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dr y  sa l a m i  is a 
the San Francisco

low moisture, fermented sausage. In the U . S . A . , it is 
It is neither cooked nor smoked. It is typically

ba 6 from P o r k ' beef, nonfat dried milk, dextrose, salt, spices, N a N 0 2 , and N a N 0 3 . Lactic acid 
s cteria (LAB) are the bacteria primarily responsible for fermenting salami and other fermented 
sJ^S a 9 es (4,7,21). LA3 help develop desirable appearance, texture, and flavor in fermented 
a n d 9® 8 3 ' LAB are alS° imP ° rtant in insuring the safety of fermented sausages by forming acid 
U 0 °ther compounds and suppressing the growth of bacteria harmful to human health (8,14). The 
prSt c o m m o n  microbial hazard of fermented sausages is Staphylococcus a u r e u s , which is often 
fn^ ? e n t in s a u s a g e  i n g r e d i e n t s .  A k n o w l e d g e  of S. aureus prevalence, growth, and entero-

formation in dry salami shows the need for a quick on.set of fermentation (14,22,26).

Ysiological conditions is supe inoculation with the natural starter. The staphyl-- ------- ------ c---- ------ -- -------- ----- - “  - ~ '--  » V. v_ I. . i •»—

tjj ^a i food poisoning outbreaks of the 7 0 's due to the consumption of fermented sausages in 
’J -S.A. amplified the need for a change in fermented meat production and a blending of the 
w 1 th science. One of the early targets of this change was the expansion in the use of pure 

(GMP\’erS t0 accelerate the fermentation process. Guidelines for "good manufacturing practices" 
P ^.were developed by the American Meat Institute (1) for the industry. One of the early 

f0v,e ? 4ences °f Italian dry salami manufacturers was the fact that commercial starters developed 
raPid fermentation at high temperatures were not satisfactory for the production of this 

theami either because of both temperature and/or formulation effects on the rate of growth of 
ijj s t a r t e r . It was for this reason that we decided to develop customized starters by isolat­
ing apP roP riate LAB during commercial processing based on natural starter. This practice has 

n utilized recently with success even by producers of commercially available starters, 
in T . this paper we report on the progression of kinds and numbers of microorganisms growing 

^ rY salami during its natural commercial production by two companies, the isolation 
fei, identification of important LAB and their eventual use as pure starters to assure rapid 
Mi>®antat-o n > good product characteristics, and control of S. aureus.
■ 1E«IALS AND METHODS:

; Sco
agn e r a l : For the two largest manufacturers [talian-style dry salami in the San Fran-

urea, kinds and numbers of bacteria in fermenting salami were determined for 22 months, 
month, u s u a l l y  6 bat c h e s ,  (2 c o m p a n i e s ,  3 salami sizes) (9,10) were microbiologically

-‘Yzed at ages 0,1,2,3,7,14,21 and 28 days. Salami samples were sent from the companies

the laboratory, refrigerated the same day, and analyzed for viable bacteria the next morning.
s e * , . . ,
50 '*'lilY diluted with sterile 0.1% peptone, and appropriate dilutions were plated onto APT and 

Sosa agar (Difco). The APT and Rogosa plates were then incubated three days at approximately

aa,PIes (25 g) w e r e  blended with 225 ml sterile distilled water. This mixture was further

‘5°c

‘Sti

aerobically and in a candle jar, respectively.
B a c t e r i a l  i d e n t i fi c a t i o n : Different types of bacterial colonies on the two media were

bj,- '• ln g u i s h e d  a n d  c ounted under a stereoscopic dissecting microscope and characterized into 
,• °a ^ categorie:
' t o s c o p y ) , Gram reaction, and catalase test.

categories by checking representative colonies for cellular appearance (phase contrast

W e re categorized as cocci, Gram + rods, or Gram
3 ' d e r a t e d  by the use of the two media as types A, B, C + D , E, F, and others.

