourth �ide heat­
sealed. 

Since no known sole� plastic laminate will provide the physical 
and microbiological protection to the food product after processing, 
particular}¥ when subjected to ·the rigors of the military supp� system, 
an overpack �as considered to insure physical protection and storage 
stability. The present experimen·i;al military foil Jaminate (3 mil po�­
olei'in -0.35 mil alwn:l.num foil -0.5miJ. po)¥ester ) was considere\"!. suitable 
for this purpose. 

Overpackaging, however, introduces the problem of possible bacter­
ial contamdnation �etween the outer surface of the pouch and the inner 
surface of the overpack rasulting in possible contamination and subse­
quent spoilage of the product. To obviate th:i.s problem, st:-rilized 
!JOUches can be recoved from the cooling receiver aseptical� and 
overpacked with a sterile pouch in a "clean" environment (box or clean 
area). They could be passed direct� into a sterile environment ana 
overpacked with steriJ.e pouches on a continuous basis. FIGURES 6 and 
7, are photographs of the entrance valve assemb� .sho..,ring tle epoxy 
tube in the microwave ca. vi ty. FIGIJnE 8 is a :r:�ot�.-era.ph of the m:'.cro­
wa.ve cavity with tube� FIGURE 9 shows the end exit box, and FIGURE 10 
shows the exit box with the cooling receiver attached be�ow the box. 

TABLE 2 sho....rs the performance characteristics of' the continuous 
reactor. The feed rate and other variables shown are based on contin­
uous individual hand operation and are not intended to represent 
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potential continuous production rates or ca:pe.bilit:J.es, but rather to 
indicate the engineering cbaracterisUcs of the pilo·t proce3sor. 

Temperature Yeasurement - In order to achieve sterilit,y and con­
sequent bacteriological stability i� the food pouches, it is necessary 
to achieve temr..era tures of 250 op o� greater in all portions 0f the food 
and to hold these temperatures .for an equivalent of at least 3 minutes. 

The measu.r�·ment of teffilleratu.re of the food presents two problems. 
The first is that of measuring the temperature of individual pouches 
in a continuous process, pa.rt:i.cularl;y in a closed pressure system. 
The second is neasurement of tempe:rat� wit.hout the use of a measur-
ing devic� containing metal. Cops on ( J.O), discussed the second problem 
and various approaches to low-loss thermometry. No satisfactory a!lSwer 
has been developed with respect to the first problem although infrared 
detection techniques hold promise for measuring at least surface tempera­
tura of the pouch. 

In preliminary work, paper str:l� thermometry -was used. Chemical:cy 
treated paper strips alone or seal� into small gl.!'.ss tu:bing were 
employed. These are available in 1oor incranents and are essential:cy 
ma.x:Lnn.u!l and irreve.L'sible indicators which change from a light grey to 
a jet black color wben their temperature rating is exceeded. Strips 
taped to the pouch surface, tubes with the paper sealed inside, or 
strips sealed in plastic and inserted into the food were used. These 
indicators have been shown to be useful and pra<:tical for the initial 
studies �hich were carried out. 

RESULTS: 

Limited product studies have been conducted with the continuous 
microwave processor described above. Typical heating curves for water 
and two products j chicken alA king and frankfurte-rs, are show in 
FIGURE 11, which demonstrate the feasibility of the process. As would 
be expected, those products which were fluid in nature, permitted 
convection heating with:ln the pouches (e.g.,, chicken ala king vs fra.nk­
fcrters ), had a shorter heating time. Process times included a hea.tibg 
phase of 4 to 6 minutes P,s shown., approximately 3 minutes holding at 
process temperature ( 250 or or a bow ) ' and a cooling period of 2 to 5 
minutes for a total process of 9 to 14 min�tcs, which was close to the 
original dt"!sign process contemplated. These times were obtained with 
an initial temperature of 75 "F. Using a hot fill ( 150-lto � ) , which 
would be normal prac-tice much short.er t-imes to reach 250or .or above 
could be expected. 
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Economic& -

