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^ Prom is ing microwave a p p l i c a t io n  p r e s e n t ly  in  use in theSwedish food  in d u s t ry  i s  the f i n i s h  
c°ok ing  o f  pre-browned meat p a t t i e s ,  A computer program was con s tru c ted  to  study the 
l t l f luence o f  d i f f e r e n t  v a r i a b l e s  on the h e a t in g  performance. In  the c a l c u la t i o n s  the 
vlnf lu en ce  o f  p re—browning tem perature , microwave power d e n s i t y  and sample th ickn ess  have 
een in v e s t i g a t e d  as w e l l  as the in f lu e n c e  o f  on e -s ided  and d ou b le -s id ed  microwave h e a t in g ,  

a l l  a t  2^50 MHz. The s im u la t ion s  show that  -meat p a t t i e s  o f  12 mm th ickn ess  can be f i n i s h  
c°°ked in  about minute a t  0 ,3  W/cin w ith  a maximum temperature d i f f e r e n c e  between su r fa ce  
and c en tre  o f  1°C. Th is  i s  in  good agreement w i th  expe r ien ce  from p r a c t i c a l  i n d u s t r i a l  p ro -  
Cess ing .  Other examples o f  the in f lu e n c e  o f  pre-brown ing  and microwave h e a t in g  v a r i a b l e s  
Wll l  a ls o  be g iv en .

The computer programs deve loped  appear to  be u s e fu l  t o o l s  f o r  s tu d ie s  o f  the in f lu e n c e  o f  
A f fe r en t  h e a t in g  parameters and f o r  o p t im iz a t io n  o f  continuous microwave h e a t in g  p ro cesses .
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a p p l i c a t i o n  à l ' a i d e  des m icro -ondes ,  qui semble a v o i r  de bonnes p e r s p e c t iv e s  e t  qu i ,  
F ^ U e m e n t ,  e s t  u t i l i s é e  dans l ' i n d u s t r i e  a l im e n ta i r e  de l a  buede, c e s t  l a  cu isson 
^ l e  de steaks hachés p ré -b ru n ia .  Un programme d 'o rd in a te u r  a é té  é t a b l i  dans l e  but 
^ t u d i e r  l ' i n f l u e n c e  de d i f f é r e n t e s  v a r ia b le s  sur l e  procédé du r é c h a u f fa g e .  L ' in f lu e n c e  
I ? , l a  température de " p r é - b r u n i r " , de l a  d en s i t e  de puissance des micro ondes t d 
J-1 ^ ^ ___  i „ o  x ,ro i„aH nnq .  a in s i  mie ' i n f l u e rT a is s e u r  des é c h a n t i l l o n s  a é t é  examinée dans l e s  é va lu a t ion s  a in s i  que 1 i n f l u  ne 

la  r a d ia t i o n  à l ' a i d e  des m icro-ondes d 'un cô té  ou de deux c o t é s ,  tou t a l a  f réquence
2^50

3e
J  ^ôO ^M H z^Les^s im u la t ion s  m ^ t r e n t '^ q u e l e s  steaks Cachés d 'une ép a is s eu r  di f f L e n c e ° S e  
te -CeP t i b l e s  d ' ê t r e  r é c h a u f fé s  en, e n v iro n ,  12 minutes à _0 , 3_h/cm-_, a y e c j a ^ d i f f
, S|Kpéi en tre  l a  su r fa ce e t  l e  c e n t r e .  Cela  e s t  en bonne con fo rm itéa,, - - ra tu re  de 1 °C , au maximum, -  —  ------ _ , . . ,
> c l ' e x p é r i e n c e  ¿es procédés p ra t iqu es  de l ' i n d u s t r i e .  D 'au tres  examples de 1 in f lu e n c e  
68 v a r ia b le s  de " p r é -b r u n i r "  e t  de ré ch au f fa ge  à l ' a i d e  de micro-ondes seront également

Sen t é s .

