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Lactic acid bacteria play an essential role in the production of fermented meat 
products, Lactobacilfus being the main species used in the European type of fer- 
mented products. In order to ensure sensory quality and good colour formation, 
lactic acid bacteria are not sufficient and the contribution of Staphylococcus car- 
noses is needed. Some strains of meat lactobacilli exhibit important properties 
from a technological point of view, such as the production of antimicrobials. The 
application of bacteriocinogenic lactic strains as starter cultures in fermented 
products could provide an additional tool for preventing the outgrowth of food 
pathogens in sausages as well as enhancing the competitiveness of the starter 
organisms in favour of the fortuitous flora. However, further research is needed 
before the application in meat products of these bacteriocins can be put into 
practice. The spectrum of application of lactic acid bacteria is wide; lactobacilli 
are good candidates as probiotic strains, thanks to their GRAS status and their 
ability to adhere to epithelian cells. In the near future, lactobacilfi probiotic cul- 
tures will be included in new foods; fermented meat products are likely to be one 
of these foods. 0 1997 Elsevier Science Ltd 

THE ROLE OF LACTIC ACID BACTERIA IN 
MEAT FERMENTATION 

Fermented sausage is defined as cornminuted meat and 
fat, mixed with salt, nitrate and/or nitrite, sugar and 
spices (black pepper at least), which is stuffed into cas- 
ings, and subjected to a fermentation time and then to a 
drying process. The final product preserves well and has 
an increased shelf-life as a consequence of the inhibition 
of pathogenic and spoilage bacteria. 

In spontaneous meat fermentation, the lactic acid 
bacteria derived from the raw materials or the environ- 
ment are responsible for both lactic acid production 
resulting from carbohydrate utilization, and also a low 
pH value (5.9-4.6). As a consequence of this, the muscle 
protein coagulates, resulting in the sliceability, firmness 
and cohesiveness found in the final product. Ripening is 
also favoured when pH values decrease and approach 
the isoelectric point of proteins. The development of 
curing colour occurs also in acidic conditions when 
nitric oxide is produced from nitrite and can then react 
with myoglobin. Finally, the inhibition of pathogenic 
and spoilage bacteria is a consequence of the accumu- 
lation of lactic acid as well as acetic acid, formic acid, 
ethanol, ammonium, fatty acids, hydrogen peroxide, 
acetaldehyde, antibiotics and bacteriocins. 

Today the modern meat industry has to ensure high 
quality, reduce variability and enhance organoleptic 
characteristics in sausage production, which is not 
feasible using spontaneous fermentation methods. 

Therefore starter cultures have been developed during 
the last 40 years reducing fermentation times, ensuring 
low residual nitrate and nitrite contents in the end pro- 
duct and standardizing the organoleptic characteristics. 

With regard to the importance of bacteria, it may be 
noted that most of the commercially available starter 
cultures are mixtures of a strain of lactic acid bacteria 
and a strain of the staphylococci and/or micrococci 
genus. Starter cultures for sausages produced with 
nitrite as a curing agent normally contain only lactic 
acid bacteria and staphylococci, whereas starters for 
sausages produced with nitrate as a curing agent include 
lactic acid bacteria, staphylococci and micrococci which 
possess the nitrate reductase activity. 

Today’s starter cultures for raw sausages can be divi- 
ded into two categories (Buckenhtiskes, 1994). First 
generation starter preparations contain lactic acid bac- 
teria originating from plant material (L. pluntarum, P. 
pentosaceus). The second generation starter cultures 
contain lactic acid bacteria originating from meat and 
thus are specially adapted to the ecology of meat fer- 
mentation. 

The identification of 254 strains of lactobacilli isola- 
ted from Spanish spontaneously fermented dry sausages 
from 15 different producers showed that L. sake com- 
prised the largest number of isolates (55%) followed by 
L. curvatus (26%), L. bavaricus (11%) and L. plantarum 
(8%) (Hugas et al., 1993). So, L. sake and L. curvatus 
are the lactic acid bacteria most used in second genera- 
tion starter cultures, and the results show that they 
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control the entire fermentation and ripening processes, 
inhibiting the growth of spontaneous lactic acid bac- 
teria. This fact is very important because, when using 
first generation starters, the fermentation process is 
initiated as desired, but spontaneous lactic acid bacteria 
are able to grow and may have an undesirable influence 
on the sensory properties of the final product. Most 
lactobacilli are capable of forming hydrogen peroxide, 
and this peroxide leads to the discolouration of the 
nitroso heme pigment. Second generation starter cul- 
tures contain the catalase activity and by using them 
together with the catalase-positive cocci this type of 
problem can be avoided. 

