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ABTRACT

Lactic acid bacteria are a group of gram-positive, non-spore forming, cocci or rods, which
produce lactic acid as the major end product during the fermentation of carbohydrates. They
consisted of many genus including Aerococcus, Carnobacterium, Enterococcus, Lactobacillus,
Lactococcus, Leuconostoc, Pediococcus, Streptococcus, Tetragenococcus, Vagococcus, and
Weissella. Lactic acid bacteria have been used in the production of foods, especially fermented
foods because they can produce several compounds that contribute to taste, smell, color, and
texture of the foods. In addition, they can produce antimicrobial substances including
bacteriocins that have ability to inhibit pathogenic and food spoilage bacteria. This review
begins with some important characteristics of lactic acid bacteria and their uses in foods. Then,
it focuses on the antimicrobial substances produced by lactic acid bacteria, especially
bacteriocins. Last but not least, the use of these bacteria as starter culturesin food fermentation
is described.
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INTRODUCTION

Lactic acid bacteria (LAB) are a group of gram-pigsi bacteria including the genera
Lactobacillus, Lactococcus, Leuconostoc, Pediococcus, and Streptococcus. The general
description of the bacteria included in the grosgiam-positive, non-spore forming, cocci or
rods, which produce lactic acid as the major enddpct during the fermentation of
carbohydrates. Lactic acid bacteria are nutritignggdstidious, requiring carbohydrates, amino
acids, peptides, nucleic acids and vitamins. Ret@mnomic revisions of these genera suggest
that the lactic acid bacteria comprise the follayviAerococcus, Carnobacterium, Enterococcus,
Lactobacillus, Lactococcus, Leuconostoc, Pediococcus, Streptococcus, Tetragenococcus,
Vagococcus, and Weissella [1]. The classification of lactic acid bacteriaardifferent genera is
largely based on morphology, mode of glucose fetatem, growth at different temperatures,
configuration of the lactic acid produced, abilibygrow at high salt concentrations, and acid or

218
Scholars Research Library



P. Phumkhachorn et al Annals of Biological Research, 2010, 1 (4):218-228

alkaline tolerance. The lactic acid bacteria camia@nly divided into two groups based on the
end-products formed during the fermentation of géec (Figure 1). Homofermentative lactic
acid bacteria such aediococcus, Sreptococcus, Lactococcus and some lactobacilli produce
lactic acid as the major or sole end-product otgde fermentation. Homofermentative lactic
acid bacteria use the Embden-Meyerhof-Parnas pathev@generate two moles of lactate per
mole of glucose and derive approximately twice aschmenergy per mole of glucose as
heterofermentative lactic acid bacteria. Hetero#artative lactic acid bacteria such\aeissella
and Leuconostoc and some lactobacilli produce equimolar amountkctate, C@ and ethanol
from glucose via the hexose monophosphate or pepathway?2, 3].

Glucose
Homolactic Heterolactic
Gluco£6—6-P Glucosle-6-P
Fruct(fe-6-P 6-phosph}glucona‘[e
Fructose-1,6-DP Ribulose-5-P
Xylulise-S-P

Glyceraldehyde-3-P «—» Dihydroxyacetone-P Glyceraldehyde-3-P  Acetyl-P

Mo ]

2 Pyruvate Pyruvate Acetaldehyde
2 Lactate Lactate Ethanol

Figure 1. Generalized scheme for the fermentation of glucosein lactic acid bacteria[6].

Lactic Acid Bacteriaand Their Usesin Food

Lactic acid bacteria are industrially importantamgms recognized for their fermentative ability
as well as their health and nutritional bend#{s Species used for food fermentations belong to
the generd.actococcus, Streptococcus, Pediococcus, Leuconostoc, Lactobacillus, and the newly
recognizedCarnobacterium (Table 1) These organisms have been isolated from grairegngr
plants, dairy and meat products, fermenting vedesaland the mucosal surfaces of anirféls
Once used to retard spoilage and preserve foodaghrnatural fermentations, they have found
commercial applications as starter cultures indaey, baking, meat, vegetable, and alcoholic
beverages industries. They produce various commosinch as organic acids, diacetyl, hydrogen
peroxide, and bacteriocins or bactericidal protelngng lactic fermentation$]. Not only are
these components desirable for their effects od taste, smell, color and texture, but they also
inhibit undesirable microflora. Hence, lactic addcteria and their products give fermented
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foods distinctive flavors, textures, and aromaslevipreventing spoilage, extending shelf-life,
and inhibiting pathogenic organisms.

