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REDUCTION OF PRODUCT HAZARD BY USING STARTER CULTURES IN RAW FERMENTED SAUSAGES 
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I n t r o d u c t i o n

The H a z a rd  A n a ly s i s  an d  C r i t i c a l  C o n t r o l  P o in t  (HACCP) p r i n c i p l e  h a s  b e e n  d e v e lo p e d  to  a v o id  th e  p r e s e n c e  o f  

h a rm fu l  num bers o f  p a th o g e n ic  m ic ro o rg a n is m s  i n  r e a d y - t o - e a t  fo o d s .

I n  p a s t e u r i z e d  m eat p r o d u c ts  p a th o g e n ic  m ic ro o rg a n ism s  a r e  c o n t r o l l e d  th r o u g h  c lo s e  s u r v e i l l a n c e  o f  th e  h e a t i n g  

p r o c e s s  a n d  s t r i c t  h y g ie n e  p r o c e d u r e s  d u r in g  f u r t h e r  h a n d l in g .  B ecau se  f r e s h  d e b o n ed  m ea t i s  n o t  a lw a y s  f r e e  o f  

p a th o g e n s ,  t h e i r  p re s e n c e  i n  raw  m ea t p r o d u c ts  c a n n o t  b e  t o t a l l y  a v o id e d .  The p r e p a r a t i o n  o f  raw  ( s e m i- d r y )  

s a u s a g e  t y p e s ,  e s p e c i a l l y  th o s e  w i th  h ig h  pH v a lu e s  a n d /o r  r i p e n e d  a t  h i g h e r  t e m p e r a tu r e s ,  c a n  b e  c r i t i c a l  i n  

t h i s  r e s p e c t .

Raw s a u s a g e  p r o c e s s

From a  t e c h n o l o g ic a l  p o i n t  o f  v ie w  p r e p a r a t i o n  o f  raw  ( s e m i- d r y )  s a u s a g e  i s  a  r a t h e r  s im p le  a n d  r o b u s t  p r o c e s s .  

H eavy m is ta k e s  h a v e  to  b e  made b e f o r e  n o t i c e a b l e  s e n s o r y  d e v i a t i o n s  w i l l  o c c u r .  N e v e r t h e le s s ,  p a th o g e n ic  

m ic ro o rg a n is m s  a r e  fo u n d  i n  raw  s a u s a g e s .  Listeria monocytogenes  a n d  Staphylococcus aureus  a r e  t h e  p a th o g e n s  o f  

m o st c o n c e r n  i n  p r o d u c ts  o f  t h i s  t y p e .  B ecau se  t h e  o u tg ro w th  o f  p a th o g e n s ,  u n l ik e  s p o i l a g e  o rg a n is m s ,  c a n n o t  

a lw a y s  b e  d e t e c t e d  by  s e n s o r y  a s s e s s m e n t ,  th e  p r e p a r a t i o n  p r o c e s s  o f  raw  s a u s a g e  s h o u ld  b e  c o n t r o l l e d  by  

c o r r e c t  p r o c e d u r e s  a n d  p h y s i c a l  m ea su re m e n ts  su c h  a s  t e m p e r a tu r e ,  t im e ,  pH and  w a t e r a c t i v i t y .

Raw ( s e m i- d r y )  s a u s a g e s  a r e  made o f  a  m ix tu r e  o f  m in ced  m ea t an d  f a t  t o g e t h e r  w i th  so d iu m  c h l o r i d e ,  s p i c e s  and,

i f  d e s i r e d  o t h e r  a d d i t i v e s  su c h  a s  n i t r i t e ,  n i t r a t e  a n d  a s c o r b a t e .  

T h is  m ix tu re  i s  s t u f f e d  i n t o  a  c a s in g  f o l lo w e d  b y  a  r i p e n i n g  and  

d r y in g  p r o c e s s  u n d e r  m ore o r  l e s s  s t a n d a r d i z e d  c l i m a t o l o g i c a l  

c o n d i t i o n s .

The p r o d u c t io n  p r o c e s s  i s  v i s u a l i z e d  i n  F ig u r e  1.

S t a r t e r  c u l t u r e

The r i p e n i n g  p r o c e s s  i s  a  p a r t i c u l a r l y  c r i t i c a l  s t e p  i n  th e  

p r e p a r a t i o n  o f  raw  s a u s a g e .  The s e n s o r y  q u a l i t y  an d  s a f e t y  a r e  

d e te rm in e d  to  a  g r e a t  e x t e n t  b y  th e  i n i t i a l  s p e e d  and  d e g re e  o f  

a c i d i f i c a t i o n .  To b e  s u r e  a b o u t  a  c o n s t a n t  r i p e n i n g  p r o c e s s  an  

a p p r o p r i a t e  s t a r t e r  c u l t u r e  s h o u ld  b e  u s e d .

