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● Lactobacillus and its world
Species of Lactobacillus are an important part of the
microflora, both desirable and undesirable, of a wide
range of foods and beverages. Surprisingly, the concept of
these bacteria as ‘just a dairy organism’ lingers on. The
genus Lactobacillus is a member of the lactic acid bacteria, 
which are not a taxonomic entity, but a group of bacteria
with similar physiological and ecological properties.
Lactobacillus comprises Gram-positive, asporogenous,
rod-shaped bacteria, which are aerotolerant anaerobes,
growing preferentially at pH values of 5.5–5.8. All are
fermentative, producing lactic acid as a major end
product. There are over 90 Lactobacillus species of
considerable diversity.

Versatility is an important attribute of lactobacilli and
although nutritionally fastidious, they are able to
colonize a wide range of environments. Lactobacilli are
important members of the microflora of neutral to low-
acid, high-protein foods of animal origin as well as high-
acid, low-protein plant material. Growth is possible over
a wide range of temperatures. Dairy isolates tend to 
be associated with a minimum growth temperature of 
ca 15 °C and rapid growth at 37 °C and above. In
contrast, many isolates from refrigerated meat appear to
be adapted to low-temperature life, growing relatively
well at 5 °C, but with a maximum of ca 30 °C.

The ubiquitous nature of lactobacilli means that their
activities impinge on man in a number of ways.
Lactobacilli are part of the normal flora of the gastro-
intestinal tract and of the female reproductive tract. 
In each case, they have a general protective effect 
against undesirable micro-organisms. A few strains 
of some species, including Lb. acidophilus, Lb. casei/
paracasei, Lb. rhamnosus and Lb. plantarum, are also
considered to be probiotic and have direct beneficial
effects if established in the intestinal tract, including
lowering of cholesterol levels and stimulation of 
the immune system. Except under rare and unusual
circumstances, lactobacilli are non-pathogenic to man
and other animals. There is, however, an association 
with food-borne illness through production of bio-
genic amines. Symptoms vary, but usually include a
critical increase in blood pressure, together with head-
ache, flushing and, possibly, a skin rash. The illness 
has been strongly associated with cheese, especially 
Stilton and Swiss varieties, and with fermented
vegetables. There is also a long-standing association 
with fermented sausages, although in this case evidence
is circumstantial.

Most studies of lactobacilli have involved the artificial
environments of foods and beverages, resulting in a
tendency to overlook these bacteria in the wider, natural
environment. Lactobacilli can easily be isolated from
vegetation, but numbers are small. Decaying vegetation,
however, undergoes a spontaneous fermentation, usually
initiated by Enterobacteriaceae and Enterococcus spp.,

followed by Lactobacillus and other lactic acid bacteria.
Lactobacilli reach significant numbers, but their role
appears to be restricted to acidification and they do not
degrade more recalcitrant molecules. Lactobacilli can
also be isolated from soil, especially where decaying
vegetable material is present, and from both fresh and
estuarine waters. The presence of these bacteria has been
related to sewage pollution and they have been proposed
as an indicator organism in warm climates.

● Lactobacillus and meat
Lactobacilli are a major cause of spoilage of meat and
meat products, although a number of atypical
heterofermentative isolates have been reclassified as
Carnobacterium spp. Usually associated with vacuum-
packed and modified-atmosphere-packaged (MAP)
meats, lactobacilli can also multiply under aerobic
conditions, but rarely contribute to spoilage.

Raw meat. In vacuum-packed raw uncured meat,
lactobacilli make up a significant part of the spoilage
microflora. Sufficient oxygen is present to support
Pseudomonas spp. and other aerobes in large vacuum packs
and suppression is primarily due to CO2 build up. The
dominance of lactobacilli in vacuum-packed meat occurs
within a relatively broad set of conditions, which
coincide with those used in commercial meat storage. At
temperatures above ca 7 °C, other fermentative bacteria,
especially Brochothrix thermosphacta, are able to compete
more effectively with lactobacilli, due to the reduced
effect of CO2. Under such conditions, bacteriocin
production by lactobacilli is important in suppression of
Brochothrix and other competing bacteria.

