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SSP: MEAT PRODUCTS WITH MINIMAL NITRITE ADDITION. STORABLE WITHOUT REFRIGERATION 

L .  LEISTNER, I .  VUKOVIC and J .  DRESEL

F e d e ra l  C e n t re  f o r  Meat R esearch ,  Kulmbach, F e d e ra l  R e p u b l ic  o f  Germany

INTRODUCTION

I t  has been p roposed i n  th e  F e d e ra l  R e p u b l ic  o f  Germany t o  lo w e r  th e  sodium n i t r i t e  c o n te n t  o f  t h e  
n i t r i t e  c u r i n g  s a l t  f rom  a t  p r e s e n t  0 . 5  -  0 . 6  p e r  c e n t  t o  0 . 4  -  0 . 5  p e r  c e n t  To th e  v a r i o u s  meat 
p r o d u c ts  o f  t h i s  c o u n t r y ,  depend ing  on th e  d i f f e r e n t  s a l t  a d d i t i o n ,  h i t h e r t o  90 -  150 ppm n i t r i t e  a re  
added, w i t h  th e  new c u r i n g  s a l t  th e  a d d i t i o n  w i l l  be reduced  t o  75 -  125 ppm. To s ecu re  th e  m i c r o b ia l  
s t a b i l i t y  o f  meat p ro d u c ts  w i t h  th e  reduced  n i t r i t e  a d d i t i o n  adequa te  te m p e ra tu re s  f o r  t h e i r  h e a t in g  
and s to r a g e  have been recommended (LijCKE e t  a l . ,  19 79 ) .

W ith  an in c re a s e d  awareness o f  th e  need f o r  ene rgy  p r e s e r v a t i o n  a l s o  i n  foo d  p r o c e s s in g  and s to ra g e  
(LEISTNER, 19 8 0 ) ,  i t  w i l l  become a c h a l le n g e  f o r  m i c r o b i o l o g i s t s  and t e c h n o l o g i s t s  t o  d e v e lo p  mea 
p ro d u c ts  w h ich  a re  s t o r a b le  w i t h o u t  r e f r i g e r a t i o n ; e v e n  i f  o n ly  a m in im a l  amount o f  n i t r i t e  as een 
added. I n  such p r o d u c ts  th e  added n i t r i t e  s h o u ld  n o t  be e s s e n t i a l  f o r  p r e s e r v a t i o n ,  b u t  o n ly  f o r  c o lo  
and f l a v o u r  f o r m a t io n  i n  th e  p r o d u c ts ,  and f o r  th e  l a t t e r  pu rposes  an a d d i t i o n  o f  30 -  50 ppm i s  
s u f f i c i e n t  (WIRTH, 1976; LEISTNER, 19 7 9 ) .  A c c o rd in g  t o  th e  h u r d le  co n c e p t  (LEISTNER, 1977) i n  a t o ° d 
th e  p a ram e te rs  o r  h u r d le s  w h ich  s e c u re  m i c r o b ia l  s t a b i l i t y  a re  more o r  l e s s  in te r c h a n g e a b le .  T h e r e f o r  , 
ene rgy  consuming h u r d le s ,  such as h e a t in g  and c h i l l i n g ,  c o u ld  be re p la c e d  a t  l e a s t  p a r t i a l l y  by le s s

pH and Eh. The h u r d le s  co n c e p t  i s  th e  b a s is  f o r  a l i n e  o f  meate n e rg y  consuming h u r d le s ,  such as aw, 
p r o d u c ts ,  w h ich  c o u ld  be c a l l e d  SSP.

