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G r a m - n e g a t i v e  b a c t e r i a  are k n o w n  to be u s e f u l  in curing brines and improve the a r oma and 
fla v o u r  of the cured m eat products. Only some i n v e s t i g a t i o n s  into the effects of g r a m 
neg a t i v e  b a c t e r i a  have b e e n  made. KOHNLE (1953) stated that some A c h r o m o b a c t e r  and E s c h e 
ric h i a  strains produce the chara c t e r i s t i c  a r oma of d r y  sausage and that m i c r o c o c c i  and 
l a c tobacilli do not p roduce any kind of aroma. A l c a l i g e n e s , Pseudo m o n a s  and A e r o b a c t e r  
species are also able to create chara c t e r i s t i c  aromas. K E L L E R  (1954) invest i g a t e d  the 
effect of b a c t e r i a l  strains isolated by Kohnle and b e l o n g i n g  to the genera A l c a l i g e n e s , 
Pseudomonas, A c h r o m o b a c t e r , Ae r o b a c t e r  and E s c h e r i c h i a  on the a r o m a  of dry sausage and 
found one E s c h e r i c h i a  strain and two A c h r c m o b n c t o r  strains to have the best effect.
K E L L E R  and M E Y E R  (1954) inoculated dry sausages w i t h  5 E s c h e r i c h i a , 2 A l c a l i g e n e s , 1 P s e u 
domonas and 2 A c h r o m o b a c t e r  strains and found one E s c h e r i c h i a  strain to have a n  es p e c i a l l y  
fa v o u r a b l e  effect on the f l a v o u r  of dry sausage, this b e i n g  caused by fat b r e a k d o w n  p r o 
ducts. M E Y E R  (1954) also investigated the effect of K ohnle's strains on the a r oma of dry 
sausage. One E s c h e r i c h i a  strain proved best. L O S E M  (1956) also stated that this strain 
improves the fla v o u r  of dry sausage. He also isolated it f r o m  dry sausage a f ter a r i p e 

n i n g  period of 9 weeks.
E C K E R T  (1556) inoculated dry sausage w i t h  Micrococcus: ft (k IIH I V A A R A  1955) t o g e t h e r  w i t h  
a n  Escherichia, s t r a i n  and obtained sausages w h ose colour and aroma were e s p e c i a l l y  good. 
B o t h  strains d i s a p p e a r e d  f r o m  the sausage d u r i n g  the ri p e n i n g  peri o d  of 40 weeks. The 
r i p e n i n g  time of the sausages recorded by the school of Kel l e r  was long compared w i t h  p r o 
ces s i n g  times nowadays. Also, the pH value of the sausages was h i g h  - over 6,0 - m a k i n g  
it po s s i b l e  for g r a m - n e g a t i v e  b a c t e r i a  to grow and thrive in dry sausage. N U RMI (1966) 
inoculated d r y  sausage w i t h  two n i t r a t e - r e d u c i n g  strains, one b e i n g  E s c h e r i c h i a  coli and 
the other A e r o b a c t e r  cloaceae a c c o r d i n g  to BE R G E Y ' s  M A N U A L  (1957). The strains were used 
t o g e t h e r  w i t h  L a c t o b a c i l l u s  p l a n t a r u m . Ae r o b a c t e r  + L a c t o b a c i l l u s  sausages had a p e c u l i a r  
m i l d  f l a v o u r  chara c t e r i s t i c  of sausages i n o c ulated w i t h  lactobacilli. W h e n  E s c h e r i c h i a  
coli was u s e d  w i t h  l a c tobacilli the p e c u l i a r  fla v o u r  was not found. The col o u r  of the 
sausages was e s s e n t i a l l y  a lighter red t h a n  of sausages inocul a t e d  w i t h  l a ctobacilli and 

