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Introduction
bating has many effects on meat structure, chemical 
c°hposition, nutritional value, microbial flora and other 
Properties. Cooking and/or reheating of meat or meat products is 
® compromise between sensory guality, microbiological quality 

I yield. The main variables in heating are temperature and
time, but many other variables also have an effect. Very rarely 
i°es one treatment provide optimum conditions for every 
essential trait. Therefore, a cook or processor must always put 

traits in a preference order and then choose the heat 
treatment according the requirements of the most important 
tfaits for him/her. This short review will discuss the complex 
Jield of meat heating in terms of technology. The phrase 
'heating" in this paper means temperatures over 50 C. The 
Effects of heating on meat proteins and tenderness has been 
£epeately reviewed, and therefore this paper will only briefly 
°̂Uch on these areas.
The EFFECT OF HEATING ON MEAT PROTEINS AND WATER-BINDING
O pacity
ĥe most important trait of meat is the water-binding capacity 
<WBC). The same chemical and structural factors that determine 
the water-binding also more or less determine most of the other 
important traits, especially the gelling of meat.
^cording to a review by Hamm (1972) heat affects the structure 
!*n<3 WBC of myofibrillar proteins in the following manner, between 35 - 50 *C the actomyosin molecules became unfolded. By 
35 *C the aggregation of the unfolded protein chains to form 
n*w, rather labile bonds begins. Between 5 0 - 7 0  C the ^folding of myofibrillar proteins proceeds, and new stable 
c°valent bonds áre formed causing a tight three-dimensional 
*}®twork of proteins. According to Hamm the distances between the 
^laments and protein molecules determine the amount o v,ne 
b°bnd water in the system. The formation of a tight network, 
c°hsequently, means a decrease in WBC. At the same time chemical 
Ranges shift the isoelectric point up by 0.5 to 1.0 units and 
bhe PH value by 0.1 to 0.4 units. For example, if uncooked meat 

a pH of about 5.7 (pH,J , the actual pH will be after the 
bating at the isoelectric point, pH 6.1 (pHc) , which means, in 
J^ition to the effect of the tightening of the protein network, 
bhere is a minimum value for WBC (See arrow, Figure 1).
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WBC

Figure 1. The effect of heating on the WBC and isoelectric P° 
of meat (According to Hamm and Deatherage, 1960)

int

Bailey (review 1988) and Offer et al. (1989) showed that the 
volume of myofibrillar proteins in muscle fibers decreases 
markedly, when meat is heated to 60 °C, but endomysial 
connective tissue retains the water in its fibers. At 
temperatures, normally over 65 °C the connective tissue 
squeezing the water out of the fibers causing the cooking * This causes along with a weight loss a considerable toughenihO 
of the meat. Much remains to be discerned about the effects 0 
connective tissue on the tenderness and juiciness of cooked 
meat.

highershrink

The addition of salt changes the behaviour of the protein s^jded 
remarkable, this change is even more marked if the salt is ad ŷ 
with phosphate. Salt (NaCl) causes the swelling of myofibrils  ̂
increasing the negative net charge of the proteins (Hamm, r«v 
1972) or by solubilizing the thick filaments so that the 
entropic pressure of the light meromyosin molecules generates 
the force for the swelling (Offer et al., 1989). The phosphat $ 
cleave the bonds between the actin and myosin heads, which u 
the myosin molecules free for solubilization, if there is eno ^  
moisture to move the proteins from the myofibrils. Anyhow, fch® 
salts change the gelation properties tremendously. The protei 
do not tend to aggregate as easily as they do without salts.

596



Many
conc studies have shown that the optimum pH and salt Gntrations for gel formation and,rigidity is about 5.5 - 6.3/e ••'-i.uuxuiio iu i  y e i  lu iu iau iu ii aiiu auuuu  ̂ ^ v
j, ~ 6.1) (Trautman 1966, Ishioroshi et al. 1979, Puolanne & 

1̂ kala 1980, Yasui et al. 1980, Acton et al. 1981) for pH and 
Gr K Sn 0,8 " 1,0 M NaC1 (Hamm  ̂ review 1972, Ranken 1973, rabowska & Hamm 1979, Ishioroshi et al. 1979, Puolanne & 
s 'j1®UnGn 1980) for salt concentration. In lean meat this means a 

Content of about 5% (Hamm 1962), and the value for cooked 
l97Sages *s 3-4 * (Niinivaara & Pohja 1954, Hermansson & Akesson i )> because of their higher fat content (Puolanne & Ruusunen