S h e l f  s t a b le  p ro d u c ts  (SSP) a re  p a s t e u r i z e d  fo o d s  w h ich  a re  s t o r a b l e  w i t h o u t  r e f r i g e r a t i o n .  Meat p rod 
based on th e  SSP co n c e p t  (LEISTNER e t  a l . ,  1970; LEISTNER e t  a l . ,  1979) a re  m i l d l y  he a ted  i n  h e r m e t i 
c a l l y  s e a le d  c o n t a in e r s  t o  a s u f f i c i e n t  e x t e n t  t o  i n a c t i v a t e  a l l  b u t  s p o r u l a t e d  m ic r o - o r g a n is m s .  Due 
th e  s e a le d  c o n t a in e r  (c a n ,  g la s s  j a r ,  pouch , c a s in g  e t c . )  a r e c o n t a m in a t io n  o f  th e  foo d  w i t h  o r g a n i  
a f t e r  th e  h e a t in g  p ro c e s s  i s  a v o id e d .  T h e r e fo r e ,  f o r  SSP o n l y  s po res  o f  th e  genera  B a c i l l u s  and 
C l o s t r i d i u m  a re  r e l e v a n t .  However, i n  SSP a d ju s te d  t o  a s u f f i c i e n t l y  lo w  aw w i t h  s a l t s ,  suga rs  and 
powdery  a d d i t i v e s  ( m i l k  powder, s o ja  p r o t e i n ,  f r e e z e - d r i e d  m ea t)  o r  by th e  rem ova l o f  w a te r ,  g ro w t  ^
b a c i l l i  and c l o s t r i d i a ,  and t h e r e f o r e  s p o i la g e  o r  food  p o is o n in g ,  does n o t  o c c u r .  T h is  a l s o  i s  t r u e  i  
o n l y  a m in im a l  amount o f  n i t r i t e  i s  added and th e  p r o d u c ts  a re  s to r e d  w i t h o u t  r e f r i g e r a t i o n .

I n  a p re c e d in g  c o n t r i b t u i o n  (LEISTNER e t  a l . ,  1979) two ty p e s  o f  SSP meats have been d e s c r ib e d .  Both 
a re  t r a d i t i o n a l  p r o d u c ts  i n  w h ich  th e  aw has been a d ju s te d  e m p i r i c a l l y .  One o f  them r e p r e s e n ts  9e n d l  g 
I t a l i a n  M o r t a d e l l a ,  th e  aw o f  w h ich  i s  a d ju s te d  by th e  fo rm u la  ( a d d i t i o n  o f  3 % s a l t ,  1 % sug a r  an '
3 % m i l k  po w d e r ) .  The o t h e r  p r o d u c t  i s  d r i e d  B o logna  t y p e  sausage ( i . e .  German B r u h d a u e rw u r s t ) ,  
o f  w h ich  i s  a d ju s te d  by a m i l d  d r y i n g  p ro c e s s  (3  weeks a t  5 C o r  2 weeks a t  10 C) o f  t h e  he a te  P 
d u c t .  I n  b o th  p r o d u c ts  th e  aw i s  g e n e r a l l y  a d ju s te d  be low  0 .9 5 0 .

We i n v e s t i g a t e d  th e  m i c r o b i a l  s t a b i l i t y  o f  th e s e  SSP. S in c e  v e g e t a t i v e  o rg an ism s  i n  th e s e  p ro d u c ts
s h o u ld  be i n a c t i v a t e d  by th e  h e a t in g  p ro c e s s ,  d e c i s i v e  f o r  t h e i r  s t a b i l i t y  a re  b a c i l l i  and c lo s  n  ^
e s p e c i a l l y  a - t o l e r a n t  s t r a i n s .  I n  th e  p r e s e n t  s tu d y  r e p r e s e n t a t i v e s  o f  t h e  genus C l o s t r i d i u m  wh ic
o f  p a r t i c u l a r  i n t e r e s t  w i t h  r e s p e c t  t o  s p o i la g e  and food  p o is o n in g ,  and s t r a i n s  o f  th e  genus B a c i _ _ ^ -
w h ich  a re  known t o  be e x t r a o r d i n a r y  a - t o l e r a n t  were used f o r  i n o c u l a t i o n  o f  SSP.w