m i c r o c o c c i .
Because m o s t  of these p r evious studies date f r o m  the 1950's and are not quite a p p l icable 
to m o d e r n  p r o c e s s i n g  te c h n i q u e s  it was e s t a b l i s h e d  w h e t h e r  or not it is p ossible to use 
g r a m  n e g a t i v e  b a c t e r i a  as a sta r t e r  culture in ary sausage.
This is done by i n o c u l a t i n g  dry sausage w i t h  the f o l l o w i n g  b a c t e r i a  b o t h  alone and w i t h  
lactobacilli: Aeromonas x (isolated f r o m  d r y  sausage of good quality), A e r omonas 19
(isolated f r o m  dry sausage of good quality), Vib r i o  costicolus (isolated f rom curi n g  b r i 
ne), A c h r o m o b a c t e r  22 (isolated f r o m  curing brine), A c h r o m o b a c t e r  guttatus (received f r o m  
S w i t z e r l a n d ), A c h r o m o b a c t e r  x (isolated f r o m  dry sausage), E s c h e r i c h i a  coli (Institute of 
M i c robiology, U n i v e r s i t y  of Helsinki) and Proteus v u lgaris (Institute of Microbiology, 
U n i v e r s i t y  of Helsinki). S ausages pre p a r e d  w i t h  a d d i t i o n  of S t a p h y l o c o c c u s  + L a c t o b a c i l 

lus w ere u sed as c ontrol sausages.

M A T E R I A L  AND METHODS 
P r e p a r a t i o n  of sausages
T w e n t y - t w o  series of e x p e r iments w ere u sed in the investigation. E a c h  series c o n tained 
6 di f f e r e n t  sausage groups and a group of 6-7 i d e ntical sausages. S a usages were p r e p a r e d  
u s i n g  the f o l l o w i n g  formula: B e e f  33,4 $>, P ork 33,4 P o r k  fat 30,0 % and s e a s o n i n g  salt
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mix t u r e  3,2 % (sodium chloride 89,7 glucose 9,0 p o t a s s i u m  nit r a t e  0,625 % and white
p e p p e r  0,7 . Sausage m ass was inocul a t e d  w i t h  5 x  10 c ells/g of e ach str a i n  used.
The sausage m ass was stuffed into a c a s i n g  60 m m  in d i a m e t e r  (Visko PKX, m a n u f a c t u r e d  by
Oy V i s k o  Ab, Hanko, Finland), the w e i g h t  of one sausage b e i n g  about 0,5 kg. The sausages 
were rip e n e d  as follows: 0-4 days t e m p e r a t u r e  22°G and h u m i d i t y  95 °/°, 4-7 days t e m p e r a t u 
re 2 1 °C and h u m i d i t y  90 $, 7-21 days t e m p e r a t u r e  15-16°C and h u m i d i t y  80 %.

Organo l e p t i c  e v a l u a t i o n

The p a nel car r y i n g  out the e v a l u a t i o n  co n s i s t e d  of five p e r s o n s  f a m i l i a r  w i t h  the organoleptic 
e v a l u a t i o n  of d r y  sausage. The e x p e r i m e n t a l  s ausages w ere e v a luated w h e n  t h e y  were 1, 3,
7, 10, 14 and 21 days old. The f o l l o w i n g  p r o p e r t i e s  w ere evaluated: colo u r  of sliced sur
face, consistency, a r o m a  and flavour. The f l a v o u r  of 1 and 3 d a y  old sausages was not 
evaluated. A  sco r i n g  sys t e m  and a de s c r i p t i v e  meth o d  w e r e  u sed side by side as the e v a l u 
a t i o n  method.

P h ysical and c h emical e x aminations

The f o l l o w i n g  e x a m i n a t i o n s  w ere m ade a f t e r  0, 1, 3, 7, 10, 14 and 21 days of ripening: 
pH value, c o n s i s t e n c y  m e a s u r e d  v/ith I n s t r o n  instrument, w e i g t  loss, nit r i t e  and nitrate.

m i c r o b i o l o g i c a l  examinations

E x p e r i m e n t a l  sausages w ere studied m i c r o b i o l o g i c a l l y  a f t e r  0, 1, 3, 7, 10, 14 and 21 days 
of ripening. The f o l l o w i n g  e x a m i n a t i o n s  were made:
T o tal n u m b e r  of b a c t e r i a  on p l ate count agar, staph y l o c o c c i  on m a n n i t o l - s a l t  agar, l i p o l y 
tic b a c t e r i a  on t r i b u t y r i n e  agar, lactob a c i l l i  on R o g o s a  agar, fae c a l  s t r eptococci on 
Slanez a g a r  and coliforms on V R B  agar.

RES U L T S  and D I S C U S S I O N
Use of Ae r o m o n a s  x and 19 as a. s t a r t e r  culture

A e r omonas x and 19 strains had a f a v o u r a b l e  effect on the c o l o u r  of dry sausage but other- 
vise the q u a l i t y  of the samples was v e r y  s i m i l a r  to that of the sausages v/ith no i n o c u l a 
tions. Aeromonas strains did not f o r m  o b s e rvable amounts of acid in dry sausage and so did 
not improve the consistency. The a r o m a  and f l a v o u r  were b e t t e r  t h a n  in the control sausages.

