Introduction

Spores of Bacillus spp. form the majority of the microflora of spices: their number frequently
exceeds 107/g (see PIWNICK, 1980). Thus, spices are an important source of contamination of
foods with Bacillus spores. If they are capable of growth in a food, a microbicidal treatment
of spices may increase the microbiological stability and safety of the product. All the methods
available for inactivation of bacterial spores on spices have certain disadvantages, e.g. the
formation of chlorhydrines by ethylene oxide treatment or problems with respect to legislation
and consumer's acceptance of the use of ionizing irradiation. Therefore, it seems worthwhile to
evaluate the necessity of a microbicidal treatment of spices for various foods. In the older
literature (see, for example, SCHONBERG and WALZ, 1954) the spoilage of fermented sausages has
frequently been ascribed to Bacillus spp., although opposite views have also been expressed
(e.g. by CORETTI, 1958, POHJA and NIINIVAARA, 1960). This situation led us to reinvestigate

the role of Bacillus spp. from spices in the spoilage of fermented sausage.

Materials and Methods

Salami mixtures were formulated with 3.3 kg each of pork shoulder, lean beef and pork back fat,
260 g sodium chloride, 3 g potassium nitrate, 40 g "ERKOPUR" (a starch hydrolysate containing
about 25 % each of mono- and disaccharides) and 40 g ground black pepper which was used untreated
or decontaminated with ethanol vapour (NEUMAYR, 1983). The mixtures were filled into vapour
permeable casings (NATURIN R2) of 60 or 75 mm diameter. "Normal" ripening conditions were 3 days
at 229C and 90 - 92 % RH, 3 - 4 days at 20°C and 88 ~ 90 % RH, 3 days at 18°C and 85 % RH and

3 days at 14 - 16°C and 80 % RH. Subsequent storage was at 8 - 12°C and 75 % RH. The sausages -
except those inoculated with vegetative Bacillus cells - were lightly smoked during the first

two days of ripening.

For the microbiological examination, samples were homogenized in a "stomacher" with nine
volumes of 0.85 % NaCl solution. Dilutions were plated on suitable nutrient media as specified
by NEUMAYR (1983). Before analysis, spices were chilled with liquid nitrogen and ground in a
WARING laboratory blender. When only spores were to be enumerated, the homogenates were
pasteurized (80°C, 10 min). To determine the number of Bacillus spp. presumably capable of
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medium containing 250 mg NaNO9/1 rather than nitrate, no growth of bacilli under anaerobic condi-
tions was observed.

To maximize the risk of development of bacilli in fermented sausages, 11 of these selected

B. licheniformis strains were inoculated into salami mixture at a level of Hoo\m. In the first
experiment, vegetative cells adapted to growth in RM were used and the sausages were ripened at
24°C and low relative humidities (80 % for 2 days, 70 % for another 2 days and 60 % for another
10 days). Fig. 3 shows that the cells did not grow and - after an initial lag of ca. 2 days -
rapidly lost viability. When spores rather than vegetative cells were used and the sausages

‘ripened under "normal" conditions, a large proportion of the spores germinated and subsequently

died (Fig. 4). Although the two B. cereus strains from our culture collection were capable of
anaerobic growth in RM, their spores did not even lose heat resistance during ripening of
inoculated salamis,

In order to clarify the mechanism of inhibition of B. licheniformis in fermented sausages, growth
experiments were carried out in RM medium with various pH and ay values and additives. All strains
grew anaerobically in unmodified RM which represents the conditions prevailing in fresh raw
sausage mixture prepared with nitrate. If 104 vegetative cells per ml were inoculated, the count
reached 107 within 1 - 2 days at 25°C. Growth of B. licheniformis could not be inhibited by
simultaneous inoculation of lactobacilli (Lactobacillus soke, L. plantarum, L. curvatus, all
isolated from fermented sausages), but the addition of 125 mg zonm\wm rather than nitrate caused
a lag of 6 and 8 days until initiation of aerobic and ancerobic growth, respectively. At the

end of this lag, no more nitrite was detectable in the medium. Within one week of ripening, the
conditions in the salami mixture would have become too unfavourable to allow growth of bacilli

at any nitrite level.

Discussion

We found Bacillus spp. from spices unable to multiply in fermented sausage during ripening. This
was also true if large numbers of bacilli capable of growth at low ay values and low oxygen
tensions were inoculated into the sausage mixture, even if slightly faulty ripening conditions
were chosen. The inhibition of Bacillus spp. in fermented sausage is mainly due to the combina-
tion of low a,, low pH and low oxygen tension. However, additional "hurdles" contribute to the
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