1971 Reuter showed that strains of L. sake and L. cur- 
vatus exhibit lipolytic activity in vitro. Up to now, the 
importance of lipolysis by the lactobacilli has not yet 
been looked into in fermenting sausages. 

MAIN TRAITS OF SECOND GENERATION 
STARTER CULTURES 

The contribution of bacteria to the mechanisms of 
proteolysis in sausages has not been studied in detail. 
Results, up to now, are consistent with a collaborative 
and consecutive role of muscle cathepsin D and bacter- 
ial enzymes in proteolysis, the former preparing peptide 
substrates for the latter (Verplaetse et al., 1992). Pro- 
teolytic activity can be found in vivo in lactobacilli 
strains. Therefore, it would appear that after further 
studies it will be possible to determine whether a single 
lactobacilli starter culture produces sausages of a sen- 
sorial and technologically appropriate standard, avoid- 
ing the need to use micrococci starter cultures in 
combination with lactobacilli strains. 

Flavour production Genetic manipulation 

The aromatic and sensory qualities of dry sausages are 
achieved by the contribution of lactic acid bacteria 
together with micrococci and yeasts as starter organ- 
isms. The non-lactic starter organisms contribute to the 
organoleptic qualities of fermented products by means 
of several activities: nitrate reductase, nitrite reductase, 
catalase and lipase. 

The improvement or optimization of the starter cultures 
presently in use will be achieved in the future by means 
of genetic engineering. This technique can be used for 
introducing the genes coding for useful properties, 
which are present in other micro-organisms, into com- 
petitive starter strains. 

Several authors (Cantoni et al., 1972; Wolf & 
Hammes, 1988; Wolf et al., 1990) have shown that lactic 
acid bacteria involved in meat fermentation can also 
display the above-mentioned activities (Table 1). The 
catalase and nitrite reductase activities are either heme- 
dependent or independent since meat contains sufficient 
heme and therefore there is no limitation for heme- 
depending activities in fermenting sausages. 

The genetics of meat-borne lactobacilli have been 
increasingly investigated. The most suitable method for 
introducing DNA into lactobacilli is electroporation; 
this method has been adapted for strains of L. sake and 
L. curvatus by Gaier et al. (1990) and for L. sake, L. 
curvatus, L. bavaricus and L. plantarum by Aymerich et 
al. (1993) using different DNA vectors. 

After the studies of Hammes et al. (1990) it was 
shown that a multiple strain starter culture with several 
nitrate-reducing lactobacilli achieved the reduction of 
nitrate and nitrite. However, the nitrate reduction was 
slow and, as a result, produced flavour and colour 
defects in the final product. 

Different lactobacilli genes have been cloned: B-galacto- 
sidase gene (Obst et al., 1992); catalase (Knauf et al., 
1992), bacteriocin genes (Tichaczek et al., 1993, 1994; 
Axelsson et al., 1993), etc. The cloned genes may serve 
as marker genes in vectors or for improving the meta- 
bolic qualities of the strains. 

Members of the genus Staphylococcus are partly 
responsible for lipolysis together with tissue lipases. 
They contribute to the release of free fatty acids during 
sausages whereas Micrococcus varians would not parti- 
cipate in the lipolysis according to Talon et al. (1992); in 

Genes from generally recognized as safe (GRAS) 
organisms other than lactic acid bacteria can also be 
cloned, for example the cloning of the lysostaphin gene 
of S. staphylolyticus into meat starter lactobacilli (Gaier 
et al., 1992). With the introduction of the lysostaphin 
gene, the growth of S. aureus can be prevented and the 
hygienic status of meat products increased. 

Table 1. Rare properties of meat-borne Lactobacilli 

LAB Catalase Nitrate-reductase Nitrite-reductase 

Heme dependent Heme independent Heme dependent Heme independent 

L. piantarum 
L. pentosus 
L. farciminis 
L. sake 
L. curvatus 
P. pentosaceus 
P. acidilactici 

+ (+I (+I (+I (+I 
+ + + 
- - (+I 
+ (+I 

+ - (+I 
+ - - 

+ = most strains; (+) = some strains. After Hammes et al. (1990). 
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Bacteriocins 

The potential of meat-borne lactobacilli to produce 
antagonistic compounds has been investigated (Garriga 
et al., 1993) and detected in strains of L. curvatus, L. 
sake, L. bavaricus and L. plantarum (Table 2). 

