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Heati ng Rat e o f  M u s c l e  Homogenat es

PA ¿KOV, M . ,  U n l v e r z a l ,  F o r e i g n  T r a d e  C o . ,  B e l g r a d e ,  Y u g o s l a v i a  
R, OVIC,  L j i l j a n a ,  Meat  P a c k i n g  P l a n t  BEK, Z r e n j a n i n ,  Y u g o s l a v i a

c T l C ,  P. and TADIC,  I . ,  Y u g o s l a v  I n s t i t u t e  o f  Meat  T e c h n o l o g y ,  B e l g r a d e ,  Y u g o s l a v i a

YjULT o d u c t l o n :
e h e a t i n g  r a t e  o f  meat  b a t t e r s  d u r i n g  h e a t  t r e a t m e n t ,  as w e l l  as o t h e r  meat  f o o d s ,  can be 

Va?s e n t e d  i n  many d i f f e r e n t  m a n n e r s .  One o f  them 1s e s t i m a t i n g  o f  t h e  f  v a l u e s .  The f  
i n Ue i s  a l s o  a p a r t i c u l a r l y  I m p o r t a n t  p a r a m e t e r  i n  h e a t  p r o c e s s  c a l c u l a t i o n s ,  1 . e . 1 n  p r e d l c t -  
f 3 t e m p e r a t u r e s  a f t e r  d e f i n e d  t i m e  o f  h e a t  t r e a t m e n t  o r  i n  c a l c u l a t i n g  t h e  t i m e  n e c e s s a r y  t o  
A a c h d e s i r e d  t e m p e r a t u r e  1n t h e  c o l d e s t  p o i n t  o f  a ca nn ed  p r o d u c t .
O n * ! 1 '* known t a c t  I s  t h a t  t h e  h e a t i n g  r a t e  o f  m ea t  b a t t e r s  d e p e n d s ,  among many o t h e r  f a c t o r s ,

1 t h e i i  
r 

51
s t  — ■ c o m p o s i t i o n .  The a mount  o f  a d d e d . w a t e r ,  w a t e r  h o l d i n g  c a p a c i t y  and pH o f  meat  s u b -  
a l r a t e s  do i n f l u e n c e  t h e i r  h e a t i n g  r a t e  ( S u v a k o v  e t  a l .  1 9 7 8,  P a n i n  e t  a l .  1 9 7 9 ,  Suvakov  e t  
0U' 1 ?8 4 ) . P a r t  o f  e m u l s i f i c a t i o n  i n  h e a t  s t a b i l i t y  o f  meat  b a t t e r s  was s t u d i e d  by S h u t  ( 1 9 7 6 ) ,

meat
Hat

aim was t o  I n v e s t i g a t e  t h e  h e a t i n g  r a t e s  o f  m ea t  h omo ge n at es  c o n t a i n i n g  v a r i o u s  a mount s o f  
f a t t y  t i s s u e  and w a t e r .

Aft

¿f i a l s  and M e t h o d s :
£•  S e m i t e n d i n o s u s  and s e mi me mb ra no su s m u s c l e s  o f  a you ng  s t e e r  ( 24  mo nt h s  o f  a ge )  we r e  used 

t h e  e x p e r i m e n t s .  H i nd  q u a r t e r s  have been p r e v i o u s l y  k e p t  f r o z e n  ( - 2 5 0 C) f o r  t h r e e  m o n t h s .  
er  t h a w i n g  t h e  q u a r t e r s  ( 48  h o u r s  a t  + 1 2 ° C ) ,  m u s c l e s  wer e e x c i s e d  and c o m p l e t e l y  t r i m m e dOf f  j? ' -■•«winy m e  y ua i  i. c i a \ t o  nuui  b a t  " i t t / ,  iii u b l. i cs wer e e x a i s e u  aria comp i e i e  l y  i r i m m e c  

mea, ' rom ^ a t t y  and c o n n e c t i v e  t i s s u e s .  T h a w - d r i p  ( a b o u t  3%) was d i s c a r d e d .  The so p r e p a r e d  
cotn Was m1nced t h r o u g h  A mm d i a m e t e r  h o l e s  ( H e l l y - J o l l y  p i l o t - p l a n t  m i n c e r ) .  The c h e m i c a l  