1983) .1980,

phosphates increase the WBC by raising the pH-value and the 
tic strength. These two changes represent about 50% of the 

Ph 6Ct Produced by phosphates. The rest of the effect of k̂ °sPhates is based on the specific effect of phosphates on the 
iê d^ nt oations and thus on the dissociation of actomyosin. The (p^five value of these effects depends on salt content
the"'^ u°ianne & Ruusunen 1980). The minimum salt content at which 

NaCl, and the relative maximum of the effect is at salt
specific effect of phosphates can be seen is about 1.0 -

cont 
anai 
on is

Gnts of >1.5% NaCl. The effect of pre rigor salting is 
°gous to the specific effect of phosphates (Figure 2, based

Pho
the results of Puolanne & Terrell 1983). The similar effect 
valid for salts other than NaCl. Thus when salts with or

jjr sPhates are added steps must be taken to prevent the eventual 
K ecipitation of the phosphate with salt ions, which jeopardizes 
e Yield and quality of the product (Puolanne et al. 1988).

WBC

On f., --— w*■ f- —-a—-  - n — -----—  ----- _cne WBC of cooked sausage. A, B, C: salt contents of the 
dl sausages. (According to Puolanne and Terrell, 1983)

^Ure 2. The effect of prerigor -curing of meat raw materials
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E x p e r i e n c e  i n  t h e  i n d u s t r y  a n d  r e s e a r c h  h a s  s h o w n  t h a t  s o m e  t i m e  
i s  n e e d e d  f o r  t h e  s a l t s  t o  p e n e t r a t e  t o  t h e  f i b e r s  a n d  f u r t h e r  
o n  t o  t h e  m y o f i b r i l s .  T h i s  i s  n o r m a l l y  a c h i e v e d  b y  p r e b l e n d i n g  
( s a u s a g e s )  o r  b y  p r e i n j e c t i o n  a n d  t u m b l i n g ,  m a s s a g i n g  e t c . ,  b u  
i n  s o m e  v e r y  f a s t  p r o c e s s e s  t h i s  m a y  c a u s e  t h e  p r o b l e m  o f  h i g h  
c o o k  l o s s e s .  O f f e r  e t  a l .  ( 1 9 8 9 )  a s s u m e  t h a t  t h e  f i r s t  s t a g e  o f  
t h e  c h a n g e s  c a u s e d  o n  a d d i n g  s a l t  ( d r y  s a l t  o r  b r i n e )  i s  t h e  
d i f f u s i o n  o f  m o i s t u r e  f r o m  t h e  f i b e r s  t o  t h e  p e r i m y s i a l  
c a v i t i e s ,  b u t  l a t e r  t h e  s a l t s  p e n e t r a t e  i n t o  t h e  f i b e r s ,  a n d  
w a t e r  a l s o  r e e n t e r s  t h e  f i b e r s .  D e p e n d i n g  o n  t h e  p a r t i c l e  s i z e ' 
t h i s  m a y  n e e d  s o m e  m i n u t e s  t o  s e v e r a l  h o u r s .  O u r  p r e l i m i n a r y  
o b s e r v a t i o n s  h a v e  s h o w n  t h a t  i f  l a r g e  m e a t  p a r t i c l e s  a r e  
i n j e c t e d  w i t h  e x c e s s  o f  b r i n e ,  m o r e  m o i s t u r e  t h a n  s a l t  i s  l o s t  

w i t h  t h e  e x c e s s  b r i n e  t h a n  i s  e x p e c t e d  f r o m  c a l c u l a t i o n s  o f  
w e i g h t  g a i n  a f t e r  t h e  i n j e c t i o n .  T h i s  m a y  m e a n  t h a t  t h e  e x c e s s  

b r i n e  c o m i n g  o u t  f r o m  t h e  m e a t  i s  d i l u t e d  b y  t h e  m o i s t u r e  f r o m  
t h e  f i b e r s  a n d  e x t r a c e l l u l a r  f l u i d s .

