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Exopolysaccharides (EPSs) are secreted by both eukaryotes (fungi, 
phytoplankton, and algae) and prokaryotes (archaeobacteria and 
eubacteria). EPSs produced by bacteria include a broad range of 
chemical structures and may either be heteropolymeric or 
homopolymeric. Their molecular weights vary from 10 to 1000 kDa. 
Exopolysaccharides have multifarious applications in different fields of 
life. These EPSs are used as anticoagulant, immunomodulator, 
emulsifiers, anticancer and bioflocculants. They are widely used in food 
industry and bioremediation. This review article describes sources, 
synthesis, fermentation, extraction and applications of 
exopolysaccharides. 
Key words: Rheology, humic, biofilm, Neosorb™, xenobiotics, 
sclerogluca  
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INTRODUCTION 

 
Microbial polysaccharides are generally 

classified into three categories according to their 
functions; capsular polysaccharides such as K30 O-
Antigen, intracellular storage polysaccharides such 
as glycogen, and exopolysaccharides such as 
dextran, xanthan, cellulose etc. (Schmid et al., 
2015). Prokaryotes (archaebacteria and eubacteria) 
and eukaryotes (phytoplankton, fungi and algae) 
can produce exopolysaccharides (Kumar et al., 
2007). Exoploysaccharides (EPSs) synthesizing 
enzymes are located in cell wall (Huassain et al., 
2017).  

Bacterial exopolysaccharides include 
dextran, alginate, xanthan, curdlan, cellulose, 
succinoglycan, glucuronan, colanic acid etc. 
Bacteria producing exopolysaccharides are 
Acetobacter spp., Rhizobium meliloti, 
Pseudomonas aeruginosa, Lactobacillus helveticus, 
Lactobacillus rhamnosus, Xanthomonas spp., 
Shigella spp., Escherichia coli, Salmonella spp., 
Enterobacter spp. etc (Ahmad et al., 2015). Several 
bacteria such as Geobacillus thermodenitrificans, 
Bacillus thermantarcticus etc isolated from intense 
environments: deep-sea hydrothermal vents, 
geothermal springs, saline lakes and Antarctic 
ecosystems have been studied as possible sources 
of Exopolysaccharides (Freitas et al., 2011).  

 EPSs have high molecular weights varying 
from 10 to 1000 kDa and they may be either 

homopolymeric or heteropolymeric in composition 
(Nwodo et al., 2012). Mostly EPSs consist of 
carbohydrates and proteins, but nucleotide, humic 
substances and lipids are also included (Fleming, 
2000). 

The characteristics of Bacterial EPSs are 
identified by their molecular structure, chemical 
composition, average molecular weight, 
conformation of single molecules and their 
assemblies in case of aggregation process and gel 
systems (Morris et al., 2011). In case of 
concentrated solutions, viscosity and viscoelasticity 
are determined by rheometry (Iijima et al., 2007; 
Simsek et al., 2009). 
 EPSs producing microbes are present in 
diverse ecological niches. High C/N ratio mediums 
e.g effluents from the paper, sugar or food 
industries and wastewater treatment plants are rich 
sources of exopolysaccharides producing 
microorganisms (Morin, 1998). 

 Currently  mechanisms  for the bacterial 
EPSs production are classified into four types: (1) 
ATP-binding cassette transporter-dependent 
pathway (2) Wzx/Wzy-dependent pathway (3) 
extracellular synthesis (4) synthase-dependent   
pathway (Donlan & Costerton, 2002; Schmid et al., 
2015). 

A cassette of genes regulates the synthesis 
of EPSs. Usually, a gene sequence of 12–17 kb is 
mandatory. After polymerization, the repeating units 
are excreted extracellularly via the carrier lipids 
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(Sutherland, 2001a). In some bacteria e.g L. casei 
subsp. cremoris instead of chromosomes 
megaplasmids regulate the EPSs synthesis 
(Vanhooren & Vandamme, 1998). 
  Kumar et al. (2007) separated EPS 
producing bacteria from complex or chemically 
defined (synthetic) media. In case of fermentation of 
EPSs, no single set of culture conditions assures 
high EPSs yields, since organisms vary in their C-N 
source utilization, mineral necessities, pH and 
temperature (Fazenda et al., 2008). Environmental 
and nutritional conditions control the yield and 
quality of EPSs. Production of EPS might be 
improved by controlling the conditions of culture. 
Physiological properties of medium regulate the 
degree of EPSs branching, pattern, the relative 
molecular mass and residues quantity (Kumar et 
al., 2007). 