~ E were usually taken from APT agar. Type F, only moderately a e r o t o l e r a n t , was usually

Aerobic mesophiles capable of growth on APT 
rods. Types of LAB were categorized and

Counts for types

R0 n,:ed on Rogosa agar; and type A, indistinguishable from types C and D on APT, was counted on 
*’"o°Sa a^ ar • Types C and D, each associated with a particular company but indistinguishable 
a 15 each other without further testing, were lumped together as C+D and usually enumerated by 
f. ̂ ° uht on APT agar minus the type A count of Rogosa agar. All 6 of the major types, even 

p if the APT agar was candled, had the ability to be recovered slightly better on APT agar 
on the more acidic Rogosa agar. Individual cultures were iyophilized in porcelain beads 

tf0 S1r°bed at -20°C in well-closed small tubes containing dry silica gel. Further identifica­
tion..0 ^ LAB included: a) Glucose, ribose, lactose, sucrose, celiobiose, xylose, sorbitol, and 

fermentation (13). b) Testing for lactic acid and short chain fatty acids in the 
racts of APT broth culture supernatants by gas chromatography (12). c) Testing for the 
® ehce of D a n d  L lac t i c  a c i d  dehydrogenases using 6 point standard curves. d) Litmus 

45' reaction, deamination of arginine, growth in various concentrations of ethanol, growth at 
Ejj®r‘d 47°C (27). e) Determination of growth and acid production rates in APT broth. f)

of NaCI on growth rate.

Pr
h

?rrrQ -~£cedure for use of st a r ter : 
ste ■'•Yophilized master
•' U e  a p t  broth

_______ To produce experimental salamis, pure starters were prepared
Ltures. Using aseptic techniques, the starter was grown by steps in 

lQ ... * (Difco) at 30°C. A typical preparation of starter began with the inocuia-
iays ,' fr°ni a master culture, of 10 mi APT broth, which was incubated until it was turbid (1-2 

'• The 10 ml was inoculated into 80 ml APT broth, and this 90 ml was incubated approxi- 
0f *Y 24 hrs for type F and approximately 14 hrs for the other types. The appropriate amounts 
irig0ack type of culture (to yield approximately 100,000 to 500,000 starter bacteria/g salami 
lQor f S t e n t s ) were collected by centrifugation and were resuspended in 450 ml

c > ,
cold (below

kep. ' ' rresh brain heart infusion (BHI) (Difco) for a 300 lb batch. The resuspensions were 
t»ic^ chilled until use in salami production (appoximately 4.5 hrs). Each starter was checked 
typ^°S c °pi cal ly for purity and plated on APT agar for purity ancT viable count check. In a 
inc..^a f exoerimer.t , 8 oz . s a l a m i s  w e r e  s t u f f e d  w i t h  the star tercontaining salami mix and
•“a a s _ fo H o w s :  At company A at 59-65°F and 88-90% EK (relative humidity) for 24 hours

then at 73-75°F and 75-80% RH for 2 days and aged at 59-60°F and 75-80% RH for at least 17
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£,f]0
a d d i t i o n a l  days. At company B, the saiamis were placed in the "green room" at 73-77C F  
7 0 - 7 5 %  RH  for 3 da y s  a n d  a g e d  at 6 4 - 6 6 ° F  an d  7 0 - 7 2 %  RK for at least 17 additional ^a^ec 
C o m m e r c i a l  s t a r t e r s  w e r e  u s e d  as r e c o m m e n d e d  by  the suppliers. TV'“The natural starter
routinely by the companies at the time of this study was made of chopped 13-19 day old 7-5 ' 
diameter ripening salami, analyzed before for total LAB and S. aureus and kept under vacuum 
a m a x i m u m  of 20 days. T h i s  s t a r t e r  was added to the salami mix to give 3-5 x 10® L*®'

a.in0Experimental salami samples Here taken at 0,1,2,3,7,14,21, and 28 days after preparation - , 
shipped by car (about a 2 hr drive) to the laboratory for microbiological, chemical, and Pa 
analysis as described before (10,14).
R E S U L T S : ,e

During the study of 22 batches of salami for each salami size and company, 27 LA3 w®'e 
isolated and studied. Of these, 6 designated as A-F were the most frequently found during ‘ t 
fermentation-ripening period. All 6 grew well in APT broth at 30°C and had a doubling time 
1 hr for types A, C, and D, 0.8 hr for E, 1.5 hr for B, and 2 hr for F at this temperatuf ^
^ s m g  an initia inoculum of 1x 10e decrease the pH of broth <5.0 wi
24 hrs. All 6 produced D and L-lactic acids in various proportions. Types A, C, and D w ^  
c l a s s i f i e d  as s trains of Lactobacillus c u r v a t u s , types E and F as strains of L. c a s e i , j 
type B as L. f er m e n  turn, a heterof ermetative species. Table 1 presents the microbioioS1 
changes occurring during the salami fermentation-ripening under commercial conditions. _