THE E F F E C T S  OF HEAT ON F A T S

T h e  m e l t i n g  t e m p e r a t u r e s  o f  p o r k  f a t  a r e  8 - 9  -  1 3 - 1 4  °C  a n d  
1 8 - 1 9  -  2 8 - 3 0  ° C  a n d  o f  b e e f  f a t  3 - 1 4  a n d  1 8  -  3 0  *C (Townsend 
e t  a l .  1 9 6 8 ) .  T h e  w i d e  r a n g e  o f  t h e  m e l t i n g  t e m p e r a t u r e s  a r e  
c a u s e d  b y  t h e  l a r g e  n u m b e r  o f  d i f f e r e n t  t r i g l y c e r i d e s  i n  n a t u r a l  
f a t s ,  e a c h  h a v i n g  a  d i f f e r e n t  m e l t i n g  t e m p e r a t u r e .  A l s o  
p o l y m o r p h i s m ,  i . e .  t h e  f a c t  t h a t  t h e  f a t s  h a v e  t h e  p r o p e r t y  of 
s o l i d i f y i n g  i n  s e v e r a l  d i f f e r e n t  " c r y s t a l l i n e "  ( n o t  r e a l  
c r y s t a l s )  f o r m s ,  d u e  t o  t h e  d i f f e r e n t  c o o l i n g / h e a t i n g  h i s t o r y »  
i s  p a r t  o f  t h e  r e a s o n  f o r  t h e  w i d e  r a n g e  o f  t h e  m e l t i n g  
t e m p e r a t u r e s .  I t  w o u l d  b e  i n t e r e s t i n g  t o  s t u d y  t h e  e f f e c t s  o f  
t h e  p o l y m o r p h i s m  o n  t h e  s t a b i l i t y  o f  p r e  r i g o r  p r o c e s s e d  
p r o d u c t s .  T h i s  c o u l d  s h e d  s o m e  l i g h t  o n  t h e  q u e s t i o n s  r a i s e d  W  
P r o f .  K - 0 .  H o n i k e l  c o n c e r n i n g  t h e  u n e x p e c t e d  e f f e c t s  o f  p r e  
r i g o r  f a t s  o n  t h e  WBC ( H o n i k e l  1 9 8 9 ) .

W h e n  m e l t e d  f a t s  i n c r e a s e  t h e i r  s p e c i f i c  v o l u m e  b y  o v e r  10% 
( D u g a n ,  r e v i e w  1 9 7 1 ) .  A l l  t h e  f a t s  i n  h e a t  t r e a t e d  p r o d u c t s  a l l  

t h e  f a t  a r e  i n  l i q u i d  f o r m  d u r i n g  h e a t i n g /  a n d  m e l t i n g  h a s  t a k e n  
p l a c e  b e f o r e  t h e  ( e v e n t u a l )  g e l  i s  s t a b i l i z e d .  T h i s  m e a n s  t h a t  
t h e  v o l u m e  o f  t h e  f a t  p h a s e  w i l l  i n c r e a s e  a n d  p r o d u c e  t e n s i o n  ^  
t h e  s p a c e s  w h e r e  t h e  f a t  p a r t i c l e s  a r e  l o c a t e d ,  w h i c h  m a y  a f f e f  
t h e  s t a b i l i t y  o f  t h e  p r o d u c t s .  O n  t h e  o t h e r  h a n d ,  b y  t h e  t i m e  1*' 
h a s  c o o l e d  t h e  g e l  h a s  a l r e a d y  r e a c h e d  a  c e r t a i n  s t r u c t u r e  and 
v o l u m e ,  b u t  t h e  s p e c i f i c  v o l u m e  o f  t h e  f a t  w i l l  d e c r e a s e .  I n  
a d d i t i o n ,  i n  t h e  a i r  b u b b l e s  o f  a  c o n s t a n t  v o l u m e ,  t h e  increase 
o f  t h e  t e m p e r a t u r e  f r o m  1 5  C t o  7 0  ° C  c a u s e s  a n  i n c r e a s e  o f  
v a p o u r  p r e s s u r e  a n d  a i r  p r e s s u r e  b y  a b o u t  0 . 5  a t m . ,  w h i c h  also 
c a u s e s  s o m e  t e n s i o n  i n  t h e  b a t t e r .
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^e a t  m i c r o b i o l o g y  w i l l  b e  d i s c u s s e d  i n  o t h e r  s e s s i o n  d u r i n g  t h i s  
®e e t i n g ,  s o  I  w i l l  o n l y  m e n t i o n  a  f e w  a s p e c t s  t h a t  m a y  b e  

e c h n o l o g i c a l l y  i m p o r t a n t  h e r e .  M o s t  h e a t  t r e a t e d  f o o d s  a n d  
P r o d u c t s  a r e  p a s t e u r i z e d .  T h i s  m e a n s  n o r m a l l y  t h a t  t h e i r  
^ t r f a c e s  h a v e  a  r a t h e r  l o w  m i c r o b i a l  l o a d  i n  t h e  e n d  o f  h e a t  
p e a t m e n t ,  e s p e c i a l l y  i f  t h e  p r o d u c t s  a r e  s i m u l t a n e o s l y  s m o k e d .  

