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Review Article

ABSTRACT

A biofilm is any group of microorganism in which cells stick to each other on a surface. While
forming these biofilms microorganisms excrete out extracellular polymeric substances and form a
film like structure around them. These extracellular polymeric substance are generally composed of
extracellular DNA, proteins, and polysaccharides. The interest has been increased now in exploring
valuable EPS due to its various industrial applications, and hence attention on EPS-producing
biofilm-forming bacteria has also been greatly enhanced. The wide structural, physical and
rheological diversity and other unique properties of EPS produced by biofilm-forming bacteria make
it industrially and biotechnologically important. EPS has already been widely used as bioflocculants,
bioabsorbents, encapsulating materials, heavy metal removing agents, drug delivery agents, ion
exchange resins, and a natural immunomodulator. In addition, the distinct biophysicochemical
properties of bacterial EPS proves its importance in the food industry as viscosifying, stabilizing,
emulsifying, antioxidant and antibiofilm agents.
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1. INTRODUCTION

Microorganisms are often studied as simple
creatures which are characterized and identified
as planktonic, single cells [1,2]. However, the
study of development of microbes, in various
environments has lead to the conclusion that in
nature planktonic microbial growth rarely exists.
Antonie van Leeuwenhoek identified the biofilms
formed by microbial community on the tooth
surface [1,3,4]. Heukelekian and Heller found
that microbial activity and growth were increased,
in marine by the presence of a surface onto
which they could adhere [5]. It has been
observed that the formation of surface-attached
microbial communities, known as biofilms, serves
as an excellent model system for the study of
microbial development.

Bacterial biofilms are the microbial community
that reside in a self-produced matrix composed
of extracellular polymeric substances (EPS) [4,6].
EPS is mainly made up of polysaccharides,
proteins, extracellular DNA and lipids [6].
Microbial polysaccharides or EPS play a major
role in structural development of ‘biofilm’ while
attaching to the solid-liquid interface. The EPS
synthesized by microorganisms either remains
attached to the cell surface or is excreted out in
the medium. The polymers are responsible for
virulence, as in case of plant and animal
pathogen or even protects the cells against
desiccation and bacteriophages [7]. The
polysaccharides are biopolymers and are widely
distributed among all organism like animals,
plants, fungi and bacteria. They are responsible
for various biological function such as storage of
energy, cell wall structure and cellular
communication etc. These macromolecules
possess high molecular weights in the range of
several million Daltons. The polysaccharides can
be homopolymers or heteropolymers of neutral
sugars (pentoses and hexoses) or anionic sugars
(hexoses) [8].

Bacterial exopolysaccharides are now described
for their structural variability containing a wide
range of physicochemical functions. However,
many of them are still unknown and only few of
them are explored for the industrial application
[9]. Until now three bacterial polymers (xanthan,
gellan and curdlan) are employed in food
industry as additives [10,11]. These commercially
available polysaccharides are produced by
Xanthomonas campestris and Pseudomonas
elodea, respectively. Products containing these
EPS are required to be labelled since these
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bacteria are plant pathogens. Moreover,
lactobacilli are food-grade bacteria and are
associated with many fermented foods;

particularly milk based products such as curd,
yoghurt, sour cream, cheese and buttermilk
where they contribute to develop taste, flavour
and shelf life of fermented foods [12]. They
known as GRAS (generally recognized as safe)
and their EPS could be easily utilized in foods in
a juridical point of view.

