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( 4 7 ,
5) ^ o n c e n t r a t e  ( S p c )  ( 2 6 ,  6 7 , 6 ,

w h e y  p r o t e i n  c o n c e n t r a t e

4 5 ,  8 ,  0 ) ,  s o y -

(WPC) ( 5 3 ,  3 5 ,  4 . 5 ,  5 ) .  C o m p o s i t i o n s  
w e r e  p r o v i d e d  b y  t h e  m a n u f a c t u r e r s . 
Raw m e a t  e m u l s i o n  c o m p o s i t i o n  w a s  
b a s e d  o n  t h e  t a r g e t e d  m e a t  p r o t e i n  
l e v e l  o f  9 . 5 5 % ,  m e a t  f a t - p r o t e i n  
r a t i o  o f  1 . 8  a n d  m o i s t u r e  c o n t e n t  o f  
6 1 .8 %  i n  t h e  c o o k e d  p r o d u c t .  T h e  
s o l u b l e  s p i c e  m i x  c o n t a i n e d  97% s a l t  
a n d  <  0 .2 %  g l y c e r i n e ,  a n d  n i t r i t e
s o u r c e  c o n t a i n e d  85% , s a l t  8 .3 %  
s o d i u m  e r y t h o r b a t e ,  6 .4 %  s o d i u m  
n i t r i t e ,  2% s o d i u m  c a r b o n a t e ,  a n d  <  
0 .2 %  g l y c e r i n e .  T o t a l  s a l t  c o n t e n t  
w a s  2 .3 8 %  i n  t h e  r a w  m e a t  e m u l s i o n ,  
w h e r e a s  t h e  s o l u b l e  s p i c e  l e v e l  w a s  
0 . 0 1 4 % ,  a n d  s o d i u m  n i t r i t e  l e v e l  w a s  
1 9 0  p p m . F o r  8 t r e a t m e n t s  ( 7  f i l l e r s  
a n d  1 c o n t r o l  w i t h o u t  f i l l e r )  a n d  2 
r e p l i c a t i o n s ,  t h e  t o t a l  n u m b e r  o f  
e x p e r i m e n t s  w e r e  1 6 .  T h e  p r o c e s s  
c o n d i t i o n s  w e r e  h e l d  c o n s t a n t  
( C o r r e i a  a n d  M i t t a l  1 9 8 8 ) .

W h en  t h e  p r o d u c t  c e n t r e
t e m p e r a t u r e  r e a c h e d  3 0 ° C ,  t h e  
s m o k e h o u s e  d o o r  w a s  o p e n e d  a n d  a  r o d ,  
b e a r i n g  3 o r  4  s t r i n g s  o f  
f r a n k f u r t e r s ,  w a s  w i t h d r a w n .  T h e  
p r o c e d u r e  w a s  r e p e a t e d  w h e n  t h e  
p r o d u c t  t e m p e r a t u r e  r e a c h e d  4 0 ,  5 0 ,
6 0 ,  6 5  a n d  7 0  C. S h o w e r i n g  w a s
p e r f o r m e d  a t  t h e  e n d  t o  p r e p a r e  f u l l y  
c o o k e d  p r o d u c t .  T h e  s a m p l e s  e n c l o s e d  
i n  p o l y e t h y l e n e  b a g s  w e r e  s t o r e d  a t  
2 ± 1  C u n t i l  r e q u i r e d  f o r  t e s t i n g  
( C o r r e i a  a n d  M i t t a l ,  1 9 8 8 ;  a n d  
C o r r e i a  1 9 8 8 ) .

F i l l e r  P r o p e r t i e s

V a r i o u s  f u n c t i o n a l  p r o p e r t i e s  
w e r e  d e t e r m i n e d  f o r  e a c h  f i l l e r  u s i n g  
a p p r o p r i a t e  m e t h o d s  ( C o r r e i a  1 9 8 8 ) .  
T h e s e  i n c l u d e d  c o l d  w a t e r  a b s o r p t i o n  
(CWAF) a n d  h o t  w a t e r  a b s o r p t i o n  
(HWAF) i n  g  w a t e r  p e r  g  d r y  f i l l e r ;  
c o l d  w a t e r  s o l u b i l i t y  (CWSF) a n d  h o t  
w a t e r  s o l u b i l i t y  (HWSF) i n  g  s o l u b l e  
s o l i d s  p e r  g  t o t a l  s o l i d s ;  g e l  
s t r e n g t h  (G S F )  i n  N; a n d  w a t e r  
h o l d i n g  c a p a c i t y  (WHCF) i n  g  w a t e r  
p e r  g  d r y  f i l l e r .