Aeromonas x and 19 strains had a v e r y  f a v o u r a b l e  effect on the q u a l i t y  of dry sausage w h e n  
inoculated t o g e t h e r  v/ith lactobacilli. B o t h  strains red u c e d  nitrate, the colour for m i n g  
duri n g  the first 3 days. The pH v a l u e  of A e r o m o n a s  + L a c t o b a c i l l u s  sausages d e c reased even 
more q u i c k l y  and to a lov/er v a lue t h a n  in S t a p h y l o c o c c u s  + L a c t o b a c i l l u s  sausages, b e ing 
about 5,20 a f t e r  3 days of r i p e n i n g  (Fig.1). The c o n s i s t e n c y  of Aeromonas + L a c t obacillus 
samples d e v e l o p e d  w i t h i n  one w e e k  and was at least as good as and often f i r m e r  than in S t a p 
h y l o coccus + L a c t o b a c i l l u s  s a usages (Fi g . 2). The c o n s i s t e n c y  of A e r omonas 19 + L a c t o b a c i l 
lus sausages was b e t t e r  at the 0,05 s i g n i f i c a n c e  level t h a n  that of S t a p h ylococcus + L a c t o 
bacillus samples. The a r o m a  and f l a v o u r  of Ae r o m o n a s  + L a c t o b a c i l l u s  sausages were as good 
as or b e t t e r  t h a n  those of S t a p h y l o c o c c u s  + L a c t o b a c i l l u s  sausages ( F ig.3). The a r oma and 
fla v o u r  of Aer o m o n a s  19 + L a c t o b a c i l l u s  sausages were s i g n i f i c a n t l y  bet t e r  (significance le
vel 0,001) t han S t a p h y l o c o c c u s  + L a c t o b a c i l l u s  sausages. The f l a v o u r  of A e r omonas x + L a c 
t o b a cillus sausages was b e t t e r  at the 0,05 level than S t a p h y l o c o c c u s  + L a c t o b a c i l l u s  s a u s a 

ges .
The number of bacteria, roughly the number of lactobacilli, was often significantly higherQ
in Afirnmnnas + L a c t o b a c i l l u s  sausages, (ranee 2-4 x 10 /g b e t w e e n  3 and 21 days of ripening)—.....  '' n o
t han in S t a p h y l o c o c c u s  + L a c t o b a c i l l u s  sausages (range 8 x . 10'-1,5 x 10 /g b e t w e e n  3 and 21 
hays of ripening) ( F ig.4). F o r  this r e a s o n  the for m e r  sausages ripened m ore qui c k l y  t han 

the latter.
Use of V i b r i o  costicolus as a sta r t e r  culture
V. costicolus did not thrive in dry sausage. The amount of V. costicolus fell noticeably
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i n o c u l a t i o n s  o n  p H  v a l u e  of s a u s a g e .  i n o c u l a t i o n s  o n  c o n s i s t e n c y  ( d e t e r m i n e d  b y

» ----- 4 Sausages without inoculations
□ ---- □  Staphylococcus + L a c t o b a c U l u s  group
O -----o  Aeromonas x + Lactobaclllus group
• ---- • Aeromonas 19 + Lactobacillus group

I n s t r o n  a p p a r a t u s )  of s a u s a g e .

» --- » S a u s a g e s  without inoculations
D ----□ S t a p h y l o c o c c u s  + Lactobacillus group
O_____o  Aeromonas x + Lactobacillus group
• _____• Aeromonas 19 + Lactobacillus group

F i g u r e  3. E f f e c t  of different b a c terial F i g u r e  4. N u m b e r  of lactobacilli/g o n  R o  

i n o c u l a t i o n s  o n  f l a v o u r  of s a u s a g e .  g o s a  a g a r  in different s a u s a g e  g r o u p s .

