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SUMMARY

Fermenfed meat products are known for centuries, and are
Creasingly liked today, since they are 'naturally’ preserved.
meats for wich microorganisms (bacteria, yeasts or
;n°“lds) could be beneficial for their preservation, flavor
?ir 9ppearance should be thoroughly studied, with the inten-
c°” to optimize their 'bio-preservation', if possible by de-
'8asing other additives. In using better control-devices for
E S extrinsic factors (femperature, relative humidity, air
Slocity, etc.) and intrinsic factors (a_, pH, pO.,, etc.) of
cermenfcfion, an optimization and the automaticn of pro-
Ssses becomes feasible. Little is known about the topogro-
2 Y of the fermentation processes, and this should emerge
ls Q promising research area. Fermentation should be control-
&d by starter cultures, the hitherto available strains could
¢ improved by better selection, as well as mutation and
S¢netic engi neering.

FERMENTED MEATS

[:e“'ﬂenfed sausages are raw meat products stabilized by a
Sduced g and/or pH. In Europe raw sausages are fermen-
efi with r\?\'icroorgcnisms, mainly lactic acid bacteria, and
5 IS process is known since about 250 years and probably has
s"glﬂoted in Italy (Leistner, 1986 b). The Chinese raw sau-
,Ese (Lup Cheong) is known since more than 1000 years, and
IS product is stabilized by a_ only, because a low pH cau-
sed by fermentation would be ‘Undesirable (Leistner, 1986 d).
l°‘" hams which are known in Europe and China since at
Sast 2500 years (Leistner, 1986 c) are stable due to a re-

r_‘-'ced a_ and generally are not fermented, since the bacte-
1l coyht in the interior of high quality raw hams is low and
Octeria contribute little to the flaver and stability of such
foducts, However, if raw hams are cured without refrigera-
?::’"; and this is true e.g. for Turkish Pastirma (dried beef),
then lactic acid bacteria may contribute to the stability of

€ meat (El-Khateib et al., 1987). It also has been suggested
O Stabilize row hams made from DFD-meat by the injection

lactobacilli which grow at 8°C (Hammes and Arnold, 1984).
:’“e fermented sausages (e.g. Italian or Hungarian salami)
?f\d raw hams (e.g. Bundnerfleisch of Switzerland and Sud-
‘ler Bayernspeck of Italy) are mould-fermented, and the
vts“'uble mould growth on the surface of such meats impro-
(Es.fhe appearance, flavor and preservation of these products
Cistner, 1984 a).

The flavor of row and cooked hams might be influenced by
e:“:'!!x’io present in the cover brine (Leistner, 1958; Petdjd
] al., 1973) or by bacteria injected into the hams. Also for
}: Ogna-type sausage (BrUhwurst) the use of bacteria as star-
S':L_t‘-l.all'ures has been suggested (Petdjd, 1977; Schiefer and
th Bne, 1980) with the intention to improve the flavor and
€ color of the products. For Gelderse Rookworst (Bruh-
bil{‘r“)’ a product of the Netherlands which formerly was sta-
12ed by lactic acid bacteria, now the addition of GdlL is
Preferred (Leistner, 1985 a). It was also considered that the
dition of selected 'protective' cultures to fresh meat to be
]gCUUm-pockoged (Hanna et al., 1980; Schillinger and Lucke,
; Renerre and Montel, 1986) and to minced meat (Reddy
al., 1970; Fetlinski et al., 1979) may contribute to the
Ontrol of undesirable bacteria.

t\h_ge”eml, all processes for the preservation of meat in
inv‘ch.desiroble microorganisms occur shﬁ)uld be thoroughly
Hueshgofed, with the intention to optimize the appearance,
Vor and shelflife of the products by using suitable starter
ﬁop"Ofecfive cultures and at the same time reduce the czr.:]di-
N of substances, such as nitrate/nitrite or sodium chloride,
ich gre less desirable from the toxicological or nutritional
®int of view. Such a 'bio-preservation' of meats would find
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approval, especially of the younger generation of consumers.
TECHNOLOGY OF FERMENTATION

The traditional fermentation processes for meats have been
developed over centuries by trial and error. Their intention
is to give desirable microorganisms an advantage, and this
in turn will suppress undesirable microorganisms which could
cause spoilage or food-poisoning.