These strains produce bacteriocins which are antimi- 
crobial compounds of a peptidic nature, active against 
different indicator bacteria. Among these sensitive bac- 
teria there are food-poisoning micro-organisms as well 
as lactic acid bacteria. 

The application of the bacteriocinogenic lactic strains 
as starter cultures in fermented products could provide 
an additional tool for preventing the outgrowth of food 
pathogens in sausages as well as enhancing the compe- 
titiveness of the starter organisms towards the fortui- 
tous flora. 

For the application of new bacteriocin-producing 
isolates, their suitability as starter organisms has to be 
demonstrated with respect to their performance in the 
respective process and the product quality. Alterna- 
tively, well-stablished starter strains can be supplied 
with bacteriocin production capacity by transfer of the 
relevant genes which may be found in transmissible 
plasmids (Ahn & Stiles, 1992). 

Several authors (Nielsen et al., 1990; Winkowski et 
al., 1993; Berry et al., 1990, 1991; Foegeding et al., 1992; 
Schillinger et al., 1991; Campanini et al., 1993; Degnan 
et al., 1992) have conducted studies in order to assay the 
potential of bacteriocin-producing strains in meat 
systems. Most studies about the in situ behaviour of 
bacteriocins against food pathogens like Listeria mono- 
cytogenes have been conducted using bacteriocinogenic 
strains of Pediococcus acidilactici, which is the main 
starter culture used in the manufacture of American- 
style fermented meat products. 

In fresh meat, Nielsen et al. (1990) observed a reduc- 
tion of 2.2 log cfug-’ of L. monocytogenes in the lots 
inoculated with a bacteriocinogenic strain of P. acidi- 
lactici compared to the control lots. In minced meat, 
several authors (Skytta et al., 1991; Schillinger et al., 
1991; Berry et al., 1991) have reported that the level of 
L. monocytogenes remained constant for 14 days by 
inoculating a bacteriocinogenic while in the control lot 
the pathogen grew exponentially. In American-style 
fermented sasuages (Berry et al., 1990) a 1.31og 

reduction of L. monocytogenes was observed after the 
inoculation of P. acidilactici JDl-23 compared to the 
uninoculated control lot. 

There have been several reports about the use of 
bacteriocinogenic lactobacilli in European-style fermen- 
ted sausages. In 1991, Schillinger and co-workers were 
the first to apply a bacteriocinogenic L. sake in a slightly 
fermented product (fresh Mettwurst) in order to evalu- 
ate the inhibition of L. monocytogenes. Although the 
bacteriocin produced by L. sake Lb706 was less effective 
in food than in vitro systems, the authors stated that it 
can be used as a bioprotective culture to prevent the 
outgrowth of L. monocytogenes in certain types of food. 

Vogel et al. (1993) investigated the suitability of the 
bacteriocinogenic L. curvatus LTH 1174 in comparative 
studies employing the bacteriocin producer, its non- 
producing derivatives and a highly competitive com- 
mercial starter. The results indicated that L. curvatus 
LTHl174 is well-adapted to the meat environment. The 
bacteriocin production enhances its competitiveness 
since the original strain is more competitive than the 
cured derivative and the commercial starter culture, 
resulting in more than 97 and 80% dominance after 
inoculation at cell counts of lo5 and 103cfug-’ respec- 
tively. 

In the adaptation of the producer to the habitat, the 
inhibitory spectrum of the bacteriocin is crucial and has 
to be taken into account as well as stability and pro- 
duction of the bacteriocin under process conditions; the 
bacteriocin cannot affect the growth of the other com- 
ponents of the starter preparations. 

During the evaluation of the antimicrobial activity of 
L. plantarum MSC and its cured derivative L. plantarum 
MSCl in Italian salami, Campanini et al. (1993) did not 
find significative differences in the evolution of L. 
monocytogenes in either strain. Again, the inactivation 
of Listeria was lower in meat products than in labora- 
tory media where high levels of contamination are used. 