MATERIALS AND METHODS

P ro d u c ts :  The f o rm u la s  o f  th e  i n v e s t i g a t e d  M o r t a d e l l a  were d e r i v e d  f rom  g e n u in e  I t a l i a n  M o r t a d e l la  
a re  l i s t e d  i n  T a b le  1. The fo r m u la  1 i s  an o r d i n a r y  B o logna t y p e  p r o d u c t  w i t h  a h ig h  a and s e rv e  ^  
c o n t r o l .  I n  fo rm u la  2 th e  aw was a d ju s te d  w i t h  humectans (3  % s a l t  and 1 % s u g a r )  and th e  a d d i t i o  ze,  
4 % s o ja  p r o t e i n .  I n s te a d  o f  s o ja  p r o t e i n  i n  fo rm u la  3 skimmed m i l k  powder (5  %) and i n  f o r m u la  a l
d r i e d  b e e f  (10  %) were added. The l a t t e r  was p re p a re d  a c c o r d in g  t o  P0TTHAST e t  a l .  ( 1 9 7 8 ) .  F o r  P ^  
rem o va l o f  w a t e r , t h e  meat f o r  th e  f o rm u la s  2 -  4 was d r i e d  3 days a t  4 C. The p o rk  f a t  was ad e 
th e  sausage m ix  i n  cubes (8  -  10 mm),as i t  i s  u s u a l  f o r  I t a l i a n  M o r t a d e l l a .  W ith  n i t n t  c u r i n g  s 
100 ppm n i t r i t e  were added t o  fo r m u la  1, however,  o n l y  50 ppm n i t r i t e  t o  f o rm u la s  2 - 4 .  A f t e r  
i n o c u l a t i o n  th e  sausage m ix  was f i l l e d  i n  c a s in g s  (90  mm c a l i b e r )  w h ich  a re  n o t  p e n e t r a te d  by wa 
v a p o u r  (NAL0 Top, Fa. KALLE, W es t-G e rm any). The sausages, w i t h  a w e ig h t  o f  ab o u t  1000 9 each, we 
h e a ted  w i t h  steam t o  an i n t e r n a l  t e m p e ra tu re  o f  75 C. The p r o d u c ts  were s to r e d  f o r  a t  l e a s t  

a t  25 °C.
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F o r  B ru h d a u e rw u rs t  ( d r i e d  Bo logna  t y p e  sausage) th e  f o l l o w i n g  fo rm u la  was used: 15 % b a s ic  m ix  (85  %
b e e f  and 15 % w a t e r ) ,  65 % p o rk ,  20 % p o rk  f a t ,  1 % n i t r i t e  c u r i n g  s a l t  ( i . e .  50 ppm n i t r i t e  a d d i t i o n ) ,
1 ,2  % sod ium c h lo r d e ,  0 . 5  % s p ic e s  and 0 .0 3  % sod ium a s c o r b a te .  A f t e r  i n o c u l a t i o n  th e  sausages were
f i l l e d  i n  c a s in g s  (75 mm c a l i b e r )  w h ich  a re  p e n e t r a te d  by w a te r  v a p o u r  (F ase rda rm , Fa. KALLE, W est-
Germany). Then th e y  were l i g h t l y  smoked and hea ted  i n  steam t o  an i n t e r n a l  te m p e ra tu re  o f  75 C. The
W eight l o s t  d u r in g  h e a t in g  was ab o u t  4 .5  %. Then th e  sausages were d r i e d  a t  r e l a t i v e  h u m id i t i e s  f rom

90 d e c re a s in g  t o  80 % ,e i t h e r  3 weeks a t  o „  „  , . o.T a b le  1 :  Form u las  f o r  M o r t a d e l l a  t y p e  sausages aw o f  0 .9 5 0 .5 “ C o r  2 weeks a t  10 “ C , t o  an 
D u r in g  d r y i n g  th e  sausage l o s t  ab o u t  25 % 
o f  t h e i r  w e ig h t .  The c o n t r o l  sausages w h ich  
were n o t  d r i e d  and 50 % o f  t h e  sausages 
w h ich  had been d r i e d  were vacuum packaged 
b e f o r  s to r a g e ,  i n  o r d e r  t o  a v o id  a dec rease  
i n  aw d u r in g  s to r a g e .  A l l  sausages were 
s to r e d  a t  25 °C and 80 % r e l a t i v e  h u m id i t y  
f o r  a t  l e a s t  60 days.