 
 

EPSs help in bacterial colony formation. 
They are either secreted into the medium or remain 
bound to the outer surface of the cell. They help in 
biofilm formation (a thin, slimy film of bacteria that 
adheres to a surface). Total organic matter of 
biofilm contains 50% to 90% EPSs (Donlan, 2002; 
Donlan &Costerton, 2002). They outline a defensive 
layer around the cells and supply as energy and 
carbon reserves in severe environmental 
conditions. They also protect against toxins, 
antibiotics, pathogenesis and symbiosis (Whitfield & 
Valvano, 1993; Roberts, 1996). 

EPSs are economically important because 
they have multifarious applications in the food, 
health, environment (remediation, flocculation etc) 
and industry (Nwodo et al., 2012). They have 
antiviral, antitumor, immunostimulatory, antioxidant, 
antiulcer and lowering blood cholesterol properties 
(Madhuri & Rabhakar, 2014a). 
 

Table I: Characteristics and functional properties of some bacterial EPSs (Nwodo et al., 2012). 

Bacterial 
Exopoly-
saccharide 
 

Chemical 
Composition 
 

Molecular 
Weight (Da) 
 

Properties 
 

Uses Bacteria strains 
 

Alginate 
 

Guluronic acid 
and 
mannuronic 
acid 

 0.3 × 10
6
–

1.3× 10
6
  

 

Film forming, 
Gelling 
capacity 
 

Medicine 
(wound 
management, 
surgical dressings 
etc), Food 
hydrocolloid 

A. vinelandii and P. 
aeruginosa  

Cellulose 
 

Glucose 
 

~10
6
 

 
High tensile 
strength and 
Insoluble in 
most 
solvents  

Foods 
,Biomedical-
wound healing 
etc, foods  

 Acetobacters spp. 
 

Curdlan 
 

Glucose 
 

2 × 10
6
- 

5 × 10 
4
 

Water 
insoluble , 
edible, gel-
forming 
capacity,  
edible  

Heavy metal 
removal, foods 
and medicines 

A. radiobacter and 
R. meliloti  

Dextran 
 
 

Glucose 
 

10
6
–10

9
 

 
Newtonian 
fluid property, 
 high stability, 
Non-ionic 

Chromatographi
c media, foods, 
medicines 

L.mesenteriodes 
 

 
Colanic acid 

 

Glucose, 
fucose, 
galactose and 
glucoronate 
 
 

2 × 10
4
–6 × 

10
5
 

 
 

 Good gelling 
capacity 
 
 

 Individual care 
products and 
Cosmetics 

Salmonella spp., E. 
coli, Enterobacter 
spp. and 
Shigella spp. 
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Sources of EPSs  
 

EPSs producing microbes are present in a 
variety of ecological niches. High C/N ratio medium 
contain these microbes such as effluents from the 
industries of sugar, paper or food and sewage 
treatment plants (Morin, 1998). They are also 
present in terrestrial and marine hot springs. There 
are many microorganisms that produce EPSs as 
isolated slime in the nearby environment or as 
attached capsular material (Bajaj et al., 2007).   

EPSs producing microorganisms include 
various genera of algae, fungi and bacteria that 
may be thermophilic, mesophilic, and halophilic. 
Famous mesophilic bacteria include Lactic Acid 
Bacteria (LAB). Other mesophilic bacteria are 
Escherichia spp., Bacillus spp., Pseudomonas spp., 
Streptococcus spp., Acetobacter spp., 
Aureobasidium spp., Escherichia spp., and 
Lactobacillus spp. Thermophilic archaebacteria are 
Sulfolobus, Thermococcus and Archaeoglobus 
fulgidus (Nicolaus, et al., 1993; Rinker & Kelly, 
1996; Lapaglia & Hartzell, 1997). Numerous 
thermophilic bacteria act as excellent EPSs 
producers such as Geobacillus thermodenitrificans, 
Bacillus thermantarcticus and Bacillus licheniformis. 
Methanococcus jannaschii, Thermotoga maritima 
and Geobacillus tepidamans V264 co-cultures 
produce a huge amount of EPSs (Kambourova et 
al., 2009). Many halophilic Archaea such as 
Haloferax, Halococcus, Natronococcus, Haloarcula 
and Halobacterium also produce EPSs (Antón et 
al., 1988; Nicolaus et al., 1999; Paramonov, 1998).  
  
Isolation of EPSs producing bacteria 
 

A chemically-defined (synthetic) medium or 
a complex (undefined) medium is used for bacterial 
isolation. Watery or mucoid surfaced colonies of 
these bacteria can be detected macroscopically 
(Vescovo et al., 1989).  