11S Programmes d ’ o rd in a te u r ,  qu i ont é té  déve loppés ,  
p^lrif lu en ce  de d i f f é r e n t s  paramètres du r é c h a u f fa g e ,  

° c^dés continus du ré ch a u f fa g e  des m icro-ondes .

semblent u t i l e s  dans l ’ étude sur 
a in s i  que pour 1 ’ ojît im is a t io n  de
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Eine v ie lv e r s p r e c h e n d e  Anwendung von M ik row e l len ,  d i e  j e t z t  in  der  schwedischen Lebens­
m i t t e l i n d u s t r i e  verwendet w ird ,  i s t  das F e r t i g b r a t e n  von vorgebräunten  Hamburgern. Ein 
Computerprogram wurde k o n s t r u i e r t ,  um den E in f lu s s  von versch iedenen  V a r ia b e in  au f  den 
Wärmungsverlauf zu s tu d ie r e n .  Der E in f lu s s  der Temperatur b e i  der Vorbräunung, der Mikro" 
w e l l e n s tä r k e ,  der Dicke der Probe sowie der  e in s e i t i g e n  und z w e i s e i t i g e n  M ik row e l len ­
wärmung wurde b e i  24-50 MHz un te rsu ch t .  Die S im u la t ionen  z e ig e n ,  dass 12 mm d icke  Ham­
burger in  ungefähr 1^ Minute b e i  0 ,3  W/cm^ mit e in e r  maximalen T em p e ra tu rd i f fe r en z  
zwischen O ber f läche  und Zentrum von 1°C z u b e r e i t e t  werden können. D ies stimmt mit der 
p ra k t is ch e  Erfahrung aus der i n d u s t r i e l l e  H e r s t e l lu n g  gut ü b e re in .  W e ite r e  B e is p ie l e  
fü r  den E in f lu s s  von Vorbräunung und Mikrowellenwärmung werden gegeben .

Computer-programme scheinen  s ic h  den 
von versch iedenen  Wärmungsparametern 
Wärmungsprozessen m it M ik row e l len  gut

Ergebn issen  
und fü r  d ie  

zu e ignen .

z u fo lg e  fü r  Studien  über den E in f lu s s  
Optimierung von k o n t in u ie r l i c h e n
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■Introduction

^ying to  the a b i l i t y  o f  microwaves to p en e t ra te  in t o  foods  and d i r e c t l y  hea t  the i n t e r i o r ,  
Crowave h ea t in g  o f f e r s  p rosp ec ts  f o r  ra p id  and m ild  h e a t in g  o f  fo o d s .  Today microwave heat-  

v ® has i n s t i t u t i o n a l  and dom estic  a p p l i c a t io n s  f o r  r e h e a t in g  and cook ing  o f  foods
Vave in  m ic ro -

ovens. A g r e a t  number o f  a p p l i c a t io n s  o f  microwave h e a t in g  in  the food  in d u s try  have been
t^ve s t i g a t e d  in  the la b o r a t o r y  and p i l o t  p la n t  s c a le .  An account o f  these  d i f f e r e n t  a p p l i c a -  
ap°?S have been made by Bengtsson and Ohlsson (197*0* They p resen t more in  d e t a i l  some o f  the 

P l i c a t i o n s  o f  g r e a t e s t  i n d u s t r i a l  use , among o thers  the cook ing  o f  meat p roducts .
An •
tyi:. lndus t r i a l  p lan t  f o r  f r y i n g  and cook ing  o f  ground meat products  has been p resen ted  by 
s teSS° n ( 1975)* In  th is  method ( th e  so c a l l e d  Inp ro -m ethod ) the p rocess  i s  d iv id e d  in t o  two 

P s5 1) p re -b rown ing  and fo rm a t ion  o f  f r y i n g  c ru s t  in  a tw o -s id ed  b e l t  g r i l l  and 2) f i n i s h  
f r  k in e in  a microwave tunnel oven. Experiments have shown tha t  the time f o r  fo rm a t ion  o f  a 
tn Cru s t  i s  independent o f  product th ic k n e s s ,  w h i le  the time f o r  r a i s i n g  the co re  tempera-
va^e u s in g c on ta c t  f r y i n g  i s  h ig h ly  dependent o f  the th ick n es s .  In  the Inpro-method the m ic ro -  
Be 6 power input i s  in s te a d  ad ju s ted  so tha t  s u f f i c i e n t  d i r e c t  h e a t in g  o f  the co re  i s  a ch ie v ed .  
ec^lcies the advantages in  in c rea s ed  r a t e  and c a p a c i t y ,  N i l s s o n  s t a t e s  that  b e t t e r  p rocess