The extrinsic factors most important for a proper fermenta-
tion process are the temperature, relative humidity and air
velocity as well as the time these parameters are applied to
the product. Of the intrinsic factors the a_, pH and pO
(partial pressure of oxygen) are of paramount importance;
much is known about the a_-and pH of fermented sausages
and raw hams, however, the measurement of the pO., needs
improvement. The extrinsic and intrinsic factors important
for the fermentation of raw sausages have been recently
reviewed by Rsdel (1985). As Leistner (1986 b,c) has pointed
out, the stability of raw sausages and hams is due to a se-
quence of hurdles active in the products, i.e. in fermented
sausages the hurdles are nitrite curing salt, followed by pO.,
competitive organisms, pH and a_, whereas in raw hams the
hurdles pH, temperature and a_ secure stability. Further-
more, in accordance with the HACCP-concept, for the pro-
duction of fermented sausages and raw hams guidelines have
been suggested, i.e. 19 critical control points for fermented
sausages and 15 for raw hams (Leistner, 1985 b).

In recent years the construction and control of the ripening
rooms for fermented sausages have become more sophistica-
ted, but at the same time also much more energy consuming.
Stiebing et al. (1982) suggested a simplification in the essen-
tial control of the relative humidity (RH) during the ripening
of fermented sausages by using fresh air for RH control, and
were able to save in this manner as much as 70 % of the
energy required for the production of fermented sausages.
However, even further improvements are feasible. For in-
stance, by the continuous measurement of the pH and o |
inside of the product, i.e. in one representative sausage, ond
by using these data to control the extrinsic factors of the
ripening room, the production of fermented sausages could
be optimized and even automated.

TOPOGRAPHIE OF FERMENTATION

Whereas many results are already available on the technology
and microbiology of the ripening of fermented sausages little
is known about the topography of this process. So far the
extrinsic and intrinsic factors of the ripening process as well
as the counts and types of microorganisms important for fer-
mented sausages were infensively studied, however, hardly
any attention was given to the fact that the natural flora as
well as the added starter cultures are not evenly distributed
in a fermented sausage, but are arrested in little cavities

of the sausage mix, i.e. the ripening flora can only grow in
nests. The distance between these cavities or nests varies
between 100 and 1500 p (Katsaras and Leistner, 1987).

If the properties of o sausage are changing during the ripe-
ning process in the desired direction (nitrate reduction, lac-
tic acid production, catalase activity, etc.), then 'large areas'
of the sausage which are located between these cavities
must be influenced by the bacteria growing in the nests.
Since the microorganisms are trapped and cannot be released
from these nests, the ripening of sausages can be regarded
as a solid-state-fermentation.

It must be assumed that the microorganisms which grow

in such nests are in keen competition. If such a nest is made
up by chance of a pure culture, e.g. of lactobacilli, then

the individual bacteria will compete for the nutrients and
impair each other with their metabolic products, e.g. lactic
acid. Therefore, after some time the growth ceases, because
the cell division will be delayed, and this we observed in
nests of lactobacilli as well as of apathogenic staphylococci
(Katsaras and Leistner, 1987). Furthermore, inhibitory sub-
stances such as lactic acid which are produced in 'lactobacilli
nests' will diffuse and thus inactivate microorganisms, e.g.




salmonellae or pathogenic staphylococci, present in other
nests. Frequently different types of bacteria are trapped in
one cavity and then the competition will be fierce, but lac-
tic acid bacteria will have an advantage due to their tole-
rance of low PO, low pH and low a_ .

An investigation of the topography of the fermentation of
meats, using scanning electron microscopy, should lead not
only to a better understanding of the processes, but probably
also to their improvement. For instance, a more even inocu-
lation of the sausage mix with starter cultures might prove
more important than previonsly assumed, and could be achie-
ved by using liquid cultures. Therefore, studies on the topo-
graphy of the fermentation processes for meats should be
expanded, and may become a promising research area.

MICROBIOLOGY OF FERMENTATION

The microbiology of fermented sausages has recently bean
reviewed by Licke (1985 a). Furthermore, Licke (1985 b)
has described the microbiological events occurring during
the ripening of raw sausages and hams, and Hechelmann
(1985) reported on spoilage problems of these products. The
significance of food-poisoning organisms for raw sausages
and hams was discussed for salmonellae (Schmidt, 1985),
Staphylococcus aureus and Clostridium botulinum (Katsaras
et al., 1985) as well as for toxigenic moulds (Hofmann, 1985)
recently too. Moreover, Licke and Hechelmann (1985 ¢) des-
cribed the composition and effects of starter cultures re-
commended for raw sausages and hams.