                        
 Slime producing bacteria can be detected 

by Congo red staining (Neu, 2000). Capsule 
staining using an aqueous solution of 20% CuSO4 
and crystal violet can be used to identify the 
occurrence of capsular EPS (Cain, 2009). India ink 
can also be used for capsular staining (Cheryl et al., 
2010). 
 
Characteristic features of EPSs  
 

The evaluation of biopolymers (EPSs) is 
done by their physicochemical and biological 
properties which help in understanding their 
behavior in various environments.  
 
Chemical composition 
 

Mostly EPSs consist of carbohydrates and 
proteins but also contain DNA, lipids, humic 
substances, non-carbohydrate substituents 
(pyruvate, phosphate, acetate and succinate), 
amino sugars such as N-acetylamino sugars, 
neutral sugars (rhamnose etc) and some uronic 
acids (mainly galacturonic and glucuronic acids). 
Most bacterial EPSs consist of repeating units of 
different sizes and degrees of ramification. Some 
EPSs have irregular structures such as bacterial 
alginates. Their variability is enhanced by 
diversified configurations and glycosyl linkages 
(Ullrich, 2009). Bacterial EPSs might contain 
numerous pyruvate ketals and ester-linked 
substituents. These acyl groups give anionic 
properties to EPSs, increase their lipophilicity and 
also affect their capacity to act together with cations 
and other polysaccharides (Satyawali & 
Balakrishnan, 2009). 

EPS chemical composition deals with the 
detection of sugar residues, constituents of chain 
groups such as phosphate and acyl groups and 
sugar based repeating units. Anion- exchange 
chromatography at high pressure along with 

Glucuronan 
 

Glucuronic 
acid 
 

6 × 10
4
–10

5
 

 
Thickening 
and gelling  
Capacity 

Cosmetics 
products and 
foods 
 

G. hansenii   S. 
and meliloti 
M5N1CS  
 

Xanthan 
 

Mannose, 
glucuronic acid 
and glucose 
 

2.0× 10
6_

50× 
10

6
 

 

Stable at 
variable range 
of pH, salt 
concentrations 
temperature, 
high viscosity 
 

Foods, 
pharmaceutical
s, petroleum 
industry, 
individual  
care products  
and cosmetics  

Xanthomonas spp. 
 

Succinoglycan 
 

Glucose and 
galactose 
 

1 × 10
6
– 

5 × 10
3
 

High acid  
stability and 
viscosity and  

Oil recovery 
and 
food  

A. faecalis var. 
myxogenes 10C3 
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electrochemical or amperometric detection is 
currently used (Panagiotopoulos et al., 2001). 
Capillary electrophoresis for characterization of 
single carbohydrates can also be used (Gao et al., 
2010).  
 

Chemical structure 
 EPSs have intricate chemical structures 
ranging from linear to highly branched 
heteropolysaccharides because of numerous 
combinations of sugar-based monomeric units. In 
the most recent method assessment of monomeric 
bonding pattern is done by conversion of EPSs into 
incompletely methylated alditol acetates that can be 
examined by GC-MS (Gas chromatography - mass 
spectrometry). The polysaccharides can be 
selectively fragmented by Smith degradation. Using 
linkage specific enzymes and nonspecific fractional 
acid hydrolysis, branching and molecular weight of 
EPSs can be decreased. Low molecular weight 
fragments are detected by GC-MS (Gas 
chromatography –mass spectrometry) and NMR 
(Nuclear magnetic resonance) spectroscopy 
(Hallack, et al., 2010). MALDI-TOF-MS (Matrix-
assisted laser desorption/ionization-time of flight 
mass spectrometry) also be used (Gauri et al., 
2009). 
a. 

b.                                   

 

 
c. 

 

d. 

 
e. 

 
f. 

 
 
g. 

 
h.  

 
i. 

 
Fig. 1: Structures of some most important EPSs A. Curdlan; B. 
Inulin ; C. Alginate; D. Cellulose; E. Dextran; F. Diutan; G. 
Xanthan; H. Welan ; I. Succinog (Schmid et al., 2015) 
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 Table II: Important bacterial exopoly-
saccharides (Schmid et al., 2015) 
 

 

Average molecular weight 

Various techniques are used to determine 

average molecular weight and polydispersity index. 

High performance size exclusion chromatography 

along with multi-angle laser light scatter detection, 

is a highly efficient method for the assessment of  

absolute molecular weight of polysaccharide 

(Boukari et al., 2009). 