n t h e  d e e p e r  l a y e r s  a n d  i n  t h e  c o r e  o f  t h e  a r t i c l e  t h e r e  a r e  
m i c r o b e s ,  t h e  a m o u n t  o f  w h i c h  i s  a  p r o d u c t  o f  t h e  s u m  o f  

^ i t i a l  n u m b e r  a n d  t y p e  o f  t h e  f l o r a ,  a n d  t h e  s e v e r i t y  o f  t h e  
H e a t  t r e a t m e n t .  N o r m a l l y ,  i f  t h e  h e a t  t r e a t m e n t  h a s  b e e n  
E q u a t e ,  t h e  m a j o r i t y  o f  t h e  m i c r o b e s  a r e  d e s t r o y e d .  T h e  
H e r n a i n i n g  r e l a t i v e l y  h e a t  r e s i s t a n t  o n e s  a r e  u s u a l l y  s p o r e s ,  
^e s o p h i l e s  o r  t h e r m o p h i l e s ,  b u t  o n l y  s e l d o m  p s y c h r o t r o p h e s .  
° ® c a u s e  t h e  e l i m i n a t i o n  o f  a l l  m i c r o b e s  ( s t e r i l i z a t i o n )  r e d u c e s  
. e  q u a l i t y  o f  m e a t  a n d  i s  t i m e ,  e n e r g y  a n d  t e c h n o l o g y  
^ t e n s i v e , p a s t e u r i z a t i o n  i s  u s u a l l y  p r e f e r r e d .  T h i s  i s  

° t m a l l y  e n o u g h  f o r  t h e  d i s t r i b u t i o n  a n d  m a r k e t  n e e d s .  M e a t  
p o d u c t s  n o r m a l l y  g e t  s p o i l e d  b y  s u r f a c e  m i c r o b e s  ( K o r k e a l a  a n d  

i h d r o t h  1 9 8 7 ) ,  w h i c h  m e a n s  t h a t  t h e  c o n t a m i n a t i o n  c o m e s  a f t e r  
He h e a t  t r e a t m e n t ,  i . e .  d u r i n g  c o o l i n g ,  s t o r a g e ,  p a c k a g i n g  
n< V o r  c o n t a m i n a t i o n  d u e  p a c k a g i n g  m a t e r i a l s .  T h i s  t y p e  o f  

c ° h t a m i n a t i o n  c a n n o t  b e  c o n t r o l l e d  b y  c o o k i n g .  A n  i m p o r t a n t  
®*c e p t i o n  m i g h t  b e  Listeria m o n o c y t o g e n e s  t h a t  i s  r e l a t i v e  h e a t  

e s i s t a n t  ( s u r v i v e s  a  c o r e  t e m p e r a t u r e  o f  7 0  ° C )  a n d  g r o w s  w e l l  
l n  r e f r i g e r a t i o n  t e m p e r a t u r e s .  I t  r e m a i n s  t o  b e  s e e n  w h e t h e r  
c ° o k i n g  r e g i m e s  m u s t  b e  c h a n g e d  b e c a u s e  o f  L. monocytogenes a n d  
° t h e r  " n e w "  p a t h o g e n s .  I f  t h e y  h a v e  t o  b e  c h a n g e d  t h i s  m a y  m e a n  

T s o  o t h e r  t e c h n o l o g i c a l  c h a n g e s .

the e f f e c t s  o f  h e a t  o n  m i c r o b e s

^ C H N O L O G Y  OF H E A T I N G

^e t h o d s  o f  h e a t i n g  c a n  b e  c l a s s i f i e d  i n t o  s e v e r a l  v i e w  
j ^ t e g o r i e s  d e p e n d i n g  o n  o n e s  v i e w p o i n t ,  i . e .  d r y / m o i s t ,  w a y  o f  

e ® t  t r a n s f e r  o r  t e c h n o l o g i c a l  m e t h o d  e . g .  b o i l i n g ,  r o a s t i n g  
f r y i n g  e t c .