Excellent fermented sausages can be manufactured without
addition of starter cultures, because if suitable ripening con-
ditions are maintained then the desired ripening flora will
prevail, even if only few lactobacilli and micrococci are pre-
sent in the raw material. Nevertheless, the use of selected
starters, added as pure or in controlled mixed cultures, ge-
nerally is beneficial for the quality of fermented sausages
with respect to the standardization and stability of the pro-
ducts.

In the United States, the importance of lactobacilli for the
fermentation of raw sausage was recognized early (Jensen
and Paddock, 1940). However, since lactobacilli proved ini-
tially difficult to lyophilize, Pediococcus cerevisiae was
introduced as starter culture (Deibel et al., 1961 q,b). Still
today many starter cultures for fermented sausage contain
pediococci (P. pentosaceus, P. acidi lactici), but more fre-
quently lactobacilli, especially Lactobacillus plantarum, even
L. sake and L. curvatus prevail in fermented sausages. Of
course, the main function of lactic acid bacteria in the fer-
mentation of meat is the production of lactic acid, which
lowers the pH and stabilizes the food. However, many strains
of lactic acid bacteria may form other bacteriostatic com-
pounds, too. These include peroxides (in the presence of
oxygen), acetic acid (from gluconate, pentoses or in the pre-
sence of oxygen), and possibly bacteriocin-like compounds.

In Europe, a suitable starter culture for meat products was
first introduced by Niinivaara (1955). His Micrococcus strain
(M 53) proved beneficial, because it rapidly reduced nitrate,
improved color and flavor and inhibited undesirable bacteria
(Pohja and Niinivaara, 1957). This strain was later replaced
by a 'fermentative Micrococcus' isolated by Pohja (Licentiate
Thesis, Helsinki, 1940) and other Micrococcaceae including
Staphylococcus carnosus (renamed by Schleifer and Fischer,
1982). Micrococcaceae are beneficial due to the production
of nitrate reductase and even more for their catalase formo-
tion which destroys peroxides and thus prevents color and
flavor defects of fermented meats. Nurmi (1964) recom-
mended a combination of L. plantarum and Pohja's 'fermen-
tative Micrococcus', because this controlled mixed culture
coused a rapid reduction in pH without inhibiting color and
flavor development. Combinations of lactic acid bacteria
and Micrococcaceae are now widely used as starters for
fermented sausages.

Yeasts occur frequently in fermented sausages, especially
on the surface of unsmoked products. Debaryomyces are
predominantly found (Leistner and Bem, 1970; Comi and
Cantoni, 1980) and often also Candida; but several species
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of the latter genus are pathogenic. Yeasts acceleraf of

color formation in sausages and might improve theit :
(Miteva et al., 1986) and appearance. Especially in Frong
some yeast growth (‘fleur de saucisson') is regarded
sirable, and therefore yeast starter cultures for surface
inoculation are available. Rossmanith et al. (1972) ObServs
that the color and flavor formation in fermented saus®?
could be improved by addition of selected Debaryomyc®®
strains to the sausage mix. Coretti (1977) recommen e.l“
for this purpose a combination of D. hansenii, lactobd®
and micrococci as starter cultures.

Moulds contribute to the characteristic aroma, flaver onild
appearance of mould-ripened sausages and hams. The e
growth on the surface might also delay the rancidity ©

the products. Traditionally the mould colonisation © fheon
mould-fermented meats was achieved by the 'house-florts

of the ripening rooms, and moulds found on such pl'c’duc

are predominantly Penicillia (Leistner, 1984a). HoweVverr
since most Penicillia are toxigenic, starter cultures we
intfroduces which_produce none of the known mycoTO’“ns'
The first starter culture for mould-fermented meats ""a.x
developed by Mintzlaff and Leistner (1972); and todoY Slf
such starter cultures are on the market, which rePfesen
three biotypes of Penicillium nalgiovense. These Sﬂ’rfe.rr1 1
cultures should not only prevent mycotoxin formation lih
meat products, but also suppress undesirable moulds ¥
could cause color and flavor defects in mould-ferment® \
meats.

