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Introduction
In recent years, increasing attention has been paid to the exploration 

and discovery of recent advances in exopolysaccharides (EPS) and their 
potential biotechnology and biological applications opportunities. 
Therefore, stimulating a strong interest towards the finding of new 
types of EPS molecules and the new techniques for optimizing their 
production for product quality and properties improvement [1-
9]. EPS are produced by microorganisms, particularly bacteria and 
fungi via intracellular or extracellular pathways Independent of their 
origin, EPS are secreted on the outside the microorganism’s cell 
surface. These biopolymers are synthesized via different biosynthesis 
pathways and these processes can be divided into three main steps. 
First, the recognition of a carbon substrate must occur through the 
cell and then afterwards, intracellular synthesis of polysaccharides 
takes place. Last, the produced EPS are transported to the outside 
of the cell [10], except for levans, alternans and dextrans, which are 
synthesized by an extracellular process [4,11]. Direct precursors for 
EPS’s biosynthesis are formed intracellularly using intermediates of 
the central carbon metabolism [1]. There is important information 
on the genome of the EPS producer microorganisms that will enable 
them to develop additional strategies to the successfully enhance 
EPS’s production rate and to engineer their properties by modifying 
monomers composition, functional groups, and chain length [12-16]. 
EPS are long-chain polysaccharides consisting of branched, repeating 
units of sugars or sugar derivatives and no-carbohydrate components 
[3,17-19]. Depending on the species and cultivation conditions the EPS 
production by microorganisms using glucose and sucrose may range 
between 0.29 and 65.27 g/L [20]. Utilization of different carbon and 
nitrogen sources for the growth and EPS production by bacteria were 
reported earlier [4,21,22].

The unique biological, physicochemical and rheological properties 
of bacterial EPS, such as bioadhesives, gelling agents, stabilizing, and 
thickeners, makes them interesting candidate for many industrial 
applications. EPS can be used as bioflocculants [23-25], bioabsorbants 
of heavy metals [5,7,8,26,27], drug delivery [27], anticoagulant, 
antioxidant [26], anti-inflammatory, antibiofilm, antithrombotic, 
immunomodulatory, immunostimulatory, antiulcer, and anticancer 
agents [28,29] and parasitological and entomological properties [30]. 
The properties of some microbial exopolysaccharides have been 
summarized (Table 1).

Information on properties of certain EPS like xanthan, a biopolymer 
synthesized by Xanthomonas campestris pv. campestris, as well levan, 
dextran and pullulan are abundants, whereas industrial application 
data for other EPS (i.e. rhizobial EPS) is still limited.

Recent researches revealed that cell motility can be enhanced by 
EPS in some bacteria [31] and its accumulation can protect the cells 
from antibiotics, phagocytosis, bacteriophage attack, toxic metal 
diffusion and unfavorable environmental factors, i.e. high salt stress, 
desiccation, and oxidative stress conditions [32-34]. Furthermore, EPS 
offer a potential use in agriculture due to it adhesive properties and it 
ability to form gels as summarized by Bomfeti et al. [19].

Generally, a majority of the exopolysaccharides have excellent 
biocompatibility, low toxicity, antimicrobial, hypoallergic, and 
biodegradable properties [35,36]. For these reasons, EPS has emerged 
as a biopolymer more promising owing to the advantages and the 
ample applicability. For example, pure EPS mediated metal remediation 
are environmentally safe, and them can be recycled after desorption 
of adsorbed metal ions that resulting cost effective adsorbent [5]. 
Compared to synthetic polymers, low EPS efficiency of biosorption in 
real industrial samples has been a limiting factor in the non-industrial 
applicability of several prospective exopolysaccharides.

Although we believe that several novel bacterial exopolysaccharides 
with significant commercial value may spark interest soon. This review 
aims to achieving the status of the recent potential candidate EPS to 
future commercial applications. The presented data highlight such 
new EPS applications instead of officially acknowledge its worldwide 
accepted documents curated by diverse authorities.

