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Background
G ro w in g  a w a re n e s s  o f  th e  lin k  b e tw e e n  d ie t  a n d  h e a lth  is fa s t c h a n g in g  c o n s u m e r  h a b its , so  th a t  th e re  h a s  b e e n  in c re a s in g  d e m a n d  f o r  fo o d s  

w ith  h e a lth  e n h a n c in g  p ro p e r tie s , su c h  a s  lo w -fa t  m e a t p ro d u c ts . A s  fo o d  c o m p o n e n t, f a t  c o n tr ib u te s  a s  k ey  f o r  b o th  se n so ry  a n d  p h y s io lo g ic a l  
b e n e fits  (J im e n e z -C o lm e n e ro , 2 0 0 0 ) . F a t  c o n tr ib u te s  to  flavor, o r  th e  c o m b in e d  p e rc e p tio n  o f  m o u th fe e l , ta s te , a n d  flavor. In g re d ie n ts , w h ich  
w ill in c lu d e  fa t  s u b s ti tu te s , p ro te in  a n d  c a rb o h y d ra te -b a s e d  fa t re p la c e rs , a n d  “ m o u th fe e l” flav o rs , m a y  b e  u s e d  in  th e  fo rm u la tio n  o f  a  v a rie ty  

o f  lo w  o r  n o -fa t  fo o d  p ro d u c ts  (P s z c z o la , 1997 ).

Objectives
T h is  s tu d y  h a s  e v a lu a te d  th e  a c c e p ta b il i ty  a n d  p re fe re n c e  o f  b e e f  f ra n k fu r te rs  u s in g  fo u r  d if fe re n t fa t  re p la c e rs  (F R s)  - 1) c o n tro l . 2 ) 

c a rra g e e n , 3 )  m o d ifie d  c a s s a v a  s ta rc h , 4 )  m ic ro p a r tic u la te d  w h e y  p ro te in , a n d  5 )  o a t  b ra n  (C h a r t 1).