H e r m a l  e n e r g y  f l o w s  f r o m  t h e  h i g h e r  t e m p e r a t u r e  t o  t h e  l o w e r .
H t h e  h e a t  t r a n s f e r ,  c o n d u c t i o n  i s  m o l e c u l e  m e d i a t e d .  I t  i s  
° U n d  n o t  o n l y  i n  s o l i d  p a r t i c l e s  b u t  a l s o  i n  l i q u i d s  a n d  g a s e s ,  

 ̂ t h e  t e m p e r a t u r e  g r a d i e n t s  a r e  l o w .  I n  c o n v e c t i o n  t h e r e  i s  
¿■ Ways a  f l o w  o f  l i q u i d  o r  g a s ,  w h i c h  c a r r y  t h e  e n e r g y  i n v o l v e d .  

.He  t h i r d  w a y  o f  h e a t  t r a n s f e r  i s  r a d i a t i o n ,  i n  w h i c h  t h e  e n e r g y  
s  t r a n s f e r r e d  i n  t h e  f o r m  o f  e l e c t r o m a g n e t i c  r a d i a t i o n  w i t h o u t  

M e d i u m .  I m p o r t a n t  f a c t o r  t o  a f f e c t  t h e  t h e r m a l  e n e r g y  t r a n s f e r  
Qt e  a l s o  t h e  p h a s e  t r a n s f o r m a t i o n s .  I n  t h e  p r a c t i c e ,  u s u a l l y  t w o  

^ t h r e e  o f  t h e  a b o v e  m e n t i o n e d  e f f e c t s  a f f e c t  t h e  m e a t  
i lnu l t a n e o u s l y .
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W h e n  t h e  e f f e c t s  o f  t e m p e r a t u r e  o n  t h e  c o o k  l o s s  i s  s t u d i e d ,  t h e  
w i d e l y  a c c e p t e d  t h e o r y  i s  a s  d e s c r i b e d  a b o v e  i n  c h a p t e r  " T h e  
e f f e c t  o f  h e a t i n g  o n  m e a t  p r o t e i n s  a n d  w a t e r - b i n d i n g  c a p a c i t y ' -  
T h i s  i s  t h e  c a s e  i n  t h e  p r o c e d u r e s  w h e r e  t h e  h i g h e s t  temperature 
o f  t h e  s y s t e m  d o e s  n o t  e x c e e d  a b o u t  8 0  ' C .  I n  d r y  h e a t i n g  and in 
d e e p  f r y i n g  t h e  t e m p e r a t u r e  o f  t h e  h e a t  s o u r c e  i s  m u c h  o v e r  t h e  
b o i l i n g  p o i n t  o f  w a t e r ,  a n d  c o n s e q u e n t l y  t h e  s u r f a c e  
t e m p e r a t u r e s  m a y  b e  o v e r  t h e  b o i l i n g  p o i n t ,  w h i c h  m e a n s  f a r  
g r e a t e r  t h a n  t h e  t e m p e r a t u r e s  t h a t  a r e  n o r m a l l y  c o n s i d e r e d  w h e n  
t h e  e f f e c t s  o f  h e a t  a r e  d i s c u s s e d .

T h e  e f f e c t s  o f  d r y  h e a t i n g  a n d  d e e p  f r y i n g  t a k e  p l a c e  i n  t h r e e  
s t a g e s  ( S k o l d e b r a n d  1 9 8 0 ) .  D u r i n g  t h e  f i r s t  s t a g e  t h e  s u r f a c e  
t e m p e r a t u r e  ( t s ) i s  l e s s  t h a n  t h e  w e t  b u l b  t e m p e r a t u r e  ( t „ )  . Then 
m o i s t u r e  f l o w s  f r o m  t h e  a i r  t o  t h e  p r o d u c t  ( d r y  h e a t i n g ) .  This 
f l o w  i s  u s u a l l y  v e r y  s m a l l .  T h e  r a t e  o f  t h e  h e a t  t r a n s f e r  i s  
h i g h  d u e  t o  t h e  c o n d e n s a t i o n  o f  v a p o u r  o n  t h e  s u r f a c e .  D u r i n g  
t h e  s e c o n d  s t a g e ,  w h e n  t , = t w, t h e  p r o d u c t s  s t a r t s  t o  l o o s e  
m o i s t u r e .  T h e  m o i s t u r e  f l o w s  f r o m  t h e  d e e p e r  a r e a s  t o  t h e  
s u r f a c e  a t  t h e  s a m e  r a t e  o r  f a s t e r  t h a n  i t  e v a p o r a t e s  f r o m  t h e  
s u r f a c e .  T h e  r a t e  o f  t h e  h e a t  t r a n s f e r  c h a n g e s  o n l y  v e r y  l i t t l e *  