and product q u a l i t y  i s  reached . The improvements in  product q u a l i t y  compared to  deep 
f °  ^r y i ng  have been in v e s t i g a t e d  by Asp e t  a l . (1975 )«  Using the same ground meat r e c ip e  they 

tha t  the In p ro -p ro c e s s ed  meat p a t t i e s  had a s l i g h t l y  low er  f a t  con ten t and a h igh er  
t'a .̂ree oP unsatura ted  f a t t y  a c id s  than the deep f a t  f r i e d  p a t t i e s .  A lso  the p r o t e in  e f f i c i e n c y  

10 (PER) va lu es  were b e t t e r  f o r  the In p ro -p ro c e s s ed  meat p a t t i e s .c0m
b^v a r i s °ns between exper im en ta l  and c a lc u la t e d  temperature p r o f i l e s  f o r  microwave h ea t in g*Ve

st e a r l i e r  been r e p o r t e d  by Ohlsson and Bengtsson (1971) and K irk  (1975 )«  In these two in -
S t a t i o n s  the same c a l c u la t i o n  methods were used ( th e  numerica l f i n i t e  d i f f e r e n c e  method). 
0fl agreement was reached  between exper im en ta l  and computer s im u la ted  temperature p r o f i l e s  
( O ^ r o w a v e  h e a t in g  a t  2 k$0  MHz o f  s labs  o f  s a l t e d  ham, b e e f  and a phantom food m a te r ia l .  
a^ ^ Ss°n and Bengtsson , 1971)» A lso  K irk  (1975) reached  good agreement between exper im en ta l  

C a lcu la ted  temperatures  in  exper im ents  us ing  aga r  g e l s .  In  a d d i t io n  K irk  (1975) s tu d ied  
in f lu e n c e  o f  a number o f  d i f f e r e n t  parameters on the deve loped  temperature p r o f i l e s .  C a l-

at ion s  and s tu d ie s  o f  the temperature development in  b i o l o g i c a l  t is s u e s  on d iathermy t r e a t -
have a l s o  been p resen ted  (Cook, 1952 and Chan et' a l . ,  1973)»

this paper computer s im u la t ion s  a re  p resen ted  on the t im e-tem pera tu re  d i s t r i b u t i o n  in  in -Ih
- *

p r i a l  f r y i n g  and cook ing  o f  ground meat p a t t i e s  and the in f lu e n c e  o f  v a r y in g  th ick n ess ,  
be er d e n s i t y  and o f  one- or tw o -s id ed  microwave h ea t in g .T h e  same time f o r  p re-b rown ing  has 
b ?̂11 used throughout i r r e s p e c t i v e  o f  the th ickness  o f  the p roducts .  Comparison i s  a l s o  made 

6en c a l c u la t i o n s  and exper im en ta l  r e s u l t s  from an in d u s t r i a l  p la n t .

^ H ods
A

^ © r i c a l  c a l c u la t i o n  method was chosen, based on f i n i t e  d i f f e r e n c e  approx im ations o f  the 
^ H Pera tu re  d é r i v â t e s .  This ch o ice  a l s o  enabled  the use o f  temperature dependent d i e l e c t r i c

thermal da ta .  The t h e o r e t i c a l  background and the employed equations  have e a r l i e r  been 
d e n t e d  by Ohlsson and Bengtsson (1971 ) • Tn the c a l c u la t i o n  program the temperatures a t  

Per®nt depth  are  c a lc u la t e d  a t  each time s tep  in  the c e n t r a l  p o r t io n  o f  a s la b .  In  the 
t b g ^ a t io n s  the conveyor  speed through a microwajve oven o f  g iv e n  dimensions was ad ju s ted  so

8̂ , d i f f e r e n t  th icknesses  the p ro c e s s in g  was s t a r t e d  by the c a lc u la t io n  o f  a 70 second two- 
p̂  c o n ta c t  f r y i n g  o f  the p a t t i e s .  P r i o r  to the microwave oven an e q u a l i s a t io n  tunnel was 
V^vCec** The microwave h ea t in g  tunnel had an a c t i v e  h e a t in g  le n g th  o f  3*6 m eters .  The m ic ro -  

e Power was in  the s im u la t ion  a p p l ie d  both  from two s id e s  and from one s id e  o n ly .

