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Background

T h e  d e v e lo p m e n t o f  c o m p o u n d s  r e s p o n s ib le  f o r  th e  f lav o u r/ta s te  c h a ra c te r is t ic s  o f  d ry  fe rm e n te d  s a u sa g e s  is a s s o c ia te d  to  th e  h y d ro ly s is  
o f  l ip id s , p ro te in s  an d  c a rb o h y d ra te s , p ro d u c e d  b y  m ic ro rg a n is m s  a n d  in tr in s ic  raw  m a te r ia l  e n z y m e s  th ro u g h o u t d if fe re n t m e ta b o lic  p a th w a y s . 
T h e  fo rm a tio n  ra te  d u r in g  th e  d ry in g /r ip e n in g  p e r io d  is th e re fo re  t im e  d e p e n d e n t.

Objective

B e tte r  c o m p re h e n s io n  o f  th e  h y d ro ly s is  d y n a m ic s  in  “ P a in h o  d e  P o r ta le g re ” . I f  s u c c e ss fu lly  a c h ie v e d , it w o u ld  b e  a  v e ry  im p o rta n t su p p o r t  
in  trad e  d e c is io n s  b a s e d  o n  th e  fin a l p ro d u c t  q u a li ty  p ro file .

Materials & Methods

M e a t an d  fa t u se d  fo r  “ P a in h o  d e  P o r ta le g re ”  d ry  fe rm e n te d  sa u sa g e  fo rm u la tio n  w e re  o b ta in e d  f ro m  A le n te ja n a  b re e d  p ig  c a rc a s se s , 
24  h o u rs  a f te r  s la u g h te r. T h e  e n v iro n m e n ta l  te m p e ra tu re  a n d  re la tiv e  h u m id ity  (R H ) c o n d itio n s  o b se rv e d  d u r in g  th e  fe rm e n ta tio n  an d  d ry in g  
P h ase s  a re  sh o w n  in  o th e r  p a p e r  s u b m ite d  to  th e  p re s e n t  IC o M S T . F o rm u la te d  m ix tu re s , b e fo re  a n d  a f te r  s a lt/s p ic e s  a d d it io n  a n d  3 d a y s  la te r  
ju s t  b e fo re  s tu ff in g  in to  n a tu ra l  c a s in g  (6  c m  d ia m e te r ) , a s  w e ll  a s  th e  p ro d u c t w ith  5 , 1 5 ,2 1 ,  3 0 ,7 5  a n d  9 0  d a y s  o f  d ry in g /a g e in g  w e re  a n a ly s e d  
fo r  p H , aW, to ta l p ro te in , m o is tu re  a n d  fa t  c o n te n ts , %  N a C l, T o ta l V o la tile  B a s ic  N itro g e n  (T V B N ), N o n  P ro te in  N itro g e n  (N P N ), F re e  A m in o  
A c id s  N itro g e n  (F A A N ), a m m o n ia  c o n te n t, o rg a n ic  a c id s  a n d  f re e  a m in o  a c id s  p ro file .

Results & Discussion

T h e  re s u lts  c o n c e rn in g  th e  e v o lu tio n  o f  p h y s ic o -c h e m ic a l p a ra m e te rs  o n  “ P a in h o  d e  P o r ta le g re ”  d ry  fe rm e n te d  sa u sa g e  a lo n g  th e  m a in  
P ro c e ss in g  p h a s e s  a re  sh o w n  in  T ab le  1. T h e  d e c re a s e  in  m o is tu re  (5 7 .6 %  v s  3 0 .9 % ) a n d  in  aW v a lu e s  (0 .9 6  v s  0 .8 6 )  b e tw e e n  th e  5 th a n d  th e  
25 th d a y  o f  th e  d ry in g /a g e in g  p e r io d  p ro v o k e d  th e  e x p e c ta b le  in c re a se  in  p ro te in  a n d  fa t c o n te n ts , w h ic h  a tta in e d  2 3 .8 %  a n d  3 9 .9 % , re sp ec tiv e ly . 
A lso  d u e  to  th e  p ro g re s s iv e  d ry in g  o f  th e  p ro d u c t, th e  N a C l c o n c e n tra tio n  in c re a se d  d u r in g  th e  sa m e  p e r io d  f ro m  a b o u t 2 .5 %  to  4 % . A tte n d in g  
to  th e  p H  e v o lu tio n  th is  p ro d u c t  c a n  b e  c la s s if ie d  as in te rm e d ia te  o r  ev en  little  a c id if ie d  (V e rp la e tse , 1 9 9 4 ) T h e  d if fe re n t n o n  p ro te in  n itro g e n  
fra c tio n s  h ig h ly  in c re a se , b e tw e e n  th e  5 th a n d  th e  2 1 st d a y  o f  r ip e n in g , w ith  v a lu e s  8 tim e s  a n d  3 tim e s  h ig h e r  fo r  th e  T V B N  (0 .0 1 4  v s  0 .0 7 3 )  
an d  F A A N  (0 .0 7 2  vs 0 .2 1 1 ) , re sp e c tiv e ly , a n d  a lm o s t d o u b lin g  th a t o f  th e  N P N  (2 .8 8  v s  5 .4 4 ) . F ro m  th is  s ta g e  u p  to  3 m o n th s  o f  r ip e n in g , th e s e  
P ro te o ly s is  in d ic a to r  p a ra m e te rs  k e e p  in c re a s in g  th e ir  c o n c e n tra tio n  a t a  lo w e r  ra te , p ro b a b ly  d u e  to  aW  a n d  N a C l c o n te n t ev o lu tio n .