Studies wjth the microw-ave system described above have not been 
conducted to a point where any velid estimates of economic factors can 
be made. The literature affords some very rough estimates as to potential 
c.osts and efficiencies for similar, but not idem:;j,cal, processes. PoJ.:lil.k 
et alo(ll), studied comparative heating efficiencies of a microwave vs a 
conventional electrical oven, and concluded that the overall electrical 
efficiency of the microwave oven was 33.4'% and of the conventioll8.1 oven 
36.7�. Crapuchettes (12), indicate:.; a moderate increase in cost using 
microws.ve vs deep fat fry!ng for potl.to chip processing. Using micro­
w.ve enex-&;, costs were less than 2.8 cents/pound. Cormr.ercial estimates 
for amortization of mdcrowave equipment were 1.0 cent /pound. 

Fetty (13), estimates costs for bread baking, thawing, and refresh­
er�ing using microwave energy at approxima.te:cy Oo002 cents/pound. ElMAC­
Varian Associates (Staff Ed. )(14), estimate a 20,000 pollild/shift contin­
uous microwave processing sys'oem for cooking chicken to be amortized 
over a. 3-yea.r period but does not give cost data.. R obe (15), studying 
pasteurization of wine and beer at a flow rate of 4 gpm. estiuates 
costs at 0.1 cent/gallon. Jeppson (16), estimates process costs for 
sterilizaii on of non-acid feeds at o.lt- - Oo8 cents/pol.md1 

It can be seen tha·t est:i.ma tes vary from less tho.n l cent/pound to 
2.8 cents/pound fo� various continuous microwave proce�ses. These 
appear to be in an acceptable range"' especia.J..cy if a high quality and 
scceptability of product are oota.ined. 

CONCLUSION: 
A continuous microwave 6.evice was designed, constructed, and 

testedo Initial trials with food produ�ts packaged in flexible 
�la.stic pouches demonstrated process feasibilit,y and process times 
which approached the design :parameter. More extens:tve product 
quality studies, microbiological criteria, economic evaluation, and 
improyed design features are cur rently in progress, and will be 
subsequently reported. 
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FIG. 1: Pouches containing typical food products showillg relative 
size and general configuration of pouches. 
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FIG� 3: Cross-sectional. sketch of' val.ve A.ssemb.l� at feed end 
of' syste'll. 
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Cross-sectional sketch of exit end of 5,rstem with 
cooling receiver., 
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FIG. 6: View of feed end of microwave processor showing valve 
assembq and epo� tube from outside. 
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FIG. 7: View of feed end of microwave processor showing val.ve 
assembq and epoJCY tube in cavity. 
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FIG. 10: View of exit end box with control panel and cooling receiver 
attached below. 
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FIG. ll: Heating curves - continuouo microwave processor. 
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MAXIMUM DESTRUCTION TIMES (MINUTES) 

OF BACTERIAL SPORES IN MOIST HEAT 

TEMPERATURE °F 

ORGANISM 212 2 21 230 239 250 257 

B. ANTHRACIS 15 

B. SUBTILIS 17 

CL.BOTUUNUM 330 

CL. SEPT I CUM 

CL. TETANI 15 

CL. WELCHII 10 

THERMO PH I LES 834 

SOIL BACTERIA 1020 
--·-l--..-

10 

i20 90 

5 

10 

5 

405 100 

420 120 

40 

40 

15 
-

10 

12 5 

6 
�-�---��� � --

TABLE NO. l.: Destruction times of ba.ct.eris.l s,pores tc moist heat 
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CONTINUOUS PROCESSOR 

FEED RATE 

TIME IN CAVITY 

COOLING TIME 

PRESSURIZATION TIME 

OPTIMU�J. LOAD 

BELT SPEED 

POWER RANGE 

OVER PRESSURE 

DIELECTRIC TEMP RISE 

BELT LENGT'H 

CAVITY BELT LENGTH 

I POUC� I MIN 

I- 12 MIN 

5 MIN 

I MIN 

2-5#{6-14 POUCHES) 

0-7 FT I MIN 

I. 25.., 10 KW 

0 .. 40 LB/SQ IN 

20-30° F 

24.5 FT 

9.7 FT 

TAB:lli NO. 2: Engineering ch.e.re.cterist:l.cs of rrdcrowa.ve processor 
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