D u r i n g  t h e  t h i r d  s t a g e ,  w h e n  t , > t w, t h e r e  i s  n o t  e n o u g h  m o i s t u r e  

o n  t h e  s u r f a c e ,  a n d  t h e  z o n e  o f  e v a p o r a t i o n  m o v e s  t o w a r d s  d e e p e n  
l a y e r s  i n  t h e  p r o d u c t .  T h e  r a t e  o f  h e a t  t r a n s f e r  t o  t h e  product 
( l e s s  c o n d e n s a t i o n  o n  t h e  s u r f a c e )  a n d  i n  t h e  p r o d u c t  ( s t e a m  
f l o w s  t o w a r d s  t h e  s u r f a c e )  d e c r e a s e s  t r e m e n d o u s l y .

T h i s  k i n d  o f  t e m p e r a t u r e  p r o f i l e  h a s  m a n y  c o n s e q u e n c e s .  M o s t  o f  
t h e  W BC , g i v e n  a s  e x p r e s s i b l e  m o i s t u r e ,  h a s  b e e n  l o s t  w h e n  t h e  
t e m p e r a t u r e  r e a c h e s  6 0  C ,  b u t  t h e  m o i s t u r e  i s  a c t u a l l y  s q u e e z e d  
o u t ,  w h e n  t h e  c o n n e c t i v e  t i s s u e  s h r i n k s  a t  a b o u t  6 5  °C (H a m m ,  
r e v i e w  1 9 7 2 ,  B a i l e y ,  r e v i e w  1 9 8 8 ) .  T e m p e r a t u r e s  o v e r  t h e  
s h r i n k a g e  t e m p e r a t u r e  o f  c o n n e c t i v e  t i s s u e  a r e  f i r s t  r e a c h e d  i n  
t h e  s u r f a c e  l a y e r s  o f  t h e  p r o d u c t ,  a n d  a t  t h e  s a m e  t i m e  t h e  
t e m p e r a t u r e  i n  t h e  d e e p e r  l a y e r s  h a v e  r e a c h e d  t h e  l o w  WBC a r e a s -  
T h e  s u r f a c e  s h r i n k a g e  p r e s s e s  t h e  m o i s t u r e  o u t  o f  t h e  p r o d u c t ,  
w h i c h  c a u s e s  a  m a s s  f l o w  a g a i n s t  t h e  t e m p e r a t u r e  g r a d i e n t .  T h i s  
t h e n  c a u s e s  a  f l o w  o f  c o o l e r  m o i s t u r e  t o  t h e  s u r f a c e ,  a n d  a l s o  
s o m e  h e a t  e n e r g y  a l r e a d y  t r a n s f e r r e d  t o  t h e  p r o d u c t  i s  r e m o v e d  
f r o m  t h e  p r o d u c t  c a u s i n g  a  d e l a y  i n  t h e  t e m p e r a t u r e  i n c r e a s e .  
L a t e r ,  w h e n  t h e  m o i s t u r e  h a s  b e e n  l o s t  a s  c o o k i n g  l o s s ,  t h e  c o t ®  
t e m p e r a t u r e  r a i s e s  r a p i d l y  ( P u o l a n n e ,  u n p u b l i s h e d  r e s u l t s ) . 
T h e r e f o r e ,  t h e  v a r i a t i o n s  e . g .  i n  t h e  s i z e ,  s h a p e  a n d  WBC m a y  
c a u s e  d i f f e r e n c e s  i n  t h e  t e m p e r a t u r e  p r o f i l e s  o f  p r o d u c t s ,  w h i c ^ 
a r e  d i f f i c u l t  t o  c o n t r o l  a n d  w h i c h  c a n  c a u s e  v a r i a t i o n s  i n  t h e  
m i c r o b i o l o g i c a l  a n d  o r g a n o l e p t i c  q u a l i t y .  T h i s  i s  p a r t i c u l a r y  
i m p o r t a n t  w h e n  h e a t e d  m e a t s  c o n t a i n  s e v e r a l  m u s c l e s  w i t h  
d i f f e r e n t  p r o p e r t i e s .  M i c r o w a v e  h e a t i n g ,  a l o n e  o r  i n  
c o m b i n a t i o n  w i t h  o t h e r  m e t h o d s ,  m a y  o v e r c o m e  s o m e  o f  t h e s e  
p r o b l e m s  b u t ,  s i m u l t a n e o u s l y ,  i n t r o d u c e  n e w  o n e s  d u e  t o  t h e  
d i f f e r e n c e s  i n  d i e l e c t r i c  l o s s  f a c t o r  a n d  s t r u c t u r a l  p r o p e r t i e s  