Antimicrobial Compounds Produced by Lactic Acid Bacteria

The preservative action of starter culture in faowl beverage systems is attributed to the
combined action of a range of antimicrobial metabsl produced during the fermentation
proces$6]. These include many organic acids such asdaatetic and propionic acids produced
as end products which provide an acidic environmerfavourable for the growth of many
pathogenic and spoilage microorganisms. Acids arelly thought to exert their antimicrobial
effect by interfering with the maintenance of cekmbrane potential, inhibiting active transport,
reducing intracellular pH and inhibiting a variedf metabolic function§7]. They have a very
broad mode of action and inhibit both gram-positivel gram-negative bacteria as well as yeast
and mould$6]. One good example is propionic acid producegippionic acid bacteria, which
has formed the basis for some biopreservative mtsdgiven its antimicrobial action against
microorganisms including yeast and moulds. Micrdgars a Food and Drug Administration
(FAD)-approved fermentate produced Byopionibacterium freudenreichii subsp.shermanii
which contains propionic acid and is used in annmedged 30% of the cottage cheese
manufactured in the United St48}. In addition to acids, starter strains can o a range of
other antimicrobial metabolites such as ethanoinfritie heterofermentative pathway,Q4
produced during aerobic growth and diacetyl whglyenerated from excess pyruvate coming
from citrate[8]. In particular, HO, can have a strong oxidizing effect on membraniedipnd
cellular proteins and is produced using such ensya® the flavo protein oxidoreductases
NADH peroxidase, NADH oxidase and-glycerophosphate oxidag®]. Obviously, each
antimicrobial compound produced during fermentatiprovides an additional hurdle for
pathogens and spoilage bacteria to overcome b#feyecan survive and/or proliferate in a food
or beverage, from time of manufacture to time afistonption. Since any microorganism may
produce a number of inhibitory substances, itswintobial potential is defined by the collective
action of its metabolic products on undesirabledraea.

Other examples of secondary metabolites producedlabtic acid bacteria which have
antagonistic activity include the compound reut¢ti@® and the recently discovered antibiotic
reuterocyclin [11], both of which are produced knaims ofLactobacillus reuteri. Reuterin is an
equilibrium mixture of monomeric, hydrated monomend cyclic dimeric forms @3-hydroxy-
propionaldehyde. It has broad spectrum of actiaitg inhibits fungi, protozoa and a wide range
of bacteria including both gram-positive and graegattive bacteria. This compound is produced
by stationary phase cultures during anaerobic drawt a mixture of glucose and glycerol or
glyceraldehydes. Consequently, in order to usesrguproducingL. reuteri for biopreservation

in a food product, it would be beneficial to inctudlycerol with the strain. This approach was
used to extend the shelf-life of herring filletered at 8C and involved dipping the fish in a
solution containing & 10° cfu/ml of L. reuteri and 250 mM glycerol [5]. Results demonstrated
that after 6-day of storage, there were approxiydi@0-fold-less gram-negative bacteria in the
L. reuteri samples than in the untreated control.

More recently, the first antibiotic produced by actlc acid bacteria was discovered [11].
Reuterocyclin is a negatively charged, highly hydirabic antagonist, and structural elucidation
revealed it to be a novel tetramic acid. The spectof inhibition of the antibiotic is confined to
gram-positive bacteria includind-actobacillus spp, Bacillus subtilis, Bacillus cereus,
Enterococcus faecalis, Staphylococcus aureus and Listeria innocua. Interestingly, inhibition of
Escherichia coli and Salmonella is observed under conditions that disrupt the ontembrane,
including truncated lipopolysaccharides (LPS), lpi# and high salt concentrations. Since it is
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well known that nisin can kill gram-negative ba@ennder conditions which disturb the outer
membrangl2], it is likely that there are similarities ihg mode of action of nisin and this novel
antibiotic.

