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Lactic acid bacteria
Lactobacillus plantarum, L. sake, L. curvatus, Pediococcus acidilactici,

P. pentosaceus, Lactococcus lactis

Micrococci fir
[

Micrococcus varians W

;

Staphylococci th

Staphylococcus carnosus, S. xylosus
Actinomycetes

Streptomyces griseus
Enterobacteria

Aeromonas spec.

YEASTS c (A
More recent investigations of yeasts involved in meat fermentation were performed by LEISTNER and B Osﬁh'
authors described Debaryomyces hansenii as the most common species in fermented meat products ar Ve‘opmik'en

and LEISTNER (1972) used this species as starter. They observed positive effects with regard to theé dt fafmimelh(
perfect
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characteristic yeast flavour. and stabilization of the reddening reaction. D. hansenii and the im wld A

famata are used in starter preparations and should be added to the sausage mixture at 106 C~ve me““sab‘
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characterized by high salt tolerance (growth above a,, = 0.87) and by aerobic or weak fermentd ot}

Therefore, these yeasts grow mainly on the surface and in the outer part of the sausages. Nitraté e " WQTE;
property of the yeast starter. It was observed that these yeasts may slightly inhibit nitrate redUc‘ion h Uy
sausages which is performed by micrococci (MEISEL et al, 1989). NKAYAle”b(
D. hansenii is haploid and improved strains can be obtained by crossing experiments. For example ERG' a[e“'h ing,
has breeded strains with broader spectra in sugar fermentation in combination with nitrite utilization fromp .
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that exhibited only restricted metabolic activity. "
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Mold fermented foods are found in many human cultures. In Asian countries these products are based or; saU"b,’f My
of plant origin, whereas in Europe substrates of animal origin are fermented such as cheese, fefmente a‘/e{r‘: i
ham. In Northern Europe smoking of sausages is the common practice, but mold ripened sausages 0|d5fl "
tradition and are preferred in mediterranean and south-east European countries (LEISTNER, 1936" s
characteristic surface appearance and flavour. The latter originates mainly from the proteolytic and “polf
the molds. Further effects of mold growth consist in prevention of adverse effects of oxygen and thus
discolouration (GEISEN et al, 1990). In addition, the drying of the sausages proceeds more evenly: 4
inocula for the sausages originate from the environment and, therefore, a great number of different speé
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the sausages. An extensive survey on mold species isolated from fermented sausages is given by L “'«b‘h

(1967). Apparently, the most common species belong to the genera Penicillium and Scopulariopsis:
the practice of inoculation by chance arise from the fact that many species of Penicillium are mycot
strains of Scopulariopsis brevicaulis are involved in skin and nail infections. LEISTNER and ECKAR

2 : ’ . {
that about 80 % of the Penicillium isolates from sausages were able to produce mycotoxins on artif dgtM "8y

out of 17 investigated mycotoxins could also be found in meat products (LEISTNER, 1984). Thus. mo INﬂLighbhy@,(’
developed without any potential for toxin production (proven by chemical and biological testing)- ropé’fftvm%
LEISTNER (1972) selected a non-toxic strain of P. nalgiovense which possessed good technologi®® onliOM'Qhr
which was later on used in a starter preparation. The different toxicological tests necessary to select '%“r,‘
were described by FINK-GREMMELS et al (1988). Ms Ii%C
Based on the experiments with mold starter preparations essential properties of optimally perfOrmin 5 \UQQS:

described which are compiled in Table 2.
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38th ICOMST  Clermont-Ferrand France 1992 103




Micrococcus varians is the only species in use within the genus Micrococcus. It is only weakly fermemative
grows only poorly in the anaerobic environment of the interior parts of the sausages. The organism DOSS o
reductase which is active even at temperatures below 15 °C (down to 5 °C) (MEISEL, 1988),
Staphylococcus carnosus this activity is no longer detectable below this temperature (HAMMES,

advantage of Micrococcus varians arises from a rather psychological background. Based on a safe hlsmry
is safe with regard to any toxigenic and pathogenic potential. On the other hand, the genus Stath/oc
several species that have been isolated from diseased persons (e.g. Staphylococcus xylosus) (GE
GEMMELL and THELESTAM, 1981). No such reports exist, however, for Staphylococcus carnosus.

Staphylococcus carnosus is the most important component of starters among the non lactic acid bac

estl
able for a Gram positive organism that the genetics of Staphylococcus carnosus is exceptionally well l”"h
genetic engineering was applied on it successfully. Genetical modifications that have been performed wit

Staphylococcus carnosus are compiled in Table 3.