2.LAB AS EPS PRODUCER

The EPS producing lactic acid bacteria belongs
to the genera Streptococcus, Lactobacillus,
Lactococcus, Leuconostoc, and Pediococcus
and the best known species among them are L.
casei, L. acidophillus, L. brevis, L. curvatus, L.
delbrueckii  bulgaricus, L. helveticus, L.
rhamnosus, L. plantarum, L. johnsonii, etc. Some
non starter LAB like Bifidobacteria also produces
a considerable amount of EPS [8]. Based on the
location in the cell, these bacteria produce
intracellular and extracellular polysaccharides
[13]. Exopolysaccharides produced by Lactic
acid bacteria (LAB) posses an important property
of improving the rheology, mouthfeel and texture
of different dairy and non dairy products such as
curd, yoghurt, breads etc. In case of fermented
milk products a smooth and creamy texture of

the products is required which is usually
achieved by adding fat, sugars, protein or
stabilizers (eg. Starch, Alginate, pectin, or

gelatin). EPS can be healthy and cheap
alternative for the same purpose. It also
increases the time of retention of the milk
products in the mouth and hence improves the
perception of the taste [14]. EPS also remains in
the gastrointestinal tract for longer time and
increases the number of colonies of probiotic
bacteria [15]. Now a days cereal-base fermented
products are also considered beneficial because
of their high nutritional value and the availability
of both soluble and insoluble dietary fiber [16,17].
LAB producing 2-substituted (1,3)- B-glucan are
used chiefly for non-dairy fermented food such
as oats based fermented foods. EPS from LAB
also have been claimed to posses therapeutic
properties like, antitumor [18], anticancer,
cholestrol  lowering  properties [19] and
immunostimulatory activity [20,21].

3. CLASSIFICATION OF EPS PRODUCED
BY LAB

On the basis of chemical composition and
biosynthesis mechanisms, EPS synthesized by



LAB are classified into two distinct groups:
homopolysaccharides (HoPS) and
heteropolysaccharides (HePS) [22]. HoPS
consist of repeated units of only one type of
monosaccharide and have molecular weight
range from 4x10* to 6.0x 10° Da (Figs. 1,2).
HoPs produced by lactobacillus sp. only contain
glucose and fructose as their monosaccharides
and which are classified as D- glucopyranose
(glucans) or D-fructopyranose (fructans) [8].
They have various degrees and types of chain
length, branching and linking sites. They posses
molecular masses like for reuteran (2.8x10’ Da),
levan (2><1O6 Da) or inulin-type fructan (107 Da)
[23,24,25]. Glucans consisting of glucose
polymer produced by different strains belonging
to the genera Lactobacillus, Leuconostoc and
Streptococcus and can be classified as a- and 3-
D-glucans. According to the linkages in the main
chain, the a-glucans are subdivided into dextrans
(0-1,6), mutans (0-1,3), glucans (a-1,2),
reuterans (a-1,4) and alternans (a-1,3 and a-
1,6). Dextran synthesized by Leuconostoc
mesenteroides is the only HoPs which is widely
used in industrial market. It has specific
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applications as gel filtration compound
(Sephadex) and as a blood plasma substitutes
(Dextran 70) [26,27] . The second most important
HoPS is “mutan”. This water insoluble polymer
is produced by Lactobacillus reuteri, and
responsible for the adhesion of the producing
bacteria, on teeth surface. Reuteren is a soluble
compound and comprise of 70% a-1,4 linkages.
It is used in baking industry in association
with levan produced by Lactobacillus reuteri, and
L. sanfranciscensis. These polysaccharides
improves bread flavor, texture and shelf life
[28].

Based on the structure they posses, fructans can
be catagorised into two groups: (i) inulins (linked
B-2,1) and (i) levans (linked B-2,6), both are
synthesized by different species of the genera
Leuconostoc, Lactobacillus, Streptococcus and
Weissella. Inulin-type fructans generally contains
B-(2,6) or pB-(2,1) linkages when they are
excreted by L. reuteri 121. They are linear when
L. johnsonii NCC 533 is the producer [29]. Levan
consists of fructose as sole monosaccharide
linked by B-(2,6) glycosidic bonds.
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[ LG77

-L reuferi ML1

a-(1,6)
'1"1:4]
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Fig. 1. Classification of homopolysaccharides produced by Lactobacillus sp.
(Source: Badel et al. 2011)
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Fig. 2. Characteristics of heteropolysaccharides produced by Lactobacillus sp.
(Source: Badel et al. 2011)

