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I n t r o d u c t i o n

I t  h a s  b e e n  s t a t e d  t h a t  t h e  a b i l i t y  o f  s a u s a g e  m e a t s  to  form s t a b l e  e m u l 
s i o n s  i s  c o n n e c t e d  w i t h  t h e  e m u l s i f y i n g  p r o p e r t i e s  o f  m e a t .  C a r p e n t e r  and 
S a f f l e  (2 )  r a n k e d  d i f f e r e n t  s a u s a g e  raw m a t e r i a l s  a c c o r d i n g  t o  t h e i r  e m u l s i f y i n  
c a p a c i t y  a s  d e t e r m i n e d  by t h e  method  o f  S w i f t  e t  a l .  ( 5 ) .

i n e  e m u l s i f y i n g  c a p a c i t y  i s  o f t e n  e x p r e s s e d  a s  t h e  maximum am ount o f  o i l  
( i n  ml) w h ich  can  be e m u l s i f i e d  by 10C mg o f  s o l u b l e  p r o t e i n  (2 )  o r  by  one g 
o f  s a m p le  ( 1 ) .  Moerman ( 3 ) c a r r i e d  o u t  t h e  d e t e r m i n a t i o n  w i t h  d i f f e r e n t  c o n 
c e n t r a t i o n s  o f  p r o t e i n ;  he e x t r a p o l a t e d  t o  c o n c e n t r a t i o n  z e r o  and  i n d i c a t e d  
t h e  i n t e r s e c t i o n  w i t h  t h e  o r d i n a t e  a s  t h e  s p e c i f i c  e m u l s i f y i n g  c a p a c i t y  ( F i e .  1 
w h ic h  i s  o n l y  d e p e n d e n t  on t h e  k i n d  o f  p r o t e i n .  The amount o f  o i l  e m u l s i f i e d  
by 5 0  ml o f  p r o t e i n  e x t r a c t  was c a l l e d  e f f e c t i v e  e m u l s i f y i n g  c a p a c i t y .

F i g .  1 .  E m u l s i f y i n g  c a p a c i t y  o f  s t a n d a r d  s o l u t i o n s  o f  c a s e i n a t e  o f
d i f f e r e n t  c o n c e n t r a t i o n s .  A: s p e c i f i c  e m u l s i f y i n g  c a p a c i t y  ( 3 ) 

__________C and  D: e f f e c t i v e  e m u l s i f y i n g  c a p a c i t y  (3 )________________________

------  0.2 % caseinate

------- 0.1 % caseinate

------  0.0 5 caseinate

amount of standard solution in the 
50 ml portion (ml)

W e s t e r i n k  ( 6 )  d i d  n o t  f i n d  a r e l a t i o n  b e t w e e n  one  o f  t h e s e  p a r a m e t e r s  f o r  
t h e  e m u l s i f y i n g  c a p a c i t y  o f  s a u s a g e  raw m a t e r i a l s  t o  t h e  s t a b i l i t y  o f  t h e  
s a u s a g e  e m u l s i o n s .

The p r e s e n t  s t u d y  was c o n d u c t e d  to  e v a l u a t e  t h e  e f f e c t  o f  t h e  amount o f  
w a t e r  on t h e  maximum amount o f  o i l  w h ic h  c a n  be e m u l s i f i e d  by a c e r t a i n  amount 
o f  p r o t e i n ,  and  t o  r e l a t e  t h e  r e s u l t s  t o  p r a c t i c a l  c i r c u m s t a n c e s .

E x p e r i m e n t a l

P r o t e i n  a d d i t i v e s .  7 /e l l  d e f i n e d  n o n - m e a t  p r o t e i n s  ( T a b l e  1) were u s e d  a s  
e m u l s i f y i n g  a g e n t s .  T hese  n o n - m e a t  p r o t e i n s  d i f f e r  f rom e a c h  o t h e r  i n  e m u l s i 
f y i n g  p r o p e r t i e s  so t h a t  t h e  r e s u l t s  o f  b o t h  m e th o d s  c a n  be c o r r e l a t e d .
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T a b l e  1. P r o t e i n  c o n t e n t  o f  t h e  n o n - m e a t p r o t e i n s  u s e d  i n  t h e  s t u d y