M e th o d s

S e n so ry  e v a lu a tio n : 57  u n tr a in e d  p a n e lis ts , s a u s a g e  c o n s u m e rs , re c ru ite d  a m o n g  s ta f f  an d  g ra d u a te  s tu d e n ts  o f  F a c u ld a d e  d e  S a u d e  
b u b lic a -U S P , B ra z il  te s te d  th e  sa u sa g e s . A p p ro x im a te ly  2 .5 c m , o f  c o o k e d  in  w a te r , s a u s a g e  p re s e n te d  to  e a c h  c o n s u m e r  a t ra n d o m . E a c h  
c o n s u m e r  h a s  re c e iv e d  5 d if fe r e n t  u n ifo rm  sa m p le s : a  c o n tro l  a n d  4  w ith  F R s . T h e  sa m p le s  w e re  s im u lta n e o u s ly  p re se n te d , c o d e d  w ith  th re e -  
d ig it a n d  b a la n c e d -b lo c k  d e s ig n . T h e  te s t  w a s  re a liz e d  in  in d iv id u a l b o o th s  a n d  u n d e r  f lu o re s c e n t lig h t. A ffe c tiv e  te s t  w as  e m p lo y e d  to  m e a s u re  
P ro d u c t l ik in g  a n d  p r e fe re n c e  ( ra n k in g ) . F o r  a c c e p ta n c e  h e d o n ic  s tru c tu re d  sc a le  w a s  u s e d  f ro m  1 -  d is l ik e  e x tre m e ly , 5 -  n e i th e r  lik e  o r  d is lik e , 
to  9  -  l ik e  ex trem e ly . T h e  p a n e l is t  w a s  a s k e d  to  a s s ig n  an  o rd e r  to  th e  sa m p le  a c c o rd  in  to  h e r  p re fe re n c e . Total fat - th e  lip id s  w e re  d e te rm in e d  
Using th e  d ry  c o lu m n  m e th o d o lo g y  s u g g e s te d  by  M a n n e r  &  M a x w e ll  (1 9 8 1 ), w h ic h  d e fe n d  su c h  m e th o d  a s  a  v ia b le  a lte rn a tiv e  to  e x tra c tio n  
Using c h lo ro fo rm , m e th a n o l, a n d  w a te r. T h e  b e a k e rs  e m p lo y e d  w e re  p re v io u s ly  s to v e  d r ie d  fo r  12 h o u rs  a t  105°C , a f te r  th is  th e y  w e re  c o o le d  
in a  d e s s ic a to r  an d  w e ig h e d . T en  m il l il i te r s  o f  th e  d ry  c o lu m n  e x tra c t  w e re  tra n s fe r re d  to  th e  b e a k e r  a n d  e v a p o ra te d  u n d e r  n itro g e n . A fte rw a rd s  
th e  e x tra c t  w a s  p la c e d  in  a  s to v e  a t  105°C  a n d , a f te r  3 h o u rs , i t  w a s  c o o le d  in  a  d e s s ic a to r  a n d  w e ig h e d  o n  a n  a n a ly tic a l  b a la n c e . Cholesterol 
'  T h e  n o n -sa p o n if ia b le  lip id s  w e re  a n a ly z e d  th ro u g h  th e  c o lo r im e tr ic  m e th o d  o f  B o h a c  e t  a l., (1 9 8 8 ), a c c o rd in g  to  w h o m  th is  is a n  e f fic ie n t 
m e th o d  w h ic h  y ie ld s  s im ila r  r e s u l ts  to  th o s e  a c h ie v e d  th ro u g h  g a s e o u s  c h ro m a to g ra p h y , w ith  th e  a d v a n ta g e  o f  b e in g  le s s  co s tly . T h e  l ip id s  w e re  
e x tra c te d  a n d  a n a ly z e d  th ro u g h  th e  te c h n iq u e  d e s c r ib e d  b y  M a n n e r  &  M a x w e ll  (1 9 8 1 ). T h re e  m ill il i te r s  o f  e x tra c t  ta k e n  f ro m  e a c h  sa m p le  w e re  
ev ap o ra ted  u n d e r  n itro g e n . A f te r  b e in g  d r ie d , th e  sa m p le s  w e re  sa p o n if ie d  th ro u g h  th e  a d d it io n  o f  10 m L  o f  a  12%  p o ta s s iu m  h y d ro x id e  (K O H ) 
so lu tio n  in  e th a n o l an d  s u b je c te d  to  an  8 0°C  w a te r  b a th  w ith  a g ita tio n  fo r  15 m in u te s . T h e y  w e re  th e n  p ro m p tly  c o o le d  th ro u g h  th e  a d d it io n  o f  
5 m L  o f  d is t i l le d , d e m in e ra l iz e d  w a te r  fo llo w e d  b y  d o u b le  e x tra c tio n  w ith  10  m L  o f  h e x a n e . F o u r-m ill i li te r  a l iq u o ts  o f  th e  h e x a n e  w e re  tak en  
a nd  d r ie d  u n d e r  n itro g e n  (N 2) flow . S ix  m ill il i te r s  o f  a  sa tu ra te d  so lu tio n  o f  fe rro u s  su lfa te  in  g la c ia l  a c e tic  a c id  w e re  a d d e d , as w e ll a s  2  m L  o f  
c o n c e n tra te d  su lfu r ic  a c id  (H 2S 0 4). T h e  sa m p le s  th u s  tre a te d  w e re  re a d  w ith  a  “ C o le m a n -2 9 5 ”  s p e c tro p h o to m e te r  a t  4 9 0 n m . T h e  c a lib ra tio n  
cu rv e  w a s  c o n s tru c te d  b a s e d  o n  5 0 - , 100 -, 15 0 -, a n d  2 0 0 -p g  s o lu tio n s , su b je c tin g  th e  S IG M A ®  C -8 2 5 3  s ta n d a rd  c h o le s te ro l  c o n c e n tra tio n s  to  
toe  sa p o n if ic a tio n  a n d  c o lo r  d e v e lo p m e n t  s ta g e s . A  10 to  4 0 p g  g ra d ie n t w a s  a c h ie v e d  a t  th e  e n d  o f  th e  p ro c e ss .

Results and discussions
T h e  re s u lts  o f  h e d o n ic  sc a le  w e re  s u b je c te d  to  o n e  w a y  a n a ly s is  o f  v a r ia n c e  (p < 0 ,0 5 ) , f re q u e n c y  d is tr ib u tio n s  a n d  T U K E Y  te s t. T h e  ra n k  