Generally, a distinction should be made between 'Smrff:dl
cultures', which improve the sensory properties of @ foicro,
and 'protective cultures', which suppress undesirable mi
organisms such as salmonellae, pathogenic sfc:ph)'loc"cC i’f
Clostridium botulinum, and toxigenic moulds. Howe"e[’lw;@
would be ideal if both purposes are fulfilled by one oy

e |
Undoubtedly, for the suppression of salmonellae in fermfe; |

ted sausages, expecially in quick ripened products, staf

idt
cultures containing lactobacilli are-very useful. Schm":o,
(1987) achieved the best control of salmonellae, if lac bly

bacilli and GdL were added simultaneously, since Pr° abaﬂ’
lactobacilli form acetic acid from gluconate. Whethe® o
teriocin-like substances produced by lactobacilli coY
tribute to an inhibition of salmonellae and other foo%
poisoning bacteria needs further investigation.

aboV®

n
tox!
ro m&

If fermented sausages are ripened at temperatures
25°C, then also Staphylococcus aureus and his enfe
formation are risky for the consumer. S. aureus g”’wsfe
better in the surface layer then in the core of ferf“"'en 1ol |
sausages (Barber and Deibel, 1972), since this Ofgcmsn;usﬂge' ‘
rates the inhibitory factors (pH, a_, nitrite, etc.) O “iih
better at a higher partial pressure of oxygen. The gro” ol
of S. aureus in fermented sausages is inhibited by C,j for
acidulation (addition of GdL) and/or by microbial ¢} y
mation (addition of lactic acid bacteria), as reporf€

Daly et al. (1973).

g 0N
Clostridium botulinum (types A, B and E) is not @ “st ;af‘a
fermented sausages common in Germany. This demor! abr
a thorough investigation conducted by Hechelmann €'~ f
(1980), because the multiplication and toxin formatio” nis
C. botulinum is inhibited by the pH, a  and the 0”'_09 is
effects of the usual ripening bacteria, ‘whereas niff!
not even necessary for this inhibition. The form‘-’“on(ﬁm
botulinum toxin was reported by Christiansen et @ '
in 'summer sausage' of the US, if ripening temperaf e
above 30°C were employed and no sugar was added; i;.,bserv
the pH remained high. Also Incze and Delényi (197 verr
botulinum toxin formation in Hungarian salami, howebe red:
also under extreme conditions. Whether the fashion® rﬂig’1
tion of sodium chloride addition to fermented SOUsageuld
increase the botulinum risk, and whether this risk %9 <0
be overcome by the addition of other a_-reducing ﬁuafiof"
(such as freeze-dryed meat) deserves fuTther invest

¢
In the case of mould-fermented meats, the poSSible rﬂ?",rd,d
toxin formation by mould starter cultures hitherf@ recol
as safe, is an important field of study. After o Pf"ffe v
for a reliable toxicological evaluation of mould star g7)
tures has been established (Fink-Gremmels et al./

f

i
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the commercially available mould starter cultures are now
Under investigation for mycotoxin formation, including those
Mycotoxins for which analytical standards are not available.

result of this study could be the introduction of new star-
& cultures for mould-fermented meat products.

rs\ltew starter cultures of bacteria and yeasts are also in the
Tore for the refinement of fermented meats, and this app-
'8 fo an improvement of the sensory quality of the pro-
Ucts as well as to their safety, i.e. the protection against
Undesirable organisms. For instance, by using selected star-
S8 cultures it may become feasible to produce low-acid,
OW-salt fermented meats without microbial hazards (F.-K.
Ucke, personal communication).

Ihe first step in the development of better starter cultures
bacteria, yeasts or moulds is the precise description of
T € properties a particular starter should have and not have.
en a large pool of organisms should be screened for these
Eirope.rfies, because the selection of desirable strains occu-
Ng in nature is not only simpler than the manipulation of
ci‘Croorgonisms, but also avoids the various problems asso-
CUWEd with an intentional release of genetically engineered
i tures. However, if the desired features are not found
N the pool of organisms screened, then strain improvement
Y genetical methods could prove necessary. In this respect,
fonsfer of DNA between strains which exchange genes by
ur:gurcl' means anyway should be tried first (conjugation
para-sexual recombination), but in vitro-recombination
4 Nucleic acid from various food-grade microorganisms is
SO an option.