HePS are constructed by repeated subunits that
of variable molecular masses 10 Da (L.
plantarum) to 6x10° Da (L. sakei 0-1) [30,31] and
can be linear or branched. These subunits can
contain upto three to eight different
monosaccharides linked with a range of different
patterns. The monosaccharides are found as the
a- or B-anomer in the pyranose or furanose form
and D-glucose, D-galactose and L-rhamnose
occur most frequently. In some cases, N-
acetylglucosamine, glucuronic acid, manose,
fucose, and noncarbohydrate substituents
(phosphate, acetyl and glycerol) are also present
[32,33]. Different species of LAB associated with
dairy products, cereals and alcoholic beverages
excretes HePS. These belong to the genera
Lactococcus (L. lactis subsp. cremoris-lactis,
Lactobacillus (Lb. delbrueckii subsp. bulgaricus,
Lb. acidophilus, Lb. casei, Lb. sakei,lLb.
rhamnosus, Lb. helveticus), Streptococcus (S.
thermophilus, S. macedonicus) and Leuconostoc
(Lc. mesenteroides) [34-36]. EPS from
Lactobacillus spp. (L. rhamnosus, L. delbrueckii
bulgaricus and L. helveticus) contains repeating
units composed of seven monosaccharides,
where glucose, galactose and rhamnose are the

main sugars. HePSs are found to be partially
anionic due to the presence of glucuronic acid
and phosphate in their structure [8].

4. APPLICATIONS OF EPS

In the recent years the interest in exploring EPS
produced by microorganism has increased
focusing the attention on various industrial
applications of biofilms. There is a vast scope of
implication of EPS of microorganisms in food,
pharmaceutical and biotechnology field due to
their structural diversity, physical and rheological
properties.

4.1 Improves Product Rheology

EPS may, improve the rheology of a final product
by acting as a texturizer as well as physical
stabilizers by binding hydration water and
interacting with other milk constituents (ions and
proteins) to avoid syneresis. Rheology constitute
two major characteristics viz. viscosity and
elasticity. Viscosity is the property of material to
resist deformation and elasticity is the property to
recover after the deformation occurred. Both the



properties are important for organoleptic quality,

its appealing appearance and pleasant
mouthfeel. The physical and rheological
properties are based on the chemical

composition, molecular size, charge, presence of
side chains, rigidity of the molecules and 3D-
structures of the EPS polymers. The interactions
between EPS and various components in food
products are also responsible for development of
the final product. In many studies it has been
found that rheological properties of fermented
milk products does not depend on the amount of
EPS content [14,37,38]. The interaction among
charged polysaccharides and proteins were
studied by [39]. Neutral EPS increases the
viscosity of a product with time to about 10 times
higher than the viscosity of a control product
produced with a non-EPS producing strain. But
the viscosity of the product with the charged EPS
was found comparable to the control product.
The negatively charged polysaccharide by
contrast, tends to increase the storage modulus
G or elasticity of the product. Hence it is
concluded that linear neutral EPS contributes to
the viscosity of the product but not to the
elasticity as it weakly interacts with the positively
charged proteins molecules but dissolves in the
serum phase uniformly. On the other hand,
negatively charged polysaccharides contributes
to the elasticity, but not to the viscosity of the
product, due to their interaction with the
positively charged casein molecules via
electrostatic interactions, increasing the strength
of the network and consequently increasing
modulus of elasticity. They do not contribute to
the viscosity as they are poorly dispersed in
the serum phase. Since LAB produces
polysaccharides of different charges and
composition they apparently contribute to the
viscosity and elasticity of the fermented product
[14].