The overall role of lactobacilli in spoilage of raw meat
packed in modified atmospheres is similar to that in
vacuum packs. There is variation according to the
composition of the atmosphere, and lactobacilli are
suppressed in the 100% CO2 packs which may be used in
combination with temperatures of 0–1 °C, for extended
storage of meat in international trade. Modified
atmospheres used for retail packs of meat are typically
75% N2/20% CO2/5% O2. This atmosphere permits
good growth of lactobacilli at storage temperatures 
of ca 4 °C. Lactobacilli may be secondary to Leuconostoc
spp., which may be stimulated as a result of production 
of acetate rather than ethanol as a metabolic end-
product.

A relatively wide range of Lactobacillus species can be
isolated from raw meat. Important spoilage species
include Lb. bavaricus, Lb. curvatus and Lb. sake, 
although Lb. plantarum and Lb. brevis are also 
common isolates. The spoilage potential of lactobacilli 
is low compared with that of Pseudomonas spp. and 
other Gram-negative aerobes, and change in meat
quality is not detected until numbers in excess 
of ca 5 ×108 c.f.u. g–1 are present. Spoilage is usually
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attributed to souring due to production of fermentation
acids, predominantly lactic acid. The quantity of lactic
acid produced by lactobacilli and other fermentative
bacteria is small compared with that produced during
post-mortem glycolysis and cannot account for 
spoilage. Methanethiol and dimethylsulfide are possibly
responsible for the acidic character of the strong odour
encountered on opening vacuum packs of beef. In some
cases, the predominant spoilage pattern involves sulfide
odours, although H2S is usually produced in significant
quantities only when glucose is depleted. This usually
occurs in high pH meat. In meat of normal pH, however,
sufficient H2S can be produced by Lb. sake to cause
greening of the meat as a result of sulfmyoglobin
production.

Lactobacilli can also be isolated in large numbers from
vacuum-packed and MAP raw cured meats, resistance to
the curing agents NaCl and NaNO2 being a common
property of lactobacilli. Species present are generally the
same as those on uncured meats. The spoilage potential
on raw cured meats is, however, very low and, while
growth on rashered products may result in slime
formation and souring, these changes are rarely bad
enough to cause rejection.

Cooked meat products. Vacuum-packed and MAP
cooked meats develop a microflora dominated by
lactobacilli. In most cases, contamination occurs 
after cooking. The species present are often similar to 
those found in raw meat. Contamination is often from
equipment and the fabric of the building, which may
have a factory-specific Lactobacillus microflora of limited
diversity. There is little difference between lactobacilli
present on uncured cooked meat and those on cooked
meat cured using modern curing technology and
containing relatively low levels of NaCl and NaNO2.

Although the growth of lactobacilli on vacuum-
packed cooked meat leads ultimately to spoilage, there
are also important implications for safety. Cooked meat
joints are highly dependent on refrigeration for control of
Clostridium botulinum and the presence of lactobacilli is
considered to increase safety. Spoilage by lactobacilli 
is likely before significant toxigenesis occurs and there
may be inhibition of C. botulinum through acidification
and bacteriocin production. The greatest risk from 
C. botulinum exists where meat is cooked in final
packaging, and pre-process inoculation of meat with a
heat-resistant, bacteriocin-producing Lactobacillus has
been proposed as a means of ensuring safety in case of
temperature abuse.

Although post-process contamination is the usual
source of lactobacilli on cooked meat products, a 
number of processes, especially those applied to large
comminuted sausages, and bowl pâtés, are marginal for
destruction of the more heat-resistant strains. However,
survival of heat-resistant lactobacilli is of limited

significance, since most of these bacteria are unable to
grow below ca 10 °C. Significant growth and product
deterioration can, however, occur during cooling and
this can be a particular problem with large bowl pâtés.