Table 3: Gene cloning in Staphylococcus carnosus

Phenotype

Analyzed gene(s) or
gene products

Origin

Ribose degradation

Arabinose degradation

Xylose degradation

Urea hydrolysis
Triglyceride hydrolysis

Endopeptidase

DNA hydrolysis
Sucrose degradation
Sugar transport
Starch hydrolysis
Cellulose hydrolysis

ribokinase
ribose uptake protein

L-arabinose-5-P,
4-epimerase

xylose isomerase
xylulosekinase2
repressor?

urease
lipase

lysostaphin

DNase

sucrose transport3
enzyme |1
a-Amylase
cellulase

Staphylococcus hyicus

S. xylosus

S. xylosus

. xylosus/S. aureus
. aureus/S. hyicus/
xylosus

. Sstaphylolyticus

. carnosus

. xylosus

W n Lo on

. Carnosus
Bacillus stearothermophilus
Clostridium thermocellum

The data were derived from GOTZ (1990) and are supplemented with reports of KOHLBRECHER et al
SIZEMORE et al (1992)2 and WAGNER et al (1992)3

In our studies (HAMMES, unpublished results) strain TM300 used by GOTZ proved to be not suitable as
because of its poor competitiveness. Nevertheless, based on the available knowledge, it appears pos

sible

quickly modify other, more competitive strains of Staphylococcus carnosus.

LACTIC ACID BACTERIA

The application of lactic acid bacteria (LAB) in meat fermentation is of paramount importance fof !
fermentation process. These organisms are applicable to all types of fermented sausages and contrlb df
the process (HAMMES et al, 1990). Historically, the introduction of LAB into the market proceeded *°
the U.S.A. and in Europe. Pediococcus cerevisiae (later identified as Pediococcus acidilactici) was intr®
et al (1955) in the U.S.. With this organism a successful starter culture was created for production ¢
The high fermentation temperature (37° C), the use of a nitrite cure and short ripening times are SpeC|
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sausage and P. acidilactici was well acting in controlling the process because the optimum gro atUre ga’\igl

42 °C. In addition, Pediococcus pentosaceus was introduced for ripening processes at lower temp?
optimum of this species is 35° C.
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wherﬂéf "%t idsm essential components of starter cultures on the market (HAMMES et al, 1985). As further specie
36). A;Mm“le ; ChL- Sake were incorporated into starter preparations. These two species have in common that they
. Ihﬁ)«my Compem_ aracteristic microflora governing the microbial process in uncontrolled meat fermentations. They are
,(;CUSC‘ Mty 5 Ve ang well adapted to this environment. When incorporated in starter preparations these organisms
HMELL’NQMESe alfermemation process from the point of inoculation up to the time of consumption (REUTER, 1967;
g‘cal, y’si1999)' In our group these organisms and especially L. sake were studied with regard to technological,
v LO(; Ological ang genetical properties.
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€chnology in the ecology of the starter organisms arises from the necessity to control their
actors that can be influenced by technological means. For fermentation of meat it is, therefore,
W the organisms respond to parameters as temperature, water activity, formula etc.. This type of
©S was studied by LANDVOGT and FISCHER (1990, 1991) who provided data that allow both to
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especi;ljn\i L. sake can be isolated from various habitats. However, those strains isolated from fermented

5 genell adapted to this habitat and outnumber isolates from other habitats (HAMMES, unpublished
Meq erally psychrotrophic and differ from the more known lactobacilli that are also associated with
hu“\/i Y thejr low pH-tolerance (pH limit 3.9-4.1) (HAMMES et al, 1990).
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r

0b ! : ;
Atriy ’ lems Caused by phages in sausage fermentation were however not yet described. Apparently, the

'&2 kamy the fermenting meat mixture is not suited for phage diffusion.
|

- ACtergn: y
HQ"Vever OCins Were described for L. sake and L. curvatus (SCHILLINGER and LUCKE, 1989; TICHACZEK et al,

e ; : ! . : AL 3 P>
CQOUS lactic acid bacteria present in the available starter cultures do not exhibit this property. Bacteriocins
c : ; s . :

"‘Ch. U5y tra ®Mpounds and may contribute to an improved competitiveness of the starter strains in the
te, : -4 1 L ! : v,
DEQE[)I SuDDorted There Is hope that the application of bacteriocin producing strains helps to reduce hygienic risks,

‘C[d"/a al (q Y the fact that these compounds are especially active against Listeria monocytogenes. In fact,
cﬁCi 99

k@d UDDre
"he,
) by
o

et
2) could show that under practical conditions the application of a pediocin producing strain of
o, $Sed the growth of that food pathogen.
to U