M ic r o o r g a n is m s : The p r o d u c ts  were i n o c u la t e d  
w i t h  s po res  o f  th e ^g e n e ra  C l o s t r i d i u m  and 
B a c i l l u s . A bou t  10 spo res  p e r  gram sausage 
m ix  were added; th e  he a ted  p ro d u c ts  c o n ta in e d  
103 -  105 spo res  p e r  gram. Twe lve  e x p e r im e n ts  
were c o n d u c te d ,  i n  each e x p e r im e n t  one 
o rg a n is m  was t e s t e d ,  w h ich  i n  most cases was 
added t o  th e  sausages as a p o o l  o f  s e v e r a l  
s t r a i n s  o f  th e  t e s t e d  o rg a n is m .  F o r  th e  
i n o c u l a t i o n  o f  M o r t a d e l la  th e  f o l l o w i n g  

Pools were used : b o tu l i n u m  ty p e  A, b o tu l in u m  t y p e  B, spo roqenes /PA 3679, B. c e r e u s , B. l i c h e n i -
To r m is , B. p o ly m y x o , B. s u b t i l i s  (one s t r a i n  w h ich  grows i n  l a b o r a t o r y  media a t  aw 0 .9 0 ;  o b ta in e d  from 
Gf. J .  H. B. CHRISTIAN, A u s t r a l i a )  and B a c i l l u s  sp .  ( s i x  s t r a i n s  w h ich  p a r t i a l l y  grow i n  l a b o r a t o r y  
^ e d ia  a t  0 .9 0  -  0 .8 6 ;  o b t a in e d  f rom  D r .  B. C. FLETCHER, U n i l e v e r  R esearch ,  U . K . ) .  The B ru h d a u e rw u rs t  was 
in o c u la t e d  w i t h  CL_ spo roq ene s /PA 3679, B^ c e r e u s , B. s u b t i l i s  (C H R IS T IA N -s t ra in )  and B a c i l l u s  sp. 
(FLETCHER- s t r a i n s ) .  A f t e r  th e  h e a t in g  p ro c e s s  as w e l l  as s e v e r a l  t im e s  d u r in g  th e  s to r a g e  p e r io d  th e  
number o f  c l o s t r i d i a  i n  th e  sausages was c o u n te d  w i t h  SPS-Agar (MERCK) and th e  number o f  b a c i l l i  w i t h  
S tandard  I - N a h r a g a r  (MERCK).

I n g r e d ie n t ^ , —-—" ’ 
____ —— ’ fo rm u la s

A d d i t i o n i n  p e r  c e n t
1 2 3 4

Pork 10 40 40 40
Beef 45 31 30 25
Pork  f a t 25 25 25 25
W ater ( i c e ) 20 0 0 0
M i l k  powder 0 0 5 0
S o ja  p r o t e i n 0 4 0 0
F r e e z e - d r ie d  meat 0 0 0 10
N i t r i t  c u r i n g  s a l t 2 1 1 1
Sodium c h l o r i d e 0 2 2 2
Sugar 0 1 1 1
S p ices 0, 5 0 .5 0 .5 0 .5
P o ly p h o s p h a te 0. 3 0 .3 0 .3 0 .3
Sodium a s c o r b a te 0 . 03 0 .0 3 0 .0 3 0 .0 3