o f  t h e  p r o d u c t .  -  T h e  e f f e c t s  o f  h e a t i n g ,  a l t h o u g h  i n t e n s i v e l y  
s t u d i e d  f o r  d e c a d e s ,  s t i l l  n e e d s  m u c h  m o r e  r e s e a r c h .
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When t h e  e f f e c t s  o f  t e m p e r a t u r e  o n  t h e  c o o k  l o s s  i s  s t u d i e d ,  t h e  
W i d e l y  a c c e p t e d  t h e o r y  i s  a s  d e s c r i b e d  a b o v e  i n  c h a p t e r  " T h e  
E f f e c t  o f  h e a t i n g  o n  m e a t  p r o t e i n s  a n d  w a t e r - b i n d i n g  c a p a c i t y " ,  

h i s  i s  t h e  c a s e  i n  t h e  p r o c e d u r e s  w h e r e  t h e  h i g h e s t  t e m p e r a t u r e  
t h e  s y s t e m  d o e s  n o t  e x c e e d  a b o u t  80 " C .  I n  d r y  h e a t i n g  a n d  i n  

f r y i n g  t h e  t e m p e r a t u r e  o f  t h e  h e a t  s o u r c e  i s  m u c h  o v e r  t h e  
°iling p o i n t  o f  w a t e r ,  a n d  c o n s e q u e n t l y  t h e  s u r f a c e  
e in p e r a t u r e s  m a y  b e  o v e r  t h e  b o i l i n g  p o i n t ,  w h i c h  m e a n s  f a r  

9 f e a t e r  t h a n  t h e  t e m p e r a t u r e s  t h a t  a r e  n o r m a l l y  c o n s i d e r e d  w h e n  
h e  e f f e c t s  o f  h e a t  a r e  d i s c u s s e d .

h e  e f f e c t s  o f  d r y  h e a t i n g  a n d  d e e p  f r y i n g  t a k e  p l a c e  i n  t h r e e  
p h a g e s  ( S k o l d e b r a n d  1980). D u r i n g  t h e  f i r s t  s t a g e  t h e  s u r f a c e  

e m p e r a t u r e  ( t . )  i s  l e s s  t h a n  t h e  w e t  b u l b  t e m p e r a t u r e  ( t „ )  . T h e n  
^ e i s t u r e  f l o w s  f r o m  t h e  a i r  t o  t h e  p r o d u c t  ( d r y  h e a t i n g ) . T h i s  

l o w  i s  u s u a l l y  v e r y  s m a l l .  T h e  r a t e  o f  t h e  h e a t  t r a n s f e r  i s  
i g h  d u e  t o  t h e  c o n d e n s a t i o n  o f  v a p o u r  o n  t h e  s u r f a c e .  D u r i n g  
h e  s e c o n d  s t a g e ,  w h e n  t , = t „ ,  t h e  p r o d u c t s  s t a r t s  t o  l o o s e  

" k ^ i s t u r e .  T h e  m o i s t u r e  f l o w s  f r o m  t h e  d e e p e r  a r e a s  t o  t h e  
E f f a c e  a t  t h e  s a m e  r a t e  o r  f a s t e r  t h a n  i t  e v a p o r a t e s  f r o m  t h e  
^u r f a c e .  T h e  r a t e  o f  t h e  h e a t  t r a n s f e r  c h a n g e s  o n l y  v e r y  l i t t l e .  