It’e result of the latter could be a new generation of starter

tures with novel characteristics, which would lead to a

:W generation of fermented meats. However, too much

Mphasis on the role of 'gene manipulation' could have a

SQative effect on the acceptance of 'bio-preserved' meat

E:"ducfs, and therefore the selection of improved starter
tures from nature should have priority.

REFERENCES

Bql‘be:, L.E. and Deibel, R.H. (1972): Effect of pH and
Oxygen tension on staphylococcal growth and entero-
toxin formation in fermented sausage. Appl. Microbiol.
24, 891 - 898.

Chl'isficnsen, L.N., Tompkin, R.B., Shaparis, A.B. Johnston,
R.M. and Kautter, D.A. (1975): Effect of sodium nitrite
and nitrate on Clostridium botulinum growth and toxin
Production in a summer-style sausage. J. Food Sci. 40,
488 - 490. -

C°mi, G. and Cantoni, C. (1980): Yeasts in matured raw
sausages. Industrie Alimentari 19, 857 - 860 (in Italian).

cc’reﬂ’i, K. (1977): Starterkulturen in der Fleischwirtschaft.
Fleischwirtschaft 57, 386 - 394.

Oaly, ¢., Lo Chance, M., Sandine, W.E. and Elliker, P.R.
(1973): Control of Staphylococcus aureus in sausage by
starter cultures and chemical acidulation. J. Food Sci.
38, 426 - 430.

Dmbel, R.H., Niven, C.F. Jr and Wilson, G.D. (1961a):
Microbiology of meat curing. IIl. Some microbiological
and related technological aspects in the manufacture
of fermented sausages. Appl. Microbiol. 9, 156 - 161.

Deib&l, R.H., Wilson, G.D. and Niven, C.F. Jr (1961b): Mico-
biology of meat curing. IV. A lyophilized Pediococcus
Cerevisiae starter culture for fermented sausages. Appl.
Microbiol. 9, 239 - 243.

EI‘K}’mteib, T., Schmidt, U. und Leistner, L. (1987): Mikro-
biologische Stabilitét von turkischer Pastirma. Fleisch-
Wirtschaft 67, 101 - 105.

Fetlinski, A., Knaut, T. und Kornacki, K. (1979): Einsatz
von Milchsdurebakterien als Starterkulturen zur Haltbar-

keitsverldngerung von Hackfleisch. Fleischwirtschaft 59,
1729 - 1730. I

Fink-Gremmels, J. El-Bannag, A. und Leistner, L. (1987):
Toxikologische Priifung von Schimmelpilz-Starterkulturen.
Mitteilungsblatt der Bundesanstalt fur Fleischforschung,
Nr. 96, im Druck.

Hammes, W.P. und Arnold, S. (1984): Verfahren zum Her-
stellen von rohgepskeltem Fleisch in Stuckform, DE
3502063 Al, Offenlegungsschrift des Deutschen Patent-
amtes vom 24. Juli 1986.

Hanna, M.O., Hall, L.C., Smith, G.C. and Vanderzant (1980):
Inoculation of beef steaks with lactobacillus species be-
fore vacuum-packaging. I. Microbiological considerations.
J. Food Protec. 43, 837 - 841.

Hechelmann, H., Licke, F.-K. und Leistner, L. (1980a): Be-
deutung von Clostridium botulinum fir Rohwurst und
Rohschinken. Tagungsbericht zum World Congress Food-
borne Infections and Intoxications, durchgefihrt vom
29.4. - 3.7.1980 in Berlin (West): Herausgegeben vom
Institut fur Veterindrmedizin des Bundesgesundheitsamtes
Berlin. S. 823 - 825.

Hechelmann, H. (1985): Mikrobiell verursachte Fehlfabrikate
bei Rohwurst und Rohschinken. In: '‘Mikrobiologie und
Qualitdt von Rohwurst und Rohschinken'. Herausgegeben
vom Institut fur Mikrobiologie, Toxikologie und Histolo-
gie der Bundesanstalt fur Fleischforschung, Kulmbach,
S. 103~ 127.