\ 0 .9 7 7 0 .9 5 6 0 .9 5 0 0 .9 3 6

fu r t h e r m o r e ,  B ru h d a u e rw u rs t  was i n o c u la t e d  w i t h  a p o o l  o f  S t r e p to c o c c u s  fa e c ium  and f a e c a l i s  ( 3 . 4  x 
iG3/ g ) ( w i t h  th e  i n t e n t i o n  t o  v e r i f y ,  w h e th e r  an i n t e r n a l  t e m p e ra tu re  o f  75 °C i s  s u f f i c i e n t  t o  
^ a c t i v a t e  h e a t  r e s i s t a n t  v e g e t a t i v e  o rg an ism s  i n  SSP. B ru h d a u e rw u rs t  w h ich  o p o s i t e  t o  M o r t a d e l l a  has 
a s i m i l a r  aw on th e  s u r f a c e  as i n  th e  i n t e r i o r  o f  th e  p r o d u c ts  was a l s o  i n o c u la t e d  on th e  c a s in g  w i t h  
d i f f e r e n t  moulds ( r e p r e s e n t a t i v e s  o f  th e  gene ra  A s p e r g i l l u s  and P e n i c i l l i u m ) i n  o r d e r  t o  t e s t  w h e the r  
^ u l d  g ro w th  i s  p o s s ib le  on th e  s u r f a c e  o f  t h i s  SSP.

Results and discussion
th e  i n v e s t i g a t e d  SSP ( M o r t a d e l l a  and B ru h d a u e rw u rs t )  t h e  B a c i l l u s  s t r a i n s  t e s t e d  d i d  n o t  m u l t i p l y  
an aw—  0 .9 6 0 .  However, t o  i n h i b i t  t h e  genus C l o s t r i d i u m , i n c l u d i n g  Ĉ _ b o t u l i n u m , an aw o f — 0 .9 5 0  

"Kist be s e c u re d .  I n  th e  T a b le s  2 - 6  d a ta  o f  f i v e  e x p e r im e n ts  a re  shown w h ich  i l l u s t r a t e  th e s e  f i n d i n g s .

^  d e t a i l  th e  f o l l o w i n g  r e s u l t s  were o b t a in e d :  SSP o f  th e  M o r t a d e l l a  and B ru h d a u e rw u rs t  t y p e  p ro ved  
^ C r o b i o l o g i c a l l y  s t a b le  a t  25 °C f o r  a t  l e a s t  60 days (some p r o d u c ts  were in c u b a te d  up t o  180 d a y s ) ,  

th e  aw was a d ju s te d  — 0 .9 5 0 .  To th e s e  p r o d u c ts  o n l y  50 ppm n i t r i t e  has been added. A p p a r e n t l y  n o t  
*he t y p e  o f  th e  powdery  a d d i t i v e s  used ( m i l k  powder, s o ja  p r o t e i n  o r  f r e e z e - d r i e d  m ea t)  was d e c i s i v e  
W  th e  a c h ie v e d  s t a b i l i t y ,  b u t  th e  aw t o  w h ich  th e  p r o d u c ts  were a d ju s te d .  I n  M o r t a d e l l a  b a c i l l i  ( B. 
S££eus. B. l i c h e n i f o r m i s ,  B. s u b t i l i s  and aw- t o l e r a n t  B a c i l l u s  s p . )  d id  n o t  even m u l t i p l y  i f  t h e  aw 