P r o d u c t Type

P ro m in e  D
IP 3 0
HV

e g g
b l o o d  p l a s m a  I  
b l o o d  p la s m a  I I

i s o l a t e d  s oy  p r o t e i n  
i s o l a t e d  s oy  p r o t e i n  
so d iu m  c a s e i n a t e  
( h i g h  v i c o u s )  
so d iu m  c a s e i n a t e  
d r i e d  whole  e g g  
d r i e d  
d r i e d

M o i s - t u r e F r o t e i n

5 * 6 r/~/0 9 0 . 1 rf/O
5 . 0 % 8 8 . 5

(*//Q

3 * 6 n/,0 8 7 - 5 /D

7 . 0 rf7o 8 4 . 9 7b
4 . 0 r//o 4 7 . 4 c/70
8 . 1 % 7 0 . 8 %
9 - 3 % 6 5 . 3 76

Smu l s i f y i n g_c a p a c i t v  i n  c o n c e n t r a t e d  s o l u t i o n s . P e a n u t  o i l  a t  1 5  °G and  
a n e n u i s i x i e r  were  m ix ed  i n  a 1 5  1 bowl c h o p p e r  a t  low s p e e d  f o r  one m i n u t e '  

ow S rpm, k n i v e s  15CC r p m ) . A f t e r  c h a n g i n g  o v e r  t o  d o u b l e  s p e e d ,  w a t e r  w i t h  
i^emnera nna  n 1 p  was a d d e d .  The m i x t u r e  was c h o p p e d  f o r  3 m i n u t e s ,  then*■ tem pera tu re  o f  15 

i t  was l e f t  f o r  1C m i n u t e s  w i t h o u t  c h o ^ *  ï o " ^ o ^ ï e '
D r  O A n H  r i n n l l v  ____J   _ , t . J  cp r o t e i n  a n d  f i n a l l y  i t  was chopped  f o r  a n o t h e r  m i n u t e .
~ ^ ° i e s t a b l i s h  t h e  h e a t  s t a b i l i t y  o f  t h e  e m u l s i o n s ,  a  c o o k i n g  t e s t  was p e r 
fo rm ed  by h e a t i n g  t h e  e m u l s i o n s  i n  c a n s  o f  200 g a t  120 °C f o r  6C m i n u t e s /
~y i n c r e a s i n g  t h e  a m o u n t  o f  o i l  (x )  i n  t h e  r a t i o  o i l : w a t e r  : p r o t e i n  = x : 5 : 1 ,
The p f f o r t “1 T ° ^  ° f  0 1 î*  ®5i c h  SaVe a s t a b l e  e m u l s i o n ,  was d e t e r m i n e d .
. h f f e c b  a d d i t i o n  o f  2 *  NaCl a t  t h e  b e g i n n i n g  o f  t h e  p r o c e s s  a l s o  was 
i n v e s t i g a t e d .

¿ j i e c t  Q.I v a r y i n g amoun t s  o f  w a t e r . A w a t e r / p r o t e i n  r a t i o  o f  a b o u t  5 /1  
i s ^ o  en u s e d  x o r  p r e p a r i n g  e m u l s i o n s .  To c o n f i r m  t h a t  t h e  w a t e r / p r o t e i n  r a t i o  
r i ' p / J T c  e z i e c t  on t h e  e m u l s i f y i n g  c a p a c i t y  i n  c o n c e n t r a t e d  s o l u t i o n s ,  a s é 
r i é *  o f  r u n s  was made w i t h  t h e  e m u l s i f i e r s  EM 6 ,  P ro m in e  D, HV a n d  d r i e d  p la sm a  
a t  ’w a t e r / p r o t e i n  r a t i o s  o f  ^ , 2 a n d  6 ^

-hI a ± u a t _±Qn ° - e m u l s i o n s  w i t h  b e ? f . To i n v e s t i g a t e  t h e  u s e f u l n e s s  o f  t h e  
model  s y s t e m  i n  c o n c e n t r a t e d  s o l u t i o n s ,  e m u l s i o n s  were  made w i t h  l e a n  b e e f  
t i s s u e  a s  e m u l s i f i e r  a t  a  w a t e r / p r o t e i n  r a t i o  o f  5 / 1 .  The mea t  was com m inu ted  
by c h o p p i n g  f o r  if m i n u t e s  b e f o r e  t h e  o i l  was a d d e d .  The e m u l s i f y i n g  c a c a c i t v  
a n d  t h e  s t a b i l i t y  o i  t h e  e m u l s i o n s  w i t h  and w i t h o u t  p o l y p h o s p h a t e s  was e v a l u a t e :

t n e  am oun t  o f  w a t e r  i n  a  s a u s a g e  e m u l s i o n
amount o f  w a t e r  on t h e  s t a b i l i t y  o f  „  __
e m u l s i o n s  o f  t h e  f o l l o w i n g  c o m p o s i t i o n s :