Spoilage of cooked meats by lactobacilli usually
involves souring and slime formation. A more specific
problem, however, is ‘greening’. This phenomenon is
caused by hydrogen peroxide oxidizing the porphyrin
ring of nitrosohaemochromogen, the pink pigment 
of cooked cured meat. This results in the formation of 
green verdohaem and, on further oxidation, colour-
less bile pigments. ‘Greening’ is usually attributed to 
growth of Lb. viridescens, but other species may be
involved (Fig. 1).

Fermented meat products. Fermented meats are raw
meat products, stabilized by low pH and fermentation
acids, reduced water activity, NaCl and NaNO2.
Traditional manufacture involves a natural fermentation
with lactobacilli and other lactic acid bacteria derived
from the meat. This process is unreliable and carries a
high risk of growth of Staphylococcus aureus if acidification

TOP RIGHT:
Fig. 1. Green spots on a sliced
liver sausage attributed to localized
formation of hydrogen peroxide 
by Lb. viridescens and oxidation of
the meat pigment to verdohaem.

BOTTOM RIGHT:
Fig. 2. Gas bubbles in a
marinated herring product,
produced during growth of the
heterofermentative Lb. buchneri.

BOTH IMAGES REPRODUCED WITH
PERMISSION FROM J.P. SUTHERLAND,
A.H. VARNAM & M.G. EVANS (1986) 
A COLOUR ATLAS OF FOOD QUALITY
CONTROL (LONDON: MANSON)
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● Lactobacillus and foods of plant origin
Lactobacilli are involved in a wide range of fermentations
of food plants, including cucumbers, olives and cabbage,
as well as mixed fermentations of a wide range of plant
parts and of flour pastes. Fermentation is an important
means of preservation as well as imparting desirable
organoleptic properties. Preservation is of less importance
in the developed world than in the developing. Lacto-
bacilli are also considered to have a role in control of
enteropathogens in developing countries and a novel
application of bacteriocin-producing strains of Lacto-
bacillus has also been proposed for control of pathogens,
including Salmonella and Shigella, in salad packs. 

Lactic fermentation of vegetables. Lactobacilli are the
dominant bacterium in the fermentation of products
such as cucumbers and cabbage (sauerkraut). The nature
of the raw material affects the course of fermentation, due
to differences in nutrient availability, buffering capacity,
natural microflora and, possibly, presence of plant
antagonists. The raw material is almost invariably salted,
although this is not an absolute requirement. In
spontaneous fermentations, a microbial succession
occurs, in which facultative anaerobes are followed by
heterofermentative then homofermentative lactobacilli.
Many species of Lactobacillus may be present, including
Lb. arabinosus, Lb. buchneri (Fig. 3), Lb. curvatus, 
Lb. fermentum and Lb. plantarum. Lb. plantarum is the 
most widely used starter culture in some cucumber
fermentations, but L-lactate-producing Lb. bavaricus is
used where mild flavours are preferred.

Lactobacillus and bakery products. Lactobacilli grow
well in dough and can be a cause of spoilage before
baking. Lactobacilli are also important in manufacture 
of some traditional bread. Sour dough bread manu-
facture involves co-fermentation by yeast and lacto-
bacilli, including the eponymous Lb. sanfrancisco 
(= sanfranciscensis). The relationship between the yeast
and the lactobacillus appears to be stable although, over
an extended period of time, considerable adaptation
occurs and the micro-organisms are likely to be specific
to individual bakeries. The ability to assimilate maltose
directly, via the maltose phosphorylase pathway, is a
common property of the lactobacilli from sour dough
and similar environments and imparts a selective
advantage. Acidification imparts a sour character to the
bread after baking and a characteristic dense and ‘chewy’
texture. 

