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ABSTRACT 

Microbial exopolysaccharides (EPS) are long-chain polysaccharides that are synthesized and secreted by 

microorganisms into the external matrix. In bacteria, EPS can either be associated with the cell surface in 

the form of capsules or be secreted into the environment. The yield of EPS is influenced by various 

factors, including the growth conditions and composition of the growth media. EPSs are high molecular-

weight carbohydrates that consist of a backbone of repeated subunits of monosaccharides in varying 

ratios. Recently, there has been an increasing interest in EPS-producing microbes with Generally 

Recognized as Safe (GRAS) status. These food-grade organisms have the potential to produce polymers 

that can control the rheological and functional properties of food systems. EPSs have also been reported 

to have prebiotic and immune-modulating functions like anticancer, antidiabetic, antiviral, etc. The 

increasing recognition of the association between EPS and health benefits suggests the potential of EPS-

producing starters with functional characteristics in the production of value-added functional products. 

Such products align with consumer demand for natural and healthy alternatives with fewer additives. 

The exploration of functional means of EPS in Pharmacology will provide an opportunity to identify 

novel and robust microbial resources producing unique EPSs.  

Keywords: Microorganism, Exopolysaccharides, Immunomodulation. 

 
INTRODUCTION 

Exopolysaccharides (EPS) are the organic macromolecule, synthesized during the fermentation process 

by various microbes using different carbon sources and are secreted outside the cell wall or as slime or 

into the extracellular medium as jelly-like material. In 1972, I.W. Sutherland coined the term 

“exopolysaccharides” to typify the polysaccharides extracted from bacteria [1].  EPSs are one of the 

potential bioactive functional molecules produced by microorganisms. During their biosynthesis, the 

polymerization of simple or identical building blocks will take place, which may be arranged as 

repeating units within the polymer molecules. The exopolysaccharides are classified mainly into homo-

exopolysaccharide and hetero-exopolysaccharides. Homoexopolysaccharides are consisting of a single 

type of monosaccharide such as glucans, fructans, and galactins. In the case of hetero-

exopolysaccharides, they are formed by the polymerization of different types of monosaccharides and 

their derivatives. The functional attributes of microbial EPS are not confined to a particular field but 

spread over different niches like Medicine, food, cosmetology, textiles, and many others. These 

polysaccharides may contribute to human health, by their anti-tumoral, antiulcer, immune modulating, or 

cholesterol-lowering activity. Therefore, EPS has the potential to be used for development and 

exploitation as functional food ingredients with both health and economic benefits. The production and 

approval of dextran from Leuconostoc mesenteroides in 1947 and the approval of food-grade xanthan 

from Xanthomonas campestris in 1969 by the United States Food and Drug Administration (FDA) are 

important milestones that paved the way for large-scale application of microbial EPS [2,3]. Some of the 

microbial EPS that are commonly used and the organisms from which they are obtained are given in 

Table 1 and the application of EPS in various industries is illustrated in Figure 1. 

Health Aspects of Microbial Exopolysaccharides 

Anticancer   

Although the idea of bacterial cancer therapy has been around for more than a century, it is still in its 

infancy. The complexity of tumor biology makes many passive treatments difficult to use, however, 

microbes have special properties that can circumvent these limitations. Microbial metabolism, motility, 

and sensitivity can lead to site-specific therapy that is harmless to adjacent tissues while being highly 

tumor-targeted. Extracellular polysaccharides have been studied for their potential anticancer activities, 

and their effects are thought to be mediated by various mechanisms. While the specific mechanisms may  
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vary depending on the type of EPS and the cancer cell line studied, 

they include some common modes of action: 

1. Cell cycle regulation: exopolysaccharides are reported for their 

regulating effect in the cell cycle progression of cancer cells. They can 

induce cell cycle arrest at specific phases such as G0/G1, S, or G2/M 

(Cell cycle phases), thereby arresting the cancer cell cycles.   

2. Inhibition of proliferation: The suppression or reduction in the 

proliferation of cancer cells by EPS molecules can be achieved by 

interference with their growth signals or by inhibiting essential 

signaling pathways like PI3K/AKT and CDK4/CDK6-RB.  

