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ABSTRACT 

  Exopolysaccharides (EPS) are regular polymers released by microorganisms in the surrounding media that 

are climate friendly. Microbial extracellular polymeric substances (EPS) are a complex mixture of 

biopolymers that includes polysaccharides, proteins, nucleic acids, uronic acids, humic substances, lipids, 

and other biopolymers. Bacterial secretions, shedding of cell surface components, cell lysates, and 

adsorption of organic substances from the environment all contribute to the creation of EPS in a wide range 

of free-living bacteria, as well as microbial aggregates such as biofilms and bio granules. EPS may be 

loosely connected to the cell surface or bacteria may be contained in EPS, depending on its origin. There is 

compositional variability in EPS recovered from pure bacterial cultures and diverse microbial communities 

that are governed by organic and inorganic microenvironmental elements. Mostly lactic acid bacteria (LAB) 

are known to increase EPS production. Functionally, EPS aid in cell-to-cell aggregation, adhesion to a 

substratum, formation of flocs, protection from desiccation, and resistance to harmful exogenous materials 

because of the presence of the extraordinary primary organization, EPS shows different applications, for 

example, in food details, drug, makeup industry, and so on. As a result, comprehensive exopolysaccharide 

knowledge is required. This review provides an update about microbial exopolysaccharides, biosynthesis of 

exopolysaccharides, regulation of synthesis, and EPS production.  

Keywords:  Biosynthesis, Biofilm, Exopolysaccharides, Lactic acid bacteria (LAB) 

 
I. INTRODUCTION 

 

  Bacterial exopolymeric substances (EPS) are atoms delivered because of the physiological pressure experienced in 

the regular habitat. EPS are primary parts of the extracellular grid in which cells are inserted during biofilm 

advancement. In a wide sense, an EPS can be defined as any long-chain polysaccharide linear or branched that is 

soluble in water, has the capacity, in solution, of increasing the viscosity and/or form gels (Massimiliano et al., 2010). 

Exopolysaccharides (EPS) are key components of biofilm, which determines the physicochemical, and biological 

properties of biofilm formation. The exopolysaccharide plays an important role in allowing microbes to live 

continuously at high cell densities in a stable mixed population of biofilm communities (Vaishnav et al., 2021). 

Exopolysaccharides determine living conditions for microorganisms in biofilms because they affect the porosity, 

density, water content, charge, hydrophobicity, and mechanical stability of biofilms (Rinaudi et al.,2005). The 

biopolymers produced by microorganisms were categorized into four main groups: polyesters, polyamides, inorganic 

polyanhydrides, and polysaccharides, and they are collectively termed extracellular polymeric substances. Since the 

microbial biopolymers serve as reserve material or as part of a protective mechanism, the biopolymer-producing 
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microorganisms have significant advantages under certain environmental conditions (Rehm et al.,2010). In the food 

and beverage industry, EPS is used as stabilizers, for gel-like formation, thickeners, suspending, film-forming, 

coagulating, emulsifiers agents, and water-binding agents (Abdalrahim et al.,2019). Lactic Acid Bacteria can produce 

different types of exopolysaccharides. Some of LAB are capable of producing EPS either it is released to the 

extracellular environment or attached to the cell wall of the bacteria (Abdalrahim et al.,2019). Production of 

exopolysaccharides is considered a distinct characteristic of lactic acid bacteria in the development of starters for 

fermented milk products Furthermore, EPSs have been proven to have numerous health-beneficial impacts in humans, 

particularly in the treatment of gastrointestinal, tumor, and bowl illnesses (Patel et al.,2010).  