Fermented milk analogues. These originated in Japan 
as ‘soy yoghurts’, but are now available elsewhere. Most
products are based on fermented ‘soy’ milk, although 
one is made from oats. Standard yoghurt cultures 
(Lb. delbrueckii subsp. bulgaricus and Streptococcus salivarius
subsp. thermophilus) can be used as a starter with varying

is delayed in the early stages of fermentation. It is now
general practice to ensure rapid acidification by addition
of a chemical acidulant, usually glucono-δ-lactone, or to
inoculate the meat mix with a starter culture. In meat
products of this type, the role of the starter culture is to
initiate early pH fall, but indigenous lactobacilli
continue to grow and diversity at the end of fermentation
can be high. Bacteriocin production by lactobacilli is
important in preventing development of undesirable
micro-organisms and is a common property of starter
culture strains. This property is usually plasmid-borne.

Species of Lactobacillus
present in fermented meats
include those of import-
ance in other meat products,
such as Lb. curvatus and Lb.
sake, as well as species,
including Lb. plantarum
and Lb. brevis, which are
found in several habitats. Lb.
plantarum is used as a starter
culture, but Pediococcus acidi-
lactici is generally preferred.

● Lactobacillus and
fish
Lactobacilli are present in
small numbers in fish, but
are normally unable to
develop under conditions
that permit growth of
Pseudomonas spp. and other
Gram-negative bacteria.
Little is known of the role

of lactobacilli in spoilage of fish in modified atmosphere
packaging, although other lactic acid bacteria can be
present in significant numbers.

Lactobacilli are involved in the manufacture of
northern European fermented fish and marine mammals.
High NaCl brines are generally used, although older
processes may involve a ‘dry’ fermentation. Botulism is a
significant hazard in some traditional products and
acidification by lactobacilli is an important safety
determinant. Problems arise due to the relatively low
prevalence of lactobacilli and the low carbohydrate and
high amino nitrogen content of fish flesh favouring 
other bacteria. In brine fermentations, it is common
practice to add sucrose to favour growth of lactobacilli
and acidification is usually consistent.

Lactobacilli can spoil low-pH pickled fish (Fig. 2)
made by chemical acidulation, usually involving 
soaking in vinegar. The lactobacilli involved, such 
as Lb. collinoides and Lb. pastorianus are pH- and 
acetate-tolerant and share characteristics with those
isolated from spoiling pickles and mayonnaise-based
products.
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degrees of success. Probiotic strains of Lb. acidophilus are
also used as starters, but two products examined at the
University of North London contained Lb. rhamnosus, not
Lb. acidophilus as claimed on the label.

Cocoa beans. Cocoa is often not recognized as a
fermented food (Fig. 4). Lactobacilli, however, are of
major importance in the processing of cocoa and, to a
lesser extent, coffee. Cocoa beans are fermented in various
ways, ‘sweat boxes’ now being widely used. Fermentation
involves a succession of yeasts, lactobacilli (and possibly
leuconostocs) and acetic acid bacteria. During the
highest rate of acidification, lactobacilli account for

between 20 and 70% of the total microbial population,
falling to ca 10% during post-fermentation acetification.
Homofermentative species dominate, although species
diversity varies according to geographic location. The
main function of acidification is to create conditions
favourable for biochemical transformations, responsible
for chocolate flavour development, to take place within
the bean.

Traditional Asian and African fermented products. A
vast range of traditional fermented products is produced
in Asia and Africa, most for local consumption, although
some will be known to those who venture into Oriental
cuisine. Asian fermented products are usually based on
soy, rice and other ingredients, such as black gram flour.
Proteolysis, mediated by mould-derived enzymes, is a
common feature and the role of bacteria is very limited in
manufacture of some products. In other cases, such as soy
sauce, a stable mixed lactic-alcoholic fermentation is
involved. Growth of moulds, usually Aspergillus spp.,
and release of substantial quantities of low- to medium-
molecular-mass nitrogenous compounds and simple

sugars precede the fermen-
tation. In other products,
such as the Indian idli,
made from rice and black
gram dough, moulds are
not a major part of the
microflora, which is
dominated by lactobacilli,
including Lb. amylovorus
and amylolytic strains of
Lb. fermentum, and a mix-
ture of oxidative and
fermentative yeasts.