M e a t  e m u l s i o n  p r o p e r t i e s

F r a n k f u r t e r  s a m p l e s  o f  2 0  mm i n  
d i a m e t e r  a n d  1 5  mm i n  l e n g t h  w e r e
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u s e d  f o r  s t r e s s  r e l a x a t i o n ,  g e l  
s t r e n g t h  a n d  t e x t u r e  p r o f i l e  a n a l y s i s  
(T P A )  ( B o u r n e ,  1 9 8 2 ) .  F o r  s t r e s s  
r e l a x a t i o n ,  s a m p l e s  w e r e  s u b j e c t e d  t o  
20% c o m p r e s s i v e  s t r a i n  f o r  9 m i n .  
E l a s t i c  m o d u i i  (E ^  a n d  E ^ )  a n d  
r e l a x a t i o n  t i m e s  ( x  a n d  x ^ )  o f  t h e  
m a x w e l l  b o d i e s  1  a n d  2 i n  p a r a l l e l  
w e r e  c a l c u l a t e d .  T h e  TPA t e s t  
c o m p r i s e d  o f  t w o  c o m p r e s s i o n  c y c l e s ,  
e a c h  c o n d u c t e d  a t  75% c o m p r e s s i o n .  
T h e  TPA p a r a m e t e r s  o f  h a r d n e s s  ( f i r s t  
a n d  s e c o n d  b i t e )  (H^ a n d  , 
c o h e s i v e n e s s  ( C O H ) , s p r i n g i n e s s  
( S P N ) , g u m m i n e s s  (GUM) a n d  c h e w i n e s s  
(CHW) w e r e  c o m p u t e d .  T h e  g e l  
s t r e n g t h  ( G S )  w a s  t h e  m a x im u m  
p e n e t r a t i o n  f o r c e  r e c o r d e d  w h e n  a  
c y l i n d r i c a l  p u n c h ,  6 . 4  mm i n  
d i a m e t e r ,  p e n e t r a t e d  t h e  s a m p l e  b y  
4 0% . O t h e r  m e a s u r e d  f u n c t i o n a l  
p r o p e r t i e s  i n c l u d e d  e m u l s i o n  
s t a b i l i t y  ( E S ) , w a t e r  h o l d i n g  
c a p a c i t y  (WHC) c o o k i n g  l o s s  ( C L C ) , 
c o l o u r  ( L , a , b ) , p H ,  p r e s s  j u i c e  ( P J )  
a n d  c o n s u m e r  c o o k  t e s t  ( C C T ) .

K i n e t i c  m o d e l l i n g  o f  t h e  c o o k i n g  
p r o c e s s  w a s  u n d e r t a k e n  b y  c o n s i d e r i n g  
t h e  p r o p e r t i e s  c h a n g e s  d u r i n g  c o o k i n g  
( C o r r e i a  a n d  M i t t a l  1 9 8 8 ) .  T h e  r a t e  
o f  r e a c t i o n  w a s  f o u n d  t o  b e  z e r o  f o r  
a l l  t h e  p r o p e r t i e s  c h a n g e s .  T h e  
e n t r o p y  c h a n g e  o f  a c t i v a t i o n  ( A S )  a n d  
e n t h a l p y  c h a n g e  o f  a c t i v a t i o n  ( A h ) 
w e r e  c o m p u t e d .

RESULTS AND D IS C U S S IO N

K i n e t i c  p a r a m e t e r s  o f  m e a t  e m u l s i o n  
p r o p e r t i e s  c h a n g e s  d u r i n g  s m o k e h o u s e  
c o o k i n g

K i n e t i c  p a r a m e t e r s  (AH a n d  A S )  
w e r e  c o m p u t e d  f o r  s t r e s s - r e l a x a t i o n ,  
t e x t u r a l  a n d  f u n c t i o n a l  m e a t  e m u l s i o n  
p r o p e r t i e s  c h a n g e s  d u r i n g  c o o k i n g .  
T h e s e  a r e  d i s c u s s e d  i n  d e t a i l s  
e l s e w h e r e  ( C o r r e i a  1 9 8 8 ;  C o r r e i a  e t  
a l . 1 9 8 8 ,  C o r r e i a  a n d  M i t t a l  1 9 8 8 ) .

