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additional days. At company B, the salamis were placed in the "green room" at 73-7790F é
70-75% RH for 3 days and aged at 64-669°F and 70-72% RH for at least 17 additional d@a¥%;
Commercial starters were used as recommended by the suppliers. The natural starter dg;
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 vacuunm °
a maximum of 20 days. This starter was added to the salami mix to give 3-5 x 109 LAB;:

Experimental salami samples were 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 P2
analysis as described before (i0,14).

RESULTS :

ne’

During the study of 22 batches of salami for each salami size and company, 27 LAB Wﬁz
isolated and studied. O0f these, 6 designated as A-F were the most frequently found cdurin ;f
fermentation-ripening period. All 6 grew well it APT broth at 30°C and had a doubling timee,
1. hr for types A, C, and D, 0.8.hr for . .E,.i.8:hz.for.B, uﬂ;
Using an initial Inoculum of 1x10%/m:2 they all decreas i
24 hrs. All 6 produced D and L-lactic acids in various

classified as strains of Lactobacillus curvatus, types
type B as, L. fermentum, .a_ heterofermetative species.
changes occurring during the salami fermentation-ripening under

F
1 presents the
commercial conditi

Numbers of bacteria other than LAB tended to peak at about two days after the Salag
ingredients had been chopped, mixed, and stuffed into casings. These numbers tended to rP,
to nearliy 107fg for company A and about 106'g for company B. For non-LAB, growth of GI27,
rods stopped first, then growth of Gram + rods, and finally growth of cocci. Numbers of LAB;
salami tended to peak 2t nearly ZOq’g after about 3 days for company A and after about 2 da_
for company B. Type B grew well in company B's salami during the early part of fermentatw#
Types C ard D grew well during the early “ermentation. Type F, although a slow grower, bec®
the major part of the flora in older salam:i. We

Once we identified the various species of LAB responsible for the fermentationl: ..
proceeded in testing the ability of simple or combined pure cultures to induce a rapid fermez,
ation leading to acceptable final product. We evaluated the use of fresh, frozen, and ffeezd
dried cultures. The use of the last 2 and the development of preservation methods for lfﬂ

term storage will be reported elsewhere. The use of fresh cultures was evaluated first. 0w
counts of type C LAB in the original APT (a), irn fresh APT (b), in BHI broth (c), and K—phosag
ate buffer (0.1M, pH 7.00) (d) kept at 2-3°C for 0,1,4,7 and 14 days of storage were fou“dE

be in millions: a) 167, ., 219,..178; sl174 -0 -D)166:-176;:28463~228 ,+ 219+ )21, A72;= 1088 w%
ig8; d) 151, 166, 141, 87, and 7 respectively. s the viability of a culture grown i3 Aa
broth remained stable for up to 7 days and up to at least 14 days when fresh APT oY g
broths were used to resuspend the cells. e
The fermentative ability of liquid starters resuspended in fresh broth or Xkept ir é@
original broth for 7 days at 2-3°C was tested next in salami inoculation experiments (pro es?

according to company A procedures) and compared to the addition of no starter

starter. Table 2 presents the pH changes of salamis inoculated with the variou

pure liquid starters decreased the pH of the salami to less than 5.30 within ;
of fermentation in accordance with the GMP guidelines (1). No fermentation *o "o
any starter. Of the two batches of salamis made with natural starter, onrnly one met the»;f
guidelines. The data also showed that a liquid culture can be kept refrigerated for up -

days without any change of its ability to ferment.
Table 3 compares our starters with some commercially available ones with respect
- n

ability to dominate the microbial flora of the salami during th ferxzentation a
periods. As the data show, the developed starters which have been adapted to th
formulations used by both companies dominated completely the microbial flora du
fermentation and aging periods. One of the commercial starters was completely ou
by the natural salami flora and 2 were found satisfactory. In previous studies we f g
additional commercial starters could not function well under the formulation and pr o
conditions used by the 2 companies and remained <1% of the total LAB counts by the 3rd dazﬁ
fermentation. Salamis made with separate starters A, C, D, E and F and combinations of ”&b
C+F, D+A, and C+A at levels of 1-2x105cells/g and divided into two groups and processed iﬂ,b;e
companies showed 28th day residual nitrite of 4-23 ppm.' In salamis inoculated with Sln&
starters and processed in company A, naturally occurring S. aureus grew to a maximu® ip
4x103/g, and to a maximum of 5.9x104/g in uninoculated controls. In salamis process€ gt
company B, S. aureus grew to a maximum of 7%102/g. The rate of pH decrease in duplﬁﬂﬁ

salamis was faster under the conditions of company B than A for all the single and comb3*
starter experiments.