In traditional African fermentations lactobacilli, and
in some cases yeasts, are the most important micro-
organisms. The west African maize product, ogi, for
example, is made by a lactic fermentation, involving a
variety of lactobacilli. In many parts of Africa, as well as
south-east Asia and south America, cassava is a staple
crop, used in a large number of products typified by gari.
The cassava tuber is of high starch and low protein
content and contains toxic cyanogenic glucosides.
Preparation usually involves fermentation, during
which softening and hydrolysis of cyanogens occurs. A
large bacterial flora develops, dominated by lactobacilli,
including Lb. plantarum, the starch-fermenting Lb.
amylovorus and a ‘new’ species apparently restricted to
cassava fermentations, Lb. manihotivorans. Lactobacilli
have a very significant role in acidification, but
involvement in softening and hydrolysis of cyanogens 
is less clear and it is possible that other bacteria, 
possibly bacilli and/or clostridia are primarily involved,
possibly in conjunction with endogenous enzymes. 

● Lactobacillus and alcoholic drinks
Lactobacilli are important in non-distilled alcoholic
drinks, where their main role in the developed world 
is spoilage. In contrast, they are necessary for the
malolactic fermentation of wine and cider and have 
an important, if variable, role in bringing about the
character of many traditional beverages of developing
countries.

Lactobacilli generally favour wine and cider rather
than beer. The main reason is their relatively low
tolerance of hop acids, although growth before
fermentation can lead to quality defects in the final beer.
In wine making, the main importance of lactobacilli lies
in events after the alcoholic fermentation, an important
feature being malolactic fermentation (MLF). The main
MLF reaction is the decarboxylation of L-malic to L-lactic
acid, decreasing the acidity and raising pH by 0.3–0.5
units. The MLF is mediated by both lactobacilli and
leuconostocs and is desirable in wines made in cool
climates, which tend to have a harsh character due to
high concentrations of malic acid. In this case the new
wine is usually inoculated with a pure culture of a

RIGHT:
Fig. 3. False-coloured 
scanning electron micrograph of
Lb. buchneri.
COURTESY DR TONY BRAIN / SCIENCE
PHOTO LIBRARY

BELOW:
Fig. 4. Although not often
thought of as a fermented food, the
flavour of chocolate owes much to
the role lactobacilli play in the
processing of cocoa.
PHOTO SGM
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malolactic bacterium, such
as Leuconostoc oeni. Un-
successful attempts have
been made to introduce the
malolactic gene into yeast.

Despite pure culture
inoculation, the MLF can
be inconsistent and is often
said to be difficult to 
start when desirable and
difficult to stop when
undesirable. The MLF is
certainly undesirable in the

low-acid wines of warmer climates, including California
and Australia. The most memorable part of a visit to a
small Californian winery was the wine maker’s account of
his battles with the ‘malolactic mothers’ and their ability
to frustrate his plans for quality improvement. Acidity
reduction leads to loss of sensory balance and the rise in
pH predisposes to spoilage.