Composition of EPS from some species
Cellulose, dextran, mutan, alternan, pullulan, levan, and curdlan 

Abstract
In the mid of the 19th century, the first remarkable example of a Microbial Exopolysaccharide (EPS) used in 

pharmaceutical applications was discovered in wine, a neutral polymer with α-(1→6) and α-(1→4) glucopyranosyl 
linkages, called dextran. Other than this, a vast number of extracellular carbohydrate polymers were described over 
the recent decades, with only a few of them emerging as industrially important macromolecules. Since an impressive 
large volume of publications has been dedicated to the potential novel applications of EPS, we believe that several 
novel EPS with significant commercial value will certainly spark interest soon. This review aims to achieving the status 
of the recent potential candidate EPS to future commercial applications.
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Microorganism EPS Monomer units Main use Reference

Lactobacillus sp. Leuconostoc sp. 
Streptococcus sp Dextran Glc

Non-ionic, good stability Newtonian, fluid behavior. EPS can be used 
in confectionary to improve moisture retention, viscosity and inhibit 
sugar crystallization.

[35]

Azotobacter vinelandii 
Pseudomonas aeruginosa Alginate GulA, ManA

It is biocompatibility, biodegradability, low toxicity, hypoallergic 
with gelling capacity, film forming, and binding agents. This type of 
polymers can also be used as an immobilization matrix for viable cells 
and enzymes

[36-38]

Xanthomonas spp. Xanthan Glc, Man, GlcA
It has good water-solubility, increase viscosity, thickening, stabilizer, 
emulsifier and suspending agent in food industries, which excellent 
biocompatibility. 

[39-41] 

Alcaligenes xylosoxidans Welan Glc, Glc, GlcA, Man Construction chemistry. [42]
Pseudomonas elodea Gellan Glc, Rha, GlcA Construction chemistry, food, feed. [43]

Rhizobium meliloti; Agrobacterium 
radiobacter Curdlan Glc

Gel-forming ability, water insolubility, edible and non-toxic has 
biological activity on heavy metal removal. As a concrete additive and 
immobilization matrix. 

[44]

Acetobacter spp. Cellulose Glc
Not soluble in most solvents. Foods (indigestible fiber), biomedical 
(wound healing, tissue engineered blood vessels) and audio speaker 
diaphragms

[44]

Alcaligenes faecalis var. Myxogenes 
and Agrobacterium spp. Succinoglycan Glc, Gal High viscosity and acid stability. Applications Food and oil recovery [45]

Sinorhizobium meliloti M5N1CS and 
Gluconacetobacter hansenii Glucuronan GluA polymer Gelling and thickening capacity for the food and cosmetics products [44]

Sphingomonas spp. Sphingans Glc, GlcA, Man, Rha As gelling, stabilizing and suspending agent in foods, bioemulsifying 
activity [46-48] 

Acinetobacter spp. Emulsan Sugar and fatty acid
 It forms and stabilizes oil, emulsion stabilization features, such as the 
bioremediation of heavy metals and crude oil and other applications 
are similar as for alginate

[49]

Enterobacter A47 FucoPol Fuc, Gal, Glc, GlcA
Viscous aqueous solutions with shear thinning behaviour, film-forming 
capacity, flocculating activity, and emulsion forming and stabilizing 
capacity.

[10,50-52] 

Aureobasidium pullulans Pullulan Glc High viscosity [53]
Rhizobium undicola strain N37 EPS of N37 Gal, Man Good stability Newtonian, fluid behavior [54]
Rhizobium sp. LBMP-C04 EPS of LBMP-C04 Rha, Glc, Gal, Man, GlcA, It is a good water-solubility, viscosifier, emulsifier agent [55]

R. tropici Semia 4077 EPS of 4077 Glc, Gal, GlcA, GalA, Man, 
Rha

It is a good water-solubility, viscous aqueous solutions with shear 
thinning behaviour, film-forming capacity, and emulsifier agent. [3,56] 

Table 1: Properties of some microbial exopolysaccharides.

are examples of homopolysaccharides which contain repeating units 
of only one type of monosaccharide [29,37]. With respect to the 
heteropolyaccharide, species such as, Acidobacteria [6], Alteromonas 
infernus and Vibrio diabolicu [38], Klebsiella [39], Alteromonas [9], 
Rhizobium [3], Salipiger [40], and Sphingomonas [41], Lactococcus [42], 
Bifidobacterium [43], Cordycepsgracilis (Grev.) [44], Bacillus sp. [8] and 
Pseudomonas [45] were reported to produce EPS. 