"ty

Ssyl

k“own f, lalned from studies of bacteriocins, applications of bacteriocin producing cultures are possible on
e

Ny are ds ang Products, e.g. for the treatment of non fermented sausages and carcasses. In this cases the

€ . . : : : g ; .
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A e e * The potential is however present for production of other metabolites as for example CO,, acetate,
| A Cetoin. It is known that aberrant flavour notes may occur in fermented sausages and, therefore,
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o y 0 - 5 2 A ok S
;ﬂ’é‘.“br']sgz)mate' as % leads to a clean lactic acid fermentation. For example, nitrate and nitrite both inhibit
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2 by Lag is of practical importance (vide supra) and the same is true for the presence in these
* Which €nzyme activity removes this noxious compound. The presence of catalase in meat LAB
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and their potential to form H,0, are compiled in Table 4. [

Table 4: Potential of meat LAB to produce H,O5 or to exhibit catalase activity

Species *formation of presence of the activities of 1
Hy045 pseudocatalase true catalase b,

L. plantarum £ Ak et
L. sake 5 - +
L. curvatus + - =
P. pentosaceus - - -
P. acidilactici + - -+

*, determined as described by LUCKE et al (1986); +, property is present;
-, property is absent; *, strain dependent property
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is present in the environment which is abundantly the case in meat. Thus, both types of enzyme taseﬂ”:"”%
Feduc AMMK.“X

From this table it can be concluded that accumulation of H202 can be expected only from L. curvatu
L. plantarum and the pediococci exhibit catalase activity. Remarkably, these bacteria contain twoO
enzymes, namely pseudocatalase (or manganese catalase) and a true catalase. The latter requires for

fermenting sausages. A corresponding heme dependent activity was also described for the nitrite 3
strains of L. plantarum. On the other hand, a heme independent nitrite reductase is present in L. saké Fe”h‘
1990) ,revﬂ'fz hy
tes. Res" endofﬁhEPT(

For development of flavour the activities of proteases and lipases are essential prerequisi e F
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DEMEYER and SAMEJIMA (1991) suggest that the major protease activity is, however, derived from

X.? : ili 2" ok,
enzymes of the meat. On the other hand, lipases appear to be sufficiently present in IactobaC'QO. NIEL h‘“g
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significantly to the formation of flavour compounds derived from lipid metabolism (BERGER et al, 19 '
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When selecting starter organisms their potential to form biogenic amines should be known eﬁmﬂba
decarboxylate certain amino acids and form tyramine, phenylethylamine or histamine. These (:ompOun O(ﬂ“e";,ﬁe, 8
effects on human health. Putrescine and cadaverine may also be formed and strengthen the effect of th° doe"“:,hsih_
The low pH and water activity prevailing in the fermenting substrates enhance amine formation and amﬁﬁ.‘:t{oq |
presence of precursor amino acids or peptides (STRAUB et al, 1991). By selecting competitive startef of’0n5
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the potential to decarboxylate amino acids this hygienic risk can be reduced. In our invest!d p
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unpublished results) we have observed that decarboxylating activity is not present in strains of L ° k. i
species L. curvatus contains strains without any potential and others that form up to four different armif® : .
GENETICS r .~';]:’s§:en
The starter cultures presently in use have been selected based on the natural endowment of microofgam i %nalf’
properties and on the requirements of technology. Nevertheless, the more we know about microbioiog ”Qralp
realize that even better performing cultures may be created. ewp::"“’es
f
The optimization of starters by means of mutation and selection is time consuming and does not ad? *:ER
because these are not within the genetic potential of the specific species or strains. m‘wlﬁ Yy
uﬁed pf‘;nﬁr [

On the other hand, some useful properties can be found in other organisms, whose genes can be Thea Esti
them into competitive starter strains by means of genetic engineering (HAMMES and VOGEL, 1990)'.
these techniques affects various aspects of the useful organisms which can be summarized as follow®"
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3’%5 ::;Fh as a::ns thus rendering the fermentation process more convenient and safe.
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M ithe «
Vvass he \‘|e|dS b

(LU ow f application of LAB containing starters in meat technology was presented by HAMMES
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o My

Yo
in a”d, the Ygienic Status of these products which efficiently interrupted the chain of infection with food
§t rehy, . : :
Artgy s Y. improved environmental hygiene. Thus, it can be expected that the increased world wide
nj

Ms will result in starter applications in several fields which were hitherto largely unknown.
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