I n  th e  p a s t  TNO h a s  s p e n t  a  g r e a t  d e a l  o f  r e s e a r c h  on  raw  sa u sa g e  

p r e p a r a t i o n .  T h is  r e s e a r c h  was p r e d o m in a n t ly  a im ed  a t  th e  s e l e c t i o n  

o f  s u i t a b l e  s t a r t e r  c u l t u r e s  a n d  th e  e f f e c t  o f  t h e s e  c u l t u r e s  on 

arom a p r o d u c t io n .  R e c e n t ly  a  new s t a r t e r  c u l t u r e  h a s  b e e n  i s o l a t e d  

a c c o r d in g  to  th e  l a t e s t  v iew s  i n  th e  f i e l d  o f  s t a r t e r  c u l t u r e  

s e l e c t i o n .  TNO s t a r t e r  c u l t u r e s  a r e  s u p p l i e d  i n  th e  fo rm  o f  a  so -  

c a l l e d  " s t a r t e r  s a u s a g e "  i n  s t e a d  o f  a  f r e e z e  d r i e d  c u l t u r e .  The 

a d v a n ta g e  o f  t h i s  s t a r t e r  s a u s a g e  i s  a  m ore r a p i d  o n s e t  o f  th e  

g ro w th  o f  th e  s t a r t e r  c u l t u r e  i n  t h e  p r o d u c t io n  s a u s a g e  r e s u l t i n g  

i n  a  f a s t e r  a c i d i f i c a t i o n .

Figure 1 Flow diagram for (semi cty) sausage
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Figure 2  Growth of L. monocytogenes inoculated in raw sausage prepared with 
NaCI. alone or in combination with nitrite or a starter culture

— H-----2 .5  % NaCI — A  — 2.5 % NaCI +  _  o  — 2.5 % NaCI +
150 mg/kg nitrite starter culture

E x p erim en ts w ere  c a r r i e d  o u t  t o  d e te r m in e  th e  

lt> h ib i to ry  e f f e c t  o f  a  TNO s t a r t e r  c u l t u r e ,  a  

^ c t o b a c i l l u s  c u r v a t u s , on  th e  g ro w th  b e h a v io u r  

°£ th e  r e l e v a n t  p a th o g e n s  m e n tio n e d  a b o v e , 

in o c u la te d  i n  raw  s a u s a g e s  o f  d i f f e r e n t  

i m p o s i t i o n  a n d  v a r y in g  i n  r i p e n i n g  c o n d i t i o n s ,  

in F ig u r e s  2 an d  3 e x am p le s  a r e  g iv e n  o f  th e  

Envelopm ent o f  p a th o g e n s  i n  raw  s a u s a g e s  

P rep a red  w i th  2 .5  % so d iu m  c h l o r i d e ,  a lo n e  o r  i n  

c° a b in a t i o n  w i th  150 m g/kg n i t r i t e  o r  a  s t a r t e r  

cn l t u r e .  The r e s u l t s  o f  t h e  e x p e r im e n ts  show ed 

ih a t a d d i t i o n  o f  2 t o  3 % so d iu m  c h l o r i d e  i s  

i 'ezard o u s b e c a u s e  o f  t h e  p o s s i b l e  d e v e lo p m e n t o f  

P e th o g en ic  m ic ro -o rg a n is m s  i n  th e  r i p e n i n g  p h a s e ,  e v en  when p r e p a r e d  an d  s t o r e d  u n d e r  r e f r i g e r a t i o n .  A lth o u g h  

E i t r i t e  h a s  a n  o b v io u s  i n h i b i t o r y  e f f e c t  on  p a th o g e n s ,  a d d i t i o n  o f  150 m g/kg a p p e a r e d  to  b e  i n s u f f i c i e n t ,  

S p e c i a l l y  a t  h i g h e r  r i p e n i n g  t e m p e r a tu r e s .  I n  a d d i t i o n ,  0 .3  % G lucono  D e l ta  L a c to n  (GDL) c a n  b e  u s e d .  H ow ever, 