DISCUSSION: g#

Past studies have evaluated the microbiology of selected natural fermentations of Sausaw,
in the U.S.A.(7,21,28). LAB contributing to such fermentations included L. plantarum, Pebwﬁ
cocci, and micrococci. The microbiology of Italian dry salami fermentation has not e
studied. Various studies have covered the natural fermentations of sausages in Europe- _ :
most numerous kinds of bacteria observed in Hungarian salami were lactobacilli, micrococ e
enterococci and aerobic spore-formers (30). Isterband, a Swedish type of fermented Sau5¢!
contained bacteria mostly belonging to the genera Lactobacillus and Leuconostoc (20). R4

]
(24) found that the most common group of lactobacilli in German processed and unproczﬂf
ed meat belonged to the group to which Lactobacillus casei, L. plantarum, and related |

belong. These kinds of lactobacilli were also the predominant kinds found in salami in ?tgé
(2 .8)s In some fermented sausages, micrococci and LAB work together. Micrococci predomlnwf
during the early stages of the ripening of Fruskogorska sausage, and lactobacilli during VJ
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). r{
In this study the microbiology of the Italian dry salami fermentation was followed 5 0+

years in salami made commercially by 2 companies utilizing natural starter. Six tYPes
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e

~S'mentum, a heterofermenter.
3nd D were identified as L.

Type 3 was entified as
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were both strains of L. casei.

L
Salami size did not muc the day of
32d the company producing the mi did make noti t both
?\¥§E£§ grew well in the C growing

. 2igh numbers at at ¢

‘Umbers than type D. mak
Warm months. Type F vpe

353, Catalase + rods present in ir ents
“On, but catalase + cocci grew somewhat. Catalase

from company A than in samples from company B.

To speed up the process of fermentation and ) produc i undi forx

‘a’O*. the commercial use of pure LAB starters was 1troduced in the 50's,
mlcfococc; and comt i“atA1ns of micrococci and L. plantarum in Zurope (17 19)

?n the U.s.A. (18). Combination cultures which included Pediococcus cerevisiae,
:if: L. plartarum, and Micrococcus var?ans were ;n*roducgc later in the ;
s -+¥ cultures were marketed as freeze-dried preparations while the frozen culture
*R 1968 dominated the market since.

Early starter cultures had optimum temperat of growth (85-40°C) higher than was
Ffaditionally employed in the fermentation phase of the process, especially with dry sausages
115.6-23 9°C). The use of higher temperatures created human health problems mostly due to the
Srowth of s. aureus (8;9): As a result, the first starter cultures were utili

L"Mi-dry products where higher temperatures and natural smoking were employed )
VY smoke application during fermentation tended to minimize S. aureus growth. F
CRiture developments resulted in strains that were effective at lower temperatu {
a variety of starters are utilized with temperatures from 10-4€°C, >
product , .and stablishment (3,6). Early efforts to use commercial s
g Ztalian -dr alami were not successful due to e inability of these start
ominate the flora under the processing conditions. It was for thﬂv reason
tom cultures based on isolates from sal
as soon as sufficient data on their performance became
demonstrate the practical usefullness of the isolated
to be the best with respect to rapidity of fermentatior

mi fermentation

rﬁ Type as excluded as a heterofermenter. Type F, which grew
:; : on with starters C and D. Production of Italian dry sa
éow Dased on pure starters. A recent study by Food Safety and

\

£ .
1., - Srmented sausage plants have shown that all finished DrOdUC\S
Bis 0f £100/g {25)
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