Denthe c a l c u la t i o n s  thermal and d i e l e c t r i c  data  f o r  a commercial ground meat m ixture was used, 
by f^-ty9 s p e c i f i c  heat and thermal c o n d u c t i v i t y  were determ ined acco rd in g  to methods p resen ted  

agc rskog  and S o ren fo rs  ( 1976) .  The d i e l e c t r i c  p r o p e r t i e s  o f  the p r e - f r i e d  meat p a t t i e s

His
rti6i
th.

man
determ ined  u s ing  measurements a cco rd in g  to Risman and Bengtsson (1971) and Bengtsson and 
“  ' 1971) .  The v e n t i l a t i o n  a i r  temperature in  the tunnels v a r i e d  a cco rd in g  to  exper im en ta lq \ ■ V ! ' ) . m e v till 1/ i  r u  K iuu U- X  ̂ '    ---------- — -

 ̂ hrements. The heat t r a n s f e r  c o e f f i c i e n t  was chosen to have a constan t va lue  o f  10 W/c 
"bghout the tu n n e ls ,  owing to the d i f f i c u l t i e s  to determ ine true v a lu e s ,  i . e .  f o r  evapora-

Ci°h a f  k.h igh  su r fa ce  tem pera tu res .

^ lts

1 the temperature d i s t r i b u t i o n  f o r  meat p a t t i e s  o f  3 d i f f e r e n t  th icknesses  ( 12, 20
mm is shown, 1) d i r e c t l y  a f t e r  f r y i n g  f o r  70 seconds, 2) b e fo r e  and 3) a f t e r  the
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microwave f i n i s h  cook ing .  The temperature d i f f e r e n c e s  between su r fa ce  and c en te r  i s  i l l u ­
s t r a t e d  in  f i g .  2 f o r  d i f f e r e n t  microwave power d e n s i t i e s  (en e rg y  l e v e l s ) a n d  th ickn esses  
in v e s t i g a t e d  in  the s im u la t io n s .

•
DISCUSSION
The computer c a l c u la t e d  temperature d i s t r i b u t i o n  i s  made f o r  an i n f i n i t e  s la b .  The r e s u l t s  
are  thus m ain ly  v a l i d  f o r  the c e n t r a l  p a r t  o f  a sample w ith  s i g n i f i c a n t l y  sm a l le r  th ickness 
than o th e r  d imensions. In  p r a c t i s e ,  edges and co rners  a re  heated  more r a p i d l y ,  both  from a 
heat t r a n s f e r  p o in t  o f  v iew  and because o f  r e f l e c t i o n s  and concentra t ions  o f  the microwave 
en ergy .  I t  can thus be a n t i c ip a t e d  that  the problems w i th  too  h igh  temperatures  in  edges ,  
corners  and su r fa ces  may be l a r g e r  in  p r a c t i s e  than in d ic a t e d  by the s im u la t io n s .  However, 
the o v e r a l l  v a l i d i t y  o f  the c a l c u la t i o n  program has e a r l i e r  been demonstrated  by the author 
in  s tu d ie s  where good agreement was reached between exper im en ta l  and c a l c u la t e d  temperature 
p r o f i l e s  on microwave h e a t in g  o f  meat, ham and phantom fo o d  m a t e r i a l .  (Ohlsson and Bengtsson» 
1971, and Ohlsson, 1976).

In  the comparison between c a lc u la t e d  and the exper im en ta l  r e s u l t s  f o r  In p ro -p ro c e s s ed  meat 
p a t t i e s  o f  12 mm th ic k n e s s ,  good agreement was reached  f o r  c e n t r a l  and a ve rage  temperatures. 
However, the exper im en ta l  microwave power input was h ig h e r  than the c a l c u la t e d ,  p rob ab ly  he 
cause o f  lo s s e s  due to e va p o ra t io n  o f  d r ip  r e s u l t i n g  from p r o t e in  c o a g u la t io n  and sh r inkage 
in  the temperature range o f  60 to  70°C (Dagerskog and Bengtsson , 1976) .