4.2 Texturing Agent

The most important textural property of dairy and
non dairy fermented products in their firmness
and water holding capacity These characters are
related to the gel structure and are influenced by
the type of culture. The EPS producing strains
reduce the firmness and cohesiveness of yoghurt
as the amount of EPS increases [40,41]. The
EPS could interfere with the association between
casein micelles resulting in a less firm coagulum.
Studies of yoghurt microstructure [42,43] show
void spaces around EPS producing bacteria in
confocal scanning laser micrographies that can
affect the integrity of the protein matrix. Yoghurts
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made with ropy cultures exhibited the highest
water holding capacity [40] which decrease the
susceptibility to syneresis. Similarly in case of
bakery product when polymers produced from
lactobacilli like levan, dextran or reuteran are
externally added or formed in situ in the dough is
responsible for increased water absorption of the
dough, improved bread quality [28].

5. PRODUCT EXAMPLES
5.1 Curd

Curd is a popular fermented milk product of India
having 3.5-8% fat content [44]. Now a days
health awareness among consumer has made
them to demand for low fat low calorie and fat
free dairy products. However milk fat is
responsible for flavour, texture and body
development of the product and removal of it
leads to the lack of flavour, body, loss of texture
and other flavour defects in the product. In this
context EPS producing strains of Lactobacilli act
as “biothickners” and help to reduce total solids
in the product without effecting the sensory
attributes. Low calorie dahi prepared with
different EPS producing strains of L. lactis
subsp.PM 23, L. lactis NCDC191was found to be
improved in terms of body, texture and flavour
compared to dahi made with EPS negative
culture [45]. Dahi made with EPS producing
strain was found to have more porous and open
structure with discontinuous casein matrix than
the controlled dahi on the basis of microstructural
studies, and hence showed increased water
holding capacity [46].

5.2 Cheese

In the production and maturation of semi soft
cheeses (e.g. Gouda), pressed cheeses (e.g.
low fat Cheddar cheeses) and blue-veined
cheeses (e.g. Roquefort), the development of
Lactobacillus sp. was studied. EPS excreted by
lactobacilli strains such as, L. helveticus, L.
delbrueckii bulgaricus and L.casei increases
water retention and improved the overall texture
of cheese [47]. To overcome the functional
defects manufacturers have used texture
promoting or ropy cultures for low fat cheese
production for many years in case of prohibition
of stabilizers. The carbohydrate produced by
these ropy strains imparts higher flavour intensity
in the fermented milk, mouth feel and other
attributes are also affected by them. In a study,
viscosity of skim milk gel prepared by two ropy



strains of Lc. Lactis subsp. Lactis was enhanced
in comparison to that made by non-ropy cultures
[45,48]. Perry et al. [49] studied that moisture
increases on adding EPS-producing starter
cultures in the preparation of low fat mozzarella.
This water retention capacity is responsible for
the texture improvement of cheese and permits
reduction of calories in the final product.

5.3 Yoghurt

Yogurt is a fermented milk by starter cultures of
L. delbrueckii bulgaricus and S. thermophilus in
ratio 1:1. Both the bacteria are EPS producers.
Streptococcus thermophillus produces EPS in
the range of 30 to 890 mg/L and Lactobacillus
bulgaricus in the range of 60 to 150 mg/L [50].
Polysaccharides obtained from EPS producing
strains are claimed to reduce the amount of
added milk solids, to improve the viscosity, to
enhance texture and mouth feel and to avoid
syneresis during fermentation or upon storage of
yoghurt. However, EPS does not have any taste
of their own but it improves texture perception by
consumers in the final product [51]. It also avoids
the need of stabilizers, which are forbidden
especially in many countries. Yogurt fermented
with EPS producing cultures has higher water
holding capacity, which reduces the product’s
susceptibility to syneresis [52,53]. A study has
shown that partial or total replacement of L.
delbrueckii  subsp. bulgaricus with EPS-
producing L. rhamnosus JAAS8 resulted in
significant increases of about 16% and 21%,
respectively, in apparent viscosity and an
increase of about 2% in the WHC of the
fermented products [54]. Studies done to
elucidate the role of EPS in the texture of yoghurt
has revealed that, the viscosity values were
found higher in presence of EPS-producing
strains rather than non EPS microorganism
[50,53].