Recently, Hugas et al. (1995) reported the inhibition 
of Listeria in artificially contaminated dry fermented 
sausages by L. sake CTC494 producing a bacteriocin 
named sakacin K. In the trials reported (Fig. I), 
the counts of Listeria decreased from lo3 cfu g-i during 
the initial stages to 2.66 MPNg-’ at the end of the 
process, with a 1.25 log of difference compared to the 
non-bacteriocinogenic starter culture. These results 

Table 2. Antagonistic strains isolated from fermented meat products 

% of strains with positive inhibition in agar spot test 

Indicator strain L. sake L. curvatus L. bavaricus L. plantarum 

L. plantarum ATCC8014 9 6 0 9 
L. plantarum DSM20114 5 0 0 100 
L. curvatus MCD02739 12 6 15 0 
L. curvatus CTC strain 14 14 11 9 
L. sake DSM20017 4 0 0 4 
No. of strains assayed 139 66 27 22 

After Garriga et a/. (1993). 
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Fig. 1. Growth of lactic acid bacteria and L. innocun in fer- 
mented sausages. Values are the average of three experiments. 

Listeria counts below IO3 cfu g-’ are given in log MPN g-’ . 

demonstrate the effectiveness of sakacin K in control- 
ling the outgrowth of Listeria in dry fermented sausa- 
ges. 

Up to now, several bacteriocins from Lactobaciffus 

strains have been characterized, purified and the peptide 
sequenced (Table 2). Several strains are producing the 
same bacteriocin: sakacin A (Axelsson et al., 1993) pro- 
duced by L. sake Lb706 is the same compound as cur- 

vacin A (Tichaczek et af., 1992) from L. curvatus 
LTH 1174 and sakacin K (Remiger et al., 1996) from 
L.sake CTC494; sakacin P from L. sake LTH673 
(Tichaczek et al., 1992) is like bavaricin A from L. 
bavaricus MI401 (Larsen et al., 1993). Thus, even dif- 
ferent strains from different, though closely related, 
species can produce the same bacteriocin. 

As stated above, the production of a certain bacter- 
iocin in laboratory media does not imply its effective- 
ness in a food system. When evaluating a bacteriocin- 

producing culture for sausage fermentation, it has to be 
considered that fermented sausages are a complex sys- 
tem with a number of factors influencing microbial 
growth; temperature, pH and the curing aids, nitrate 
and nitrite. 

In order to assess the influence of formula and fer- 
mentation technology on the performance of bacterio- 
tin-producing starter cultures, Hugas et al. (1996) 
assayed two different technologies, nitrate-nitrite cure 
and nitrate cure, as well as two ripening conditions. The 
experiments were performed with five different bacter- 
iocinogenic cultures; two of them had already been 
assayed in suppressing the growth of Listeria in different 
meat products (Schillinger et al., 1991; Hugas et al., 

1995). 
In the nitrate and nitrite treatment, Listeria growth in 

all the sausages with bacteriocinogenic strains was lower 
than the values of the control standard starter strain. 
The best strains for inhibiting the growth of L. ivanovii 

LTH3097 were L. curvatus LTHl174 and L. sake 
CTC494. In these sausages the listerial count was 
reduced from 1 x lo4 cfu gg’ to 24MPN gg’ within 
eight days (Figs 2 and 3). 

Listerial reduction continued until the end of the 
process. In the treatment with a nitrate cure, the sausa- 
ges containing either L. curvatus LTHl174 or L. sake 

Lb706 acheived one log reduction of Listeria counts 
(from 1.6x104cfug-’ to 1.3x103cfug-i) during the 
period of 30 days. No differences in the Listeria counts 
were observed between the standard starter strain and 
the rest of the bacteriocinogenic cultures. 

It seems that nitrite might enhance the bacteriocin 
effect permitting a further reduction of Listeria counts. 
The reduction of pH to 5.5 and below has to be con- 
sidered when discussing anti-listerial factors in sausage 
fermentation. In order to demonstrate that the produc- 
tion of bacteriocin enhances the effectiveness of starter 
cultures in inhibiting the survival of Listeria, the effect 
of the pH has to be excluded. In the above-mentioned 
experiment, the nitrate-nitrite treatment, the standard 
starter culture, L. curvatus LTHl174 and L. sake 
CTC494 decreased the pH to the same extent, allowing 
for the comparison of the anti-listerial effect of the 
strains. 

Therefore, the bacteriocinogenic starter cultures have 
proved to be effective in inhibiting Listeria survival in 
fermented sausages, though the most appropriate cul- 
tures have to be selected according to the specific for- 
mulation and technology of fermentation. 

BIOPRESERVATION AS A NEW REAL 
POSSIBILITY 

Meat production has changed during the last decades. 
These changes were necessary and arose from the 
increased knowledge in nutrition and food hygiene as 
well as quality assurance. Distribution has also changed 
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from the small store to the hypermarket and the fre- 
quency of shopping has been reduced, thus the consu- 
mer seeks more stable and safer products with a longer 
shelf-life and which do not contain preservatives. 