 

 Properties in solution 

 In aqueous solution, EPSs behave as 

polyelectrolytes because of the presence of 

ionizable groups. These ionizable groups greatly 

affect the molecular conformation, flexibility, 

intrinsic viscosity, intra/intermolecular interactions 

and critical overlap concentration. To determine 

viscosity of EPS, dilute solution viscometry is used 

(Hilliou et al., 2009; Alves et al., 2010). In order to 

evaluate the complicated and integral 3D molecular 

structure of EPSs, AFM (Atomic force microscopy) 

can also be used (Morris et al., 2011).  

 

Mechanisms of biosynthesis of EPSs in bacteria  

At present four mechanisms have been 

recognized for bacterial EPSs’ production: (i) The 

synthase-dependent pathway (ii) The extracellular 

synthesis (iii) Wzx/Wzy-dependent pathway (iv) The 

ABC (ATP-binding cassette) transporter-dependent 

pathway (Donlan and Costerton, 2002 and Schmid 

et al., 2015). 

 
Synthase dependent pathway 
 

In this mechanism, complete polymer 

strand is secreted transversely to the cell 

membrane and the cell wall. After polymerization, 

synthase proteins translocate EPSs extracellularly. 

It is used for the production of homopolymers 

(Rehm, 2010).  

 

 

EPS 

 

Substi-
tuents 

Compo-
nents 

Biosynthesis 
Mechanism 

Uses 

Welan 
 

Ace 
 

Man, 
Rha, Glc, 
GlcA, 
 

Wzx/Wzy 
dependent 
Pathway 

Chemistry 
Construction 

 

Levan 
 

 Glc, Fru 
 

Etracellular 
synthesis 

Medicines, 
Industry, 
Glue, 
Feed, 
Food 

Succino-
glycan 
 

Pyr , 
Ace, 
Suc 

Gal, Glc, 
 

Wzx / Wzy 
dependent 
Pathway 

Cosmetics
, Oil 

industry 

Cellulose    Glc Synthase 
dependent 
Pathway 

Medicine, 
Cosmetics

, 
Acoustics 

Hyaluronic 
acid 

 GlcNAc , 
GlcA 

Synthase 
dependent 
Pathway 

Cosmetics
, Medicine 

Diutan   Ace Rha, Glc, 
GlcA, 

Wzx/Wzy 
dependent 
Pathway 

Chemistry,  
Construction 

Alginate  Ace ManA 
,GulA  

Synthase 
dependent 
Pathway 

Food, 
Research  
Medicine,  

Feed 

Xanthan 
 

 Pyr, 
Ace 
 

Man, Glc, 
GluA 
 

Wzx/Wzy 
dependent 
Pathway 

Feed, Oil 
drilling, 
Food,   

Technical 
applications  

Curdlan  
 

 Glc  
 

Synthase 
dependent 
Pathway 

Food, 
Medicine, 
Cosmetics

, 
Chemistry, 

Construction 
 

Gellan  
 

Gly, 
Ace 

Rha, Glc, 
GlcA 

Wzx/Wzy 
dependent  
Pathway 

Chemistry, 
Food, 

Construction, 
Feed 

 

Dextran  
 

 Glc Extracellular 
synthesis, 
Dextran- 
sucrase 

Chromato
g˗raphy, 
Medicine 
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Fig. 2: Synthase dependent pathway (Schmid et al., 2015) 

 
The extracellular synthesis 
 

 This process is governed by 

glycosyltransferases, covalently attached to the 

surface of the cell and EPSs are secreted outside 

the cell. EPS, such as dextran or levan is 

synthesized (Czaczyk & Myszka, 2007). 

 
Wzx/Wzy dependent pathway 
 

  In this pathway at the inner membrane, 

individual repeating units are attached to an 

undecaprenol diphosphate anchor (C55), arranged 

by sever46 glycosyltransferases and translocate 

across the cell membrane by a Wzx protein 

(flippase). At the periplasmic space, polymerization 

is done by flippase (Islam & Lam, 2014). The PCP 

(Polysaccharide co-polymerase) and OPX (Outer 

membrane polysaccharide exporters); formerly 

OMA (Outer membrane auxiliary) families help in 

translocation. Heteropolymers (e.g. xanthan) are 

synthesized by this pathway (Morona et al., 2009). 

 
 
 
 
 

 

 

Fig. 3:  Wzx/Wzy dependent pathway (Schmid et al., 

2015) 
 
ABC transporter-dependent pathway 
 

Capsular polysaccharide (CPS) is prepared 

by this pathway. CPS is attached to the cell surface. 