T h e  c h a n g e s  in  th e  c o n c e n tr a t io n  o f  f re e  a m in o  a c id s  d u r in g  r ip e n in g  a re  sh o w n  in  F ig u re  1. T h e  c o n c e n tra tio n  in c re a se d  w ith  t im e  b u t 
m o re  e x p re ss iv e ly  a f te r  th e  1“ m o n th  o f  a g e in g . T ak in g  in to  c o n s id e ra tio n  th a t  th e  e n d  p ro d u c t  is  o b ta in e d  a f te r  a  ag e in g  p e r io d  o f  a b o u t 2 .5 -  
2 m o n th s , th e  fin a l m e a n  c o n c e n tra tio n  o f  to ta l  f re e  a m in o  a c id s  a m o u n te d  to  3 7 8 9  m g /lO O g  o f  d ry -m a tte r , 3 tim e s  h ig h e r  th a n  th e  c o n te n t 
re fe rred  b y  H u g h e s  et al., (2 0 0 2 )  f o r  a  s e m i-d ry e d  sa la m i. A la n in e , le u c in e , a  ly s in e  a n d  v a lin e  w e re  th e  m o s t r e p re se n ta tiv e  (> 0 ,2 m g /1 0 0 g  
d ry -m a tte r)  fo llo w e d  b y  g lic in e , is o le u c in e , fe n ila la n in e , tre o n in e , se r in e  an d  m e tio n in e  (0 ,1 -0 ,2  m g /lO O g  d ry -m a tte r )  in d ic a tin g  a  g o o d  b a la n c e  
b e tw e e n  c o m p o u n d s  a s s o c ia te d  w ith  s w e e t  a n d  b i t te r  ta s te s . T h e  p ro lin e , m e tio n in e , g lu ta m ic  a n d  a s p a r tic  a c id s  an d  s till th e  h is t id in e  w e re  
d e te c te d  in  c o n c e n tra tio n s  lo w e r  th a n  O .lm g /lO O g  d ry -m a tte r , w ith  th e  tw o  la s t  c o m p o u n d s  sh o w in g  o n ly  tra c e  a m o u n ts . In  fa c e  o f  th is , th e  
c° n tr ib u tio n  o f  f re e  a m in o  a c id s  to  th e  fin a l a c id  ta s te  o f  th e  “P a in h o  d e  P o r ta le g re ”  se e m s  to  b e  ir re le v a n t. T h e  d e c re a s e  in  c o n c e n tra tio n  o f  
ly sin e , th re o n in e  an d  se r in e  in  th e  p ro d u c t  a g e d  fo r  3 m o n th s  c o u ld  re p re s e n t th a t  its  m e ta b o lis m  b y  b a c te r ia  in  th a t  s ta g e  w as m o re  in te n se  th an  
th e ir  fo rm a tio n . F ig u re  1 a ls o  sh o w s th e  v a r ia tio n s  o b se rv e d  in  a m m o n ia  c o n te n t a lo n g  th e  sa m e  d ry in g /r ip e n in g  p h a s e s . A m m o n ia  p ro d u c tio n  
sPe e d  u p  f ro m  th e  2 1 “ d a y  o n , in  to ta l  a g re e m e n t  w ith  th e  r e c o rd e d  p ro te o ly tic  a c tiv ity . T h is  tre n d  m a y  b e  th e  so u rc e  o f  p ro d u c t p H  in c re a s in g  