N u m b e r s  of b a c t e r i a  o t h e r  t h a n  LAB tended to peak at about two days after the sa'?se 
ingredients had been chopped, mixed, and stuffed into casings. These numbers tended to f1 , 
to nearly 10^/g for company A and about 10s .'g for company B. For non-LAB, growth of 5
rods stopped first, then growth of Gram + rods, and finally growth of cocci. Numbers of L" ,e 
salami tended to peak at nearly 10g/g afte^ about 3 days for company A and after about 2 ° 
for company B. Type B grew well in company B's salami during the early part of fermentati
Types C ar.d D grew well during the early fermentation. Type F, although a slow grower, beca'"
the major part of the flora in older s a l a m i . ^

On c e  we i d e n t i f i e d  the v a r i o u s  s p e c i e s  of LA3 r e s p o n s i b l e  for the fermentation. ,, 
proceeded in testing the ability of simple or combined pure cultures to induce a rapid fertte * 
ation leading to acceptable final product. We evaluated the use of fresh, frozen, and free 
dried cultures. The use of the last 2 and the development of preservation methods for 
term storage will be reported elsewhere. The use of fresh cultures was evaluated first- 
counts of type C LAB in the original APT (a), in fresh APT (b), in BHI broth (c), and K-ph 
ate buffer (0.1M, pH 7.00) (d) kept at 2-3°C for 0,1,4,7 and 14 days of storage were found 
be in millions: a) 167, 219, 178, 174, 70; b) 166, 176, 246, 228, 219; c) 171, 172 , 163,
188; d) 161, 166, 141, 87, and 7 respectively.

171, 172, 163,
Thus the viability of a culture grown in E--'b r o t h  r e m a i n e d  s t a b l e  for up to 7 da y s  an d  up to at least 14 days when fresh APT of 

broths were used to resuspend the cells. tv,e
The f e r m e n t a t i v e  a b i l i t y  of liquid starters resuspended in fresh broth or kept in gj 

original broth for 7 days at 2-3°C was tested next in salami inoculation experiments (proces

acc o r d i n g  to company A procedures) and compared to the addition of no starter or to na- 
starter. Table 2 presents the pH changes of saiamis inoculated with the various starters- y5 
pure liquid starters decreased the pH of the salami to less than 5.30 within the first 2 c
of fermentation in accordance with the GMP guidelines (1). No fermentation took p^ace 
any starter, 
g u i d e l i n e s .
days without any change of its ability to ferment. gj(

Table 3 compares our starters with some commercially available ones with respect to 
a b i l i t y  to d o m i n a t e  the m i c r o b i a l  f l o r a  of the s a l a m i  d u r i n g  the f e r m e ntation and 
p e r i o d s .  As the d a t a  show, the d e v e l o p e d  s t a r t e r s  which have been adapted to the e

ilations u s e d  by b o t h  c o m p a n i e s  d o m i n a t e d  c o m p l e t e l y  the m i c r o b i a l  flora during

Of the two batches of saiamis made with natural starter, only one met the^® 1 
The data also showed that a liquid culture can be kept refrigerated for up ‘

f o r u m ]
e r m e n t a t i o n  an d  a g i n g  periods. One of the commercial starters was completely outnufflb®.^ 

by the natural salami flora and 2 were found satisfactory. In previous studies we found 
a d d i t i o n a l  c o m m e r c i a l  starters could not function well under the formulation and process ; 
conditions used by the 2 companies and remained <1% of the total LAB counts by the 3rd d3>+f: 
fermentation. Saiamis made with separate starters A, C, D, E and F and combinations of