^  i s  known to  h a v e  a  d e t r i m e n t a l  i n f lu e n c e  on  th e  t a s t e  o f  th e  p r o d u c t .  I n  some ty p e s  o f  raw  s a u s a g e  th e  r e d  

c° lo u r  fo rm ed  a s  a  r e s u l t  o f  th e  u s e  o f  n i t r i t e  i s  r e g a r d e d  a s  u n d e s i r a b l e  a s  w e l l .  A b e t t e r  way to  s u p p r e s s  

*̂e d e v e lo p m e n t o f  p a th o g e n ic  m ic ro -o rg a n is m s  i s  th e  u s e  o f  a n  a p p r o p r i a t e  s t a r t e r  c u l t u r e  w i th  o r  w i th o u t  th e  

E d i t i o n  o f  sod ium  n i t r a t e .  An a c t i v e  s t a r t e r  c u l t u r e  a s  s u p p l i e d  b y  TNO i n  th e  fo rm  o f  a  s t a r t e r  s a u s a g e  w i l l  

Pr o h i b i t  th e  g ro w th  o f  p a th o g e n s  e v e n  w i th o u t  a d d i t i o n  o f  d e x t r o s e .

time (weeks)

figure 3 Growth o f S. aureus Inoculated in raw sausage prepared with 
NaCI, alone or in combination with nitrite or a starter culture

— +  — 2 .5  % NaCI — A — 2.5 % NaCI +  — 0  — 2.5 % NaCI
150 mg/kg nitrite starter culture

time (weeks)
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A c c e l e r a t i o n  o f  r i p e n i n g

Up to  now r e s e a r c h  w as a im ed  a t  t h e  s e l e c t i o n  o f  

s t a r t e r  c u l t u r e s . Much l e s s  a t t e n t i o n  h a s  b e e n  

p a id  t o  th e  f o r m u la t io n  o f  th e  raw  s a u s a g e  an d  

th e  p r e p a r a t i o n  p r o c e s s . F o r optim um  r e s u l t s , 

h o w ev er, i t  i s  n e c c e s a r y  to  a d j u s t  th e  p r o c e s s  

c o n d i t i o n s  e x a c t l y  t o  t h e  s t a r t e r c u l t u r e  u s e d .  

The tim e  s c h e d u le  a s  w e l l  a s  th e  te m p e r a tu r e s  

u s e d  i n  t h e  r i p e n i n g  a n d  d r y in g  p r o c e s s e s  a r e  

d e te rm in e d  m ore o r  l e s s  e m p i r i c a l l y .

I n  p r a c t i c e ,  th e  c l i m a t e  an d  t im e  s t i l l  a r e  

c o n t r o l l e d  e i t h e r  b y  h a n d  o r  w i th  a  t im e r ,  o f t e n  

r e s u l t i n g  i n  b a tc h  d i f f e r e n c e s . B e ca u se  

f e r m e n ta t io n  i s  n o t  a lw a y s  o p t im a l  v a r i a t i o n s

'»h,
d e v e lo p  i n  p r o d u c t  q u a l i t y  a n d  r i s k s  w i th  r e g a r d  t o  p r o d u c t  s a f e t y .  A ls o ,  l o g i s t i c  p ro b le m s  may a r i s e

n th e  r i p e n i n g  tim e  h a s  t o  b e  p r o lo n g e d  b e c a u s e  o f  i n s u f f i c i e n t  a c i d i f i c a t i o n .

S te s s  i s  now b e in g  made a t  TNO i n  o p t im i z a t io n  o f  th e  r i p e n i n g  p r o c e s  b y  m o d e l l in g  th e  m o st im p o r ta n t
°c e ;s s  p a r a m e te r s .  I n  t h i s  way th e  r i p e n i n g  p r o c e s s  c a n  b e  a c c e l e r a t e d  a n d  th e  c r i t i c a l  i n i t i a l  p h a s e  c a n  b e

Ssed th ro u g h  m ore r a p i d l y .  A ls o ,  d e v e lo p m e n ts  a r e  b e in g  made to w a rd s  a  f a s t e r  an d  m ore i n t e n s i v e  arom a
rmat

S>r,
io n  i n  raw  s a u s a g e .  T h ese  d e v e lo p m e n ts  r e s u l t  i n  a  m ore e f f i c i e n t l y  c o n t r o l l e d  raw  s a u s a g e  p r o d u c t io n  and

co,°ki:
°v e d  p r o d u c t  q u a l i t y  a n d  s a f e t y .  B e ca u se  p a th o g e n s  a r e  e f f e c t i v e l y  c o n t r o l l e d  b y  t h i s  p r o c e s s  an  a d d i t i o n a l

n g s t e p  c a n  b e  o m i t t e d .

327