^ P o s i t i o n  was t h e  f o l l o w i n g  ( % )  : w a t e r  7 3 . 7 5 ,  p r o t e i n  2 3 . 1 5 ,  f a t  2 . 2 5 ,  a sh  0 . 8 5 ,  e s t i m a t e d  
pa t ° ,' <i i n g  t o  AOAC p r o c e d u r e s  ( 1 9 7 5 ) .  I n  f u r t h e r  t e x t  t h i s  r aw m a t e r i a l  i s  MT d e n o t e d .  
vp jJJL T  i s s u e  ( F T ) . P o r k  f a t t y  t i s s u e  ( f r o m  t h e  back r e g i o n ) ,  c h i l l e d  f o r  48 h o u r s  a t  + 4 °C ,  
PrpC6<* t h r o u g h  4 mm d i a m e t e r  h o l e s  ( t h e  same m i n c e r  as p r e v i o u s l y )  was used f o r  homog en at e  
( P i f a t i o n .  The c h e m i c a l  c o m p o s i t i o n  o f  p o r k  f a t t y  t i s s u e  was ( % ) :  w a t e r  6 . 8 0 ,  p r o t e i n  
Ice f 6 C t i v e  t i s s u e  p r o t e i n s )  1 . 8 3 ,  f a t  8 9 . 6 0 ,  ash 1 . 7 7 .  
j t p p r i i L )-■ i c e  was p r o d u c e d  f r o m  t a p - w a t e r ,  h a v i n g  a t e m p e r a t u r e  o f  - 6 ° C .

la, ^  ) • Common s a l t  was used f o r  t h e  p r e p a r a t i o n  o f  h o m o g e n a t e s .  A l l  h omo ge na tes  c o n -
£oi ned 2 %  o f  s a l t .
i ^ - j ^£iLg s p h a t e  P r e p a r a t i o n . Tar1 K 2,  1n a mount  o f  50 grams was added t o  10 k i l o g r a m s  o f  raw 
Thr 6 r i a ^ s used f o r  homog en at e  p r e p a r a t i o n  ( p . p h ) .
bow?6 h o mo g en a te s  we r e  p r e p a r e d  1n a bowl  c h o p p e r  ( h e l l y - J o l l y  p i l o t  p l a n t  c h o p p e r ,

c a p a c i t y  20 l i t e r s ) ,  by a p p l y i n g  l o w  speed f o r  b o t h  bowl  r o t a t i o n  and k n i v e s .

Lê-J  -  Raw M a t e r i a l  C o m p o s i t i o n  o f  B a s i c  Homogenat es
Homo 9 e n a t e ^Amount  o f  c o mp o ne n t s  ( g r a m s )

I
MT W FT NaCl p . p h .
5800 2000 2000 200 50

- 8000 1 800 200 50
- 1800 8000 200 50

Pe *)°rcogen 1 za t  i  o n was c a r r i e d  o u t  i n  a l a b o r a t o r y  h o m o g e n l z e r  ( I s k r a  -  Kra n j  ) ,  a p p l y i n g  h i g h  
Ary-  ' a b o u t  10 000 rpm)  d u r i n g  2 x 45 s e c o n d s .
e ren t ® t t l e  a mo un ts  o f  t h e  t h r e e  b a s i c  h o mo ge na tes  1n f i n a l  homog en at e  p r e p a r a t i o n ,  13 d 1 f -  

n t  h o mo ge na tes  wer e p r o d u c e d .

¿bl  e 2 q  -  L - B a s ni c  Raw M a t e r i a l  C o m p o s i t i o n  o f  Homogenat es

! -00 3 8 . 6 6
>•00 3 0 . 0 0
L 0 0  1 9 . 3 3

D e n o t a t i o n  o f  homog en at es  

5 6 7 8 9 10
3 8 . 6 6
1 9 . 3 3
4 0 . 0 0

1 1 12 13
3 8 . 6 6
2 9 . 6 6
2 9 . 6 6

2 9 . 0 0
5 0 . 0 0
1 9 . 0 0

2 9 . 0 0
1 9 . 0 0
5 0 . 0 0

2 9 . 0 0  
34 .50 
3 4 . 5 0

1 4 . 5 0  
6 5 . 0 0
1 8 . 5 0

1 4 . 5 0
1 8 . 5 0  
6 5 . 0 0

1 5 . 4 6  
41 .26 
41 . 26

9 . 6 6
7 0 . 0 0
1 8 . 3 3

9 . 6 6  9 . 6 6
1 8 . 3 3  4 4 . 1 6
7 0 . 0 0  4 4 . 1 6

^ tpr
cn Pl" o t
Fat P r o t
Naci

— Assumed C h e mi c a l  C o m p o s i t i o n  o f  F i n a l  Homogenat es 
D e n o t a t i o n  o f  h o mo ge na tes  