in5JC+F, D+A, and C+A at levels of l-2xl05cells/g and divided into two groups and processed in 
c o m p a n i e s  s h o w e d  2 8 t h  day residual nitrite of 4-23 ppm.' In saiamis inoculated with si- 
s t a r t e r s  a n d  p r o c e s s e d  in c o m p a n y  A, n a t u r a l l y  o c c u r r i n g  S_. aureus grew to a maxi!»u* jp 
4 x l 0 3 /g, an d  to a m a x i m u m  of 5 . 9 x l 0 4 /g in uninoculated controls. In saiamis processe-^i 
c o m p a n y  B, S_. a u r e u s  g r e w  to a m a x i m u m  of 7x l 02/g. The rate of pH decrease in dupl1 . ^
salamis was faster under the conditions of company B than A for all the single and com 
starter experiments.
DISCUSSION: a rPast studies have evaluated the microbiology of selected natural fermentations of saU ¿jo 
in the U . S . A . (7,21,28) . LAB contributing to such fermentations included L. p l a n t a r u m , Pet,eef' 
cocci, a n d  m i c r o c o c c i .  Th e  m i c r o b i o l o g y  of I t a l i a n  dry salami fermentation has not 
studied. Various studies have covered the natural fermentations of sausages in Europe- j, 
m o s t  n u m e r o u s  ki n d s  of bacteria observed in Hungarian salami were lac t o b a c i l l i , microc° e 
e n t e r o c o c c i  and aerobic spore-formers (30). Isterband, a Swedish type of fermented saUStei
contained bacteria mostly belonging to the genera Lactobacillus and Leuconostoc (20) Reu, c  y  c l i e i  c i  b a t ,  t u u a u  i  i  I  u a  a u u  t u c  \ j  •

(24) f o u n d  that the mo s t  c o m m o n  g r o u p  of l a c t o b a c i l l i  in German processed and unproc ee 
ed meat belonged to the group to which Lactobacillus c a s e i , L. p l a n t a r u m , and related 
belong. These kinds of lactobacilli were also the predominant kinds found in salami in * 
(2,5). In some fermented sausages, micrococci and LAB work together. Micrococci predomintv!e 
during the early stages of the ripening of Fruskogorska sausage, and lactobacilli durinS 
later stages (19). Micrococcal stimulation of lactic acid bacteria growth has been obs® 
(11,16), but micrococcal inhibition of lactic acid bacteria has also been observed (19). { l

In this study the microbiology of the Italian dry salami fermentation was followed * 0*
y e a r s  in s a l a m i  m a d e  c o m m e r c i a l l y  by 2 companies utilizing natural starter. Six tyPeS
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' S c t o b a c i : li w e r e  f r e q u e n t l y  f o u n d  in the salami. Type B was identified as Lactobacillus 
-.grme n t u m ■ a heterofermenter. The other 5 types were facultative homofermenters. Types A, C, 
ap-d D were identified as L. c u r v a t u s . Types 2 and F were both strains of L. ca s e i . Although 
®a iami size did not make much difference in the types of LA3 present, the day of fermentation 
hd the company producing the salami did make noticeable differences. At both companies, L . 

fljrva^tus grew well in the salami, with type C growing to high numbers at company A and type D 
'° h i g h  n u m b e r s  at c o m p a n y  3. H o w e v e r ,  at c ompany B, type 3 usually reached even higher 
* mbers than type D. Type E usually did not make much of a showing, except at company A during 
,ara months. Type F was the most numerous type at the end of the fermentation at both compan- 
1®S- Catalase + rods present in the ingredients tended to not grow well

, but catalase + cocci grew somewhat. Catalase + rods were usually more mine 
i'°m company A than in samples from company B.

To s p e e d  u p  the p r o c e s s  of f e r m e n t a t i o n  a n d  i m p r o v e  p r o d u c t  u n i f o r m  
‘ a v o r , the com m e r c i a l  use of pure LAB starters was introduced in the 5 0 ' s.
‘ icrococci and combinations of micrococci and Ll. p l antarum in Europe (17.19), 
j the U.S.A. (18). Combination cultures which included Pediococcus cerevisiai 

£l- p l a n  t a r u m . a n d  M i c r o c o c c u s  v ar ians w e r e  introduced later in the U 
.•arjY cultures were marketed as freeze-dried preparations while the frozen cu.

1968 dominated the market since. 
t E a r l y  s t a r t e r  c u l t u r e s  h a d  o p t i m u m  t e m p e r a t u r e s  of g r o w t h  (35-40°C) higher than was 
raditionally employed in the fermentation phase of the process, especially with dry sausages 
' 5 •e ~ 2 3 .9 ° C ) . The use of higher temperatures created human health problems mostly due to the 
S s °w ^  of S. a u r e u s  (8,9) . As a result, the first starter cultures were utilized in some 
h_m i 't3ry p r o d u c t s  w h e r e  h i g h e r  t e m p e r a t u r e s  an d  n a t u r a l  smoking were employed (18). The 

avy s m o k e  a p p l i c a t i o n  d u r i n g  f e r m e n t a t i o n  tended to minimize S. aureus growth. Further

j the fermentât-
li'O'ùS in samples

■ ty - color, and
They included

and pediococci
, ?• acetilact-
.S.A. (3) . The
ture introduced

Cur ur e  d e v e l o p m e n t s  r e s u l t e d  in strains that were effective at lower temperatures
^rentiy, a variety of starters are utilized with temperatures from 10-46°C, depending upon 