 

   EPS is further divided into two groups: homopolysaccharides (HoPS) and heteropolysaccharides (HePS) (Grosu-

Tudor et al.,2014). Homopolysaccharides consist of repeating units of only one type of monosaccharides (D-glucose 

or D-fructose) joined by either a single linkage type or by a combination of a limited number of linkage types. Table 

1 lists examples of homopolysaccharides, as well as their components and functions. Heteropolysaccharides comprise 

numerous duplicates of oligosaccharides, containing three to eight residues, created by an assortment of 

microorganisms (Chawla et al.,2009). Table 2 provides examples of heteropolysaccharides, as well as details about 

their components and functions. In LAB, EPSs assume a significant part in controlling cell surface physicochemical 

qualities (Surayot U et al.,2014), safeguarding bacterial cells from drying out, negative ecological effects, anti-

microbials, phagocytosis, and phage assaults (Polak et al.,2014). EPSs take part in the structural components of the 

extracellular matrix, in which cells are encapsulated during the development of the cell membrane. 

 

 

Table – 1 Examples of homopolysaccharides along with their composition and functions. 
 

Homopolysaccharides Component sugar Function 

Pectin Galactose or galactouronic 

acid 

In making of commercial jellies and jams 

Agar Galactose or galactouronic 

acid 

In labs as a major solidifying agent for 

microorganisms in growth media and as a 

gelling agent in the bakery industry 

Dextrans Glucose As expanders of plasma in blood, as 

replacement for whole blood in cases of 

severe shock, an anticoagulant for blood 

Chitin 2-deoxy-2- acetamido-D-

glucose (N-acetyl D-

glucosamine) 

Main part of external skeletons of insects, 

crustaceans, annelid, nematode worms, 

mollusks and coelenterates. 

 

Table – 2 Examples of heteropolysaccharides along with their composition and functions. 

 

Heteropolysaccharide Component sugars Functions  

Hyaluronic acid D-glucuronic acid and 

N acetyl-D-

glucosamine 

As lubricating, water binding and shock 

absorbing agents 

Chondroitin-4-sulfate D-glucuronic acid and 

Nacetyl-D-

galactosamine-4-

Osulfate 

Helps in accumulation of calcium, and 

in making of bones and cartilages  

Heparin D-glucuronic acid, L-

iduronic acid, N-sulfo-

D-glucosamine 

As an anticoagulant  

Gamma globulin N-acetyl-hexosamine, 

D mannose, D-

galactose 

In formation of antibodies 
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II. MICROBIAL EXOPOLYSACCHARIDES 

 

   Microbial polysaccharides are high molecular weight carbohydrate polymers that are present either at the 

outer membrane as lipopolysaccharides (LPS), which primarily influence immunogenic characteristics, 

secreted as capsular polysaccharides (CPS), which form a distinct surface layer (capsule) associated with 

the cell surface, or expelled as EPS, which is only weakly connected with the cell surface, is non-adherent 

to the cell, and imparts  a sticky consistency to bacterial growth on a solid medium or an increased viscosity 

in a liquid medium (Chawla et al.,2009).Exopolysaccharides have been termed “adhesive polymers.” So, 

EPSs provide various functions including adhesion, cell-to-cell interactions, biofilm formation, and cell 

protection against environmental extremes keeping the microbes in contact. Exopolysaccharides determine 

living conditions for microorganisms in biofilms because they affect the porosity, thickness, water content, 

charge, hydrophobicity, and mechanical dependability of biofilms. EPSs have likewise been grouped in 

seven categories based on their functionality by as constructive or structural (serve in the matrix help water 

retention and cell protection), sorptive (composed of charged polymers), surface-active (including 

molecules with amphiphilic behaviour), active, informative, redox-active, and nutritive (Ates et al.,2015). 

Due to their unique nature and complex chemical structure that offers beneficial bioactive functions, 

biocompatibility, and biodegradability, microbial EPSs have found a wide scope of utilization regions in 

synthetic, food, drug, beauty care products, bundling businesses, farming, and medication in which they can 

be utilized as glues, sponges, oils, soil conditioners, corrective, drug conveyance vehicles, materials, high-

strength materials, emulsifiers, viscosifiers, suspending, and chelating specialist (Ates et al.,2015). 