_____ 1 2 5 8 11

61 ns 
e i n s *

64 .13 69,.83 72,.67 76 .95 78 .37
13,.42 10,.95 6..71 3 ..35 2 .23

0,.36 0 ,.35 0,.34 0,.33 0 .33
19..22 1 8 ,. 1 9 17,.67 1 6 .90 16 .64

2,,00 2,.00 2 .,00 2,.00 2 .00
0,.50 0..50 0., 50 0 ,. 50 0 ,.50
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T a b l e  4 -  Assumed C h e mi c a l  C o m p o s i t i o n  o f  F i n a l  Homogenat es
D e n o t a t l o n o f h o m o g e n a t e s

%  ____________1_____________ 4 ____________ 7___________ 10___________ 13
Water 64 .13 60 .19 58 .23 55.47 54 . 29
MT p r o t e i n s 13,.42 10..95 6 .71 3 . 58 2 .23
CN p r o t e i n s * 0..36 0 ,. 53 0 ,. 63 0. 75 0 .80
Fat 1 9 ,.22 27 ,.44 31 ,.56 37.32 39,.78
Na Cl 2 ,.00 2 ..00 2 .00 2.00 2 .00
P- Ph-___ ________ 0 ,,50 0 ,. 50 0 .50 0. 50 0 ,50

T a b l e  5 -  Assumed C h e mi c a l  C o m p o s i t i o n  o f  F i n a l  Homogenat es
D e n o t a t i o n  o f  homog en at es

% 1 1 f c) 12
Wa te r 64..13 50.,56 43 ,.78 33 ..61 30. .22
MT p r o t e i n s 13..42 10..95 6,.71 3,.35 2 ..23
CN p r o t e i n s * 0 ..36 0 ..73 0 ..91 1 ..18 1 .. 28
Fat 1 9 ,.22 36,.70 45 .45 58,.56 62 ,.93
Na Cl 2.. 00 2 .00 2 .00 2 .00 2 .00
P- Ph. 0,.50 0..50 0 .50 0 .50 0 ,.50
*CN = c o n n e c t i v e  t i s s u e  p r o t e i n s  f r o m  t h e  f a t t y  t i s s u e