th e 's a u s a g e  was 0 .9 7 6 .  P ro b a b ly  th e  r e l a t i v e l y  lo w  re d o x  p o t e n t i a l  i n  M o r t a d e l la  c o n t r i b u t e s  t o  th e  
i r ih i b i t i o n  o f  b a c i l l i  i n  t h i s  p r o d u c t .  EL_ po lym yxo a p p a r e n t l y  t o l e r a t e s  a lo w e r  aw th a n  most o t h e r  
ba c i l U , and t h e r e f o r e  has a b e t t e r  chance i n  M o r t a d e l l a .  The c a s in g s  o f  B ru h d a u e rw u rs t  a re  n o t  o n ly  
P ene tro ted  by w a te r  va p o u r  b u t  a l s o  by oxygen . T h is  m ig h t  be th e  rea son  t h a t  i n  B ru h d a u e rw u rs t  w i t h  h ig h  
\  ( 0 .9 7 6 )  n o t  o n ly  c l o s t r i d i a  m u l t i p l i e d  b u t  a l s o  b a c i l l i  (EL c e r e u s , JL s u b t i l i s  and a ^ t o l e r a n t  
v9 £ i l l u s  s p . ) .

^  i n t e r n a l  te m p e ra tu re  o f  75 °C p ro ved  s u f f i c i e n t  t o  i n a c t i v a t e  h e a t  r e s i s t a n t  n o n e -s p o re fo rm in g  
?r 9anisms (S. fa e c iu m  and S. f a e c a l i s ) i n  B ru h d a u e rw u rs t .  The s u r f a c e  aw o f  M o r t a d e l l a  c o r re s p o n d s  t o  
tbe r e l a t i v e  h u m id i t y  o f  t h e  s u r r o u n d in g  a i r ,  and s in c e  t h i s  i s  g e n e r a l l y  n o t  above 60 % no g ro w th  o f  
^ r o o r g a n i s m s  o c c u rs  on th e  s u r f a c e  o f  t h i s  p r o d u c t .  S in c e  th e  c a s in g  o f  B ru h d a u e rw u rs t  i s  p e n e t r a te d  
jjV Water v a p o u r ,  t h e  s u r f a c e  aw i s  as h ig h  as i n  th e  i n t e r i o r  o f  th e  p r o d u c t .  T h e r e f o r e ,  in o c u la t e d  
t i i hd a u e rw u rs t  s u p p o r te d  mould g ro w th .  These u n d e s i r a b le  moulds were n o t  i n h i b i t e d  by th e  smoke a p p l i e d
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o r  by vacuum p a c k a g in g  o f  th e  sausages. However, no g ro w th  o f  m ic ro o rg a n is m s  o c c u re d  on th e  p ro d u c ts  
d ip p e d  i n  a 20 p e r  c e n t  p o ta s s iu m  s o r b a te  s o l u t i o n .  I n  West Germany so f a r  a p o ta s s iu m  s o r b a te  d ip  i s  
o n l y  a l lo w e d  f o r  fe rm e n te d  sausages and raw hams, however,  n o t  f o r  B o logna  t y p e  sausages.

3 5
The b a c t e r i a l  spo re  in o c u lu m  used f o r  th e  SSP e x p e r im e n ts  con du c te d  was r a t h e r  h ig h ,  because 10 -  10
spo res  p e r  gram s u r v i v e d  th e  h e a t in g  p ro c e s s .  I n  s t u d ie s  ab ou t  th e  i n h i b i t o r y  e f f e c t  o f  n i t r i t e  i n  meats 
u s u a l l y  o n l y  102 -  10^ s po res  a re  used as in o c u lu m .  I n  s p i t e  o f  th e  h ig h  c h a l le n g e  ( in o c u lu m )  SSP meats 
w i t h  a p ro p e r  ay p ro ved  s t a b i l ,  a l s o  a t  p ro lo n g e d  i n c u b a t i o n  a t  25 °C. T h e r e f o r e ,  a p p a r e n t l y  i t  i s  more 
f e a s i b l e  t o  s t a b i l i z e  meat p r o d u c ts  by aw r e d u c t i o n  th a n  by n i t r i t e  a d d i t i o n .