CPS is arranged at the inner membrane with the 

help of glycosyltransferases. Both heteropolymers 

and homopolymers are produced depending upon 

number of operons (GT–containing) involved 

(Whitney & Howell, 2013). A pump like composite 

(tripartite efflux) composed of PCP and OPX 

(periplasmatic proteins) and ABC-transporters help 

in translocation (Cuthbertson et al., 2009), closely 

related to secretion process of the Wzx/Wzy 

pathway. CPS formed has a glycolipid (poly-2-keto-

3-deoxyoctulosonic acid as a linker and 

phosphatidylglycerol at the reducing end). (Willis et 

al., 2013; Willis & Whitfield, 2013).    
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Fig. 4: ABC transporter-dependent pathway (Schmid et 

al., 2015) 

Inheritance and maintenance of 
exopolysaccharide formation 
 
  Formation of EPSs occurs intracellularly 
which involves nucleoside diphosphate sugars.  It is 
regulated by group of genes whose products cause 
acylation and the sugar addition to specific 
isoprenoid lipid acceptors. After polymerization, the 
repeating units are released extracellularly.  With 
respect to the polysaccharides complexity, normally 
a gene sequence of 12–17 kb could be obligatory. 
Various polysaccharide-synthesizing processes 
produce almost similar gene products (Prombutara, 
2015). 

In case of Xanthomonas campestris, 
enzymes required for the precursors are individually 
controlled. For xanthan synthesis, gene products 
are present in the linked set of genes:  
 

gumB gumC gumD gumE gumF gumH gumI gumJ gumK gumL gumM 

 
 
 
 

The sequence of gum C, gum M, gum H 
and gum I characterizes the sequence of 
5monosaccharide transferases forming the 
repeating unit (pentasaccharide). Acetylase is the 
product of gum F while gum L product is ketalase. 
The product of gum E is polymerase. Translocation 
is controlled by other genes. In P. aeruginosa, an 
intricated sequence of regulatory system involving 
algA, algD, algE, algC and algK genes, controls the 
formation of alginate.  The most inclusive research 
has been done in Rhizobium strains. They 
synthesize succinoglycan. The genes and also the 
enzymes concerned with succinoglycan formation 
have been completely identified (Sutherland, 
2001b).  

 EPSs formation is regulated all the way 
through megaplasmids. The EPSs genes are 
present on plasmids of nearly all mesophilic lactic 
acid bacteria, such as in Lactobacillus casei subsp. 
cremoris (Vanhooren & Vandamme, 1998). 

 
Fermentative production of Exopolysaccharides 
 

In order to attain intended economic target, 
a good fermentation process depends upon 
concentration of the product, yield and productivity. 
The activity of microbes greatly is affected by their 
environment relating to the design of equipment 
operated. No particular set of culture conditions of 
culture ensures high EPSs production. Microbes 
vary in their source consumption (carbon and 
nitrogen), mineral supplies, temperature and pH 
(Sutherland, 1972).  
 
Carbon source 
 

The production and size of EPSs are 
associated with the nature of source of carbon 
used. For example, alginate produced from glucose 
and fructose has (relative molecular mass) 276 kDa 
and 500 kDa respectively after 24 hours (Beavo et 
al., 1994). Lactobacillus delbruckii produces 
different EPSs when it is grown on fructose or 
glucose (Grobben et al., 2000). West & Strohfus 
(1998) observed gellan production by 
Sphingomonas paucimobilis showing the effects of 
different source used. According to them, gellan 
can be produced from glucose and corn syrup. 
However, it is not necessary that higher cell weight 
produces higher yield of gellan. 
 
Nitrogen source 
 

Even in trace amounts nitrogen sources 
cause increased growth rate of microorganisms and 
EPSs production (Farres et al., 1997). In some 
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cases, nitrogen source may contain some carbon, 
which may act as a raw material for EPS synthesis 
(De Souza & Sutherland, 1994).  According to 
Vergas-Garcia et al., (2001), biomass levels 
amplified with higher concentration of nitrogen in 
the medium. EPS formation showed a reverse 
behavior in growth under these circumstances. EPS 
synthesis was elevated at lower concentration of 
nitrogen. Small amounts of combined nitrogen in 
media initiates EPS yield (Vermani et al., 1997). 
Gorret et al. (2001) verified that addition of yeast 
extract in the medium enhanced the growth of 
Propionibacterium acidi-propoinici and EPS 
production.  
 