3. Induction of apoptosis: EPS can promote apoptosis (programmed 

cell death), in cancer cells. They can activate apoptotic pathways, 

increase the expression of pro-apoptotic proteins, specifically cysteine 

proteases (caspases), Bax protein, Fas/FasL, etc., and production of 

white blood cells  

4. Modulation of the immune system:  strengthening of the body's 

natural defense mechanism can be mediated by EPS against cancer 

cells attributed to the stimulation of the activity of immune cells such 

as natural killer (NK) cells, macrophages, or T cells. Also, EPS 

increases the production of cytokines or chemokines involved in 

immune response and tumor regression [4,5,6,7,8]. 

It is important to note that the anticancer activity of EPS may vary 

depending on their specific structure, source, and type of cancer 

studied. EPS from H. stenophila have been reported to block the 

growth of human T-lymphocyte tumors. Also, the EPS from 

Halomonas spp. was testified for their ability to remove mutagens like 

polycyclic aromatic hydrocarbons, naphthalene, pyrene and 

fluoranthene [9]. Antitumor activity of produced by Lactococcus lactis 

ssp. cremoris strains have been reported in various studies due to the 

presence of potent B-cell and T-cell-dependent mitogenic substances 
[10]. Viili is a fermented milk product with a fibrous and gelatinous 

consistency, produced by strains of lactic acid bacteria that produce 

EPS. Viilian is the important polysaccharide produced by Lactococcus 

lactis ssp. Cremoris in viili contains phosphate-containing 

heteropolysaccharides, which contain about 10 to 40% protein and 20 

to 80% carbohydrates. Recent studies have shown that Viili 

polysaccharides were able to induce the cancer antigen MAGEA10 

gene, which delivers a higher opportunity for immunotherapy because 

the overexpression of the cancer antigen will increase the ability of 

CTL to destroy cancer cells. An increase in cancer antigen expression 

and presentation is possible for increasing the possibilities of CTL-

mediated cytotoxicity against cancer cells [11]. 

Anti-ulcer   

The ulcer is one of the most common, but major chronic diseases 

faced by the current generation, characterized by pain developed on 

the lining of the esophagus, stomach, or intestines. The formation of 

ulcers is the result of an imbalance between our defense mechanisms 

and threatening factors on internal surfaces. Stimulants for ulcers may 

include a high prevalence of pathogens such as Helicobacter pylori on 

long-term use of NSAIDs, and cigarette smoking [12]. Ulcers are often 

caused by an imbalance between aggressive factors (such as stomach 

acid and Helicobacter pylori bacteria) and protective factors (such as 

the stomach's mucosal barrier). While research on EPS and its 

antiulcer effects is still evolving, several mechanisms have been 

proposed. EPS may improve the integrity and function of the gastric 

mucosal barrier, which protects tissues from damage. They can help 

strengthen the mucus layer, increase the production of protective 

mucus, and promote the excretion of bicarbonate, which can 

neutralize stomach acid. The anti-inflammatory properties of EPS 

may help reduce inflammation associated with ulcers. Inflammation is 

a key factor in the development and progression of ulcers, and EPS 

can inhibit the release of pro-inflammatory cytokines and modulate 

immune responses, thereby reducing inflammation in the gastric 

mucosa [13]. The anti-ulcer effect of Bifidobacterium species and their 

polysaccharide fractions (PSF) through increasing gastric tissue 

production by the immunomodulation of epidermal and basic 

fibroblast growth factors as well as improved production of 6-keto 

prostaglandin F1 alpha macrophages has been reported by Nagaoka et 

al. [14]. Ulcer healing related to oxidative stress may be limited by EPS 

activity. Helicobacter pylori, is a bacterium commonly associated 

with stomach ulcers. EPS-producing microbes may exhibit an 

additional competitive effect by with interfering the adhesion of H. 

pylori to the gastric mucosa and inhibiting its growth [15,16].  