Table 1: Fermented foods and beverages and their associated lactic acid bacteria

Fer mented products L actic acid bacteria®
Dairy product
- Hard cheeses without eyes L. lactissubsplactis, L. lactis subspcremoris
- Cheeses with small eyes L. lactis subsp. lactis, L. lactis subsp. lactis var.

diacetylactis, L. lactis subspcremoris,

Leuc. menesteroides subsp.cremoris

- Swiss-and Italian-type cheeses | Lb. delbrueckii subsplactis, Lb. helveticus,

Lb. casai, Lb. delbrueckii subspbulgaricus,

S thermophilus

- Butter and buttermilk L. lactis subsp. lactis, L. lactis subsp. lactis var.
diacetylactis, L. lactis subspcremoris,

Leuc. menesteroides subsp.cremoris

- Yoghurt Lb. delbrueckii subspbulgaricus, S. thermophilus
- Fermented, probiotic milk Lb. casai, Lb. acidophilus, Lb. rhamnosus,
Lb. johnsonii, B. lactis, B. bifidum, B. breve
- Kefir Lb. kefir, Lb. kefiranofacies, Lb. brevis
Fermented meats
- Fermented sausage (Europe) Lb. sakei, Lb. curvatus
- Fermented sausage (USA) P. acidilactici, P. pentosaceus
Fermented vegetables
- Sauerkraut Leuc. mesenteroides, Lb. plantarum, P. acidilactici
Leuc. mesenteroides, P. cerevisiae, Lb. brevis,
- Pickles Lb. plantarum, Leuc. mesenteroides, Lb. pentosus, Lb.
plantarum
- Fermented olives P. acidilactici, P. pentosaceus, Lb. plantarum,
- Fermented vegetables Lb. fermentum
Fermented cereals
- Sourdough Lb. sanfransiscensis, Lb. farciminis,

Lb. fermentum, Lb. brevis, Lb. plantarum,
Lb. amylovorus, Lb. reuteri, Lb. pontis,
Lb. panis, Lb. alimentarius, W. cibaria
Fermented fish products Lb. alimentarius, C. piscicola

& B.=Bifidobacterium, C.=Carnobacterium, L.=Lactococcus, Lb.=Lactobacillus, Leuc.=Leuconostoc,
0O.=0enococcus, P.=Pediococcus, S=Sreptococcus, T.=Tetragenococcus, W.=Weissella

Bacteriocinsfrom Lactic Acid Bacteria

Bacteriocins are ribosomally synthesized antimi@obompounds that are produced by many
different bacterial species including many membefrsthe lactic acid bacterifl3]. Some
bacteriocins produced by lactic acid bacteria, sashnisin, inhibit not only closely related
species but are also effective against food-boragmggens and many other gram-positive
spoilage microorganisms [14]. For this reason, dramtins have attracted considerable interest
for use as natural food preservatives in recentsyeghich has led to the discovery of an ever
increasing potential sources of these protein itdrit

Since bacteriocins are isolated from foods suchmeaat and dairy products, which normally
contain lactic acid bacteria, they have unknowirtghgn consumed for centuries. A study of 40
wide-type strains of.actococcus lactic showed that 35 produced nigitb]. Nisin is the only
bacteriocin with GRAS (Generally Regarded as Ssfafus for use in specific foods and this
was awarded as a result of a history of 25 yeasafef use in many European countries and was
further supported by the accumulated data indigaitin nontoxic, nonallergenic nature. Other
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bacteriocins without GRAS status will require preked approval. Therefore, bacteriocinogenic
starters, particularly if used in natural fermeiotas, will most likely afford the best
opportunities for the application of bacteriocinsear future.