» -----* Sausages without inoculations
G ---------G S t a p h y lococcus + Lactobacillus group
O -----O  Aeromonas x ~ Lactobacillus group
• -----• Aeromonas 19 + Lactobacillus group

if____» S a u s a g e s  without inoculations
□ ____□  Staphylococcus + Lactobacillus group
O ---- O  A eromonas x + Lactobacillus group
• _____• Aeromonas 19 + L a c t o b a cillus group

d u r i n g  the i'irst 3 days oi' r i p e n i n g  f rom 10^/g to about 10^/g. In 7 day old sausages no 
V. costicolus was found. As r i p e n i n g  b e g a n  V . c o s t icolus red u c e d  nitrate, p r o d u c i n g  20 30 
p p m  nit r i t e  in the first 3 days of r i p e n i n g  t h e r e b y  s e c u r i n g  colour formation. This n i t r a 
te r e d u c t i o n  did not h a p p e n  r e g u l a r l y  in every e x p e r i m e n t a l  series. When l a c t o b a c i l l i  were 
i n o c ulated a l o n g  w i t h  V . c o s t icolus the col o u r  f o r m a t i o n  was m i s s i n g  bec a u s e  vib r i o s  d i s a p 
peared and the lactob a c i l l i  th e r e f o r e  p r o d u c e d  d i s c o l o u r a t i o n s . The c o n s i s t e n c y  of these 
sausages was firm. On the basis of these observations, es p e c i a l l y  that of the d i s a p p e a  
ranee of V. costicolus f rom sausage, it can be c o n cluded that V. costicolus cannot be used 

as a s t a r t e r  culture for d r y  sausage.
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Use of A c h r o m o b a c t e r  strains as a s tarter culture

A c h r o m o b a c t e r  22 tailed to thrive in dry sausage. It di s a p p e a r e d  co m p l e t e l y  a f t e r  one 
week. C l e a r l y  then, it did not have a n y  m a r k e d  effect on the q u a l i t y  of dry sausage.
The sausages in o c u l a t e d  w i t h  it alone w ere in the same class ee control sausages and 
those i n o c ulated w i t h  A c h r o m o b a c t e r  22 and lacto b a c i l l i  had b e t t e r  c o n s i s t e n c y  t h a n  the 
control. Two e x p e r i m e n t a l  series were carriet out.
The A c h r o m o b a c t e r  guttatus stra i n  also failed to grow in dry sausage and d i s a p p e a r e d  even 
more q u i c k l y  t h a n  A c h r o m o b a c t e r  22. It had no effect on the q u a l i t y  of dry sausage.
Only one series of experi m e n t s  was carried out.
Dry sausages were inoculated w i t h  Achrom o b a c t e r  X  alone and w i t h  l a ctobacilli in three 
experi m e n t a l  series. In one series the in o c u l u m  was succesful. A c h r o m o b a c t e r  X thri-

n
ved in dry sausage, the n u m b e r  of cells b e i n g  a b out 2 x  10'/g a f ter 7 days of r i p e n i n g  
a f ter w h i c h  it fell. The effect of the A c h r o m o b a c t e r  str a i n  u sed w h e n  inoculated w i t h  
l a c tobacilli was the same as that of staphylococci: the col o u r  was red, c o n s i s t e n c y  f i r m  
and a r oma and f l a v o u r  good. W h e n  inocul a t e d  w i t h  just A c h r o m o b a c t e r  X  the colour of the 
sausages v/as good but the consistency, a r o m a  and fla v o u r  were in the same class as sausages 
w i t h  no inoculation.
In two other e x p e r i m e n t a l  series A c h r o m o b a c t e r  X not only failed to thr i v e  but disapp e a r e d  
duri n g  the first 3 days of ripening. N e i t h e r  did this str a i n  survive v e r y  w e l l  a f ter lyop- 
hilisation. It can be c o n cluded then, that n one of the A c h r o m o b a c t e r  strains u s e d  is sui
table for use as a starter culture in dry sausage.