Carbon: Nitrogen ratio  
 

High carbon:nitrogen ratio enhances the 
EPS synthesis. Highest EPS synthesis occurs at 
C:N ratio of . 10:1 respectively. Loss of nitrogen 
from the medium might indicate EPS production 
such as in scleroglucan and pullulan (Morin, 1998). 
 
Ions 
 
Some factors such as limitations of ions such as 
that of nitrogen, oxygen, phosphate and carbon 
influence the changing of carbon source into 
polysaccharide. In case of Pseudomonas 
mendocina, nitrogen, carbon and oxygen 
restrictions exaggerated the alteration of glucose 
into alginate and mannuronate to glucuronate ratio. 
EPS production by Klebsiella spp decreases in the 
existence of phosphate ion (Farres et al., 1997). 
Clementi et al. (1995) observed that Phosphate-
limited environment increased the alginate 
production up to about 7g/l. In case of L. bulgaricus, 
exclusion of ions of zinc, ammonium and iron has 
no influence on the growth and EPS yield (Grobben 
et al., 2000). Only manganese or its amalgamation 
with sulfate, citrate and calcium strongly initiate 
EPS synthesis by Lactobacillus casei (Douglas & 
Klaenhammes, 2010). 
 
Aeration rate 
 

 EPS yield increases with high aeration rate 
(Lee et al., 2001). Yang & Liau (1998) observed 
that higher agitation and aeration rate enhance the 
formation of EPS by Ganoderma lucidum.  Oxygen 
is involved in metabolism and oxidation of pyridine 
nucleotides and sugar. In the presence of good 
supply of nutrients and aeration (Bayer et al., 1991; 
Dassy et al., 1991). Oxygen uptake rate increases 
in the presence of detergents. However, in 
Fusarium solani opposite effects were observed in 

case of elevated oxygen-transfer rates (Rau et al., 
1990). 
 
Dilution rate 

 Sutherland (1977) observed that EPS 
production increases with low dilution rate and 
decreases with high dilution in Klebsiella spp. 
Lower dilution rate increases the residence time of 
microbes which in turn gets more time to use 
source completely. 
 
Incubation temperature 

Greater production of EPS occurs at the 
sub-optimal growth temperature (Cerning et al., 
1992; Gancel & Novel, 1994). At low temperature, 
high EPS formation was given by Propionibacterium 
acidipropionici (Gorret et al., 2001).  However, 
Garcia-Garibay & Marshall (1991) observed 
different results that high temperature caused 
increased EPS synthesis in Lactobacillus 
delbrueckii subsp. bulgaricus.  
 
Incubation pH 

Media buffered at neutral pH is used for 
numerous exopolysaccharide producing 
microorganisms. Culture media buffered at 5.2−6.5 
pH containing 2−4% NaCl was used for EPS 
production by some meat starters (Hwu et al., 
1997). Gorret et al., 2001 observed that pH 5.3–6.5 
is required for Propionibacterium acidi-propionici to 
produce EPSs.  
 
Age of the exopolysaccharide producing cells 
and growth 

Bergmaier et al. (2002) observed that age 
of Lactobacillus rhamnosus RW-9595M is directly 
proportional to lactic acid concentration. Petry et al. 
(2000) described that bulk of the EPS synthesis 
occurs in the stationary phase and it was 
experimentally observed in two strains of 
Lactobacillus delbrueckii subsp. bulgaricus.  
 
Osmotic concentration 

 Solute concentration is important in EPSs 
production. Two different water-soluble EPS, 
namely succinoglycan and galactoglucan are 
produced by fast-growing Rhizobium melilotii, the 
ratio of production is affected by the culture medium 
osmolarity. Medium without NaCl contained both 
the EPSs in the ratio of 1:1. The proportion of 
succinoglycan increased to 85% by addition of 0.6 
M NaCl in the medium (Stredansky et al., 1998). 
 
Detergents 

A rise of 1.45 fold was observed at 0.1 g l
–1 

concentration of Triton X-100. Addition of detergent 
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after 24h of growth reduces severe foaming. These 
detergents could affect elements regulating the 
rheological feature of xanthan. They could increase 
the polymerization of xanthan by reacting with the 
membrane of Xanthomonas campestris (Barreras et 
al., 2004). 

 
 Upgrading of EPSs 

It includes concentration, separation and 
purification of EPSs thus constitute their total 
production cost. Its most important aims are: i) 
concentration of fermentation broth to enable 
microbiological strength, complete solubility, easy 
handling, transfer and storage. ii) EPSs purification 
to eliminate impurities such as salts, cells and 
unwanted contaminating enzymes (Smith & Pace, 
1982).  
 