Other results have also shown the contribution of
polysaccharide with high molecular mass and a
stiff conformation in order to obtain an increase
in viscosity [37]. However, no simple correlation
has been found between viscosity and quantity
of EPS produced. [55] have found a weak
relation between texture and EPS concentration
produced by S. thermophilus at different
temperatures. Hence literature has shown
different conclusion regarding EPS concentration
and product rheology but authors are agreed with
the fact, that interactions with caseins according
to pH value and conformation of EPS are the key
point of texture improvement. Application of pure
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EPS in the yoghurt has not been yet studied and
at present, conclusions concerning their role as
texturing agent are not very definite.

5.4 Kefir

Kefir is a self carbonated, slightly alcoholic,
yoghurt like fermented milk product from Eastern
European countries. It is prepared by Kefir grains
which is an aggregation of microorganisms such
as Lactobacillus sp. (L. acidophilus, L.
kefirgranum, L. kefir, and L. parakefir) Candida
kefir, Saccharomyces sp., Acetobacter sp., etc.
embedded in a polysaccharide matrix called
Kefiran. Kefiran, a slimy polysaccharide is
produced by L. kefiranofaciens in the centre of
grain under anaerobic conditions is found to
affect texture of kefir and act as natural
viscosifying agent. Proportion of kefiran in grains
is about 45% and it is composed of D-Glc and D-
Gal in ratio 1:1 [56]. This biopolymer has a
branched hexa- or heptasaccharidic unit. One or
two residues are branched at the main chain
composed of 5 monosaccharides. Rimada and
Abraham, performed comparisons of rheological
behaviour of skim-milk gels with and without
kefiran. The mixture with kefiran offers viscosity
and viscoelasticity improved up to 300 mg/L of
polysaccharide. It was concluded that, this
natural polysaccharide might be employed as an
alternative thickening agent in dairy products
[67].

5.5 Dough and Bread

Many patents have been found to claim that
addition of plant polysaccharides like fructan or
fructo oligosaccharides improves the rheological
and textural properties of wheat dough and
increases the shelf life of bread [58,59]. The
study on addition of reutaran, dextran and levan
from lactobacilli in baking application has proved
that EPS effectively improves the rheological
properties of dough and bread quality [60,28].
Dextran was found to be more effective in
improving the viscoelastic property of dough on
addition of the same quantities of reutaran and
levan in the flour [28]. Formation of in situ EPS
was found to be more effective than addition of
Levan in the flour as it produces more
metabolites (mannitol and glucose etc.) which
contributes to the improved bread quality [61].
Similarly, the EPS produced by strains of
Weissella in sourdoughs fermentation have
improved the textural properties and quality of
bread [62,63]. Polysaccharides produced from
lactobacilli have now proved to beneficially affect



one or more of the following technological
properties of dough and bread such as water
absorption of the dough, dough rheology and
machinability, dough stability during frozen
storage, loaf volume and bread staling.

5.6 Idli

Addition of Xanthan at a concentration of 0.1% to
the idli batter has improved the textural
properties resulting in sensory analysis scores
that are higher compared to idli without additives
[64]. The defect where idli batters start collapsing
and whey is separated that leaves idli with a
hard, unwanted texture is caused by prolonged
fermentation and storage. Addition of different
hydrocolloids to the batter may help to increase
the viscosity of batter and hence improve the
texture of the final product [65]. The addition of
agar and guar gum was found to acceptable from
a sensory point of view with the right mouth feel
and texture of idli. The EPS produced by starter
cultures in situ  may be used to provide natural
stabilizing agents. EPS formed by these
microorganism in the batter can work as natural
thickening agents, increasing the viscosity of the
product and reducing syneresis) thus giving an
improved product without using any additives.