Use of Escherichia, coii as a sta r t e r  culture

E s c h e r i c h i a  coli was s e lected as a standard e n t e r o b a c t e r  for an e x p e r i m e n t a l  sta r t e r  cul
ture. T h ree e x p e r i m e n t a l  series c o n tained sausages i n o c ulated w i t h  E. coli alone and w i t h  
E. coli and lactobacilli. The sausages i n o c ulated w i t h  E. coli alone were in the l o w  q u a l i 
ty class. H o w e v e r  the q u a l i t y  of B. coli + L a c t o b a c i l l u s  sausages was cle a r l y  b e t t e r  though 
not as good as that of either Ae r o m o n a s  x or 19 + L a c t o b a c i l l u s  or Staph y l o c o c c u s  + L a c t o 
b acillus sausages. The colo u r  was not as clear, c o n s i s t e n c y  not as f i r m  and a r oma and 
fla v o u r  not as p a l a t a b l e  as in these latter samples.
The pH val u e  of sausages in o c u l a t e d  w i t h  E. coli alone was quite h i g h  (5,40). The pH v a 
lues of E. coli + L a c t o b a c i l l u s  sausages w ere b e t w e e n  5,0 and 5,10. E. coli reduced n i t 
rate quite strongly, p r o d u c i n g  a m e a m  nit r i t e  content a f t e r  3 days of r i p e n i n g  of 48 p p m  in 
E. coli *• L a c t o b a c i l l u s  sausages and 44 p p m  in E. coli + L a c t o b a c i l l u s  sausages. The n u m 
ber of E. coli in sausages inocul a t e d  w i t h  E. .coli a l one and E. coli + L a c t o b a c i l l u s  dec- 
reased d u r i n g  r i p e n i n g  f r o m  1 0 - 1 0  /g to 1 0 - 1 0  /g.

Use of Pro t e u s  v u l g a r i s  as a starter culture

Proteus v u l g a r i s  was inoculated alone and w i t h  lactob a c i l l i  into dry sausage in three ex
perime n t a l  series to invest i g a t e  h o w.this kind of str o n g l y  p r o t e o l y t i c  and s poiling ba c t e r i a  
grows in d r y  sausage and aff e c t s  its properties. W h e n  dry sausages were inoculated w i t h
P. vul g a r i s  alone, the b a c t e r i a  had a n  adv e r s e  effect on the qua l i t y  of the sausages. The 
C o n s i s t e n c y  did not develop. Instead, col o u r  was produced, w h i c h  is n a t u r a l  since P . v u l g a 
ris is a str o n g  nit r a t e  reducer. As a rule, however, the col o u r  faded in the later stages 
°f ripening. The a r o m a - a n d  f l a v o u r  of P. v u lgaris sausages were unpalatable.
W hen Pj_^ni^^ari^ was inoculated t o g e t h e r  w i t h  lactob a c i l l i  into dry sausage the c o n s i s t e n 
cy of the sausage was only sli g h t l y  b e t t e r  t h a n  wit h o u t  lactobacilli. The c o l o u r  did not 
develop in P. v u l g a r i s  + L a c t o b a c i l l u s  sausages and the a r oma and f l a v o u r  w ere u n s a t i s 

factory.
The pH v a lue of P. vu l g a r i s  sausages decreased, as in the sausages not i n o c u l a t e d . T h e  pH value 
°f P. v u l g a r i s  + L a c t o b a c i l l u s  s a usages decreased, as in the sausages inoculated w i t h  
staphylococci and l a c t o b a c i l l i  as a rule. However, in a n  e x p e r i m e n t a l  series of sausages 
contai n i n g  m ore t h a n  107 Pro t e u s  cel l s / g  the pH value r e mained above 5,35 t h r o u g h o u t  ripe-
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ning;
The n u m b e r  of Proteus cells changed considerably. In one e x p e r i m e n t a l  series there were 
more t h a n  10^ cells/g th r o u g h o u t  rip e n i n g  while in two other series the n u m b e r  decreased 
f r o m  a level of 3 x 106 /g and P. vulgaris b a c t e r i a  p r a c t i c a l l y  d i s a p p e a r e d  a f ter 3-7 days 

of ripening.

P a t h o g e n i c i t y  of Aeromonas x and 19

The e x a m i n a t i o n  was carried out by i noculating i n t r a p e r i t o n e a l l y  d i f ferent num b e r s  of b a c 
t e r i a l  cells into w h i t e  mice. As a result of the a p a t h o g e n i c i t y  e x a m i n a t i o n  of Aeromonas

1 P,
x and 19, the L D ^ Q value lies b e t w e e n  5 x 10 and 10 . It is k n o w n  that g r a m -negative bac 
ter i a  produce endotoxins and are so able to kill mice w h e n  i n o c ulated in sufficient quanti 

t i e s . 0
A c c o r d i n g  to M A K E L A  (1975) gram-n e g a t i v e  b a c t e r i a  h a v i n g  an L D ^ 0 value of 10 or more are 
apathogenic. V A L T O N E N  (1970) considered SA L M O N E L L A  T Y P H I M U R I U M  strains havi n g  a value of

o
10 avirulent.
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