51”' l U r e > p r o d u c t ,  a n d  e s t a b l i s h m e n t  (3,6) . E a r l y  e f f o r t s  to use commercial starters for 
‘ nufacturing Italian dry salami were not successful due to the inability of these starters to 
dp„0W. ar‘d dominate the flora under the processing conditions. It was for this reason that we 
n 'e ^°ped the custom cultures based on isolates from salami fermentations, which replaced the 
of !iral starters as soon as sufficient data on their performance became available. The data 
a iables 2 and 3 demonstrate the practical usefullness of the isolated l a c t o b a c i l i i . Types C 
f^ ' D were found to be the best with respect to rapidity of fermentation and salami smell and 
Co-.u°r ' TYpe B was excluded as a heterofermenter. Type F, which grew slowly, was used only in 
tlo""l<J'riation with starters C and D. Production of Italian dry salami by most of the industry is 
4‘0W oased or. pure starters. A recent study by Food Safety and Inspection Service, O.S.D.A. of 
i *ermented sausage plants have shown that all finished products (120 samoles) had S. aureus 
eveis of < 100/g (25) .
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Table I. Typical bacterial changes during natural salami fermentation 
--------  in two companies

Catalase-Positive
Lactic Reid Bacteria Types

Si
ze

 i DAY A B C-D E F Other Total Cocci
Gram
Pos.

Rods
Gram
Neg.
Rods

Total

0 4.15* 4. 30* 5.20 4.30 5.08 4.85 5.84 5.00 5.57 5.18 5.70
1 4.95 5.78 6.00 5. 48 5.86 5. 00 6.61 6. 00 5.60 5.30 6. 30
2 7.15 7.00 8. 26 7.26 7. 37 7.00 8.60 6.48 < 6 < 6 6.48
3 7. 38 7.00 8. 28 7.00 7.70 7.00 8.72 6.85 < 6 < 6 6.85
7 6.69 7.00 7.79 7.00 7.81 < 6 8. 50 6. 30 < 6 < 6 6.30

CM 14 6.60 6. 88 7.36 7.00 7.77 < 6 8.17 6.00 < 6 < 6 6.00
21 7.12 6.93 7.43 6.83 7.96 < 6 8. 29 < 6 < 6 < 6 < 6

3.78 4.13 5.13 4.00 4.77 4.30 5.53 4.78 5. 40 5. 31 5.78
1 4. 85 5.00 5. 58 5.00 5.85 5.23 6.31 6.00 5.78 5. 30 6. 38

7. 04 7. 00 8. 00 6.78 7.43 7.00 8. 48 6.95 < 6 < 6
3 7.21 7.00 8. 28 7. 00 7.70 < 7 8.65 6.45 < 6 < 6 6.45

Q. O 7 6.43 7.00 7.49 6. 30 7.74 6.00 8. 08 6.00 < 6 < 6 6.00
o • 14 6.15 6. 70 7.20 6.00 7. 79 < 6 8.04 5.60 < 5 < 5

21 6.13 6.48 7. 36 6.00 7.81 < 6 8.04 5.70 < 5 < 5
4.78 4.00 4.78 4.00 5.58 5.11

5.00 5.43 4.30 5.61 5.00 6.18 6.00 5.00 5.00
8. 53 < 7 7.30 < 7 8. 76 6.70 < 6
8. 56 < 7 • 7.58 < 7 8.72 6.15 < 6 < 6
7.37 6. 00 7.86 < 6 8.08 6.00 < 6 < 6

*** 6. 40 6. 30 7.15 6. 00 7.90 < 6 8.00 5.48 < 5 < 5
6. 00 6.08 6.90 < 6 7.96 < 6 8.04 5.15

28 5.90 6.00 7.00 6.00 7.91 < 6 8.11 5.00
0 3.45 4.50 4.88 < 4 4.98 4.00 5.48 4.00 4.88 4.18 5.13
1 5.00 6.78 6.04 5.30 5.74 <5 6.88 5.00 5.00 5.00 5.30

o 2 7.25 8.50 8. 05 <7 7.56 <7 8.76 6.30 < 6 < 6 6.30
cm' 3 6.65 8.08 7.67 <7 8.01 <7 8. 51 6.00 < 6 < 6 6.00