E f f e c t s  o f  s h o w e r i n g  o n  t h e  m e a t  
e m u l s i o n s

T a b l e  1  s u m m a r i z e s  t h e  m e a n  
p r o p e r t i e s  d i f f e r e n c e  d u e  t o  
s h o w e r i n g  a n d  a  p a i r e d  t - t e s t

r e s u l t s .

T h e  d e c r e a s e  i n  c o o k i n g
los5

(CLC ) b y  3 .8 %  d u e  t o showed
tra

ing
ted
ands u g g e s t e d  t h a t  s o m e  w a t e r  p e n e   ̂

t h r o u g h  t h e  s e m i - p e r m e a b l e  c a s i ^ S  _ 
e m u l s i o n  s k i n  d u r i n g  t h i s  P r ° c 
T h e  s h o w e r i n g  i n f l u e n c e d ^  u y  
f o l l o w i n g  p r o p e r t i e s  s i g n i f y

bet^T a b l e  1 .  R e s u l t s  o f  p a i r e d  
p e r f o r m e d  o n  t h e  d i f f e r e n c e  
m e a t  e m u l s i o n  p r o p e r t i e s  a f t e r 
b e f o r e  s h o w e r i n g .
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( a t 5%PH, \°  l e v e l ) :  
with

1 ’ ?2’ Hl ’ H2 ’ GS’ A H(b) - 28537-8463 pHF + 754 pHF2 (8)
52 t  f i  v p  a r pb and a. First five are related

tigj,. the product hardness or
^Otye1^  ’ wbFcb were decreased due to 
(L)Wertng. pH and colour lightness 
deCr. lncteased and redness (a):leased.
%th

of Activation (A H)

Pr°perr^elati°nship ofA H with filler 
apptoa k 6S Wil1 render the kinetic ifisiĝ 0 more useful for product 
c°efp- . purposes. Correlation
^ l sioClents between A H for meat 
C°0kin°n ProPerties changes during
C*lĉcuq~' and filler properties were 

^?ed- Relationships between As 
itlve s f lller Pr°perties were not 
telate^ ated since H was linearly 
FtoPerr-t0A s for most meat emulsion 
ttvee^les- The relationships

A ̂  and filler properties 
thM 6 % ?  significant correlations at

emu no increasing or 
t^g trend: A H  (E ) versus 
w“ (Hl> versus pHF, A H (H ) 

ĈHW) dCF. A H (GUM) versus GSF, a^H 
v?P> A ^ersus WHCF- A H  (CHW) versus 

(Gs) versus GSF, a H (GS)

level, and no increasi

’fits
»HCF a n d A  H (WHC) v e r s u s  G SF .  

psS t e S s "-1 1 t o  8 s h o w  s u i t a b l e  
m o d e l s  o f  a H f o r  m e a t  

T k ^ t i o n  P r o P e r t i e s  c h a n g e s  a s  a  
h ® l i  . ° f _  t h e  f i l l e r  p r o p e r t i e s .  
V 6 lo w  ^ t a t i o n  o f  t h e s e  m o d e l s  a r e

Ho! taken"7663 °f freedom- but care els n . to include only those
^ ectiVej bcb predicted the data

p-̂ The selection was made
0tting the observed data and

lcted „curves
'* («*, _

Ap i 32880 + 36182/CWAF (1)
(H ) _

Ap " 2508 - 1412 WHCF (2)
4b " 3171 - 36159 WHCF (3)

(GS) ^
4 in " ExP (12.81 - 0.59 HWAF) (4) 

lclC)
Ah (̂  " '685+Exp(9.022-1.004GSF)(5)

'H(t
HC)

0
-2364 + 78518 WHCF" (6)

l8 8 2 5 [l-E x p (-0 .5 0 C W A F) ] (7 )

The aforementioned models will 
provide the properties up to 70° 
i.e. before showering the product. 
The desired properties of fully 
cooked product can be converted to 
the properties at 70°C using Table 1 
(Correia 1988). After integrating 
the cooking kinetics equation between 
30 and 70 C, the A H can be computed. 
After knowingA H, regression models 
will provide the necessary filler 
properties, which will help to select 
a particular filler or blend of 
fillers by matching the desired 
properties with filler(s) properties. 
To complete these calculations, raw 
meat emulsion properties are 
required, which can be estimated from 
the raw meat emulsion properties 
given by Correia (1988).