Furthermore, there is a growing number of recent reports on other 
discovered EPS produced by Gram-negative soil bacteria belonging to 
Rhizobiaceae, a family of Rhizobiales order into Alphaproteobacteria 
class, that have distinct properties. EPS from various rhizobial species 
have been studied and characterized [3,21,46-55]. Additionally, it had 
also been shown that the rhizobia have others polysaccharides such as 
cyclic β-(1,2) glucans, outer membrane-localized lipopolysaccharide 
(LPS), capsule polysaccharide (CPS), gel-forming polysaccharide 
(GPS), K-antigen polysaccharide (KPS), and high-molecular-weight 
neutral polysaccharide (NP or glucomannan) [51].

Generally, the rhizobial EPS’s contain D-glucose, D-galactose, 
moreover very few EPS’s also contain several rare sugars such as 
D-Mannose, L-rhamnose, D-Xylose, or uronic acids. These data are 
similar to the findings reported by Castellane et al. [55], who found 
that EPS obtained from Mesorhizobium huakuii LMG14107, M. loti 
LMG6125, M. plurifarium LMG11892, Rhizobium giardinibv. Giardini 
H152T, R. mongolense LMG19141 and Sinorhizobium (=Ensifer) 
kostiense LMG19227 were primarily composed of glucose and galactose. 
In contrast, Rossi & De Philippis [56] reported that hexoses, glucose, 

galactose, pentose, ribose, mannose, fructose, xylose, arabinose, 
acidic hexoses, deoxy hexose, fructose, rhamnose, methyl rhamnose, 
glucuronic acid, galacturonic acid are the main building blockers 
usually noticed in cyanobacterial EPS. Hexoses and pentoses are usually 
found in the cyanobacterial EPS along with non-sugar moieties like 
uronic acids. EPS from cyanobacteria are heteropolymers having high 
molecular weight heteropolymers which is made of monosaccharides, 
lipids, proteins and DNA [57]. 

Various studies have found that single repeating unit is decorated 
by different non-carbohydrate such as hydroxyl, carbonyl, carboxyl, 
thioether, and sulfonate functional groups, thus revealed the complex 
nature of EPS. Priyanka et al. [53] studied a type of EPS producing 
Rhizobium sp. (PRIM-18) isolated from the root nodule of a sand dune 
legume Canavalia trifolia collected from Someshwara coast, India. 
These authors reported that this isolate, named PRIM-18, produced 
highly mucoid colonies on yeast mannitol agar. EPS from PRIM-18, 
with molecular weight of 9.33 × 106 Da, showed a characteristic peak of 
polysaccharide with broad and intense band representing O-H stretching 
of hydroxyls (3400 cm−1) and peak at 879 cm−1 assigned to β-glycosidic 
linkage and a peak at 1253 cm−1 and 1729 cm−1 corresponding to acetyl 
group and the presence of succinyl groups, respectively [53].

Recently, Borah et al. [25], Identified the EPS of the Cyanobacterium, 
Cyanothece epiphytica AUS-JR/DB/NT-021, which contains glucose 
(42.49%), galactose (20.47%), mannose (11.74%), arabinose (6.50%), 
xylose (14.84%) and fucose (3.97%) as the carbohydrate component. 
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Li et al. [43] investigated the antioxidant and antibacterial 
activities of EPS from Bifidobacterium bifidum WBIN03 (B-EPS) and 
Lactobacillus plantarum R315 (L-EPS). The same authors, found that 
both EPS produced by them, had equal antimicrobial activities against 
Listeria monocytogenes CMCC54007, S. aureus CGMCC26003, Bacillus 
cereus ATCC14579, and S. typhimurium ATCC13311, whose inhibition 
zones were lower than those with 50 μg/mL ampicillin [43].