Environmental and culture parameters like pH, temperature, carbon-to-nitrogen (C/N) ratio, oxygenation 

rate, and carbon sources can all influence EPS formation. In traditional applications, bacterial EPSs such as 

xanthan, gellan, dextran, and curdlan is utilized instead of plant (guar gum or pectin) or algae (e.g., 

carrageenan or alginate) polysaccharides due to their superior physical and chemical properties (Liang et 

al.,2015) (Finore et al.,2014). The activities of enzymes involved in EPS creation were examined after the 

discovery of the various EPSs, and radioisotope-labelled precursors were employed to reveal the metabolic 

pathways for microbial biosynthesis. Furthermore, knowing the molecular and regulatory mechanisms 

behind microbial polymer biosynthesis is a prerequisite for engineering bacteria that result in the production 

of high-value biopolymers for industrial and medical applications at a low cost (Ates et al.,2015). 

 

III. BIOSYNTHESIS OF EXOPOLYSACCHARIDES 

 

   The biosynthesis of exopolysaccharides is differed from one genus to another and is an energy-dependent 

process. The production of exopolysaccharides is directly dependent on the growth of bacterial cells. 

Bacterial EPSs are primarily produced intracellularly and exported to the extracellular environment, apart 

from homopolysaccharides such as dextran, levan, and mutan, which are produced outside of the cells by 

the action of secreted enzymes that convert the substrate into the polymer (Ates et al.,2015). EPS 

biosynthesis involves glycosyltransferases that link intracellularly a sugar from nucleotide sugars to a lipid 

carrier molecule. The availability of sugar nucleotides has a significant impact on the production of some 

EPSs (viz. alginate, gellan, etc.) (Patel et al.,2010). The enzymes involved in EPS synthesis are present in 

diverse parts of the cell and are classified into four types. The first category includes internal enzymes like 

hexokinase, which phosphorylates glucose (Glc) to glucose-6-phosphate (Glc-6-P). They also play a role in 

other cellular metabolisms. The second group is essential to catalyze sugar nucleotide conversion. This class 

of enzymes includes uridine-5′-diphosphate (UDP)-glucose pyrophosphorylase, which catalyzes the 

conversion of Glc-1-P to UDP-Glc, one of the essential molecules in EPS synthesis. Glycosyltransferases 

(GTFs) are another type of enzyme found in the cell's periplasmic membrane. GTFs transfer sugar 

nucleotides to a repetitive unit linked to a glycosyl carrier lipid. The enzymatic actions, structures, and 

identification of the genes that encode GTFs have been extensively studied, and more than 94 GTF families 

have been identified in the Carbohydrate-Active EnZymes (CAZy) database according to amino acid 

sequence similarity. Polymerization happens in the extracellular environment as a transfer of a 

monosaccharide from a disaccharide to a developing polysaccharide chain. This method of producing EPSs 

is simple; it is independent of the central carbon metabolism and has minimal structural variation. 

Extracellular GTF may synthesize extracellular EPS from homopolysaccharides (dextran, levan, and mutan) 

(Finore et al.,2014). The intracellular biosynthesis of homopolysaccharides and heteropolysaccharides 

comprises the formation of irregular repeating units from sugar nucleotide precursors, which are also 

involved in the formation of numerous cell wall components and are hence required for development (Liang 
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et al.,2015). The number of EPS produced is determined by the medium and culture conditions under which 

microorganisms thrive. High carbon to nitrogen substrate ratios is generally favorable for EPS synthesis. 

Complex media help in the synthesis of EPSs, indicating the importance of rich nutrients such as peptone, 

beef extract, and yeast extract in the development of biomass prior to EPS production (S.A. Kimme et 

al.,2018). Carbohydrate components in culture media affect EPS yield but have little effect on their chemical 

structures. They also influence the viscosity of EPSs, apparently due to diversity in their molecular mass 

distribution (Patel et al.,2010). 

 

IV. EPS PRODUCTION USING BACTERIA 

 

  Exopolysaccharide creation might be controlled at any number at various levels, as examined by 

Sutherland (1997). This list includes (i) rate of sugar (carbon substrate) uptake, (ii) rate of nucleotide sugar 

synthesis, (iii) availability of the isoprenoid lipid carrier, (iv) rate of sugar assembly to the isoprenoid lipid 

(v) rate of polymerization, (vi) rate of secretion of the exopolysaccharide. 