7 6.00 7.82 7.00 <6 8.17 <6 8.40 < 6 < 6 < 6 < 6
CO 14 6. 30 7.89 7.04 6.23 8.11 <6 8. 36 < 6 < 6 < 6 < 6

3. 30 4.59 4.36 < 4 4.66 4.00 5.07 4.00 5.12 5.22
z 1 4.00 6.30 5.70 < 5 5.48 <5 6.85 5.00 5.30 4.70 5.48
2 CM 2 7.19 8.37 8.06 7. 00 7. 55 <7 8.65 6.00 < 6 < 6 6.00
o • 3 6. 24 8.11 7.56 6.50 7.92 <6 8. 49 < 6 < 6 < 6 < 6
. Cvi 7 6.00 7.63 6.80 6. 58 8.17 <6 8.36 < 6 < 6 < 6 < 6

14 5.78 7.15 6.60 6.00 8.15 <6 8.23 < 6 < 6 < 6 < 6
0 3.00 4.00 4.00 <3 4.57 3.48 4.92 4.00 5.11 5.04 5.34
1 4.78 6.39 5.30 5.00 5.39 < 5 6.65 5.39 5.15 5.00 5.75

CJ 2 6.95 8. 28 7.90 7.00 7.30 < 7 8.71 < 6 < 6 < 6 < 6
3 6. 67 8.23 7. 49 7. 00 7.95 < 7 8.52 < 6 < 6 < 6
7 6.04 6.96 6.88 6.00 7. 90 < 6 8.06 < 5 < 5 < 5 < 5

14 5.70 6.68 6.06 6.00 7.98 < 6 8.11 < 5 < 5 < 5 < 5
21 5.00 6.34 6.00 5.70 8.04 < 6 8. 04 < 5 < 5 < 5 < 5
28 5.30 6.35 6.00 <6 8.09 < 6 8.09 < 5 < 5 < 5 < 5

* Logjg of median CFU/g salami

Table 2. C o m p a r i s o n  of the f e r m e n t a t i o n  a c t i v i t y  of pure liquid starter preparations 3s

determined by pH changes in the salami

Starter Type
No starter 5.95
Fresh type C ceils

4.8 x 10®/g salami 5.92
7-day old culture C'

4.8 x 10® ,'g salami 5.91
Natural starter

8 .1 x 10 ® / g type C 5.90
7.2 X 105 /g type C 6.13

Fresh type C(8.2 x 10®/g) 6.13
Fresh type C (1 x 10®/g) 6.00
Fresh type C (1 x 106/g) 6.00
Fresh type A(3.4 x 10®/g) 6.10
Fresh type D(l.l x 10®/g) 6.10
Fresh type E(3.4 x 105/g) 6.15
Fresh type C + F
(8.3 x 10®/g + 3x 105/q) 6.23

1 FERMENTATION DAY 
2 3 7 14

5.85 5.80 5.70 5.80
5.39 4.64 4.82 4.35 4.69
5.36 4.65 4.80 4.72 4.80

NT 4.86 NT 4.71 4.30
6.12 5.43 4.96 4.60 4.63
6.08 4.86 4.75 4.50
5.75 4.60 4.45 4.30
4.75 4.20 4.20 4.30

5.06 4.74 4 ,66
means of triplicate samples at least 50% of microbial flora made of type C c d

1 dfi*
T a b l e  3. Ability of new starter cultures to dominate the microbial flora during dry sa 
fermentation expressed as percentage of the total flora.

__Type of starter used "
Fermen- Fresh Fresh Fresh Commercial
ation starter A starter C starter D freeze-dried
day' lxl0®/g* 2xl0®/g 7.5xl0®/'g L. plantarlum

1 .2x l0b /q

Commercial frozen C o mmercia -1
L. plantarum 9. 1 x l 0 6 /g frozen

cerevisiae 
1 ■ 3 5 x 1 0 '/q

cereyu-

A Others C Others D Others L .plant Others L.plant P.. cere Others P .cere
0 97 3 100 0 100 0 100 0 40 60 0 100
3 100 0 100 0 100 0 0 100 37 13 0 100
7 98 2 100 0 99 1 0 100 88 12 0 30

14 96 4 100 0 100 0 0 100 79 14 8 4
21 99 100 0 100 0 0 100 73 18 9 0
28 99 i 97 3 100 0 0 100 63 10 27 2

Initial starter/g salami.
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