The MLF is only one aspect of the involvement of
lactobacilli with wines. Lactobacillus and its running
dogs Leuconostoc and Pediococcus are important spoilage
organisms, which can be controlled, but not eliminated.
Any bacteria growing in wine must be able to tolerate
low pH, relatively high concentrations of ethanol and
SO2 and low nutrient concentration. Several species of
Lactobacillus are involved in wine spoilage and the strains
isolated are often highly specialized. Lb. hilgardii and
some strains of Lb. fructivorans and Lb. homohiochii are
notable for very high ethanol tolerance. In-depth studies
of Lb. hilgardii have linked this tolerance to the
maintenance of membrane fluidity and integrity in an
environment tending to increase rigidity. Spoilage of
wine by lactobacilli can involve uncontrolled MLF, while
in wines of high residual glucose and fructose, there is
undesirable acidification. More specific types of spoilage
are associated with a restricted number of lactobacilli.
Some strains of Lb. brevis cause ‘mannitol taint’ by
enzymic reduction of fructose to mannitol. Lb. brevis,
along with Lb. cellobiosus and Lb. hilgardii also causes a
characteristic ‘mousy’ taint due to production of
acetyltetrahydropyridines. Less commonly, glycerol can
be degraded to acrolein, with accompanying bitterness.
Glycerol degradation is a relatively minor trait amongst
lactobacilli, but the problem, although rare, can be
difficult to control.
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The SGM Clinical Microbiology Group held its
inaugural symposium at the Heriot Watt Meeting in
spring 2001, and since then has gone from strength 
to strength. In recognition of this, the Officers of the
Pathological Society of Great Britain and Ireland
agreed that the Medical Microbiology Division of the
Pathological Society should be formally disbanded 
at the end of 2001 and that all medical microbiology
activities within the Pathological Society should 
move to SGM with effect from 1 January 2002. 
This will provide a strong, unified focus for medical
microbiology activities within SGM, complementing
the already flourishing Clinical Virology and 
Microbial Infection Groups. This is in line with the
recommendation of the Academy of Medical 
Sciences that SGM should play a leading role in the
development of academic medical microbiology.

As part of the re-organization, the Pathological Society
agreed to transfer ownership of the Journal of Medical
Microbiology to SGM. Council’s decision in principle 
to accept ownership of the title was reported in the
August 2001 issue of Microbiology Today. Since 
then, there has been a flurry of activity to arrange the
transfer. As I write, the final formal documentation
transferring ownership of the title has been received
from the Society’s solicitors.

Council has appointed Professor Ian Poxton as the
next Editor-in-Chief of JMM. He will take over from the
present incumbent, Professor Brian Duerden, over the
latter part of 2002. Brian – and his wife Marjorie as
Editorial Assistant – have served the journal valiantly
for a period of almost 20 years, and are warmly
thanked for the hard work and intellectual effort 
they have put into the enterprise over this time. Ian 
is currently considering the future composition of 
the Editorial Board and the scope of the journal,
recognizing that this is a time to build on existing
strengths, but also to develop new approaches. SGM
was represented at the JMM Editorial Board meeting
held at Tintern in late August 2001, when there was 
a very constructive discussion of the way forward.

JMM is currently published by Lippincott Williams 
& Wilkins; we have had a number of discussions with
them about how we will interact during the remainder
of the publishing contract. SGM will eventually take
over as publisher as well as owner of the title, but the
final details and timing are still under negotiation. In
the meantime, manuscripts will be submitted to
Marlborough House from the start of 2002, and the
refereeing and editorial process up to the point of
acceptance will be managed from there. Dr Aidan
Parte has taken up responsibility as Managing Editor
of JMM (in addition to his ongoing work as Managing
Editor of International Journal of Systematic and
Evolutionary Microbiology). In recognition of this
increased responsibility, Dr Robin Dunford has been
promoted to Deputy Managing Editor of both journals.

For the future, the intention is to modernize the style of
JMM, increase the use of colour, introduce electronic
submission and peer review and develop an online
version. The intention is to make it the journal to which
authors will submit their best quality work in medical
microbiology. As an experience, this is quite different

from when we took 
over IJSB (now IJSEM) 
in 1997, with a completely
different set of matters 
to be addressed, but I’m
sure the team will rise 
to the challenge.

JMM is available to SGM
members for personal
use at the reduced rate of
£40 ($71) in 2002.
Institutional subscriptions
($853) may be purchased
from Lippincott Williams
& Wilkins (Third Floor,
241 Borough High
Street, London SE1 1GB,
UK. Tel. +44 20 7940
7500; Fax +44 20 7940
7520; email pdaly@lww.
co.uk).
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