Fully Cooked Meat Emulsion and 
Filler Properties

Since many product quality 
parameters were not predicted by 
cooking kinetics, attempts were made 
to predict fully cooked product 
quality as a function of filler 
properties. The correlation
coefficients between fully cooked 
meat emulsion and filler properties 
were computed.

The following relationships 
between fully cooked meat emulsion 
and filler properties displayed 
significant correlation at the 10% 
level, and no increasing or 
decreasing trend: E^ versus GSF,*?^
versus WHCF, COH versus HWAF, CLC 
versus CWSF, PJ versus CWSF, CCT 
versus pHF, pH versus CWSF, and L 
versus WHCF. Equations 9 to 15 show 
suitable regression models of fully 
cooked meat emulsion properties as a 
function of filler properties.

E1 (kPa) = 40.71-14.93 HWSF2 (9)

H1(N) = 83.46[l-exp(-2.71 GSF)] (10)

CLC(%wb)=4.20-6.08HWSF+2.38HWSF2 (11)

PJ(%) = Exp[3.18 + 0.69 HWSF2] (12)
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P J (% ) =  E x p  ( 3 . 4 4  - 0 . 1 9  G SF ) ( 1 3 )  

a  =  6 . 2 3 + 4 3 . 4 8  W H C F - 4 4 . 1 2  WHCF2 ( 1 4 )  

a  =  - 2 3 2 . 5 + 8 5 . 2 2  p H F - 7 . 2 8  p H F 2 ( 1 5 )  

F i l l e r  S e l e c t i o n  C r i t e r i a

F u l l y  c o o k e d  m e a t  e m u l s i o n  
p r o p e r t i e s  a r e  i n f l u e n c e d  b y  p r o d u c t  
c o m p o s i t i o n  a n d  p r o c e s s  c o n d i t i o n s .  
I n  t h e  p r e s e n t  s t u d y ,  p r o c e s s  
c o n d i t i o n s  w e r e  h e l d  c o n s t a n t .  
E x c e p t  f o r  f i l l e r - t y p e ,  t h e  s a m e  
p r o d u c t  c o m p o s i t i o n  w a s  u s e d  f o r  a l l  
t r e a t m e n t s .  F o r  d e s i r e d  f u l l y  c o o k e d  
m e a t  e m u l s i o n  p r o d u c t  d e c a y  m o d u l u s  
o f  e l a s t i c i t y  (E  ) ,  h a r d n e s s ,  c o o k i n g  
l o s s ,  p r e s s  j u i c e  a n d  r e d n e s s ,  t h e  
r e q u i r e d  f i l l e r  p r o p e r t y  c a n  b e  
c a l c u l a t e d  u s i n g  e q u a t i o n s  9 t o  1 5 .  
I t  i s  e v i d e n t  t h a t  HWSF a f f e c t s  b o t h  
E a n d  C LC , w h e r e a s  GSF a f f e c t s  H 
a n d  P J . H e n c e ,  t h e r e  i s  a  n e e d  t o  
e s t a b l i s h  a  c o m p o s i t e  f u n c t i o n  
r e l a t i n g  f u l l y  c o o k e d  m e a t  e m u l s i o n  
p r o p e r t i e s  t o  f i l l e r  p r o p e r t i e s .  F o r  
e x a m p l e ,  a  c o l l e c t i v e  o p t i m i z a t i o n  
f u n c t i o n  f o r  a l l  t h e  f u j _ l y  c o o k e d  
m e a t  e m u l s i o n  p r o p e r t i e s  E , H , CLC, 
PJ a n d  a  w a s  d e r i v e d  b y  w e i g h i n g  a l l  
c o e f f i c i e n t s  o f  t h e s e  p a r a m e t e r s  
m o d e l s  e x c e p t  CLC w i t h  + 1 ,  a n d  CLC 
w i t h  - 1 ,  a n d  t h e n  s u m m in g  t h e  t e r m s  
t o  f o r m  t h e  f o l l o w i n g  f u n c t i o n  ( O P T ) :