 

● Rehm et.al.,2010 used genome sequencing, functional genomics, and the cloning and 

characterization of biosynthesis genes have all had a significant impact on our understanding of 

biosynthesis pathways in organisms that yield commercially relevant polymers, as well as involving 

the determination of new biopolymer-producing bacteria.                              

● Abdalrahim et al.,2019 Isolated, characterized, and identified exopolysaccharide-producing bacteria 

from fermented fruits and vegetables and dairy products. A total of 55 isolates were isolated from 

fermented fruit and vegetables and EPS production from these strains, considering them to be the 

alternative for enhancing the production of EPS with increased yields, with promising realistic 

importance in food, and pharmaceutical, as well as dairy industries. 

● AMAO, J. A., Omojasola, P. F., and Barooah, M. (2019) used a modified crystal violet method to 

test 80 bacterial isolates from cassava peel heap samples for their ability to produce biofilm, and the 

total carbohydrate content of EPSs produced by thirteen (13) strong and medium biofilm formers 

was determined using the phenol-sulphuric acid method. Three of the bacterial isolates were Bacillus 

spp., one was Lactobacillus plantarum, and four were Klebsiella pneumoniae. Four isolates 

produced a significant number of EPS, with the Bacillus genus accounting for many of the EPS 

producers. 

● Vaishnv (2020) used mixed fruit waste as a substrate for fermentative EPS production. The medium 

formulation was investigated by adding medium components in order and replacing sugar with 

mixed fruit waste. The use of fruit waste extract instead of sucrose made the process more 

environmentally friendly, and it also solved the problem of fruit waste disposal. 

● Amenaghawon (2015) found Xanthan Gum Production from Pineapple Peels Using Xanthomonas 

Campestris via Submerged Fermentation. Response surface methodology (RSM) was used to 

optimize these process variables. The optimum fermentation time, nitrogen, and phosphorus 

concentrations, according to RSM, were 3 days, 2 g/L, and 15 g/L, respectively. 

● Xanthan gum was produced by Xanthomonas campestris by using diluted sugar cane broth in 

experiments performed by S Faria (2011). The components used were sucrose, Brewer's yeast; and 

NH₄NO₃. Xanthan gum with the desired molecular weight and total sugar content was produced 

using this method. 

● Y W Han (1992) found the production of exopolysaccharides from sugarcane juice and beet 

molasses. 

 

 

V. APPLICATION OF EXOPOLYSACCHARIDES 

 

  Microbial exopolysaccharides, several cans which come in a variety of chemical compositions, have a 

wide range of functional and physiological benefits and are used in the food, cosmetic, agronomy, and 

pharmaceutical industries. EPS can be used in the food industry with predictable yields and recovery rates 

because lactic acid bacteria-based products have a variety of functional qualities (Patel et al.,2010). 

The most important sensory characteristics of popular dairy products are firmness and creaminess. As 

texturizers and stabilizers, EPSs raise the viscosity of the product and interact with proteins and micelles by 

binding water, thereby strengthening the casein network's stiffness. EPSs, on the other hand, can reduce 

syneresis and improve product stability. The textural qualities of EPSs produced by a few strains of lactic 
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acid bacteria (LAB) can be improved (P. Ruas et al.,2004). The use of dextran in panettone and other 

varieties of bread is well-known, and the addition of non-bacterial hydrocolloids to the industrial baking 

process is also well-known. Bacterial EPS has antibiofilm agents which can inhibit the biofilm formation of 

a broad range of bacteria, suggesting that they may play an essential role in microbial competition and niche 

exclusion. Bacterial biofilm formation is common on medical devices such as catheters, heart valves, 

prostheses, surgical pins, etc, and even in food industries (Bernal et al.,2019). Antibiofilm polysaccharides 

represent a promising alternative to get rid of biofilm formation, block biofilm formation and bacterial 

infections. These exopolysaccharides are broad-spectrum, so can be useful for the treatment of multispecies 

infection. Antibiofilm polysaccharides can be co-administered with common antibiotics, used for anti-

adhesive coating for medical devices, and used as probiotics (Rendueles et al.,2020). The role of EPS in 

modifying micro-and macro environments leads to several useful products, transformations, and services 

for the benefit of living beings and the sustainability of the environment (Dave et al.,2020). Various role of 