Similarly, Liu et al. [65] found that purified EPS from Lactobacillus 
plantarum WLPL04 could significantly inhibit the adhesion of 
Escherichia coli O157:H7 to HT-29 cells with an inhibition rate of 20.24 
± 2.23, 29.71 ± 1.21, and 30.57 ± 1.73%, respectively. Furthermore, the 
EPS exhibited strong inhibition against biofilm formation by pathogenic 
bacteria, including P. aeruginosa CMCC10104, E. coli O157:H7, 
Salmonella typhimurium ATCC13311, and S. aureus CMCC26003

Exopolysaccharides synthesized by the four LAB strains from 
Tunisia demonstrated inhibition properties against L. monocytogenes, 
P. pentosaceus-DPS, showing the most effective inhibition against 
E. coli (zone diameter of 0.9 ± 0.05 cm) [80]. However, these studies 
did not describe mechanistically the antibacterial properties of these 
EPS. Yet the literature reports that there are protocols from various 
studies, which might lead to new discoveries that could explain the 
antibacterial activity of exopolysaccharides produced by other species, 
such as Lactobacillus and yet belonged to the species fermentum and 
plantarum [47].

However, few studies have examined the EPS from strains belonging 
to Rhizobiaceae which had strong antimicrobial activity against several 
pathogens in vitro. Moreover, the production of EPS by the rhizobia 
is considered to have more important physiological implications and 
its critical constituents seemed to act only during the invasion process 
leading to the determination of nodule types [2,69]. These bacteria 
exhibit great morphological, physio-logical, genetic, and phylogenetic 
diversity and can be a valuable source for the screening of strains with 
specific properties [52].

Mechanism of EPS metal sorption

The treatment regimes for remediation of various heavy metals 
ions (e.g. coagulation, chemical precipitation, evaporative recovery, 
floatation, flocculation, ion exchange, nanofiltration and ultrafiltration) 
generate amounts of toxic sludges and byproducts, which significant 
environmental pollution [5,70]. Some environmentally safe strategies 
are been increasingly adopted for more sustainable practices.

Bacteria cells have the ability cover their peripheral surface with 
a shield of EPS to protect themselves in an attempt to reduce the 
infiltration of toxic heavy metal ions [7]. Exopolysaccharides are a 
good example of a green product, with innovations on their use and in 
doing so their hold significant importance as compared to the synthetic 
products [5,7-9,26].

The strategies to achieve the goal of remediation through 
exopolysaccharide use must be focused on utilizing the negatively 
charged EPS and other non-neutral molecules to be incorporated as 
a surface-active agent [5]. Recent studies have indicated that hydroxyl 
(O-H) and carbonyl (C=O) groups of the polymer are involved in metal 
chelation [26] since the EPS have the presence of negatively charged 
ionizable phosphate, carboxylate, acetate, amine, and rarely sulfate 
groups and also often polyanionic residues, due to association of these 
functional groups with the polysaccharide backbone, as Pal and Paul 
suggested [71]. It is for this reason that heavy metals ions are biosorbed 
or complexed by these functional groups.

This EPS was also composed of 18.83% of sulphate and a low amount of 
acidic hexose, uronic acid (5.38%) including protein moieties (8.39%).

According to a study by Ruiz et al. [58], succinoglycan, a 
symbiotically important type of EPS of Rhizobium sp. is also produced 
by microorganisms as Agrobacterium and Pseudomonas sp. However, 
Agrobacterium radiobacter NBRC 12665 isolates when immobilized 
on a loof sponge produce succinoglycan from the substrates lactose 
and sugar cane molasses was 9.3 g/L and 14.1 g/L, respectively [58]. 
In addition, these EPS exhibited weight-average molecular weights of 
2.734 × 106 g/mol and 2.326 × 106 g/mol, respectively, and the presence 
of carbohydrates residues, carboxylic groups exhibiting non-Newtonian 
and shear thinning behavior [58].

Several factors can influence the rheological behavior of 
succinoglycans, such as non-saccharide substituents. Compared to 
bacteria of the genera Acetobacter, Lactobacillus, Streptococcus, and 
Xanthomonas, the synthesis of rhizobial EPS is believed to be similar and 
their extraction is much simpler [54] and apparently non-toxic. Various 
authors reported that the xanthan gum is a heteropolysaccharide 
composed of a glucose backbone with trisaccharide side chains 
consisting of two mannose units alternating with glucuronic acid. 
Approximately 50% of the terminal mannose residues are pyruvated 
and the non-terminal residues usually carry an acetyl group at C-6 
[29,59,60]. Wellan, an anionic polysaccharide from Alcaligenes, 
carries only one acetyl group as substituent and the presence of 
glucose, galactose, rhamnose and glucouronic acid in a molar ratio 
of nearly 1.0:1.6:0.4:2.3, respectively [61]. While, considered the same 
comparison, the carbohydrate portion of sphingans contained about 
13% glucuronic acid and some neutral sugars including mannose, 
glucose and rhamnose in the molar ratio of 1:2.28:2.12 [62,63]. Xanthan 
gum is still an important biopolymer for commercial purposes. 
However, other bacterial EPS such as sphingans and wellan with unique 
properties are currently used on new commercial applications [10,29].