Antiviral 

Polymers of exopolysaccharide have shown potent antiviral effects; 

however, concerns have been raised about their acceptability due to 

the presence of compounds with relatively large molecular weight, 

which block virus attachment. L. brevis KB290, a lactic acid 

bacterium with known immunomodulatory properties showed potent 

antiviral effects against the influenza virus in experimental mice 

models. The augmentation of influenza virus-specific 

immunoglobulin-A production and long-lasting enhancement of 

interferon production, suggests that KB290 might have 

exopolysaccharide-like components responsible for this antiviral 

effect [17,18]. An exopolysaccharide isolated from a probiotic strain L. 

bulgaricus OLL1073R-1 showed a potent immunostimulatory effect 

with augmented NK cell activity [19]. Sulfated polysaccharides 

including pentosan, polysulfate, sulfated cyclodextrins, xylofuranan 

sulphate, ribofuranan sulphate and mannan sulphate have also been 

found to exhibit inhibition of the viral replication process for herpes 

simplex virus, human cytomegalovirus, and human immunodeficiency 

virus [20,21]. Novel exopolysaccharides (EPSs) produced by Bacillus 

licheniformis strain B3-15  Geobacillus thermodenitrificans strain B3-

72  and B. licheniformis strain T14  have been reported with antiviral 

and immunomodulatory activity. EPSs treatment induced high 

amounts of Th1 cytokines (IFN-γ, IFN-α, TNF-α, IL-12 and IL-18), 

leading to a restriction of viral replication via the induction of 

antiviral state in neighbouring cells (i.e., IFNs) or the destruction of 

virus-infected cells (i.e., TNF-α and IL-18) [22].  

Antidiabetic  

Diabetes is caused by a defect in insulin secretion or insulin action. 

Insulin is the main hormone regulating glucose uptake from blood 

into muscles and fat cells. Subclinical inflammation contributes to β-

cell dysfunction and insulin resistance, which is driven by cytokines 

such as Tumor Necrosis Factor-alpha (TNF-α), Interlukin-6 (IL-6), 

and High-Sensitivity C-Reactive Protein (hs-CRP). Growing evidence 

suggests that gut microbiota plays an important role in the 

development of systemic inflammation and metabolic disorders such 

as obesity and diabetes mellitus [23,24]. Microbial exopolysaccharides 

have shown potential in the management of diabetes and its associated 

complications. EPS can modulate glucose metabolism by inhibiting 

enzymes involved in carbohydrate digestion, such as alpha-amylase 

and alpha-glucosidase. By reducing the breakdown of complex 

carbohydrates into glucose, EPS can help regulate postprandial blood 
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glucose levels. Some microbial EPS have been found to stimulate 

insulin secretion from pancreatic beta cells [1,9]. They may also 

enhance insulin sensitivity by promoting glucose uptake in peripheral 

tissues, such as skeletal muscle and adipose tissue. Improved insulin 

secretion and sensitivity contribute to better glucose control in 

individuals with diabetes. reducing oxidative damage, EPS may 

protect pancreatic beta cells and prevent the progression of diabetic 

complications. By mitigating inflammation, production of pro-

inflammatory cytokines and reduction in the activation of 

inflammatory pathways, EPS may improve insulin sensitivity and 

protect against diabetes-related complications. A balanced gut 

microbiota has been associated with improved glucose metabolism 

and reduced risk of diabetes. An improper balance of bacteria in the 

gastrointestinal tract leads to several metabolic disorders like diabetes. 

Inulin, which is a common EPS  has a great potential in glycemic 

control. Beta –glucans on the other hand, which is also an EPS,  

reduces blood glucose level by acting of PI3K/Akt pathway . 

PI3K/Akt pathway is a critical signal pathway which regulate many 

cellular functions such as apoptosis, cell growth, and glucose 

transporter 4 (GLUT4). Activation of PI3K also leads to glycogen 

synthesis in the liver to reduce blood glucose levels [25]. 