In this context bacteriocins produced by lactic acid 
bacteria associated with meat and meat fermentations 
such as Pediococcus, Leuconostoc, Carnobacterium and 
Lactobacillus spp. are likely to have much greater 
potential as meat preservatives (Stiles & Hastings, 1991; 
Shahidi, 1991; Yousef et al., 1991). 

L. monocytogenes, together with other food patho- 
gens, are becoming emergent pathogens that can be 
isolated from foods of different origins, including meats 
and meat products. In meat processing plants, it may be 
present in the slicing rooms and may eventually con- 
taminate pasteurized products during slicing and 
packaging. 

Recently, some biopreservation techniques have been 
applied to meat products and these have involved the 
introduction of a competitive microflora of lactic acid 
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Fig. 2. Growth of lactic acid bacteria in fermented sausages 
inoculated with different Lactobacilli strains and with a non- 

inoculated control. (A) nitrate-nitrite cure, (B) nitrate cure. 

bacteria as protective cultures to chill-stored ready-to- 
eat meat products, including bacteriocin-producing lac- 
tic acid bacteria and purified anti-listerial bacteriocins. 

Yousef et al. (1991) investigated the growth of L. 
monocytogenes in packed wiener sausage, which is a 
fully-cooked cured meat product susceptible to con- 
tamination by L. monocytogenes before packaging. 
After the application of Pediococcus acidilactici or the 
purified pediocin, these authors provided evidence of 
the elimination of Gram-positive pathogenic bacteria in 
cooked meats during extended refrigerated storage. 

In fresh meat there have been different reports. The 
antimicrobial activity of the pediocin produced by P. 
acidilactici was tested to determine whether the bacter- 
iocin would reduce the populations of L. monocytogenes 
attached to a carcass, and remain stable enough to 
inhibit further contamination during processing (Niel- 
sen et al., 1990). The results of the study revealed that 
these bacteriocins, in association with red meat, have an 
inhibitory effect on L. monocytogenes. The effectiveness 
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Fig. 3. Growth of Listeriu ivanovii LTH3097 in fern-tented sau- 
sages inoculated with different Lactobacilli strains and with a 
non-inoculated control. (A) nitrate-nitrite cure, (B) nitrate cure. 
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of the bacteriocin appears to be dependent upon con- 
centrations of both bacteriocin and bacteria. 

In fresh chicken breast, the bacteriocinogenic strain 
L. sake CTC494, producing sakacin K, was inoculated 
by spraying the surface of chicken breasts previously 
contaminated with Listeria. The breasts were packed 
either in vacuum or in micro-aerophilic packages 
(Fig. 4). The vacuum-packed products displayed an 
absence of Listeria after 13 days of storage after an 
initial contamination of 230 cfu cmp2. The Listeria 

counts in the control lot (vacuum-packed but with no 
bioprotective culture added) reached 440 cfu cmp2 dur- 
ing the same period of storage. 

In modelised sliced vacuum-packed cooked ham, the 
kinetics of growth of inoculated L. innocua were evaluated 
using different bioprotective cultures L. sake LTH2799 
(Bat-), L. curvatus LTHl174 (Bat+) and L. sake 
CTC494 (Bat+). All the lactobacilli counts grew from 
lo6 cfu g-’ to 10s cfu gg ’ in eight days. Listeria counts in 
the samples with the non-bacteriocinogenic culture grew 
from 2.5 log cfu g-’ to 3 log cfu gg’, while in the samples 
with bacteriocinogenic cultures, a decrease in Listeria 
numbers was observed. L. curvatus LTHl174 was the 
most effective strain in inactivating L. innocua. 
( < 3 MPN g). The same results were attained when pur- 
ified sakacin K was added to the samples. 

According to the above-mentioned results, an addi- 
tional hurdle for preventing the growth of spoilage and 
pathogenic bacteria in a great variety of food products 
may be provided by using traditional methods of pre- 
servation in combination with bacteriocinogenic cul- 
tures of lactic acid bacteria or their bacteriocins alone. 

LOG cfu/cln’ 

-1,5 J 

0 5 10 15 20 25 
TIME (days) 

-+-AIR L.innocua CTC1014 
-O-VACUUM L.innowa CTC1014 
+AIR L.innocua CTC1014 + Lsake CTC494 
+VACUUM L.innocua CTC1014 + Lsake CTC494 

Fig. 4. Inhibition of L. innocua in fresh chicken breasts 
vacuum and air packed stored at 7°C. 