The target of bacteriocins is the cytoplasmic membérand because of the protective barrier
provided by the LPS of the outer membrane of gragative bacteria, they are generally only
active against gram-positive ce[56, 17]. In the context of fermentation, importaatgets
include spoilers such as species@bstridium and foodborne pathogens includihgsteria
monocytogenes, Saphylococcus spp, Clostridium, Enterococcus, and Bacillus spp. The
permeability of gram-negative bacteria can be @ased by sublethal injury including that which
can occur when using ultrahigh hydrostatic presguieP) and pulsed electric field (PEF) as
nonthermal methods of preservation [18]. In additidisruption of the integrity of the outer
membrane through the use of food grade chelatimgptagsuch as ethylenediamine tetraacetic
acid (EDTA) and citrate which bind magnesium ioms the LPS layer can increase the
effectiveness of bacteriocins against gram-negdiaeteria]19]. Many bacteriocins are most
active at low pH20, 21] and there is evidence that bacteriocin@gstrains can be readily
isolated from fresh and fermented fod@2]. Strains may naturally produce more than one
bacteriocin and heterologous expression of badiesohas been demonstrated in constructed
strains[23]. Protein engineering has led to the develognémisin derivatives with altered
antimicrobial activities or greater solubility at® than the wild-type nisif24]. An advantage

of bacteriocins over classical antibiotics is tkhajestive enzymes destroy them. Bacteriocin
producing strains can be used as part of, or atfjucstarter cultures for fermented foods in
order to improve safety and quality.

Bacteriocins of lactic acid bacteria, accordingth@ classification procedure proposed by
Klaenhammer [25] and modified by Neisal. [26], are divided into four classes (Table 2)eTh

majority of those produced by bacteria associatgd fwod belong to classes | and Il. Some of
bacteriocins isolated from lactobacilli are lisiedTable 3. Most of them belong to the class Il
bacteriocins [27].

Class|

Bacteriocins of this class contain post-translalilynmodified amino acids and are also termed
lantibiotics. The most extensively characterizedhafse is nisin which has GRAS status for use
as a direct human food ingredient. It is producgdstoains ofLactococcus lactis subsp.lactis
and has a broad inhibitory spectrum against grasmtige bacteria, including many pathogens
and can prevent outgrowth dacillus and Clostridium spores[8]. It sensitizes spores of
Clostridiumto heat allowing a reduction in thermal proces§irg.

Nisin is approved for use, to varying degrees, asmponent of the preservation procedure for
processed and fresh cheese, canned foods, procesgethbles and baby foods, in up to 50
countrieg[15, 28]. Typical levels that are used in foodsgemetween 2.5 and 100 ppm. It is
most stable in high-acid foods.

The addition of a nisin-producing strainlaflactis to the starter culture used in the manufacture
of nitrate-free Gouda cheese has been demonstatedult in the prevention of the outgrowth
of Clostridium tyrobutyricum spores and it has also been shown to inhibit theviyr of Listeria
monocytogenes in cottage and Camembert chef@. Harriset al. demonstrated the inhibition
of nisin-sensitiveLactobacillus plantarum and the growth to maximum densities of nisin-
resistantLeuconostoc mesenteroides in cabbage juice using two nisin-producing stramhd..
lactis subsp.lactis isolated from sauerkraut [30]. Pure nisin and mistanf L. mesenteroides
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resistant to high concentrations of nisin were usedchieve an extension of the heterolaclic
fermentation and a delay in the initiation of tr@rolactic fermentation of sauerkrgBi]. Choi

et al. reduced the rate of acid production in a natyraicurring Korean kimchi fermentation
using low levels of nisin [32]. In meats, nisimist as successful a preservative, but it may allow
a reduction in the levels of nitrite used in cuneélat productg33].

Hugenholtzet al. conjugatively transferred the determinants famproduction and immunity
to two components of a starter culture for Goudeeske manufacture [34]. Both production and
immunity were transferred to the citrate-utilisisgmponent,L. lactis subsp.lactis (biovar.
diacetylactis) and immunity only td_. lactis subsp.cremoris. Cheese made with these starters
showed increased protection against the developneénClostridium tyrobutyricum and
Staphylococcus aureus throughout ripening.