va lu es fo r  p re fe re n c e  w a s  a n a ly z e d  b y  F r ie d m a n  te s t  (R e s u rre ic c io n , 19 9 8 ). F IZ Z  - S e n s o ry  a n a ly s is  a n d  c o n s u m e r  te s t  m a n a g e m e n t so f tw a re  
v e rs io n  2 .0 0  (B io s y s te m s )  w a s  u s e d  fo r  s ta tis t ic a l  a n a ly s is . T h e  f ra n k fu r te r s ’ p ro x im a te  c o m p o s it io n  re su lts  w e re  u n ifo rm  o w in g  to  th e  f a c t  th a t 
to e ir  fo rm u la tio n s  w e re  p re v io u s ly  b a la n c e d . H o w ev e r, th e  d a ta  sh o w e d  l i t t le  d if fe re n c e  a m o n g  th e  tre a tm e n ts . W h e y  p ro te in  w a s  th e  tre a tm e n t 
th a t p re se n te d  th e  b e s t  p e r fo rm a n c e  in  te rm s  o f  l ip id  re d u c tio n , w h ile  c a r ra g e e n  w a s  th e  m o s t e f fe c tiv e  in  r e d u c in g  c h o le s te ro l  a n d  en e rg y  
(T ab le  1). T h ro u g h  s e n s o ry  e v a lu a tio n , th e  u n tra in e d  p a n e lis ts  in d ic a te d  th a t th e  fo rm u la tio n  w ith  th e  fa t  r e p la c e r  c a s sa v a  s ta rc h  w a s  s im ila r  to  
toe  co n tro l (p o rk  b a c k fa t)  a c c o rd in g  to  th e  a c c e p ta b il i ty  a n d  p re fe re n c e  (F ig u re  1). T h e  l ip id  le v e l in  c a s sa v a  s ta rc h  fo rm u la tio n  w a s  h ig h e r  th a n  
toe  o th e rs  fo rm u la tio n s , e x p e c t  fo r  th e  c o n tro l . H o w ev e r, th e  fa t  lev e l d id  n o t sh o w  s ta tis t ic a l  d if fe re n c e s .

Conclusions
B  w a s  s u g g e s te d  th a t  th e  l ip id  c o n te n t  w a s  n o t  th e  m a in  d e c is io n  f a c to r  fo r  th e  p a n e lis t  a c c e p ta n c e . I t  is  p ro b a b le  th a t  th e  c o m b in a tio n  

° I  fa t re p la c e rs  w ith  s e n s o ry  e v a lu a tio n  a n d  c e r ta in  e n h a n c in g  c h a ra c te r is t ic  o f  th e  f ra n k fu r te rs  a n d  f u r th e r  w o rk  in  th is  a re a  a re  n e c e s sa ry  to  

ls° la te  th e  id ea l fa t-re p la c e r .
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A c k n o w le d g e m e n ts

F A P E S P  a n d  C N P q , fo r  th e  s u p p o r t  a n d  fo r  g ra n tin g  sc h o la rs h ip s  to  th e  a u th o rs . 

Figure and Tables

C h a rt  1 -  F ra n k fu r te r  fo rm u la tio n s  w ith  d if fe r e n t  ty p e s  o f  f a t  re p la c e rs

Ingredients
Form ulations (g)

1 2 3 4 5

B e e f  m e a t 1700 1700 1700 1700 1700

P o rk  b a c k  fa t 300 - - - -

C a rra g e e n - 4  * - - -

M o d if ie d  c a s sa v a  s ta rc h - - 4 0 * - -

M ic ro p a r t ic u la te d  w h e y  p ro te in - - - 160* -

O a t  b ra n - - - - 6 0 *

W a te r 700** 700** 700** 700** 700**

C u re  m ix tu re 5 5 5 5 5

S ta rc h 100 100 100 100 100

F ra n k fu r te r  s e a s o n in g 20 20 20 20 20

E m u ls if ie r 10 10 10 10 10

S w e e t p a p r ik a 4 4 4 4 4
N u tm e g 4 4 4 4 4

W h ite  p e p p e r 3 3 3 3 3

S u g a r 10 10 10 10 10
F ix in g  a g e n t 10 10 10 10 10
A jin o m o to 5 5 5 5 5

G a rlic 15 15 15 15 15
O n io n 10 10 10 10 10

S o y  p ro te in 60 60 60 60 60
S a lt 30 30 30 30 30

1 - Pork backfat frankfurter (control); 2 - Carrageen frankfurter; 3 - Modified cassava starch frankfurter; 4 - Microparticulated whey protein frankfurter; 5 - 
fat replacer value recommended on each ingredient’s label was used; ** Values expressed in (mL); the other values are expressed in (g).
FRs amount was used according to supplier’s recommendations.

Oat bran frankfurter; * The

T ab le  1 -  L ip id s , c h o le s te ro l ,  a n d  c a lo r ic  c o n te n t  r e d u c tio n  (p e rc e n t)  o f  th e  fo rm u la te d  F ra n k fu r te r s  a s  c o m p a re d  to  a 
b a c k  fa t).

c o n tro l  s a m p le  (p o rk

F ra n k fu r te r s %  L ip id s %  C h o le s te ro l %  E n e rg y

C a rra g e e n 6 9 .9 8 3 1 .9 6 2 8 .9 7

C a s s a v a  s ta rc h 6 9 .4 9 2 3 .0 4 2 4 .8 8

W h e y  p ro te in 7 1 .6 9 14.75 2 4 .8 0

O a t b ra n 7 0 .5 9 15 .29 2 7 .4 0

F ig u re  1 - A c c e p ta b il i ty  (% ) an d  P re fe re n c e  (% ) o f  th e  

F o rm u la te d  F ra n k fu rte rs

♦ % Acceptability 
% Preference
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