U r i n g  t h e  t h i r d  s t a g e ,  w h e n  t , > t „ ,  t h e r e  i s  n o t  e n o u g h  m o i s t u r e  
? n t h e  s u r f a c e ,  a n d  t h e  z o n e  o f  e v a p o r a t i o n  m o v e s  t o w a r d s  d e e p e r  

^ Y e r s  i n  t h e  p r o d u c t .  T h e  r a t e  o f  h e a t  t r a n s f e r  t o  t h e  p r o d u c t  
c o n d e n s a t i o n  o n  t h e  s u r f a c e )  a n d  i n  t h e  p r o d u c t  ( s t e a m  

l o w s  t o w a r d s  t h e  s u r f a c e )  d e c r e a s e s  t r e m e n d o u s l y .

h i s  k i n d  o f  t e m p e r a t u r e  p r o f i l e  h a s  m a n y  c o n s e q u e n c e s .  M o s t  o f  
h e  WBC,  g i v e n  a s  e x p r e s s i b l e  m o i s t u r e ,  h a s  b e e n  l o s t  w h e n  t h e  

temperature r e a c h e s  60 'c, b u t  t h e  m o i s t u r e  i s  a c t u a l l y  s q u e e z e d  
° u t , w h e n  t h e  c o n n e c t i v e  t i s s u e  s h r i n k s  a t  a b o u t  65 °C  ( H a m m ,  
t®view 1972, B a i l e y ,  r e v i e w  1988). T e m p e r a t u r e s  o v e r  t h e  
S h r i n k a g e  t e m p e r a t u r e  o f  c o n n e c t i v e  t i s s u e  a r e  f i r s t  r e a c h e d  i n  
t h e  s u r f a c e  l a y e r s  o f  t h e  p r o d u c t ,  a n d  a t  t h e  s a m e  t i m e  t h e  
t e m p e r a t u r e  i n  t h e  d e e p e r  l a y e r s  h a v e  r e a c h e d  t h e  l o w  WBC a r e a s .

h e  s u r f a c e  s h r i n k a g e  p r e s s e s  t h e  m o i s t u r e  o u t  o f  t h e  p r o d u c t ,  
W h i c h  c a u s e s  a  m a s s  f l o w  a g a i n s t  t h e  t e m p e r a t u r e  g r a d i e n t .  T h i s  
t h e n  c a u s e s  a  f l o w  o f  c o o l e r  m o i s t u r e  t o  t h e  s u r f a c e ,  a n d  a l s o  
®°m e h e a t  e n e r g y  a l r e a d y  t r a n s f e r r e d  t o  t h e  p r o d u c t  i s  r e m o v e d  

f om t h e  p r o d u c t  c a u s i n g  a  d e l a y  i n  t h e  t e m p e r a t u r e  i n c r e a s e .  
d t e r , w h e n  t h e  m o i s t u r e  h a s  b e e n  l o s t  a s  c o o k i n g  l o s s ,  t h e  c o r e  
© m p e r a t u r e  r a i s e s  r a p i d l y  ( P u o l a n n e ,  u n p u b l i s h e d  r e s u l t s ) ,  
h e r e f o r e ,  t h e  v a r i a t i o n s  e . g .  i n  t h e  s i z e ,  s h a p e  a n d  WBC m a y  
^ u s e  d i f f e r e n c e s  i n  t h e  t e m p e r a t u r e  p r o f i l e s  o f  p r o d u c t s ,  w h i c h  
t e  d i f f i c u l t  t o  c o n t r o l  a n d  w h i c h  c a n  c a u s e  v a r i a t i o n s  i n  t h e  
i c r o b i o l o g i c a l  a n d  o r g a n o l e p t i c  q u a l i t y .  T h i s  i s  p a r t i c u l a r y  
^ P o r t a n t  w h e n  h e a t e d  m e a t s  c o n t a i n  s e v e r a l  m u s c l e s  w i t h  

c l f f e r e n t  p r o p e r t i e s .  M i c r o w a v e  h e a t i n g ,  a l o n e  o r  i n  
° m b i n a t i o n  w i t h  o t h e r  m e t h o d s ,  m a y  o v e r c o m e  s o m e  o f  t h e s e  
^ o b l e m s  b u t ,  s i m u l t a n e o u s l y ,  i n t r o d u c e  n e w  o n e s  d u e  t o  t h e  
i f f e r e n c e s  i n  d i e l e c t r i c  l o s s  f a c t o r  a n d  s t r u c t u r a l  p r o p e r t i e s  

t h e  p r o d u c t .  -  T h e  e f f e c t s  o f  h e a t i n g ,  a l t h o u g h  i n t e n s i v e l y  
b d i e d  f o r  d e c a d e s ,  s t i l l  n e e d s  m u c h  m o r e  r e s e a r c h .
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