Before bacteriocins can be applied in foods, they 
should be approved by government regulations for their 
application in meat products. Up to now, nisin is the 
only bacteriocin approved as a food additive. Unfortu- 
nately nisin is apparently not the most suitable bac- 
teriocin for meat preservation despite its effectiveness 
in dairy products. Bacteriocins produced by meat- 
related bacteria seem to have better prospects for appli- 
cation. Further research is needed before application in 
meat products of these bacteriocins can become a 
reality. 

COULD THE PROBIOTIC APPROACH BE ONE 
OF THE NEXT STEPS IN STARTER CULTURE 
DESIGN? 

Lactic acid bacteria and specifically Lactobacilli are 
good candidates as probiotic strains because they are 
normal components of the gut microflora. The use of 
lactic acid bacteria in foods has a long history and Lac- 
tobacilli have a GRAS status and some of them have 
antagonistic properties towards pathogenic bacteria 
either by antimicrobial substance production or compe- 
titive exclusion. 

Only recently have the scientific bases of probiotic 
studies been firmly established and clinical studies of 
some strains published. With the progression of clinical 
research, assessment and improvement of the stability of 
probiotic bacteria is being carried out, and we are now 
approaching the general acceptance of probiotics as 
functional ingredients, mainly in dairy products. 

It is generally accepted that a probiotic strain has to 
be acid, lysozyme and bile resistant and able to colonize 
the human intestinal tract (at least temporarily) 
by means of some mechanisms for adhering or binding 
to the intestinal cells. Obviously, a probiotic will be 
a GRAS micro-organism and preferably of human ori- 
gin. 

However, there are a set of complementary conditions 
needed for a probiotic culture: (a) once administrated it 
must be capable of activating and growing quickly and 
remaining in the gut for an acceptable time (Juven et al., 
1991; Havenaar & Huis in’t Veld, 1992); (b) it should be 
resistant to antibiotics normally present in foods, but 
never by plasmid coding for antibiotic resistance, and 
sensitive to those used in the therapy of acid lactic bac- 
teria infections (normally penicillines or aminoglyco- 
sids) (Fonden, 1989); (c) no pathogenic, toxic, allergic, 
mutagenic or carcinogenic reactions must be caused by 
the strains or their fermentation products or cell com- 
pounds after bacterial death. 

O’Sullivan et al. (1992) demonstrated that lactic acid 
bacteria are the micro-organisms in the highest quantity 
and regularity along the gastrointestinal tract, the main 
species being L. acidophilus, L. casei, L. fermentum, L. 
salivarius, L. cellobiosus, L. brevis, L. reuteri, Ent. fae- 
cium, Ent. faecalis, Blfd. btjidum, Bifd. thermophilum, 
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Bijb. pseudolongum and P. pentosaceus, though other 
species of lactic acid bacteria could be present. 

The most interesting point is that the ability to 
remain in the intestine is strain-dependent, and is prob- 
ably a function of the aggregation and adhesion cap- 
abilities. Naito et al. (1995) have demonstrated in piglets 
the differences in colonization and intestinal develop- 
ment of 20 biovars of L. reuteri and L. acidophilus from 
intestinal origin and the amount of time that they are in 
the gut. Consequently, the adhesion of lactic acid bac- 
teria to intestinal epithelial cells is also a complex ques- 
tion. The Lactobacilli isolated from the jejunum, ileum 
and caecum showed a differential ability to adhere to 
the ileal epithelial cells, indicating that strains are speci- 
fic to certain intestinal locations (Jin et al., 1996). 
Therefore, the understanding of the adherence and 
aggregation mechanisms and their genetic coding and 
regulation in lactic acid bacteria will be one of the most 
interesting approaches in the probiotic field. 

Because the probiotic properties of desirable bacteria 
are largely dependent on their ability to remain viable 
and to colonize the surface of human intestinal cells, 
sufficient numbers of viable bacteria must be present at 
the time of consumption, and in this sense it has been 
suggested that a viable cell number of lo’-lo9 cells per 
day is necessary in order for any beneficial effects to 
develop in humans (Salminen et al., 1993). Therefore, 
the daily intake of probiotic cultures in the diet requires 
the development of a wide range of fermented foods 
with these properties. Today, most probiotic strains are 
used in dairy products but, according to Lee and Salmi- 
nen (1995), new probiotic functional foods will include 
infant formulae, baby foods, fermented fruit juices, fer- 
mented soy products, cereal-based products and, in our 
opinion, fermented meat products. Why not? 
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