6. EPS AS FOOD ADDITIVES

EPS produced by microorganisms mainly
lactobacillus species posses GRAS status and
are allowed to be incorporated in food without
labeling. EPS impart highly desirable rheological
properties to the food matrix like increased
viscosity, improved texture and reduced
syneresis that proves them as food additives.
Dextran, a polysaccharide produced by
Leuconostoc, Streptococcus and Lactobacillus
species is the first industrial polysaccharide
which is used in confectionary to improve
viscosity, moisture retention and inhibit sugar
crystallization. It also act as gelling agent in gum
and candies and can be used as crystallization
inhibitor in ice-creams. It provides viscosity and
mouthfeel to the pudding mixes. It is a gel and
hence can be used as molecular sieve for
purification and separation of macromolecules
such as proteins, nucleic acids and
polysaccharides. It can be safely consumed
hence used in clinical research and medical
application as blood plasma extenders and also
be used as a stationary phase in many
chromatographic techniques. Xanthan is the
second most important commercially available
polysaccharides produced by Xanthomonas
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compestris and it was approved as food additive
in 1969. It is important in both food and non- food
applications as in dairy products, drinks,
confectionary, dressing, bakery products, syrups
and pet foods as well as the cosmetic,
pharmaceutical, paper, paint and textile industry .
Due to its highly pseudoplastic and suspending
properties it possess large industrial importance
as suspending and emulsifying agent. Gellan is a
multifunctional gelling agent found from a non
pathogenic bacteria Sphingomonas paucinibilis.
Due to its native nature of forming elastic gel in
the solution, it is used as a gelling agent for
solidifying culture media mainly for studying
marine organism. It is commercially available as
Gelrite (a substitute of agar). In food applications
it is used as stabilizer and suspending agent.
Kelcogel ® F and kelcogel® LT100 are food
grade gellan.

Curdlan obtained from Rhizobium meliloti and
Agrobacterium radiobacter has a unique ability to
form an elastic gel, when its aqueous solution is
heated above 55°C making it used as gelling
agent and immobilization matrix. Curdlan along
with Zidovudine (AZT) shows a high antiretroviral
activity (anti AIDS-drug) and hence having
promising role in pharmaceuticals.

7. HEALTH BENEFITS

EPS has found to posses many health benefits
and exert beneficial effect on gut, blood ,stomach
and immunsystem. It could be used as natural
immunomodulator, drug delivery agents, ion
exchange resins, antioxidant and antibiofilm
agents, antitumor and anticarcinogenic agents

(Fig. 3).
7.1 EPS as Prebiotics

The prebiotics are defined as “non-digestible
food ingredient that beneficially affects the host
by selectively stimulating the growth and/or
activity of one or a limited number of bacteria in
the colon, and thus improves host health” [66].
Non-digestible oligosaccharides (NDO) are
intermediate in nature between simple sugars
and polysaccharides and are claimed to behave
as dietary fibres and prebiotics. They are having
a configuration that makes their osidic bonds
non-digestible by the hydrolytic activity of the
human digestive enzymes [67]. They have
functional effects similar to soluble dietary fiber
such as enhancement of a healthy
gastrointestinal tract, improvement of glucose
control, and modulation of the metabolism of



triglycerides. These compounds are easily
incorporated into processed foods and hold
much promise as functional ingredients in
nutraceutical products. As polysaccharides are
the main source of bioactive oligosaccharides
and hence there is always a requirement of
continuously investigating their new sources. In
this regard LAB have become the most
promising because of its GRAS status. A fructan-
type EPS was found to be produced by strain of
L. sanfranciscensis which has proven the
possibility of LAB having a prebiotic property
[61]. The strain of L. reuteri 121 was also studied
for abundant production of B-(2,1) fructans (inulin
like polysaccharide) [25]. The linear type of
Fructan was found to be produced by L. johnsonii
NCC 533 [29]. There are also evidence of
production of levan-type EPS produced by
another strain of of L. sanfranciscensis and L.
reuteri [68]. The EPS synthesized by intestinal
Bifidobacteria also act as fermentable substrates
for microorganisms in the human gut
environment and improving the intestinal
populations [69].