OPT =  - 1 0 6 . 3 1  +  6 . 0 8 4  HWSF -
1 7 . 3 1  HWSF2 +  4 3 . 4 8  WHCF

- 4 4 . 1 2  WHCF2 +  8 5 . 2 2  pHF -
7 . 2 8  p H F 2

- 8 3 . 4 6  e x p ( - 2 . 7 6 9  G S F ) +  e x p _
( 3 . 1 8 2  +  0 . 6 9 5 0  HWSF2 )

+  e x p ( 3 . 4 3 6  - 0 . 1 8 7 4  G SF )

T h e  OPT f u n c t i o n  w a s  t h e n  m a x i m i z e d  
u s i n g  t h e  o p t i m i z a t i o n  p r o g r a m  o f  
M i t t a l  a n d  U s b o r n e  ( 1 9 8 6 ) .  T h e  
n e c e s s a r y  f i l l e r  p r o p e r t i e s  r e q u i r e d  
w e r e  GSF =  1 . 4 1 9  N ,  HWSF =  0 . 8 7 0 0 ,
WHCF =  0 . 4 9 3 0  a n d  pHF =  5 . 8 5 4 .  T h u s ,  
m e a t  p r o c e s s o r s  c a n  d e t e r m i n e  t h e  
a p p r o p r i a t e  f i l l e r  p r o p e r t i e s  t o  
s a t i s f y  a n y  OPT f u n c t i o n  o f  
i n t e r e s t .

F i l l e r s  a r e  u s e d  i n  
e m u l s i o n  p r o d u c t s  t o

meat
satis£|

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

1 if
1no,ve-

e m u l s i o n  p r o p e r t i e s .  T h e s e  f 1 
s e l e c t i o n  c r i t e r i a  c a n  h e l p  
p r e l i m i n a r y  s c r e e n i n g  o f  . 
f i l l e r s  o r  a  b l e n d  o f  f i l l e r s  ^  ̂
k n o w n  p r o p e r t i e s ,  o b v i a t i n g  t £ i e .^0t' 
f o r  c o s t l y  a n d  t i m e  c o n s u m i n g  P1  
p l a n t  e x p e r i m e n t s . T h i s  p r o v i d ® s ^  
m e a t  p r o c e s s i n g  i n d u s t r y  w i t h  ^  
f l e x i b i l i t y  i n  f i l l e r  s e l e c t i o n  
p r o d u c t  d e s i g n  p u r p o s e s .

CONCLUSIONS

ing'5
r a t e  t h e o r y  .¡,g

R e a c t i o n  k i n e t i c s  a n d  Eyr
a b s o l u t e  r e a c t i o n  _____  __
s a t i s f a c t o r i l y  m o d e l l e d  t h e  c°° 
k i n e t i c s  o f  t h e  m e a t  e m u l s i o n s  
o n  p r o p e r t i e s  c h a n g e s . 
t h e  r e a c t i o n  o r d e r  w a s

T h e  v a l u® g.
z el t

S h o w e r i n g  s i g n i f i c a n t l y  <deC^u^f i ’
m e a t  e m u l s i o n  e l a s t i c  jo?5
h a r d n e s s ,  g e l  s t r e n g t h ,  c o o k i n g  
a n d  r e d n e s s ,  a n d  increased P

,d

c o l o u r  l i g h t n e s s .  R e g r e s s i o n  

o f  A'H a s  a  f u n c t i o n  o f  2 H ’ 
p r o p e r t i e s  w e r e  d e v e l o p e d  f o r  ’ ¿tfi 
GUM, G S ,  CLC, WHC, L a n d  
m o d e l s  o f  f u l l y  c o o k e d  m e a t  
p r o p e r t i e s  a s  a  f u n c t i o n  ^ £o1
p r o p e r t i e s  w e r e  a l s o  d e v e l o p '  V i  
E , H1 , CLC, PJ a n d  a .
s e l e c t i o n  c a n  b e  b a s e d  o n  n e g  
m o d e l s  r e l a t i n g  AH f o r  k e y

! rite
A®t

e m u l s i o n  p r o p e r t y  c h a n g e s  

c o o k i n g ,  o r  k e y  f u l l y  co0^ e 0
e m u l s i o n  p r o p e r t i e s  a s  a  f u n
f i l l e r  p r o p e r t i e s .
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