T here  i s  g e n e r a l  agreement t h a t  spo res  o f  B a c i l l a c e a e  may i n i t i a t e  g e r m in a t io n  a t  aw l e v e l s  a p p r e c ia b l y  
lo w e r  th a n  th o s e  w h ich  w i l l  p e r m i t  v e g e t a t i v e  c e l l  g ro w th  t o  o c c u r .  T h is  phenomenon has been d is c u s s e d  
by LEISTNER e t  a l .  (1 9 8 0 ) .  T h a t  spo res  o f  b a c t e r i a  g e rm in a te  i n  SSP be low  th e  c r i t i c a l  aw f o r  g ro w th  i s  
s i g n i f i c a n t ,  s in c e  th e  number o f  s u r v i v i n g  spo res  i n  such p ro d u c ts  c o u ld  d e c rea se  d u r in g  s to r a g e ;  as 
has been a l r e a d y  ob se rve d  by LEISTNER e t  a l .  (1 9 7 0 ) .  I n  th e  p r e s e n t  s tu d y  i n  M o r t a d e l l a  as w e l l  as i n  
B ru h d a u e rw u rs t  th e  number o f  s u r v i v i n g  o rg an ism s  d e c l in e d  d u r in g  th e  s to r a g e  o f  s t a b le  p r o d u c ts ,  and 
th u s  th e  m i c r o b i a l  s t a t u s  o f  th e s e  p r o d u c ts  im p roved  w i t h  s to ra g e .

P ro b a b ly  th e  s t a b i l i t y  o f  SSP meats c o u ld  a l s o  be a c h ie v e d  by an a d ju s tm e n t  o f  th e  pH. T r a d i t i o n a l  
p r o d u c ts  o f  t h i s  ty p e  a re  brawns and G e ld e rs e  R ookw ors t .  The l a t t e r  p ro d u c t  i s  common i n  th e  N e th e r -  
la n d ,  and a l s o  i s  e x p o r te d  from  t h i s  c o u n t r y .  G e ld e rs e  Rookworst  i s  a Bo logna  t y p e  sausage o f  w h ich  th e  
pH i s  a d ju s te d  by th e  a d d i t i o n  o f  G lu c o n o - d e l t a - l a c t o n  ( G d l ) .  The p r o d u c t  i s  vacuum packaged and 
re h e a te d  i n  th e  pouch. G e ld e rs e  Rookworst w i t h  a low  pH does no t  need r e f r i g e r a t i o n .  A t  p r e s e n t  we 
s tu d y  th e  m i c r o b ia l  s t a b i l i t y  o f  Rookwors t  t o  w h ich  0 . 8  % Gdl has been added, r e s u l t i n g  i n  a p o
5 . 2  -  5 .4 .  Such a pH i s  s t i l l  a c c e p ta b le  i n  Bo logna  t y p e  sausages f rom  th e  s e n s o n c  p o in t  o f  v ie w  and 
a l s o  w i t h  r e s p e c t  t o  th e  b i n d in g  o f  w a te r  i n  th e  p r o d u c t  (LEISTNER, 1980 ).

CONCLUSION

SSP meats o f f e r  th e  f o l l o w i n g  ad v a n ta g e s :  1. M i l d  he a t  t r e a t m e n t ,  w h ich  im p roves  th e  s e n s o r i c  and 
n u t r i t i o n a l  p r o p e r t i e s  ( e . g .  p r e s e r v a t i o n  o f  v i t a m in e s )  o f  t h e  p r o d u c ts  and saves e n e rg y .  2. No 
r e f r i g e r a t i o n  r e q u i r e d ,  t h i s  i s  s i m p l i f y i n g  th e  d i s t r i b u t i o n  o f  th e  p r o d u c ts  and saves much energy  
d u r in g  s to r a g e .  3. L i t t l e  a d d i t i o n  o f  n i t r i t e  ( ^ 5 0  ppm), s in c e  n i t r i t e  i s  o n l y  ne c e s s a ry  f o r  th e  
c o l o u r  and f l a v o u r  o f  t h e  p r o d u c ts ,  b u t  n o t  f o r  t h e i r  p r e s e r v a t i o n .  C o n s id e r in g  th e s e  advan tages  SbR 
m ig h t  become meat p ro d u c ts  w i t h  f u t u r e .
Table 2: Mortadella inoculated with Clostridium botulinum type B (pool of 4 proteolytic strains)