Lacticin 3147, produced by a lactococcal isolaterfirish Kefir grains used in the manufacture
of buttermilk, is effective against a wide spectroflgram-positive bacteri@5]. Unlike nisin,
lacticin 3147 is effective at neutral pH. The geneéeterminants of the lacticin are located on a
conjugative plasmid and have recently been traresdfeto strains used in the manufacture of
Cheddar cheese [36]. The resulting cheese wereoohal composition except that they
contained no non-starter lactic acid bacteria (NB).AThis application of lacticin 3147 will
prove very useful in studying the role of theseelabacteria in developing flavour and other
characteristics in cheeses.

Classl|

This class is divided into two sub-groups of whikl Class lla is the most common. This group
is composed of the pediocin-like bacteriocin wittti-disterial activity. Pediocins are produced
by Pediococcus spp. and while they are not very effective agaspsires they are more effective
than nisin in some food systems such as meat. E@xtipare the main starter culture used in the
manufacture of American-styfermented meats and they are also important irieitmeentation

of many vegetables. Pediocin PA-1/AcH is the psgiet bacteriocin of this class [37] and
pediocin-producing cultures are readily isolatemhfrfermented foods [38]. Many studies report
the inhibition ofL. monocytogenes by pediocins or pediocin-producing cultures in fented
sausages [39, 40] and in Italian salfii.

Sakacin 674 produced tyactobacillus sake isolated from meat and very similar to pediocin PA-
1[42] has been shown to delay or inhibit growtH_ofmonocytogenes in vacuum-packed, sliced
Bologna type sausage whether added in purified f@rim the form of a bacteriocin producing
culture[17].

Other bacteriocins

The class Il and class IV bacteriocins are notl whbracterized. The Class Ill bacteriocins
consist of large (>30 kDa) heat-labile proteing i@ of lesser interest to food scientists. This
group includes Helveticin J produced bgctobacillus helveticus [43] and enterolysin produced
by Enterococcus faecalis [44]. The class IV bacteriocins consisting of coexpbacteriocins that
require carbohydrate or lipid moieties for activiigts also been suggested by Klaenhaniabgr
however, bacteriocins in this class have not bdaracterized adequately at the biochemical
level.
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Table 2: Classes of bacteriocins produced by lactic acid bacteria

Class Subclass Description
I Lantibiotics-small, heat stable, containing wmsamino acid
Il Small (30-100 amino acids), heat stable, non-lastiih

lla Pediocin-like bacteriocins, with anti-listerial eéfts
IIb Two peptide bacteriocins
[l Large (>30 kilodaltons; kDa) heat-labile prote
\% Complex bacteriocins with glycol-and/or lipidaieties

Table 3: Examples of bacteriocins of Lactobacillus species

Producer Strain Bacteriocin Spectrum

L. sake Lactocin S Lactobacillus spp.
Leuconostoc spp.
Pediococcus spp.

L. sake Sakacin P Lactobacillus spp.
Carnaobacterium spp.

L. sake Sakadin A Lactobacillus spp.
Carnobacterium piscicola
Enterococcus spp.
Listeria monocytogenes
L. bavaricus Bavaricin A Lactobacillus spp.
Lactococcus spp.
Pediococcus spp.
Enterococcus spp.
Listeria monocytogenes
L. acidophilus Lactacin F Lactobacillus spp.
Enterococcus faecalis
L. curvatus Curvacin A Lactobacillus spp.
Carnobacterium spp.
Listeria monocytogenes
L. helveticus Helveticin J L. helveticus

L. bulgaricus

L. lactis

Lactic Acid Bacteria as Functional Starter Cultures

A starter culture can be defined as a microbiaparation of large numbers of cells of at least
one microorganism to be added to a raw materigréoluce a fermented food by accelerating
and steering its fermentation process. The grodpatic acid bacteria occupies a central role in
these processes, and has a long and safe histappbéation and consumption in the production
of fermented foods and beverages [6]. They caysd exidification of the raw material through
the production of organic acids, mainly lactic aditiey also produce acetic acid, ethanol, aroma
compounds, bacteriocins, exopolysaccharides, aneraleenzymes. In this way, they enhance
shelf-life and microbial safety, improve textur@dacontribute to the pleasant sensory profile of
the end product.