Hofmann, G. (1985): Mykotoxinbildende Schimmelpilze bei
Rohwurst und Rohschinken. In: '‘Mikrobiologie und Quali-
tdt von Rohwurst und Rohschinken'. Herausgegeben vom
Institut fur Mikrobiologie, Toxikologie und Histologie
der Bundesanstalt fur Fleischforschung, Kulmbach,
SRIZ3. = 192:

Incze, K. and Delényi, M. (1979): Influence of additives and
ripening parameters on growth and production of Clostri-
dium botulinum. Proceedings of the 25th E.M.M.R.W.,
held in Budapest, Hungary, Vol. lII, p. 879 - 882.

Jensen, L.B. and Paddock, L. (1940): Sausage treatment with
lactobacilli US patent No. 2,225,783.

Katsaras, K., Hechelmann, H. und Lucke, F.-K. (1985): Staphy-
lococcus aureus und Clostridium botulinum, Bedeutung
bei Rohwurst und Rohschinken. In : 'Mikrobiologie und
Qualitdt von Rohwurst und Rohschinken'. Herausgegeben
vom Institut fur Mikrobiologie, Toxikologie und Histo-
logie der Bundesanstalt fur Fleischforschung, Kulmbach,
Se o2 172,

Katsaras, K. und Leistner, L. (1987): 'Solid-State-Fermen-
tation' von Rohwurst. Mitteilungsblatt der Bundesan-
stalt fur Fleischforschung Nr. 96, im Druck.

Leistner, L. (1958): Bakterielle Vorging bei der Pskelung
von Fleisch. II. Gunstige Beeinflussung von Farbe, Aroma
und Konservierung durch Mikroorganismen. Fleischwirt-
schaft 10, 226 - 228, 231 - 234.

Leistner, L. und Bem, Z. (1970): Vorkommen und Bedeutung
von Hefen bei Pskelfleischwaren. Fleischwirtschaft 50,
3508~ 351}«

Leistner, L. (1985a): Hurdle Technology applied to meat
products of the Shelf Stable Product and Intermediate
Moisture Food types. In: 'Properties of Water in Foods'
(D. Simatos and J.L. Multon, eds.). Martinus Nijhoff
Publisher, Dordrecht, p. 309 - 329.




Leistner, L. (1985b): Empfehlungen fir sichere Produkte.
In: 'Mikrobiologie und Qualitdt von Rohwurst und Roh-
schinken'. Herausgegeben vom Institut fuir Mikrobiologie,
Toxikologie und Histologie der Bundesanstalt fur Fleisch-
forschung, Kulmbach, S. 219 - 244.

Leistner, L. (1986a): Schimmelpilz-gereifte Lebensmittel.
Fleischwirtschaft 66, 168 - 173.

Leistner, L. (1986b): Allgemeines Uber Rohwurst. Fleisch-
wirtschaft 66, 290 - 300.

Leistner, L. (1986c): Allgemeines Uber Rohschinken. Fleisch-
wirtschaft 66, 496 - 510.

Leistner, L. (1986d): Die chinesische Rohwurst - eine ande-
re Technologie. Mitteilungsblatt der Bundesanstalt
fur Fleischforschung, Nr. 92, S. 6919 - 6926.

Lucke, F.-K. (1985a): Fermented sausage. In: 'Microbiology
of Fermented Foods' (B.J.B. Wood, ed.), Vol. 2,
Elsevier Applied Science Publishers, London, p. 41 - 83.

Lucke, F.-K. (1985b): Mikrobiologische Vorgtnge bei der
Herstellung von Rohwurst und Rohschinken. In: 'Mikro-
biologie und Qualitdt von Rohwurst und Rohschinken'.
Herausgegeben vom Institut fir Mikrobiologie, Toxiko-
logie und Histologie der Bundesanstalt fur Fleischfor-
schung, Kulmbach, S. 85 - 102.

Lucke, F.-K. und Hechelmann, H. (1985¢c): Starterkulturen
fur Rohwurst und Rohschinken, Zusammensetzung und
Wirkung. In: 'Mikrobiologie und Qualitdt von Rohwurst
und Rohschinken'. Herausgegeben vom Institut fur
Mikrobiologie, Toxikologie und Histologie der Bundes-
anstalt fur Fleischforschung, Kulmbach, S. 193 - 218.

Mintzlaff, H.-J. und Leistner, L. (1972): Untersuchungen
zur Selektion eines technologisch geeigneten und toxiko-
logisch unbedenklichen Schimmelpilz-Stammes fur die
Rohwurst-Herstellung. Zentralblatt fur Veterindrmedizin
B 19, 291 - 300.