Cholesterol regulation  

The primary regulation of cholesterol homeostasis is carried out by 

interdependent reactions of the liver and gut.  Synthesis of cholesterol 

and bile salts, secretion of VLDL, and modulation of the expression of 

the LDL receptors are mainly carried out by the liver. Microbial 

exopolysaccharides have shown potential in the management of 

hypercholesterolemia and the reduction of cholesterol levels [26]. EPS 

can also interfere with the absorption of dietary cholesterol in the 

gastrointestinal tract. They may form complexes with cholesterol, 

preventing its uptake into the bloodstream. An imbalance in the bile 

acid also has a considerable effect on cholesterol homeostasis and 

also, enhances the excretion of cholesterol in the feces. EPS can bind 

to bile acids, promoting their excretion in feces. This leads to 

increased bile acid synthesis in the liver, utilizing cholesterol as a 

precursor and reducing the hepatic pool of cholesterol. As a result, the 

hepatic LDL gets increased as a compensatory action and finally 

clearance of LDL from the blood. They may increase the solubility of 

cholesterol in the gut, facilitating its elimination. EPS can influence 

lipid metabolism in the liver and peripheral tissues thereby reducing 

cholesterol and triglycerides synthesis by the inhibition of key 

enzymes involved in these reactions [27,28]. Additionally, microbial 

EPS may promote the breakdown of triglycerides by enhancing 

lipoprotein lipase activity. Chronic inflammation and oxidative 

mechanisms are also a part of contributing factors to cholesterol. The 

antioxidant and anti-inflammatory properties of EPS can help to 

reduce oxidative stress and inflammation in blood vessels. The ability 

of EPSs like Levan and dextrans to improve cholesterol metabolism is 

similar to soluble fiber. Levan might increase the viscosity of the 

digesta and increase the thickness of the unstirred layer in the small 

intestine, thereby possibly inhibiting the uptake of cholesterol and bile 

acids and increasing fecal excretions of total sterol and lipids. Being 

an excellent substrate for fermentation by the microorganisms in the 

cecum and colon, which enhances the production of short-chain fatty 

acids and these SCFAs reduces hepatic cholesterol synthesis. The 

increase in the total amount of SCFA produced by the fermentation of 

EPS may decrease intracolonic pH and at low pH values, the bile salts 

are protonated and precipitated. Thus, the increase in the production 

of the SCFA contributed to the occurrence of the co-precipitation of 

cholesterol with deconjugated bile salts. Furthermore, the decrease in 

intracolonic pH could favor an increase in the production of the BSH 

enzyme by the bacteria, which would consequently lead to an increase 

in the excretion of cholesterol by the host [22,26,28]. Genetic activation 

has also been observed within the domain of EPS-cholesterol 

regulation, manifesting as an elevation in mRNA levels of UCP, 

which engages in energy expenditure through thermogenesis. 

Increased expression of UCPs would increase energy expenditure and 

contribute to the suppression of body fat accumulation [29,30]. 

Anti-oxidation 

Numerous major disorders, such as Parkinson's disease, 

atherosclerosis, cancer, and rheumatoid arthritis, are caused by 

reactive oxygen species (ROS), such as hydroxyl (OH), superoxide 

(O2), nitric oxide (NO), etc. EPSs have been proven to have 

antioxidant and free radical scavenging properties [31]. The EPS of 

W.cibaria DMA18 demonstrated potential antioxidant properties 

including in vitro 1,1-diphenyl-2-picrylhydrazyl radical scavenging 

activity [32]. Lee et al. [33] demonstrated that ginseng seeds fermented 

with species of Lactobacillus and Pediococcus exhibited remarkably 

higher antioxidant activities than non-fermented seeds as measured by 

2,2’ –azino –bis(ethylbenzothiazoline-6-sulphonic acid) and 

superoxide dismutase enzyme activity.                                                          

Infant health 

Pregnancy to early life is the golden time for the establishment of the 

infant microbiota, which is affected by both environmental and 

genetic factors [34]. Microbial components polysaccharide A(PSA), 

HBP (d-glycero-β-d-mannoheptose-1,7-bisphosphate), and peptides 

contribute mainly to host immunity. PSA can enter the circulatory 

system through the host’s intestinal epithelial cells (IECs) and inhibit 

inflammation by connecting with dendritic cells and T cells via MHC 

(major histocompatibility complex) and T-cell receptors. As in adults, 

normal microbiota has a positive impact on the health of infants also. 

While disturbance of the gut microbial balance can increase the 

chances of metabolic disorders [35]. EPS extracted from Streptococcus 

spp showed the same trisaccharide sequence b-D-GlcpNAc-(1-3)-b-D-

Galp (1-4)-b-D-Glcp  as two trioses of oligosaccharides  present in the  

in the human milk , that had a stimulating effect in the gut 

microbiome [36] .                    

Heavy metal biotransformation    

Heavy metals are defined as metals and metalloids having densities 

greater than > 5g cm-3. Heavy metals are found naturally and have 

vital importance in human physiology [37]. Living organisms require 

varying amounts of heavy metals like Iron, cobalt, copper, 

manganese, molybdenum, and zinc for their daily life mechanism.  