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

b e e f  if9 %  4 4 '  %  ¿f 1 %  3 7  %
0 //o

w a t e r  0 %  10 %  1 6  %  24 %

p o r k  f a t  if9 % ifif % if 1 % 37 ='
salt 2 % 2 % 2 % 2'%

Tne amount o f  f a t  r e l e a s e d  a f t e r  c o o k i n g  was d e t e r m i n e d  by  w e i g h i n g .
/ U l ° "  ~ ̂  :- n h—c a p a c i t y  i n  d i l u t e  s o l u t i o n s , -*-he method  o f  S w i f t  e t  a l . ( 5 )  

f o r  t h e  d e t e r m i n a t i o n  o f  t h e  e m u l s i f y i n g  c a p a c i t y  i n  d i l u t e  s o l u t i o n s  ( w a t e r /  
p r o t e i n  r a t i o  a b o u t  1CC0) was u s e d  w i t h  some m o d i f i c a t i o n s .

io  50 ml p r o t e i n  s o l u t i o n  o f  25 C p e a n u t  o i l  was a d d e d  by means  o f  a 
m o to r  d r i v e n  b u r e t t e  a t  a  d o s i n g  s p e e d  o f  0 . 4 6  m l / s e c .  The s r e e d  o f  t h e  m i x e r  
was c a l i b r a t e d  w i t h  a s t r o b o s c o p e  a t  12.CCC rpm. A r h e o s t a t  was u s e d  t o  p rov ide  
v a r i a b l e  s p e e d s  o f  t h e  m o t o r .  The f o r m a t i o n  and  c o l l a p s e  o f  t h e  e m u l s i o n  was 
o o s e r v e d  by c h a n g e  o f  t h e  e l e c t r i c  c o n d u c t i v i t y  o f  t h e  m i x t u r e  ( 5 ) .  S t a n d a r d  
s o l u t i o n s  o i  t h e  p r o t e i n s  w i t h  a c o n c e n t r a t i o n  o f  0 . 1  %  ( C . 2  Z f o r  t h e  s ov  
p r o t e i n s )  w e re  d i l u t e d  w i t h  5 %  s a l i n e  by v a r y i n g  th e  a m o u n ts  o f  s t a n d a r d ” s o l u 
t i o n  m  t h e  pC ml p o r t i o n .

3'+ %
c/50 %  

34 %  

2 %



P  $r

R e s u l t s  and  d i s c u s s i o n

E m u l s i f y i n g  c a p a c i t y  i n  c o n c e n t r a t e d  s o l u t i o n s . The i n v e s t i g a t e d  e m u l s i 
f i e r s  d i f f e r e d  c o n s i d e r a b l y  i n  t h e i r  e m u l s i f y i n g  c a p a c i t i e s  (F i< p  2 ) .

I c*
Fig*  2 .  E m u l s i f y i n g  c a p a c i t y  o f  t h e  n o n - m e a t  p r o t e i n s  d e t e r m i n e d  i n  
__________ c o n c e n t r a t e d  s o l u t i o n s .  C i l : w a t e r : p r o t e i n  = x :5 : 1

s t a b l e  emu!s i on
bef or e and a f t e r  c ooki ng

-«» sampl e no.

A f t e r  s t e r i l i z a t i o n  a l l  e m u l s i o n s  ( e x c e p t  t h o s e  w i t h  sod ium c a s e i n a t e )  were 
qua  c o n s i s t e n c y  somewhat  c o m p a r a b l e  w i t h  a l u n c h e o n  meat  t y p e  p r o d u c t .