T e m p e r a t u r e s  o f  h omo ge na tes  a f t e r  f i n a l  h o m o g e n i z a t i o n  r a n g e d  b e t we en  6 and 1 4 °C.  F i n a l  hom°' j ,  
g e n a t e s  wer e s t u f f e d  I n t o  c y l i n d r i c a l  cans  ( 73  mm i n  d i a m e t e r ,  70 mm 1n h e i g h t )  by hand o p erife 
ed s t u f f e r .  S e a l e d  c an s w i t h  f i x e d  t h e r m o c o u p l e s  on t h e  l i d  ( i n s e r t e d  t o  r e c o r d  t h e  t e m p e r a 1 
i n  t h e  g e o m e t r i c a l  c e n t e r )  we r e  k e p t  f o r  10 h o u r s  i n  a r e f r i g e r a t o r  ( a t  + 3° C)  t o  e q u a l i z e  
t e m p e r a t u r e  o f  t h e  h omo ge na tes  t h r o u g h o u t  t h e  can c o n t e n t .  T h r e e  cans  f o r  each homogenat e 
we re  used f o r  h e a t  p e n e t r a t i o n  t e s t s .
H ea t  T r e a t m e n t  was c a r r i e d  o u t  1n a t h e r m o s t a t i c a l l y  r e g u l a t e d  w a t e r  b a t h  a t  8 0 ° C ,  u n t i l   ̂
70°C was r e a c h e d  ( 6 9 . 7  -  7 0 . 6 )  i n  t h e  g e o m e t r i c a l  c e n t e r  o f  a c a n .  T e m p e r a t u r e s  were r e c o r d  
by t h e  ELLAB t h e r m o c o u p l e .  R e a d i n g s  wer e done i n  3 m i n u t e  i n t e r v a l s .
I m m e d i a t e l y  a f t e r  70°C was r e a c h e d  i n  t h e  g e o m e t r i c a l  c e n t e r  o f  a c a n ,  t h e  can was removed 
f r o m  t h e  w a t e r  b a t h  and opened t o  p o u r  t h e  c o o k e d - o u t  j u i c e  i n t o  t h e  g r a d u a t e d  c y l i n d e r .  Whe ' 
t h e  c o o k e d - o u t  f a t  was s o l i d i f i e d  t h e  v o l u m e s  o f  t h e  w a t e r  and f a t  wer e r e c o r d e d .  
D e t e r m i n a t i o n  o f  H e a t i n g  R a t e . F i r s t  o f  a l l ,  t h e  t e m p e r a t u r e  d i f f e r e n c e s  b e twe en  c o n s e c u t l v e 
t e m p e r a t u r e  r e a d i n g s  (3 m1 n u t e  i n t e r v a l s )  wer e p l o t t e d  (Y a x i s )  a g a i n s t  t i m e  (X a x i s )  on a 
c r o s s - s e c t i o n  p a p e r  t o  f i n d  t h e  p e r i o d  o f  f a s t  h e a t i n g  f o r  each h o mo ge na te  ( F1 g . 1 ) .  Hav i p 9 
e s t i m a t e d  t h e  h e a t i n g  p e r i o d  d u r i n g  w h i c h  t h e  h e a t  p e n e t r a t i o n  r a t e  i s  h i g h  ( m o s t  o f t e n  f t " oin 
9 t h  t o  2 1 s t  m i n u t e  o f  h e a t  t r e a t m e n t )  a 1 1 m e - t e m p e r a t u r e  c u r v e  was p l o t t e d  on t h e  s e m i -  
l o g a r i t h m i c  p a p e r  i n v e r s e l y  d i v i d e d  ( F i g .  2 ) .  T e m p e r a t u r e  d e n o t e d  " u "  p r e s e n t s  t h e  q u o t i e nt

F ig .  1 -  C o n s e c u t iv e  r e a d in g  (3  m in u te s )  
d i f f e r e n c e s  ( °C ) .

F ig .  2 -  T im e - te m p e ra tu re  c u rv e  
p l o t t e d  on s e m i lo g a r i th m ic  p a p e r  
( in v e r s e  d i v i s i o n )  u se d  f o r  f-. 
e s t im a t io n .  -1

( O r ig i n a l  s iz e  t e n f o ld  re d u c e d )
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5-!18« 3 -  T im e - te m p e ra tu re  c u rv e  p lo t t e d  on 
e® i lo g a r i t h m ic  p a p e r u se d  f o r  f g  e s t im a t io n .

O r i g i n a l  s iz e  s e v e fo ld  re d u c e d )