A large diversity in EPS’s chemical structure can be found within 
the diverse Bacteria kingdom, considering the monosaccharide 
composition and linkage in the single subunit, the repeating unit 
size, and the degree of polymerization, as well as non-carbohydrate 
decoration. Roca et al. [22] suggested that the EPS containing rare 
sugars (i.e. L-rhamnose or L-fucose), might have the improved 
biological properties compared to the EPS’s containning only common 
monosaccharides (D-glucose, D-mannose, D-galactose, D-glucuronic 
and D-galacturonic acids).

Antimicrobial activity

The unique physicochemical characteristic of microbial 
exopolysaccharides makes them suitable candidates for many biological 
applications e.g. anticoagulant, antioxidant, anti-inflammatory, 
antimicrobial and, antibiofilm applications. In relation to the 
antimicrobial activity, many new isolates, mainly Lactic Acid Bacteria 
(LAB) belongs to the genera Streptococcus, Lactobacillus, Lactococcus, 
Leuconostoc, and Pediococcus were found to have LPSs exhibiting 
antibacterial or antioxidant activities [43,64]. However, so far there are 
a few studies, which have focused on the antioxidative and antibacterial 
effects of the EPSs produced by LAB [31,65].

Ouwehand and Salminen [66] reported that ability of LAB to 
produce antimicrobial compounds that might constitute a crucial 
characteristic for the effective elimination of intestinal pathogens and 
expression of probiotic effect for the host. EPS produced by the LAB 
have been associated with a number of healthy beneficial functions [43]. 
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products, syrups, and pet foods, as well as the oil, pharmaceutical and 
cosmetic industries have been researched [82, 83].

Bioflocculating property of EPS

As previously mentioned, EPS had excellent bioflocculating 
properties. For the production of bioflocculants, the bacteria can 
utilize unusual carbon sources as nutrient along with the production 
of other microbial metabolites [84]. Medhi and Thakur [24] focus on 
the bioflocculating properties of EPS isolated from basal. The results 
indicated that EPS samples had good bioflocculating properties, after 
60 min of EPS incubation, demonstrating a bioflocculating efficiency 
of 35% and 44% for the basal EPS and influent media EPS, respectively. 
The flocculating efficiency of influent media EPS was found to be higher 
than the basal EPS making it a suitable option to be used as flocculating 
agent, as Medhi and Thakur suggested [24]. Borah et al. [25] found an 
EPS from Cyanothece epiphytica with flocculation activity gradually 
increased from 42.76% at 0.02 to 98% at 0.6% EPS concentration. 
In addition, at 1% concentration of EPS produced by C. epiphytica, 
flocculating activity was close to 84%, a decrease of around 14% from 
maximum (98%) [25].

Insecticidal activity of EPS

According to some reported, some high-level of resistance after 
intensive chemical treatment has developed, such as control failure 
likelihood and spatial dependence of insecticide resistance in the 
tomato pinworm [85-90]. Remarkably, EPS showed insecticidal 
activity against the mosquito larvae. Therefore, in recent years, there 
has been an increasing demand for the isolation and identification 
of new microbial polysaccharides that can have insecticidal activity. 
Pseudomonas chlororaphis PCL1391 and Pseudomonas protegens strains 
CHA0 produce microbial metabolites that show to have insecticidal 
activity [86-95]. EPS is an example of microbial metabolites that 
show have larvicidal activity. Recently, a novel and effective approach 
was performed to synthesize ZnO nanoparticles using EPS from 
Bacillus licheniformis Dahb1 [30]. These authors found one type of EPS 
achieved 100% mortality activity against third instars mosquito larvae 
of Anopheles stephensi and Aedes aegypti at very low doses. Moreover, 
damaged cells and tissues in the mid-gut of treated mosquito larvae 
were confirmed by histological assays [30]. This is another reason why 
we are interested in divulgating the potential of EPS’s novel applications. 
We strongly believe that several novel EPS have the potential of future 
commercial interest.