R e m a r k a b le  was t h a t  a f t e r  h e a t i n g ,  o n l y  t h e  e m u l s i o n s  w i t h  whole  egg  
pow der  had  some s e p a r a t i o n  o f  o i l  i n  t h e  c o m p o s i t i o n  to  w h ic h  maximum amount 
° f  ° i l  ’>'/as a a d e d .  A l l  o t r . e r  e m u l s i o n s  w ere  c o m p l e t e l y  i n t a c t  a f t e r  h e a t i n g .  
C o n s e q u e n t l y  t h e  e m u l s i f y i n g  c a p a c i t y 7 a p p e a r e d  to  be a more c r i t i c a l  p a r a m e t  
f o r  t h e  e v a l u a t i o n  o f  an  e m u l s i o n  t h a n  t h e  s t a b i l i t y  d u r i n g  h e a t i n g .  The emu 
s i f y i n g  c a p a c i t y  o f  t h e  i s o l a t e d  soy  p r o t e i n s  i n c r e a s e  c o n s i d e r a b l y  by th e  a 
d i t i o n  o f  sod ium  c h l o r i d e ,  b u t  s a l t  d i d  n o t  i n f l u e n c e  t h e  e m u l s i f y i n g  c a p a c i t  
of .  o t h e r  p r o t e i n s .

E f f e c t  o f  v a r y i n g  am o u n ts  o f  w a t e r . ? h e  e m u l s i f y i n g  c a p a c i t y  ' 
when more w a t e r  i s  a d d e d  ( F i g .  3 ) .  M o re o v e r ,  t h e  e m u l s i o n  i s  
t h e  am oun t  o f  w a t e r  i s ,  t h e r e f o r e ,  c l e a r l y  a l i m i t i n g  f a c t o r  a t  t h e s e  
t r a t i o n s .  F o r  t h e  s t a n d a r d  p r o c e d u r e  a  w a t e r / p r o t e i n  r a t i o  o f  5

i n c r e a s e s  
fo rm ed  q u i c k e r ;

c o n e e n -  
i s  c h o s e n .

78 S
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F ig*  3* E f f e c t  o f  v a r i a t i o n  i n  
e m u l s i f y i n g  c a P a c i t v

' ' "" * 111 r ■ ...  *■ ---------- k., . . ...

r a t i o  o f  w a t e r / p r o t e i n  on t h e

A Promi ne D

O EH 6

□ HV

0 bl ood plasma I

r a t i o  w a t e r / p r o t e i n

j v v a j . u a t i o n  o f  e m u l s i o n s  w i t h  b e e f . D u r in g  t h e  p r e p a r a t i o n  o f  e m u l s i o n s  
w i t h  b e e f  t h e  c h o p p i n g  t i m e  a p p e a r e d  to  be a  v e r y  i m p o r t a n t  f a c t o r .  I n  compa
r i s o n  w i t h  t h e  p r o c e d u r e  f o r  t h e  n o n - m e a t  n r o t e i n s  i t  t o o k  much more t im e  
b e f o r e  a good e m u l s i o n  was fo rm e d .  T h i s  e m u l s i f i c a t i o n  t im e  was d e p e n d e n t  on 
t n e  amount o f  o i l  ( * i g .  4 )  a n d  a c c u r a t e  t o  d e t e r m i n e  (+ 1 5  s e c . ) .  A f t e r  s t e r i 
l i z a t i o n  t h e  e m u l s i o n s  d i d  n o t  sho  
p i n g  t i m e  o f  3C m i n u t e s ,  durinsz

F i g .  k .  E f f e c t  o f  v a r y i n g  a m o u n ts  o f  o i l  on t h e  e m u l s i f i c a t i o n  
_________ t i m e  f o r  e m u l s i o n s  p r e p a r e d  w i t h  b e e f

any  r e l e a s e  o f  o i l ,  n o t  e v e n  a f t e r  a  chop- 
w h ic h  t h e  t e m p e r a t u r e  was r a i s e d  t o  2 5  °G.

c

30
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•¿■hough t h e  am oun t  Oi w a t e r  a g a i n  a p p e a r e d  t o  be a l i m i t i n g  f a c t o r  d u r i n g  
c h o p p i n g ,  a l l  e m u l s i o n s  showed some r e l e a s e  o f  j e l l y  a f t e r  s t e r i l i z a t i o n .  
A d d i t i o n  o f  p o l y p h o s p h a t e s  r e d u c e d  t h e  e m u l s i f i c a t i o n  t im e  a p p r o x .  16 >3. 
o t h e r  w o r d s :  a t  a  c h o s e n ,  c o n s t a n t  e m u l s i f i c a t i o n  t im e  t h e  e m u l s i f y i n g  ca  
i n c r e a s e d  by a d d i t i o n  o f  p o l y p h o s p h a t e s .  T h i s  w e l l  known f a c t ,  t h a t  t h e  e 
T y in g  p r o p e r t i e s  o f  m ea t  a r e  p ro m o te d  by p o l y p h o s p h a t e s  c o u l d  n o t  be demo 
s t r a t e d  by d e t e r m i n a t i o n  o f  t h e  e m u l s i f y i n g  c a p a c i t y  i n  d i l u t e  s o l u t i o n s .