o f  t e m p e r a t u r e  d i f f e r e n c e s  (T-| -  T) and 
( T1 -  T o ) .  T-| 1s t h e  t e m p e r a t u r e  o f  h e a t 
i n g  med ium,  T0 i s  t h e  i n i t i a l  t e m p e r a t u r e  
o f  h o m o g e n a t e ,  and T t h e  t e m p e r a t u r e  o f  
homog en at e  a t  t h e  t i m e  t .  T h i s  t e m p e r a 
t u r e  s c a l e  a l w a y s  shaws u n i t y  a t  t h e  
b e g i n n i n g  o f  a h e a t i n g  p e r i o d ,  and z e r o  
r e p r e s e n t s  t h e  t e m p e r a t u r e  o f  t h e  h e a t i n g  
med ium.  A s y m p t o t e  o f  t h a t  k i n d  o f  t i m e -  
t e m p e r a t u r e  c u r v e  t r a v e r s i n g  one l o g a 
r i t h m i c  c y c l e  g i v e s  t h e  f-| v a l u e .
The s econd t 1 m e - t e m p e r a t u r e  c u r v e ,  a c 
c o r d i n g  t o  B a l l  and O l s o n  ( 1 9 5 7 ) ,  was 
p l o t t e d  on t h e  semi  1 o g a r l t h m i c  p a p e r  
( F i g .  3)  f o r  t h e  same h o m o g e n a t e ,  ( b u t  
n o t  h a v i n g  an I n v e r s e  l o g a r i t h m i c  
d i v i s i o n ) .  A s y m p t o t e  o f  t h i s  t i m e - t e m p e 
r a t u r e  c u r v e  c o r r e s p o n d e d  t o  t h e  p e r i o d  
o f  a l o w e r  h e a t i n g  r a t e  o f  a h omogenat e 
and was used f o r  c a l c u l a t i n g  f 2 v a l u e s  
( t i m e  n e c e s s a r y  t o  t r a v e r s e  one l o g a 
r i t h m i c  c y c l e ) .  B o t h  g e o m e t r i c a l  and 
c o m p u t a t i o n a l  p r o c e d u r e s  wer e used f o r  
o b t a i n i n g  f-j and f £  v a l u e s .
R e s u l t s  and D i s c u s s i o n :
The r e s u l t s  show ( t a b l e  6)  t h a t  homo
g e n a t e s  c o n t a i n i n g  more w a t e r  have l o w e r  
h e a t i n g  r a t e s ,  a l t h o u g h  t h o s e  d i f f e r e n c e s  
i n  h e a t i n g  r a t e s  a r e  n o t  s i g n i f i c a n t .
Bu t  I t  s h o u l d  be c o n s i d e r e d  t h a t  f  v a l u e s  
a r e  v a l i d  f o r  h omo ge na tes  h e a t e d  1n s m a l l  
s i z e  c a n s .  H o w e v e r ,  w i t h  a c e r t a i n  amount  
o f  added w a t e r  i n  e x c e s s ,  t h e  h e a t i n g  
r a t e  became h i g h e r  ( s h o r t e r  f  v a l u e  t i m e s ) .  
T h i s  l i m i t  i s  a b o u t  65% o f  added w a t e r  f o r  
h omo ge na tes  h a v i n g  p r e d o m i n a n t  amo un ts  o f  
w a t e r  added ( h o m o g e n a t e s  8 and 1 1 ) .  
I n c r e a s i n g  amo un ts  o f  added f a t t y  t i s s u e

homoge na tes  r e s u l t e d  as l o w e r  h e a t i n g  r a t e s  ( h o m o g e n a t e s  3 ,  6 ,  9 and 1 2 ) ,  u n t i l  a c e r t a i n  
1t  ( 65  -  70%) o f  added f a t t y  t i s s u e  1s n o t  e x c e d e d .  Beyond t h a t  l i m i t  t h e  h e a t i n g  r a t e  

Q(, r n s. t o  h i g h e r  v a l u e s  ( h o m o g e n a t e  1 2 ) .
( 0° UP o f  h omo ge na tes  ( 4 .  7 ,  10 and 1 3 ) ,  h a v i n g  t h e  r a t i o  o f  added f a t t y  t i s s u e  and w a t e r  1 : 1 

nea r l y  t h a t  v a l u e ) ,  shows l o w e r  h e a t i n g  r a t e s  as t h e  a mount  o f  t h o s e  r aw m a t e r i a l s  1s 
t  ®her .  T h i s  g r o u p  o f  hom.ogenates was h e a t e d  f a s t e r  1n c o m p a r i s o n  t o  t h o s e  h omo ge na tes  c o n -  
i ' n i n g  p r e d o m i n a n t  a mo u nt s  o f  added f a t t y  t i s s u e ,  h owe ve r  s l o w e r  t h e n  h omo ge na tes  c o n t a i n -  
t * 9 h i g h  amo un ts  o f  w a t e r  1 f  we c omp ar e  h omo ge na tes  c o n t a i n i n g  e q ua l  a mount s o f  m u s c l e  
T 'ssue  .I $ k 1

' n9 i n t o  c o n s i d e r a t i o n  t h e  c o m p o s i t i o n  o f  h o mo ge na tes  we we re  e x p e r i m e n t i n g  w i t h ,  t h e  
P o r t a n c e  o f  t h e  amo un ts  o f  m u s c l e  t i s s u e  added i s  i n  p r o v i d i n g  s t r o n g  enough o r  n o t  s t r o n g  