a f te r  1 m o n th  o f  a g e in g . M ic ro rg a n is m s  m a y  b e  in v o lv ed  in  th is  d e g ra d a tio n  a c tiv ity  s in c e  m a n y  n a tiv e  a g e n ts  a re  o f te n  re fe rre d  to  p o ss e s s  
P ep tid a se  a n d  a m in o -p e p tid a s e  a c tiv it ie s  (H u g h e s  e t al., 2 0 0 2 ). T h e  in c re a se  o f  a m m o n ia  c o n c e n tra tio n  a n d  th e  m o d if ic a tio n  o c c u r re d  in  th e  
a to in o  a c id  p a tte rn  p ro b a b ly  p la y  a  d e e p  in f lu e n c e  o n  th e  se n so ry  c h a ra c te r is t ic s  o f  “P a in h o  d e  P o r ta le g re ” .

T h e  p ro d u c tio n  o f  o rg a n ic  a c id s  d u r in g  th e  f e rm e n ta tio n  a n d  s u b s e q u e n t p ro c e s s in g  s ta g e s  is  il lu s tra te d  o n  T ab le  2 . L a c tic  a c id  is , b y  far, 
e  m o s t a b u n d a n t e le m e n t. T h e  c o n c e n tr a t io n  o n  p ro d u c t  w ith  5 d a y s  u p o n  th e  c a s in g  s tu ff in g  (1 8 9 6  m g /1 0 0  g  d ry -m a tte r )  a lm o s t d o u b le d  th e  

to ttia l v a lu e  o f  th e  raw  m a te r ia l  (1 1 5 6  m g /1 0 0  g  d ry  m a tte r ) . A f te rw a rd s , th e  fo rm a tio n  ra te  w a s  s l ig h tly  lo w e r  b u t y e t  r e le v a n t u p  to  3 m o n th s  o f  
age in g . T h is  t re n d  re f le c ts  th e  d e v e lo p m e n t p ro file  fo u n d  o u t f o r  th e  la c tic  a c id  b a c te r ia  (L A B ) in  th e  p ro d u c t, m o s t o f  th e m  h o m o fe rm e n ta tiv e  
stfa in s ( re s u lts  n o t p u b lis h e d ) . A c c o rd in g  to  O rd o n e z  e t a l., (1 9 9 9 )  a  ty p ic a l  h o m o fe rm e n ta tiv e  L A B  p ro d u c e s  a b o u t 1.8 m o l o f  la c tic  a c id  
Pe r  m o le  o f  m e ta b o liz e d  h e x o s e . A c e tic  a c id  is  a ls o  p re s e n t b u t in  s ig n if ic a n tly  lo w e r  c o n c e n tra tio n s . T h e  h ig h e s t  a m o u n t  (7 5 7 .4  m g /lO O g  d ry  
to a tte r)  h a s  b e e n  d e te c te d  in  ra w  m a te r ia l  im m e d ia te ly  a f te r  th e  s e a so n in g s  a d d it io n , f a ll in g  d o w n  to  a ro u n d  100  m g /1 0 0  g  d ry -m a tte r  a t th e  

6nd ° f  th e  fe rm e n ta tio n  p e r io d  (8  d a y s )  a n d  th e n  s lig h tly  r is in g  a g a in  a lo n g  th e  re s t  o f  th e  p ro c e s s in g  p h a s e s . T h e s e  re su lts  in d ic a te  th a t  th e  
P a rtic ip a tion  o f  b a c te r ia  o n  in itia l a c e tic  a c id  fo rm a tio n  is n o t re lev an t. T h e  f re s h  g a r lic  p a s te , a  fe rm e n te d  p ro d u c t a d d e d  a s  a  c o n d im e n t to  

e fo rm u la tio n  w as  c o n f irm e d  to  b e  th e  m a in  c o n tr ib u to r  to  th e  p re se n c e  o f  th is  o rg a n ic  a c id . T h e  in c re a s in g  c o n c e n tra tio n  fo u n d  in  th e  la s t 