p a c x t y
m u i s i -

w a t e r / p r o t e i n  r a t i o ,  t h e r e f o r e ,  
p o l y p h o s p h a t e s .

seem s  to  be v e r y  i m p o r t a n t  f o r  t h e  e f f e c t  o f

I f f e e t  o f  t h e  amount o f  w a t e r  i n  s a u s a c e  e m u l s i o n s
t i o n  a b o u t t  he p r ac ■f* “1 c - “I Cl _L u s e  o f t h e mo d e l sy
w a t e r was i n v e s t i ga to d w:Lth s a u s a g e emu l s i o n
amount 0 f w a t e r  c an b e a l i m i t i n g  f a c t o r f o r
A f t e r h a v i ng  a d d e HCl ap •Qr o jc. 1 6 % o f  wa t e r , t  h<
s é p a r a t i o n was ob "cai n e d. The r e s u i t s £ oun d a

stem, tn  
s. The r e s u  
t h e  e m u i s i

o b t a i n  more i  
o f  t h e  amoun 

I t s  r e v e a l e d  t h a t  
f i c a t i c n  o f  f a t  (F 
t a b i l i t y  c o n c e m i n  
t h o s e  o f  S c h u t  ( P )

nforma-  
t  o f

■fig. p .  m x i e c t  o i  v a r y i n g  a m o u n ts  
on t h e  s e p a r a t i o n  o f  f a t

_ r e e d  w i t h  

a t e r  i n  a  s a u s a g e  e m u l s i o n

e m u l s i f y i n g  c a p a c i i
t h e  d i f f e r e n t  n o n - m e a t  
F i g .  6 .  The c o r r e l a t i o n
o f  o i l  e m u l s i f i e d  was C . 9 5 7 - C . 9 9 G

' . f i P  f T  A n  r r — A

y i n  d i l u t e  s o l u t i o n s . The e m u l s i f y i n g  c a p a c i t i e s  o f  
r o t e i n s  f o r  s t a n d a r d  s o l u t i o n s  o f  C.1  %  a r e  shown i n  

c i e n t  b e t w e e n  ml o f  s t a n d a r d  s o l u t i o n  and  mlcoe :

be
y =

r e n d e r e d  b 
ml o f  o i l

F i g .  6.

- h i s  means  t h a t  th e  l i n e  o f  d i l u t i o n  can  
Bx, w i t h  x = ml o f  s t a n d a r d  s o l u t i o n  anc

F i g .  6 .  E m u l s i f y i n g  c a p a c i t y  i n  d i l u t e  s o l u t i o n s  o f  0 . 1  %  o f  t h e  
__________ s a m p l e s  1,  2,  5 ,  P , 5 ,  7 and  9 ( s e e  e x p l a n a t i o n  F i g .  2)
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The c o e f f i c i e n t  B i s  i n d i c a t i n g  th e s l o p e  o f  t] . e  l i n e  and  i s  d e p e n d e n t  on tn e
p r o . e m  c o n c e n t r a t i o n ,  w h i l e  A ( i n t e r s e c t i o n  w i t h  th e  o r d i n a t e )  i s  i n d e r e n d e - t  

. th e  c o n c e n t r a t i o n  (i-’i g .  1 ) .  T h e r e f o r e ,  d i f f e r e n t  e m u l s i f i e r s  can  be c o - n a ^ e d  
th o u g h  .h e  c o n c e n t r a t i o n s  o f  th e  s t a n d a r d  s o l u t i o n s  a r e  n o t  th e  same ( 3 ) .
n e t ° r s l F ' ! U l l h y ï h S c a ? ^ c i t y  can  be e x p r e s s e d  by one o f  t h e  f o l l o w i n g  p a r a 
m e t e r s  ( i* ig .  1 ) .  t n e  s p e c i f i c  e m u l s i f y i n g  c a p a c i t y ,  th e  e f f e c t i v e  e m u ls i f y -

t h e ^ e m u l s i f i e r s 6 ( T a b le  &  "'e r e
rm g
ill“

T a b le  2 .  E m u l s i f y i n g  c a p a c i t y  o f  th e  n o n -m e a t  p r o t e i n s  i :  
___  s o l u t i o n s  o f  0 .1  " d i l u t e