h ° u 9 h p r o t e i n  m a t r i x .  T h a t  means t o  p r o v i d e  t h e r m o - s t a b i l i t y  o f  h o m o g e n a t e s .  W i t h  t h o s e  
f ^ o g e n a t e s  h a v i n g  v e r y  l o w  p e r c e n t a g e  o f  m u s c l e  t i s s u e  ( 8 ,  9 ,  1 0 ,  1 1 ,  12 and 13)  w a t e r  a n d / o r  
^ " • s e p a r a t i o n  o c c u r r e d ,  p r o m o t i n g  m i c r o c o n v e c t i o n a l  s t r e a m i n g s ,  b r i n g i n g  i r r e g u l a r i t i e s  1n 
( ipp ' i f ig  r a t e s  ( t a b l e  6 ) ,  i . e .  a c c e l e r a t i n g  t h e  h e a t i n g .  E x c e p t i o n  was t h e  h omogenat e
4tri ' c o n t a i n i n g  e x t r e m e l y  h i g h  (70%) a mo un t  o f  added f a t t y  t i s s u e ,  i n  w h i c h  c o n s i d e r a b l e  
t h° u h t  o f  w a t e r  was s e p a r a t e d  a f t e r  h e a t  t r e a t m e n t ,  a l t h o u g h  l o w e r  h e a t i n g  r a t e  was e s t i m a t e d  
T ,? "  e x p e c t e d .

e 6 - H e a t i n g  Ra te s  ( f  q and f ? )  o f  Homogenat es

1
D e n o t a t i o n  
2

o f
5

homo g ena t e s  
8 11

t i  r l1," e : m 1 n . <
29'  
9 ■ 
50 
21 -

0"
21

30"
54

29 1 
9 - 
51 1 
21 -

06"
21

06"
54

26
6
51
21

1 30" 
- 21 
1 20" 
- 54

3 2 157" 
9 - 27 
4 9 1 4 2 " 
2 7 -  60

29 1 
9 - 
45 '  
21 -

58"
21

34"
51

t ln ,eTmi n .

1 0 1 3
30 '  
9 - 
51 ' 
24-

00"
24

37"
54

30 '  
9 -
52 '
2 7-

00"
27

07"
57

3 1 ' 1 2 "  
9i - 33 
5 4 * 1 4 "  
33-60

3 4 120"  
9 - 3 6  
5 4 125" 
3 6 -  63
1 2

3 4 112"  
9 -  24 
5 3 153" 
2 4 -  57

3 5 ' 1 8" 
9 -  27 
6 0 1 3 9" 
2 7-  66

2
j mi n . *_______
pe r i o d s  o f  h e a t i n g  d e t e r m 1 ned f i rom 
0,f d i f f e r e n c e s  i n  t i m e - t e m p e r a t u r e

4 1 147"
9 - 33 
6 6 '  2 0 "  

3 3-  69

4 6 ' 3 0 "  
9 - 36 
5 4 ' 0 9 "  
3 6-  66

t h e  c o n s e c u t i v e  r e a d i n g  
c u r v e s  .
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I n  d i s c u s s i n g  t h e  o b t a i n e d  r e s u l t s  1 t  s h o u l d  be p o i n t e d  o u t  t h a t  s i g n i f i c a n t  amount s o f  wate 
were s e p a r a t e d  d u r i n g  h e a t  t r e a t m e n t  by f o l l o w i n g  h o m o g e n a t e s :  8 ( 1 7 . 3 3 % ) ,  11 ( 3 0 % ) ,  12 
( 1 7 . 3 3 % )  and 13 ( 6 % ) .  F a t  was s e p a r a t e d  o n l y  1n h omo ge na te  13 ( 2 . 6 6 % ) .
D i f f e r e n t  p a t t e r n s  o f  t 1 m e - t e m p e r a t u r e  c u r v e s  f o r  v a r i o u s  h omo ge na tes  ( n o t  p r e s e n t e d  because 
o f  s p a c e  s h o r t a g e )  as w e l l  as " I r r e g u l a r i t i e s " ,  do I n d i c a t e  t h a t  c h an ge s 1n p h y s i c a l  p r o p e r t 1 
o f  m u s c l e  h omo ge na tes  - -  r e l e v a n t  f o r  h e a t  c o n d u c t i o n  and c o n v e c t i o n  - -  a r e  c o m p l e x .
The r e s u l t s  p r e s e n t e d  a r e  o n l y  t h e  b e g i n n i n g  o f  a s e a r c h  f o r  p r o p e r  p r o c e d u r e  f o r  h e a t i n g  
r a t e  e s t i m a t i o n  a p p l i a b l e  on meat  b a t t e r s .
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