The s im u la t ion s  o f  microwave f i n i s h  cook ing  o f  p r e - f r i e d  meat p a t t i e s  o f  d i f f e r e n t  th ickness 
show tha t  q u i t e  th ic k  products  can be microwave hea ted  w i th  sm all to  moderate temperature 
d i f f e r e n c e s  between su r fa c e  and c e n t e r ,  i f  a s u f f i c i e n t l y  low  power d e n s i t y  i s  used. (See 
f i g .  2 ) .  However, the h e a t in g  t imes w i l l  then be l o n g ,  making c o o rd in a t io n  between the con­
v eyo r  speeds o f  the b e l t  g r i l l  and o f  the microwave tunnel d i f f i c u l t .  H igher power d en s i ty  
means f a s t e r  c ook in g ,  but a l s o  l a r g e r  ten den s ies  f o r  su r fa c e  o v e rh e a t in g .  The ch o ic e  o f  
power d e n s i t y  f o r  d i f f e r e n t  s i z e s  and th ickn esses  must t h e r e f o r e  be governed  by the tempe­
ra tu re  d i f f e r e n c e s  that  can be a ccep ted  in  p r a c t i s e .

The s im u la t ion s  c l e a r l y  show that  tw o -s id ed  h e a t in g  i s  to  be p r e f e r r e d  o ve r  on e -s id ed  
h e a t in g ,  even f o r  low power d e n s i t i e s  and th in  samples. Th is  can be e x p la in ed  by the f a c t  
tha t  the d i e l e c t r i c  p e n e t r a t io n  depth in  the p r e - f r i e d  meat p a t t i e s  i s  on ly  about 7 mms 
a t  60°C a cco rd in g  to  the measured d i e l e c t r i c  v a lu e s .  Q,
The comparison between the h e a t in g  t imes f o r  the combined method u s in g  b e l t  g r i l l s  and mic 
wave h e a t in g  and the time f o r  f i n i s h  cook ing  u s ing  a b e l t  g r i l l  o n ly ,  show tha t  the d i f f er 
ces in  p ro c e s s in g  times are  sm a l l .  The advantages us ing  the combined method are  found in  t ^  
much more even temperature p r o f i l e  reached during  and a f t e r  the p r o c e s s in g ,  g i v i n g  low e r  P 
c e s s in g  l o s s e s  and a s u p e r io r  f i n a l  product q u a l i t y  f o r  the In p ro -p ro c e s s ed  meat p a t t i e s  
(N i l s  son, 1975). The c a lc u la t io n s  a l s o  show that  f o r  th ickn esses  o f  10 mms and low e r  the 
microwave h e a t in g  tunnel does not g i v e  any no tew orthy  advantage o ve r  the b e l t  g r i l l  a lone 
excep t  to  in c r e a s e  the speed o f  temperature  e q u i l i b r a t i o n ,  and thus reduce the conveyor  
l e n g th  o f  the p ro c e s s in g  l i n e .  However, i f  a subzero i n i t i a l  p roduct temperature i s  used, 
f o r  which th e re  i s  a trend  in  meat p ro c e s s in g  today ,  microwave f i n i s h  cook ing  might be trd  
b e n i f i c i a l  even f o r  th in n e r  meat p a t t i e s .

In  c o n c lu s ion  the p resen ted  r e s u l t s  demonstrate tha t  s im u la t ion s  o f  the t im e-tem pera tu re  
d i s t r i b u t i o n  in  microwave heated  foods  can be u s e fu l  t o o l s  in  s tu d ie s  o f  the in f lu e n c e  o f  
the d i f f e r e n t  process  param eters ,  e x ten d in g  exper im en ta l  r e s u l t s ,  a lthough  the c a lc u la t e d  
temperatures on ly  r e f e r  to  the c e n t r a l  p a r t  o f  the samples.
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