Miteva, E., Kirova, E., Gadjeva, D. and Radeva, M. (1986):
Sensory aroma and taste profiles of raw-dried sausages
manufactured with a lipolytically active yeast culture.
Die Nahrung 30, 829 - 832.

Niinivaara, F.P. (1955): Uber den EinfluB von Bakterien-
Reinkulturen auf die Reifung und Umrdtung der Roh-
wurst. Thesis, University of Helsinki; Acta Agralia
Fennica 85, 1 - 128.

Nurmi, E. (1966): Effect of bacterial inoculation on charac-
teristics and microbial flora of dry sausage. Thesis, Uni-
versity of Helsinki, Acta Agralia Fennica 108, 1 =7

Petdjd, E., Laine, J.J. und Niinivaara, F.P. (1973): EinfluB
der Pskellakebakterien auf die Eigenschaften geptkelten
Fleisches. Fleischwirtschaft 53, 680 - 686.

Petdjd, E. (1977): Untersuchungen Uber die Verwendungsmdg-
lichkeiten von Starterkulturen bei Bruhwurst. Fleisch-
wirtschaft 57, 109 - 112.

Pohja, M.S. and Niinivaara, F.P. (1957): Uber die Reifung
der Rohwurst. IIl. Mitteilung: Uber die antagonistische
Wirkung eines Mikrokokkenstammes gegen die in Roh-
wurst vorkommenden Bakterienstémme. Zeitschrift fur
Lebensmittel-Untersuchung und -forschung 106, 298 -
301.

Reddy, S.G., Hendrickson, R.L. and Olson, H.C. (1970):
The influence of lactic cultures on ground beef quality.
J. Food Sci. 35, 787 - 791.

Renerre, M. and Montel, M.C. (1986): Inoculation of stedk®
with Lactobacillus species and effect on colour an
microbial counts. Proceedings of the 32nd E.M.M.RN
held in Ghent, Belgium, Vol. I, p. 213 - 216.

Rodel, W. (1985): Rohwurstreifung - Klima und anderé Ein’,
fluBgroBen. In: 'Mikrobiologie und Qualit&t von Rohw,krc—
und Rohschinken'. Herausgegeben vom Institut fUr Mllf
biologie, Toxikologie und Histologie der Bundesanst@
fur Fleischforschung, Kulmbach, S. 60 - 84.

nd
Rossmanith, E., Mintzlaff, H.-J., Streng, B., Christ, Wha:"
Leistner, L. (1972): Hefen als Starterkulturen fur Rchung

wirste. Jahresbericht Bundesanstalt fur Fleischfors
1972, 1 47 - 1 48.

f
Schiefer, G. und Schone, R. (1980): Untersuchungen zY° ?
wendung von Starterkulturen bei der Bruhwurstherst®
lung. Fleisch 34, 34 - 36.
o
Schillinger, U. und Lucke, F.-K. (1986): Milchsturebak®”
Flora auf vakuumverpacktem Fleisch und ihr Ein 105204
auf die Haltbarkeit. Fleischwirtschaft 46, 1515 - |

oW
Schleifer, K.H. and Fischer, U. (1982): Description of o
species of the genus Staphylococcus: W
carnosus. Int. J. systemat. Bacterial. 32, 153 - 156
Schmidt, U. (1985): Salmonellen, Bedeutung bei Roh‘”urﬂsT
und Rohschinken. In: ‘Mikrobiologie und Qualitdt ¥° ol
Rohwurst und Rohschinken'. Herausgegeben vom nunde5‘
fur Mikrobiologie, Toxikologie und Histologie der 51,
anstalt fur Fleischforschung, Kulmbach, S. 128 - !
pn®
Schmidt, U. (1987): Hemmung von Salmonellen durch Tiia]r
logische MaBnahmen. Mitteilungsblatt der Bundeso”
fur Fleischforschung, Nr. 96, im Druck.

i€’
Stiebing, A., Rédel, W. und Klettner, P.-G. (1982): En;;gff
einsparung bei der Rohwurstreifung. Fleischwirfs¢
62, 1383 - 1389.

maﬂr" \
Address of the author: Prof. Dr. L. Leistner, E.-C.-B%Y ]
Str. 20, 8650 Kulmbach, Federal Republic of Germany"