Additives 
for lowering

Nitrite
addition

ppm

at
beginning 
of storage

C. botuJ inum (x 100) /q during days at 25 <-1C First spoilage 
after days

Botulinum 
toxin 
present _0 15 30 60 150

Control 100 0.977 30 *# ** ** ** ii 3/3

Milk powder 
3 % 50 0.956 60 30 3 *# ** 36 3/1

Soja protein 
4 % 50 0.956 50 10 1 #* ** 42 3/1

Freeze-dried 
meat 10 % 50 0.950 50 30 10 2 1 none 3/0

* Number of tested/positive samples ** Not investigated

Table 3: Mortadella inoculated with Clostridium sporogenes/PA 3679 (pool of 5 strains)

Additives Nitrite £7 SDorogenes (x looor per gram during storage (days) at
for lowering

aw
addition

ppm
beginning 
of storage 0 7 14 21 28 40 60 100 150 180

Control 100 0.976 78 1 100
*
16th ** ** ** ** ** **

Soja protein 
4 % 50 0.956 100 10 3 31 800 *

40th
** ** ** **

Milk powder 
5 % 50 0.950 78 10 0.1 0.1 0.1 i 0.01 0.1 0.1 0.1

Freeze-dried 
meat 10 % 50 0.936 100 10 3 3 1 0.2 0.01 ** ** **

* Day of first spoilage ** Not investigated
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Table 4: Mortadella inoculated with a^-tolerante Bacillus sp. (pool of 6 FLETCHER-strains)
Additives 
for lowering

Nitrite
addition

ppm

A« at 
beginning 
of storage

Bacillus sp. (x 1000) per gram during storage (days) at 25 °C

0 7 14 21 28 40 60 100 150 180

Control 100 0.976 140 100 130 780 110 85 200 16 * *

Soja protein 
4 % 50 0.956 140 200 98 130 100 800 1 91 18 88

Milk powder 
5 % 50 0.950 100 98 1200 800 160 130 53 70 * 77

Freeze-dried 
meat 10 % 50 0.936 140 140 200 800 220 200 12 120 160 140

* Not investigated

Table 5: Brühdauerwurst inoculated with Clostridium sporogenes/PA 3679 (pool of 5 strains)

Drying
temperature

Nitrite
addition

ppm
Aw at , beginning/end

of storage
Ç. sporogenes (x lOOO) per gram during storage (days) at 25 °C
0 7 14 21 28 40 60

Not dried 50 0.974 * 30 1 **
10th

*** *** *** ***

5 °C
___

50 0.950 * 30 29 23 28 20 8 3

50 0.95/0.85 30 29 23 28 20 22 2

10 °C 50 0.950 * 30 28 28 11 10 6 3

50 0.95/0.85 30 28 28 25 20 8 4
* Sausages were stored vacuum packaged ** Day of spoilage *** Not investigated

îjble 6 : Brühdauerwurst inoculated with a -tolerant Bacillusw --------- sp. (pool of 6 FLETCHER-strains)

Drying
temperature

Nitrite
addition

ppm____

\j at
beginning/end 
of storage

Bacillus sp. (x 1000) per gram during storage (davs) at 25 °C

0 7 14 21 28 40 60

N°t dried 50 0.974* 90 80 60 42 53 **
40th

***

5 °C
50 0.950* 90 *** *** 74 87 63 60

50 0.95/0.85 90 *** *** 74 37 60 53

h-> O O o 50 0.950* 90 *** 130 70 64 62 30

50 0.95/0.85 90 *** 130 70 91 60 41

* Sausage were stored vacuum packaged ** Day of spoilage *** Not investigated
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