The earliest production of fermented foods was dbase spontaneous fermentation due to the
development of the microflora naturally presentthie raw material. The quality of the end

product was dependent on the microbial load andtspa of the raw material. Spontaneous
fermentation was optimized through backslopping, iinoculation of the raw material with a

small quantity of a previously performed succesi&uhentation. Hence, backslopping results in
dominance of the best adapted strains. It representvay, be it unconsciously, of using a
selected starter culture to shorten the fermemairocess and to reduce the risk of fermentation
failure. Backslopping is still in use, for instanicethe production of sauerkraut and sourdough,

224
Scholars Research Library



P. Phumkhachorn et al Annals of Biological Research, 2010, 1 (4):218-228

and particularly for products which the microbiabbgy and the precise role of successions in
microbial population are not well known. Today, tpeoduction of fermented foods and
beverages through spontaneous fermentation andlbaping represents a cheap and reliable
preservation method in less developed countriegreds in Western countries the large-scale
production of fermented foods has become an impblieanch of the food industry. Moreover,
the Western consumer appreciates traditionally éeted products for their outstanding
gastronomic qualities.

The direct addition of selected starter culturesate materials has been a breakthrough in the
processing of fermented foods, resulting in a hitggree of control over the fermentation
process and standardization of the end productirStrwith the proper physiological and
metabolic features were isolated from natural labior from successfully fermented products
[45]. However, some disadvantages have to be ceresid In general, the initial selection of
commercial starter cultures did not occur in aorzl way, but was based on rapid acidification
and phage resistance. These starters are not leailglé with regard to the desired properties
and functionality of the end product. Originallpdustrial starter cultures were maintained by
daily propagation. Later, they became availablér@=sen concentrates and dried or lyophilized
preparations, produced on an industrial scale, saintleem allowing direct vat inoculatigA6].
Because the original starter cultures were mixtweseveral undefined microbes, the daily
propagation probably led to shifts of the ecosystesulting in the disappearance of certain
strains. Moreover, some important metabolic trait¢actic acid bacteria are plasmid-encoded
and there is a risk that they are lost during pgagian. It is further likely that loss of genetic
material occurred due to adaptation to the foodimathe biodiversity of commercial starters
has therefore become limited. This often leads ltss of the uniqueness of the original product
and the loss of the characteristics that have rtteglproduct populd6].

In contrast, the fermentation of traditional ferezhfoods is frequently caused by natural, wild-
type lactic acid bacteria that originated from tia&v material, the process apparatus, or the
environment, and that initiate the fermentationcess in the absence of an added commercial
starter. Moreover, many traditional products obtieir flavour intensity from the non-starter
lactic acid bacteria (NSLAB), which are not parttbé normal starter flora but develop in the
product, particularly during maturation, as a seleoy flora[47]. Pure cultures isolated from
complex ecosystems of traditionally fermented foegkibit a diversity of metabolic activities
that diverge strongly from the ones of comparahigirss used as industrial bulk starters. These
include differences in growth rate and competitigowth behaviour in mixed cultures,
adaptation to a particular substrate or raw mdteargimicrobial properties, and flavour, aroma,
and quality attributes. Wild strains need to wiimgt the competition of other microorganisms to
survive in their hostile natural environment, sattthey often produce antimicrobials such as
bacteriocins. In addition, they are more dependmnttheir own biosynthetic capacity than
industrial strains and harbour more amino acid eaimg enzymes that they play a key role in
flavour formation. Such findings underline the imgamce of the Protected Designation of Origin
(PDO) of many of these products, which is cruciahf an economical point of view since they
contribute to the survival of small-scale fermeiotatplants in a world of ongoing globalization.
A recent trend exists in the isolation of wild-typeains from traditional products to be used as
starter cultures in food fermentati@t8].