EPS in environmental applications includes water treatment, wastewater flocculation, and settling, color 

removal from wastewater, sludge dewatering, metal removal and recovery, removal of toxic organic 

compounds, landfill leachate treatment, and soil remediation, and reclamation. EPS is an important factor 

in the flocculation of wastewater systems. This application is a significant milestone in health promotion 

and eco-friendly usage, especially in municipal and wastewater treatment processes. The interactions 

between EPS and cells significantly affect microbial flocculation ability. EPS has been widely investigated 

for water and wastewater treatment (Sheng et al.,2010). The important role of EPS in the removal of heavy 

metals from the environment is due to their involvement in flocculation and ability to bind with metal ions 

from solutions (Pal et al.,2008). Exopolysaccharides like alginates are used in transplantation techniques 

(Rehm et al.,2010). Table 3 highlights the industrial and medical applications of microbial 

exopolysaccharides. 

  

Table – 3 Industrial and medicinal application of microbial exopolysaccharides. 
 

Field Application  References  

Food ● As gelling, stabilizing, and 

suspending agents. 

● As viscosifying agent in various 

foods.  Emulsifying agent in various 

foods. 

● Acts as stabilizers and texturizers, 

binds water molecules and interacts 

with other constituents (proteins and 

micelles) to maintain the stiffness of 

the casein network in milk-based 

products.  

Sutherland, (2001) 

Cerning, (1995) 

Neu and Lawrence (2010) 

Duboc and Mollet, (2001)  

Environment ● Used to purify different molecules 

(Sephadex) 

● Immobilization and 

microencapsulation (Alginate) 

● Bioadsorption of heavy metals from 

wastewater and natural water   

● Possess efficiency of hydrocarbon 

degradation  

Sutherland, (1998) Kumar 

et al., (2007) Huang et al., 

(2012) Han et al., (2014) 

Agriculture ● Provides viscosity, suspend solid 

particles, stabilizes emulsions and 

form useful films  

Colegrove, (1983) 

Therapeutic ● Antiulcer activity   

● Stimulates murine splenocytes.   

● Proliferates mouse lymphocyte   

● Antiviral and immunostimulatory 

Nagaoka et al., (1994) 

Kitazawa et al., (1998) 

Amrouche et al., (2005) 

Arena et al., (2006) 
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activities   

● Increases gut mucosal immunity   

● Free radicals-scavenging activity   

● Antimutagenic activity   

● Antioxidant and antihyperglycemic 

activities  

●  Antithrombotic activity 

Vinderola, (2006)  

Wang et al., (2007)  

Tsuda et al., (2008) 

Kodali and Sen, (2008) 

Sutherland, (2001) 

Nutraceutical ● Acts in nutrient balancing   

● Enhancement of healthy immune 

system and prevention of various 

human diseases   

● Helps to get rid of the toxins 

responsible for infections in the 

urinary tract.  

Rahi et al., (2005) 

Chang and Buswell, 

(1996)  

Chang and Buswell, 

(1996) 

 

VI. CONCLUSION 

 

EPS request is expanding step by step and in businesses, they play significant jobs as emulsifiers, chelating 

agents, stabilizers, and a lot more ways. Microbial exopolysaccharides stand out enough to be noticed in 

different businesses particularly in food, dairy, and corrective ventures because of their adaptable practical, 

and natural properties. Microbial exopolysaccharides have likewise been utilized in medication and drug 

enterprises making them significant apparatuses in drug conveyance framework and postponed drug 

delivered plans. Various chosen microbial strains which produce exopolysaccharides effectively have 

shown extra metabolic highlights, wellbeing advantageous impact, and essentially influence the surface, 

fragrance, and shelf life of different food. 
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