Isolation of EPSs 

EPSs when present as slime can be 
secluded from microbes by centrifugation. The 
centrifugation time and speed differ with the 
thickness and nature of the EPS. By means of ultra-
centrifugation, the bulk of the cells and cell debris 
are removed. EPS when present as a capsule is 
first separated from the cells. The interaction of 
EPS and cells specifies the separation method. 
Weakly associated capsular EPSs can be 
separated by centrifugation. In case of strong 
association, alkaline treatment by NaOH is used 
before centrifugation and precipitation of EPS by 
using alcohol (Subair et al., 2015).  In case of 
thermally stable EPS, the isolation of microbes from 
the broth can be enhanced by heat treatment to 
some extent cells death and inactivation of some of 
the broth enzymes occur by pasteurization and 
decreasing viscosity (Sutherland, 1990). 
 
Precipitation of EPSs 

 Solvent precipitation is generally 

used for recovery of EPSs from the culture broth. 

The addition of polar organic solvent (lower 

alcohols or acetone) can be used for precipitation of 

EPS in the supernatant. The proportion of solvent 

used is variable; mostly two volumes of the culture 

broth are used. Lowering of EPS solubility in water 

due to organic solvents enhances separation. 

During solvent precipitation, EPS may be 

precipitated along with proteins and salts of the 

medium. In order to get pure EPS, deproteination 

and desalting treatments may be used (Morin, 

1998). Then EPS is harvested following 

centrifugation, filtration, settling or pressing.  EPS is 

dried under vacuum or with inert gas and finally 

milled to the required mesh size. Depending on 

purity, the final EPS products are off-white to white. 

Other methods such as reverse osmosis and 

ultrafiltration for reducing the water content of EPS 

preparations are available (Sutherland, 1990). 
 
Purification of EPSs  

EPSs can be purified by desalting method 

and deproteination. In case of Klebsiella spp in the 

presence of 11.32 M HCl at 4-5 pH, rhamnose was 

separated as slime and capsule from the cells 

before autoclaving. 40% of the protein having EPS 

in the supernatant was concentrated in this way, 

thus increasing the rhamnose recovery. At present 

nitron and CTAB are also used. 75% of EPS can be 

precipitated using three volumes of propanol 

(Morin, 1998). Then EPS is harvested by 

centrifugation, filtration, pressing and settling. The 

EPSs can be dried through vacuum or by inert gas 

and finally crushed to the required size. EPS may 

be white off- to white in colour (Sutherland, 1990). 
 
Application of EPSs 

Exopolysaccharides in bacterial biofilm  

EPSs are important in the formation of 
biofilm and attachment of cells to substrates. EPS is 
50%-90% of entire organic matter of biofilm 
(Fleming, 2000). Biofilms are called symbolically 
dubbed microbial cities (Daegelen et al., 2009). 
According to Nwodo (2012), the roles of 
exopolysaccharides in biofilms are:  
 
Attachment 
 

EPSs help in the attachment to the 
surfaces (abiotic and biotic). 
 
Aggregation of bacterial cells 
 

EPSs join cells, thus temporarily immobilize 
the bacterial population. 
 
Maintenance of water 
 

Being hydrophilic, EPSs maintain a 
hydrated environment in the region of biofilm and 
help bacteria in water lacking environments. 
 

Source of nutrients 
In biofilms, EPSs are huge sources of 

compounds containing carbon, phosphorus and 
nitrogen.  
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Protective shield 
 
 EPSs produce resistance against host 
(non- specific and specific) during infection. They 
produce resistance to different antimicrobial agents, 
give protection against phagocytic protozoa and 
protect cyanobacterial nitrogenase against the 
detrimental effects of oxygen. 
 
Sorption of inorganic ions and organic 
Compounds 
 

Charged and hydrophobic EPSs regulate 

the sorption of xenobiotics and accretion of the 

nutrients of the environment. They help in 

environmental detoxification by supporting SDS 

(Sodium Dodecyl Sulphate) resulting in the 

formation of minerals, accretion of noxious metal 

ions and ion exchange.  
 
Table III: Some human diseases associated with 
bacterial biofilms. (Nwodo, 2012) 
 
   Diseases Biofilm Bacteria 

Dental caries                                     Acidogenic Gram positive cocci 
and Streptococcus spp. 