Nowadays, the consumer pays a lot of attentiorh¢orélation between food and health. As a
consequence, the market for foods with health-ptorggroperties, so called functional foods,
has shown a remarkable growth over the last fewsye@lso, the use of food additives is
regarded as unnatural and unsafe. Yet, additivesnaeded to preserve food products from
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spoilage and to improve the organoleptic properfié® demand for a reduced use of additives
and processing seems contradictory with the mamederence for products that are fresh, safe,
tasty, low in sugar, fat, and salt, and easy tpgm@ In cheese-making, for instance, the use of
raw milk permits the manufacture of high-value itiadal artisan varieties but brings about
safety risks, e.g. the developmentlLafteria monocytogenes. On the other hand, pasteurization
of the milk results in loss of flavour and givesdeggroducts that are perceived by the consumer
as “boring” [49]. These market trends put the food industry eungressure to look for
alternatives. In food fermentation, one of the geynts for intervention seems to be on the level
of the starter culture. Unfortunately, industritdrger cultures lack the necessary characteristics
for product diversification, and the commercial itakaility of new interesting starter cultures is
limited. The increased understanding of the gensmd metabolics of food microbes opens
perspectives for starter improvement. Through maécbiology it is now possible to express
desirable and suppress undesirable propertiesuaéstulturg49].

Recently, the use of functional starter culturesthe food fermentation industry is being
explored50]. Functional starter cultures are starters puasess at least one inherent functional
property. They can contribute to food safety andédfer one or more organoleptic,
technological, nutritional, or health advantagesif€ 4).

Table 4: Typical examples of functional starter culturesor co-culturesand their advantagesfor the food

industry
Advantage Functionality L actic acid bacteria®
Food preservation Bacteriocin production
- Dairy products L. lactis subsp. lactis, Enterococcus
spp.
- Fermented meats Lb. curvatus, Lb. sakei,
P. acidilactici, E. faecium
- Fermented olives L. plantarum
- Fermented vegetables L. lactis
Organoleptic Production of exopolysaccharides Several lactobacilli and streptococci
Production of amylase Several lactobacilli
Aroma generation Several strains
Enhanced sweetness
- Homoalanine-fermenting starters L. lactis
- Galactose-positive/glucose- Lb. delbrueckii subsp.bulgaricus, S
negative starters thermophilus
- malolactic fermentation O. oeni
Nutritional Production of nutraceuticals
- Low-calories sugars Lb. plantarum
- Production of oligosaccharides L. lactis
- Production of B-group vitamins L. lactis, S. thermophilus
Reduction of toxic and anti-nutritional
compound
- Production of L(+)-lactic acid isomer L(+)-lactic acid-producing strains
- Removal of lactose and galactose S. thermophilus
- Removal of raffinose in soy Several strains
Technological Bacteriophage resistance Several strains
Prevention of overacidification in yoghurt | Lactose-negativeb. delbrueckii subsp.
bulgaricus
Autolysing starters
- Phage-mediated L. lactissubsplactis
- Bacteriocin-induced L. lactis

& E.=Enterococcus, L.=Lactococcus, Lb.=Lactobacillus, O.= Oenococcus, P.=Pediococcus, S.= Streptococcus
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The implementation of carefully selected strainstaster cultures or co-cultures in fermentation
processes can help to achieve in situ expressiotiesifed property, maintaining a perfectly

natural and healthy product. Examples are lacticl dmcteria that are able to produce
antimicrobial substances, sugar polymers, sweeteaeomatic compound, useful enzymes, or
nutraceuticals, or lactic acid bacteria with heg@itbmoting properties, so called probiotic

strains. This represents a way of replacing chdraiditives by natural compounds, at the same
time providing the consumer with new, attractiveodoproducts. It also leads to a wider

application area and higher flexibility of startedtures.

CONCLUSION

Lactic acid bacteria display numerous antimicrobigivities in fermented foods. This is mainly
due to the production of organic acids, but alsomtbfer compounds, such as ethanalQOl

diacetyl, reuterin and bacteriocins. Several bamters with industrial potential have been
purified and characterized. Application of bactemeproducing starter cultures in fermented
foods has been studied during in vitro laborat@ymientations as well as on pilot-scale level.
The promising results of these studies underlireittiportant role that bacteriocinogenic lactic
acid bacteria may play in food industry as startétures to improve food quality and safety.
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