7.2 Inhibit Pathogenic Biofilm Formation

Lactic acid bacteria (LAB) like Lactobacillus
acidophilus exhibit functions which are of
importance to the health and immune system of
the host cells [70]. It is well known that these

LAB

Blood

Cholesterol lom D

Stomach

Antiulcer
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bacteria prove to be effective tools for controlling
the growth of pathogens and hence controlling or
preventing infections [70,71]. Extra
polysaccharides (EPS), is the primary metabolic
products of LAB, and have received a large
amount of attention in past few years as it have
been attributed to positive health effects [70].
However, the functional role that EPS plays in
bacterial ecology still remains uncertain. A recent
study reported that different EPS isolated from
commercial fermented milk “villi” were capable of
inhibiting the adhesion of several enteric
pathogens [72]. Fracchia et al. [73] isolated
lactobacillus spp from fresh fruits and vegetables
and tested for inhibition of pathogenic biofilm
produced by Candida albicans and found to
reduce the biofilm formation by 82%. Similarly,
EPS of several other microbes have shown
antibiofilm activity against different pathogens.
Bendaoud et al. [74] have observed potent
antibiofilm activity by the cell free extract
prepared from gram negative oral bacteria of
Kingella kingae. Its biofilm were found to inhibit

biofilm formation by Aggregatibacter
actinomycetemcomitans, Klebsiella pneumoniae,
Staphylococcus aureus, Staphylococcus

epidermidis, Candida albicans. The anti biofilm
activity of EPS isolated from O. iheyensis was
checked on multidrug resistant clinical isolate of
S. aureus. Biofilm formation in S. aureus was
decreased by 62.3% [75].

Gut

/ Prebiotics effects

Immune system

Lymphocyte proliferation
Macrophage activation
Cytokine production

Antitumor activity

Fig. 3. Schematic representation of the possible health-promoting properties of LAB EPS



7.3 Anticarcenogenic  and  Antitumor

Activity

Haroun et al. have observed the various degree
of activity of EPS isolated from prebiotic L.
plantarum NRRLB-4496 against human tumor
cell lines [76]. They checked the inhibitory effect
of different concentration of EPS against the
seven cell lines namely CACO (intestinal
carcinoma cell line), HELA (cervical carcinoma
cell line), HEPG2 (liver carcinoma cell line),
HEP2 (larynx carcinoma cell line), MCF7 (breast
carcinoma cell lines) and HFB4 (normal
melanocytes) and found that EPS inhibited the
proliferation of six cell lines. Ogawa et al. have
observed EPS of L casei significantly increased
the natural killer cell's (NK cells) cytotoxicity in
spleen cells of test mice [77]. Similarly, Kitazawa
et al. showed the EPS forming Lc. Lactis ssp.
cremoris had strong antitumor activity [78].
Forsen et al. [79] showed that the lipoteichoic
acids, found on the cell surface of Lc. Lactis ssp.
cremoris TS5 produced T-cell mitosis in human
lymphocytes. Some other studies also showed
immunomodulating, and antitumor activities of
EPS [80]. The immunomodifying effects were
shown on mouse splennocytes by the slime
produced by B. adolescentis [81].

7.4 Antiulcer /Antigastritis Properties

EPS isolated from Streptococcus thermophillus
strains were investigated for immunostimulatory
/antiulcer effects in the host cells of mice and
found to treat the stomach ulcer caused by
antiinflammatery/analgesic drugs [80]. Similarly
Nagaoka et al. [82] have observed the antiulcer
effect of the polysaccharide fraction of
Bifidobacterium, Lactobacilli and Streptococci
against the acetic acid induced gastric ulcer and
ethanol induced erosion models in rats. The
result indicated that the polysaccharides induce
host repair and protective system in the gastric
ulcer model.