Periodontitis Gram negative anaerobic oral 
bacteria 

Cystic fibrosis           P. aeruginosa, pneumonia, 
Burkholderia cepacia 

Musculoskeletal 

infections 

Staphylococci and other Gram-
positive cocci 

Otitis media Haemophilus influenza 

Biliary tract infection E. coli enteric bacteria (E. coli) 

Urinary catheter 
cystitis 

Gram-negative rods (E. coli) 

Bacterial prostatitis Gram-negative bacteria (E. coli) 

Commercial uses 

  BioFill, a derived cellulose material from 

Acetobacter xylinum can be used as an implantable 

material in plastic and general surgery. It is used in 

wound dressings in cases of burns and chronic skin 

ulcers. Rhizobium and Agrobacterium species 

produce curdlan, which is widely used in food 

industry. Xanthomonas campestris produces 

Xanthan, a major commercial biopolymer 

(Sutherland, 1998). EPSs are added into foods to 

alter the rheological properties of the water present 

(Welman & Maddox, 2003). 

Food industry 

EPSs play a major role in the quality, 
stability and taste of the dairy products. These are 
widely used in synthesis of dairy products 
(fermented) in Asia, Eastern and Northern Europe. 
Bacteria producing EPSs are widely used in 
fermented milk production (Ruas-Madiedo, 2002 
and 2003). A wide range of LAB strains are used in 
fermentation. The most important are Lactococcus 
lactis subsp. cremoris and Lactobacillus delbrueckii 
subsp. bulgaricus. Viili is fermented milk used in 
Finland. Kefir is used in Eastern Europe slightly 
alcoholic fermented milk (Brodbent et al., 2003).  

Dairy appetizer cultures having LAB strains 
(slime-forming) are commercially accessible   in 
Europe and USA. In yoghurt making, ropy LAB 
appetizer cultures are mostly used in several 
countries of Europe (De Vuyst & Degeest , 1999). 
S. thermophilus produces HePS which is used in 
mozzarella cheese for increasing moisture (Perry et 
al., 1997 & 1998; Low et al., 1998). They are used 
as texturizer in various food products like yogurt 
(Toba et al., 1990).  

Table V: Commercial applications of EPSs 
(Madhuri & Rabhakar, 2014a) 

EPSs Source Application 

Gelrite or 
Kelcogel 

Sphingomonas 
paucimobilis 

Used in  foods  as 
stabilizing, suspending  
and gelling agent  

Xanthan Xanthomonas 
compestris 

Used in oil recovery 
and various foods as 
viscosifying agent  

Emulsan Pseudomonas 
fluorescence 

Used in various food as 
an emulsifying agent  

Dextran Leuconostoc 
mesenteroides, 
Streptococcus 
mutans 

Used to purify different 
molecules such as 
Sephadex 

Curdlan Agrobacterium and 
Rhizobium spp 

Used in biomedical 
applications such as 
antithrombotic activity 
etc 

BioFill Acetobacter 
xylinum 

Used in general plastic 
surgery as Implantable 
material 
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Health benefits of EPS 

Table IV:  Exopolysaccharides of bacteria and 
their health benefits (Madhuri and Rabhakar, 
2014b) 

 

EPSs provide important health benefits like 
antioxidant (Kodali & Sen, 2008), cholesterol 
lowering (Welman & Maddox, 2003), antiviral and 
immunomodulatory activities (Arena et al., 2006), 
antitumor (Hosono et al., 1997). The reactive 
oxygen species (ROS) like nitric oxide 
(NO

ˉ
)hydroxyl (OH

ˉ
), superoxide (O

ˉ
2), etc. cause 

serious diseases including atherosclerosis, 
Parkinson’s disease, rheumatoid arthritis and 
cancer. It has been proved that EPSs have 
antioxidant and free radical scavenging 
characteristics. The EPS, free radical scavenging 
property can also be used to inhibit vegetable oils 
oxidation. Probiotic bacteria produce EPSs, that 
show anti-ulcer activity. Nagaoka et al. (1994) 
observed the anti-ulcer property of lactobacilli, 
Bifidobacteria and Streptococci using the ethanol-
induced erosion models and acetic acid-induced 
gastric ulcer in rats. EPSs containing rhamnose 
more than 60% were more efficient in the curing of 
gastric ulcers. It has been reported that the EPSs 
stimulate the immune system and also show 
anticancer effects.  

Bioremediation and wastewater treatment 

 EPSs producing bacteria (Enterobacter 
and Pseudomonas species) are widely used 
in bioremediation and wastewater treatment. They 
are used in the cleaning of effluents formed 
because of mining. They are also used to treat 
hydrocarbons, heavy metals and enormous 
volumes of industrial and public wastewater. They 
are also used in anaerobic breakdown of different 
organic pollutants (Kumar et al., 2007).  
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