Conclusion
Exopolysaccharide, an eco-friendly bio product, has been a great 

interest for a long time because of their potential biotechnology 
and biological applications opportunities. However, the search for 
bacteria with yield high exopolysaccharides and unique biological, 
physicochemical and rheological properties as well as the exploration 
of novel bacteria for their production are suggested tools for improving 
the chances of potential candidate for a future commercial scale 
production and novel field application of EPS, and these are the subject 
of important research groups around the world.
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Depend on the source of the EPS there are different strategies to 
microbial EPS’s ability to orchestrate different heavy metal biosorption. 
Gupta and Diwan [5] described four mode based on the type of the 
EPS: homogeneous consortial EPS, usually from pure cultures, or 
heterogeneous consortium, dead or immobilized cells (immobilized 
EPS). Examples of metal biosorption following homogeneous consortial 
EPS are reported in the case of Methylobacterium organophilum [72], 
Agrobacterium species, R. tropici [73], and Sinorhizobium meliloti [74]. 
An EPS extracted and purified from Klebsiella sp. J1 showed greater 
proportion of copper ion removal over other metal ions by bacterial 
EPS [39]. Even though EPS have different affinities for three classes 
of heavy metals (toxic metals, precious metals, and radionuclides), 
the environmental modifications could be observed due to the EPS 
involvement [75].

Emulsifying potential of the EPS

Many bacteria like Acinetobacter, Halomonas, Pseudomonas, 
Rhizobium, Rhodococcus, and Actinomycetes, and other biofilm 
forming bacteria have been reported to produce bioemulsifiers and 
biosurfactants. Studies by Alvarez et al. [76] and Castellane et al. [3] 
indicate that many rhizobacterial species could represent promising 
candidates to be considered as producers of bioemulsifiers. Alvarez 
et al. [76] tested the potential of the bioemulsifier produced by 
Ensifer adhaerens JHT2 as a potential food additive by assessing the 
emulsification of olive, palm, corn, soy and canola oils, commonly 
used in food formulations, and observed after 96 h of cultivation, strain 
JHT2 completely emulsified the palm oil (EI = 100%). The same authors 
reported that the monosaccharide composition of the bioemulsifier 
produced by strain JHT2 contains different glycosidic linkages, e.g. non-
reducing end units of mannopyranose (11.6%), galactopyranose (9.3%) 
and glucopyranose (8.9%).

In the study undertaken by Castellane et al. [3] the wild-type strain 
of Rhizobium tropici SEMIA 4080 and the mutant strain (MUTZC3) 
were found to produce an extracellular and cells with specific activities, 
that EPS were used as emulsifying agent. The bioemulsifier produced 
by the cell-free medium from these bacterial cell cultures cultivated 
in the presence hexane and paraffin liquid oil, with low values as of 
50%, exhibited considerable substrate specificity. Similar results have 
been obtained with the EPS from other bacterial species, such as 
Emulsan, which does not emulsify pure aliphatic, aromatic or cyclic 
hydrocarbons; however, mixtures of those compounds can be efficiently 
emulsified [77].

Furthermore, a study found EPS producing bacteria isolated from 
petroleum-contaminated sites. Sonawdekar and Gupte [78] showed 
that a total of 19 hydrocarbon-utilizing microorganisms have a good 
potential for oil emulsify capabilities. Peele et al. [79] selected one 
isolate based on its ability to produce high amounts of EPS (biofilm). 
This isolates showed good surface active properties which could be 
developed into a promising molecule for industrial and environmental 
applications. Polymers from Halomonas eurihalina species have 
emulsifying activity and jellifying properties at acidic pH [80].

Llamas et al. [40] described for the first time a halophilic 
Alphaproteobacteria that has been found to produce an EPS. This 
particular EPS is very stable and is composed of small, uniform 
droplets, resulting in a fine, smooth consistency [40]. Other best known 
exopolysaccharides, such as xanthan, are capable of producing stable 
emulsions, but they tend to be thicker and more viscous. This is not 
very desirable for some of the applications for which these emulsifiers 
are intended to be used [81]. The safety property of xanthan gum for 
industrial applications, which includes dairy products, drinks, bakery 
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