,0

P r o d u c t b p e c i n c  e m .c a p .  E f f e c t i v e  e m .c a p .  S io n

b lo o d  p la s m a  I
HV
EH 6
IPSO
P rom ine  D
egg
b lo o d  p la s m a  I I

ifC. 3 7 2 . 8 c • 65
3 9 .1 6 1 . 6 c . i f5
3 8 . ^ 6 9 . if 0 . 6 2
3 5 .9 if if .9 0 . 1 8
3 3 .1 if 6 . 1 0 .2 6
3 2 . 2 6 9 .7 C.7 329*2 5 8 . 7 0 .5 9

r o r  a  c o m p a r i s o n  o f  t h e s e  e m u l s i f i e r s  p r e f e r a b l y  a  p a r a m e t e r  h a s  t o  be c h o se n  
w m c h  i s  i n d e p e n d e n t  on th e  c o n c e n t r a t i o n ,  n am e ly  t h e  s p e c i f i c  e m u l s i f y i n g  
c a p a c i t y ,  i n e  s l o p e  o f  th e  l i n e s  c a n  a l s o  be co m p ared ,  p r o v i d e d  t h a t  t h e  r e 
s u l t s  nave  t h e  same c o n c e n t r a t i o n  f o r  a l l  e m u l s i f i e r s .  I t  i s  l e s s  c o r r e c t  t o
M easure  , ^ u l ^ i f ^ i n S c a p a c i t y  i n  ml o f  o i l  p ro  mg o f  p r o t e i n ,  b e c a u s e  t h i s  
.measure i s  d e p e n d in g  on th e  c o n c e n t r a t i o n .

, emulsifying: capacities in concentrated and ir d-Mut-d
so l u t i o n s . x° com pare  t h e  r e s u l t s  o f  b o t h  model s y s t e m s ,  tn e  "c o r r e l a t i o n ------- ~
c o e f i i c i e n t s  b e tw e e n  che e m u l s i f y i n g  c a p a c i t y  o f  th e  n o n -m e a t  P r o t e i n s  i n  
c o n c e n t r a t e d  s o l u t i o n s  v w i t h  2 %  NaCl) and  t h e  d i f f e r e n t  p a r a m e t e r s  f o r  t h e  
e m u l s i f y i n g  c a p a c i t y  i n  d i l u t e d  s o l u t i o n s ,  w ere  c a l c u l a t e d  (Table 3). It seem s 
p r o b a o l e  . h a t  t h e  d e f i c i e n c y  o f  a  p o s i t i v e  c o r r e l a t i o n  i s  c a u s e d  by th e  d i f 
f e r e n t  w a t e r / p r o t e i r .  r a t i o s .

T a b le  3 . C o r r e l a t i o n  c o e f f i c i e n t s  b e tw e e n  th e  e m u l s i f y i n g  c a p a c i t i e s  
----------------- d e t e r m i n e d  i n  c o n c e n t r a t e d  and  d i l u t e  s o l u t i o n s

r a r a m e  r e r C o r r e l a t i o n  c o e f f i c i e n t s

S p e c i f i c  e m u l s i f y i n g  c a p a c i t y  
l i i e c t i v e  e m u l s i f y i n g  c a p a c i t y  
S lo p e

-  C .88c
-  0 . 2Cc
-  0 .5 1 0

C o n c l u s i o n

-^he d e t e r m i n a t i o n  o f  t h e  e m u l s i f y i n g  c a p a c i t y  i n  a  c h o p p e r  w i t h  
m ode l s y s t e m ,  w h ic h  showed c e r t a i n  r e l a t i o n  w i th  p r a c t i c e .  E s p e c i a l l y  
w a te r /  p r o t e i n  r a t i o  a p p e a r e d  v e r y  i m p o r t a n t .

no c o r r e l a t i o n  was fo u n d  b e tw e e n  th e  d e t e r m i n a t i o n  o f  e m u l s i f y i n  
i n  c o n c e n t r a t e d  an d  i n  d i l u t e d  s o l u t i o n s .
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