However, surpassing a specific threshold could potentially add to the 

ambiguity. Elements like mercury, Lead, cadmium, and plutonium are 

also included in this group, which are well-known toxins. The 

excessive accumulation of heavy metals disrupts the function of vital 

parts of the body and also, acts as a barrier to the functioning of key 

nutritional factors. There are many ways by which these toxins can be 

introduced into the body such as consumption of food, soil, water, and 

even through the inhaled air. The brain is the target organ for mercury, 

which may lead to the impairment and malfunctioning of any organ 

and glands. The replacement of important bivalent (Ca2+ and Mg2+) 

and monovalent (Na +) cations in the cell by the lead ions may result 

in the complete destabilization of biological metabolism [38]. 
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 Conventionally physicochemical methods are used for the reduction 

of bioavailability of heavy metals. The high cost and complications 

motivate the researcher’s interest in environment-friendly, cost-

effective, and gentle biological methods. One of the important 

biological systems used for heavy metal detoxification is the use of 

microbial systems. Which utilizes various mechanisms including 

active and passive uptake of metal ions depending upon the 

interaction. These interactions biologically transform them either into 

less toxic or less available (less utilizable) form or immobilize them to 

prevent their breach into bio-systems. The constitutive nonspecific 

mechanism involves the exopolysaccharides. Metal binding properties 

of bacterial EPS can be used as a control measure for heavy metal 

discrepancies. Biosorption is a surface phenomenon, mediated by the 

interaction of positively charged metal ions and negatively charged 

EPS andit is an important role in the present era. Several literatures 

reported the ability of heavy metal biotransformation by EPS-

producing microorganisms such as Rhizobium radiobacter (zinc), 

Enterobacter cloaceae-(cadmium) Methyobacter organophyllum (lead 

and copper), Bacillus firmus (lead) [39,40, 41].                                                                                                                                   

Skin protection 

Skin aging is a multifactorial sum up of two diverse and independent 

reactions i.e., intrinsic and extrinsic aging. Water content is important 

to maintain the cherished young skin with appropriate turgor, 

pliability, and resilience. Hyaluronic acid (HA) is the key molecule 

involved in skin moisture retention [42]. HA is a linear polymer 

composed of repeating units of b-1, 3-N-acetyl glucosamine, and b-1, 

4-glucuronic acid. In addition to water retention, HA is well known 

for its viscoelasticity and biocompatibility, this makes HA find 

applications in different fields like medicine, foods, cosmetics, 

pharmaceuticals, and nutraceuticals. Shiseido pioneered the industrial 

manufacturing of microbial HA in the 1980s. Streptococcus 

zooepidemicus was used to make the first microbial HA for 

commercial use, and it is still the most widely used strain in HA 

production. But, the use of Streptococcus zooepidemicus for the 

production of HA makes concerns due to their pathogenicity. In this 

scenario, the use of recombinant strains attracted wide interest in HA 

production on an industrial scale. Bacterial strains with GRAS status 

including Bacillus sp, E. coli, L. lactis, and Agrobacterium sp. were 

used as hosts  [43, 44]. Also, Lee et al. [45] studied the skin-protecting 

effect of EPS from L. plantarum HY7714 against UVB-induced 

photoaging in human dermal cells and skin diseases, and they found 

that  HY7714 EPS can act as a functional molecule in skin–gut axis 

communication. 

Table 1: Commonly using microbial exopolysaccharides [46, 47] 

Microbial EPS 

 
Microbial Source  Monomeric units 

Dextran  Leuconostoc ssp Glucose  

Levan  

Halomonas smyrnensis , 

 Zymomonas mobilis,  

B.subtilis 

Fructose  

Pullulan  Aureobasidium pullulans  Glucose  

Xanthan  Xanthamonas sp  
Glucose, Mannan and 

glucuronate  

Inulin  
Lb. johnsonii . 

Streptococcus mutans  
Fructose and glucose 

 

 

 

Figure 1: Applications of microbial exopolysaccharides (EPS) in various industries [48, 49,50] 
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CONCLUSION 

Microbial exopolysaccharides are the well-known functional bioactive 

metabolites of microorganisms but are still in the emerging phase of 

use. The enormous structural and functional diversity of EPS makes it 

in use with a broad range of applications in various field. If the 

therapeutic values of microbial EPS have been explored in an 

effective way by the researchers, there will be a revolution in the 

medical field. 
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