7.5 Cholestrol Lowering Property

Nakajima et al. [83] has reported that the milk
fermented by EPS producing strain of Lc. Lactis
ssp.cremoris has a property of lowering blood
cholesterol. Similarly Soh et al. [84] has shown
cholesterol adsorption property of microbial
polysaccharides, through in vitro studies by
enzymatic reaction and polysaccharide
precipitation procedure. They observed the
adsorption capacities of different polysaccharides
at different concentration and found that zooglan
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was able to absorb the whole cholesterol
(3mg/dL) at a concentration of 0.2% (wt/vol) in
distilled water. Tok et al. [85] has observed that
out of 5 strains of L. delbrueckii the highest EPS
producing three strains have higher ability of
removing cholesterol from the medium.

7.6 Immunomodulating Effect

Substances effecting the immune system are
called as immunomodulator. This system induces
or inhibit the immune response by the use of
different ways like immunosuppressors or
immunostimulants. These substances are used
as food additive to suppress infections, to
prevent digestive tract cancers or to treat
sicknesses due to immunodeficiency, such as
inflammatory bowel diseases (Crohn's disease
and ulcerative colitis). The immunomodulators
alter the activity of immune function by the
dynamic regulation of informational molecules
such as cytokines [86]. An important way of
modulating the immune system is to modulate
the cytokine expression through the use of herbal
medicines. Some of the biopolymers synthesized
by LAB have the potential to be used as
immunomodulating food additives. B-glucans are
able to activate the immune system hence known
as “biological response modifiers" [87]. B-glucans
are integral cell wall components of a variety of
fungi, plants and bacteria. It has been found that
LAB belonging to the Lactobacillus and
Pediococcus genera producing 2-substituted
(1,3) B-glucan are able for immunomodulating
the macrophages in vitro [88,89]. Purified
biopolymer treatment of macrophages has also
increased the secretion of antiinflamatory IL-10
cytokine [88]. B-glucan producing strains have
also found to be resistant against gastrointestinal
stress. EPS producing species have also showed
increased capability to adhere to Caco-2 human
epithelial intestinal cells. Hence 2-substituted
(1,3) B-glucan can be used as food additives to
act as immunomodulator and alleviating
inflammatory bowel diseases. Dextrans have
also been proved as a good immunomodulator.
Many studies on dextran-70 have shown its
contribution in the prevention of acute respiratory
distress syndrome after trauma and sepsis as
well as pancreatitis [90]. The a- glucan was able
to reduce the systemic inflammatory response
and the release of the cardiac troponin-I after
cardiac operation [91]. An a-glucan found from
the edible mushroom Tricholoma matsutake has
been reported to have excellent biological
activities; exerting modulating effects on the
immune competence of mice and rats. Therefore,



the high production of a-glucans by LAB and the
immunomodulatory properties of these bio-
molecules as described above, predict that in the
near future studies will be performed to evaluate
the beneficial properties of these EPS, with the
aim to use them as food additives.

8. CONCLUSION

However, it is well known that the lactic acid
bacteria are very beneficial for human health and
also exist in clusters or multicellular community
attached to a number of different surfaces in
nature but still there is a need of exploring
interacting behavior among them in the complex
systems in order to understand their actions and
nature of resulting metabolites excreated by
them. The extra polysaccharides produced by
them have been found to have divergent
properties which may be incorporated in different
food, medical, cosmetics and pharmaceutical
products. But production cost is found to be the
biggest constraints for application at industrial
scale. Hence the search for a high EPS
producing variety and the optimization of the
fermenting condition is very necessary. Overall,
there should be a rapid expansion in the
development of novel LAB probiotic organisms
and their prebiotic EPS products, though their
ultimate success in the market place will require
rigorous scientific evaluations.
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