a ° f  th e  d ry in g /r ip e n in g  p ro c e s s  c o u ld  b e  a s s o c ia te d  to  fa tty  a c id  o x id a tio n  a n d  a la n in e  c a ta b o lis m  (M o n te l, M a ss o n  &  T a lo n , 1998). C itr ic
P y ru v ic  a c id s  a p p e a re d  in  re s id u a l c o n c e n tra tio n s . T h e  fo rm e r  is p ro b a b ly  a s s o c ia te d  to  th e  u se  o f  le m o n  fo r  w a s h in g  an d  d e o d o r is in g  th e  

m g s d u r in g  its  p re p a ra tio n . N o  p ro p io n ic  a c id  h a s  b e e n  d e te c te d  in  th is  p ro d u c t.
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T ab le  1 — P h y s ic o -c h e m ic a l c h a ra c te r is t ic s  o f  “P a in h o  d e  P o r ta le g re ” d ry  fe rm e n te d  sa u sa g e  a lo n g  th e  m a in  p ro c e s s in g  p h ase s .

R a w  M a te r ia l  S p ic in g  P e r io d _________  ________________D ry in g /R ip e n in g  P e r io d  (d a y s)

N o  sp ic in g A f te r  sp ic in g 3 d a y s  in  sp ic in g 5 15 21 3 0 75 9 0

p H 5 .8 2 6 .0 7 5 .9 6 5 .2 0 5 .3 4 5 .3 8 5 .4 6 5 .61 5 .9 2

aW N D N D N D 0 .9 6 0 .9 4 0 .9 4 0 .9 3 0 .8 6 0 .8 6

P ro te in  (% ) 1 8 .2 0 1 1 .8 0 14 .20 14 .50 19 .70 2 3 .1 0 2 3 .5 0 2 3 .8 0 2 3 .2 0
M o is tu re  (% ) 6 1 .3 4 N D N D 5 7 .5 8 5 2 .8 4 5 3 .6 2 4 6 .5 8 3 0 .9 5 3 3 .5 8

T o ta l fa t (% ) N D N D N D 2 4 .6 8 2 2 .1 3 19 .00 2 8 .6 0 3 9 .9 4 37 .61

N a C l (% ) N D 2 .0 4 N D N D 2 .8 6 2 .7 8 3 .3 6 4 .1 8 4 .0 6

T V B N  (% ) 0 .0 0 6 N D 0 .0 0 6 0 .0 1 4 0 .0 4 5 0 .0 7 3 0 .0 7 2 0 .0 8 6 0 .1 0 5

N P N  (% ) 2 .7 2 N D 2 .4 0 2 .8 8 4 .4 8 5 .4 4 5 .2 8 6 .8 8 7 .8 4

F A A N  (% ) 0 .0 4 2 N D 0 .0 3 8 0 .0 7 2 0 .1 6 3 0 .211 0 .2 4 3 0 .2 9 5 0 .3 5 8
ND -  Not determined

F ig u re  1 -  F re e  a m in o  a c id s  a n d  a m m o n ia  fo rm a tio n  a lo n g  th e  d ry in g /r ip e n in g  p ro c e ss in g  p h a s e  o f  “ P a in h o  d e  P o r ta le g re ” d ry  fe rm e n te d  
sa u sa g e .

T ab le  2  — O rg a n ic  a c id s  fo rm a tio n  o v e r  “ P a in h o  d e  P o r ta le g re ” p ro c e s s in g  s ta g e s .

O rg a n ic  a c id s  
(m g /lO O g  d ry  m a tte r ) R a w  M a te r ia l  S p ic in g  P e r io d D ry in g /R ip e n in g  P e r io d

N o  sp ic in g A f te r  sp ic in g 3 d a y s  in  sp ic in g 8 d a y s 3 0  d ay s 9 0  d ay s

C itr ic 0 0 2 1 1 .5 2 7 8 .1 3 2 0 .1 6 6 8 .6 2

P y ru v ic 0 0 0 1.18 6 .9 5 7 .3 4

A c e tic 0 7 5 7 .3 5 2 7 5 .4 9 9 9 .1 6 2 2 5 .7 7 2 5 1 .4 4

L a c tic 1 1 5 5 .7 0 7 8 2 .4 5 1 6 0 6 .6 2 1 8 9 5 .6 9 3 4 8 9 .5 3 4 6 3 1 .0 5

P ro p io n ic 0 0 0 0 0 0
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