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Abstract 
 
Exopolysaccharides are high molecular weight polymers of repeated sugar units with 

diverse chemical structure and unique properties and produced by microorganisms. 

Lactic acid bacteria are important exopolysaccharide producers. Lactic acid bacteria 

derived exopolysaccharides, one of the postbiotics, are known to have technological 

properties such as stabilizing, thickening, emulsifing and also biological activities. 

Lactic acid bacteria can synthesis exopolysaccharides with large structural variability 

and this diversity brings these polymers to possess several bioactivities. Bioactivities 

such as immunomodulatory, antiinflammatory, antitumor and antimutagenicity, 

antioxidant, antibacterial and antiviral, cholesterol-lowering, antihypertensive activity 

and gastro-protective activity bring these biopolymers commercial value in the global 

market and potential to be used in biomedical and pharmaceutical applications. 

Therefore, to evaluate the availability of these natural exopolysaccharides for new 

applications extensive understanding of the structure-function relationships will be 

required. In this review, it is presented a comprehensive overview for the most recent 

reports on the health benefits of postbiotic lactic acid bacterial exopolysaccharides.  

 

 Introduction 
 

Exopolysaccharides (EPSs) are high molecular 
weight and long chain polymers composed of branched, 
repeating units of sugars or sugar derivatives. They are 
surrounding the envelope of most bacteria and are 
mainly involved in cell adhesion and protection 
(Sanlibaba & Çakmak, 2016; Taylan et al., 2019; Noroozi 
et al., 2021). EPS has been widely produced by lactic acid 
bacteria (LAB). The most noticeable EPS producing LABs 
are Lactobacillus, Leuconostoc, Weissella, Lactococcus, 
Streptococcus, Pediococcus and Bifidobacterium spp. 
Microbial EPS can be divided into two groups according 

to their chemical composition: homopolysaccharides 
(HoPs) which contain a single type of monosaccharides; 
cellulose, dextran, pullulan, levan, curdlan, etc. and 
heteropolysaccharides (HePs) which comprise repeating 
units of different monosaccharides, gellan, galactan, 
xanthan, kefiran etc. (Laws et al., 2001; Ruas-Madiedo & 
De Los Reyes-Gavilán, 2005; Chaisuwan et al., 2020; 
Kavitake et al., 2020).  

EPSs can be used in a variety of industrial fields, 
including biomedical, wastewater treatment, cosmetic, 
textile, food, and pharmaceutical applications, and are 
responsible for physicochemical modifications. EPSs 
mostly serve as stabilizing, thickening, emulsifing agents 
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Figure 1. The representation of the health promoting effects of exopolysaccharides, a postbiotic produced by lactic acid bacteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and particularly in food industry, it contributes to unique 
important qualities such as the advanced viscosity and 
rheology, sensory quality, extended shelf-life, etc. 
Beside these physicochemical properties, it has been 
already shown that LAB produced EPSs have numerous 
physiological functions and potential health benefits 
(Figure 1). EPS bioactivities are influenced by different 
factors such as molecular weight, constituent sugars, 
conformation, glycosidic linkage, and degree of 
branching (Kumar et al., 2020; Rana & Upadhyay, 2020). 
The molecule binding and penetration may be related to 
the size or molecular weight.  Lower weight average 
molecular weight EPS may have stronger binding ability 
to cell receptors and may penetrate more easily into a 
cell with better bioactivities than larger weight average 
molecular weight EPS (Li & Shah, 2016).  

The bioactivities of EPS were similarly altered by 
monosaccharides in their structure. Immunomodulatory 
activities were observed in EPS fractions isolated from 
Lactobacillus reuteri Mh-001. The antiinflammatory 
properties of these EPS were regulated by the 
monosaccharide percentages. For macrophages, the 
EPS fraction with the highest quantity of galactose had 
the best antiinflammatory efficacy (Chen et al., 2019). 
The sugar compositions could be linked to receptor 
recognition on the immune cell surface (Ren et al., 
2016). Sulfate groups (number and position) are also the 
most important parameters regulating the bioactivities 
of sulfated EPS. Besides, biological, physical, chemical 
and biomolecular modifications were reported which 
can be used to improve the biological activities of 
microbial EPS (Korcz et al., 2018; Chaisuwan et al., 2020; 
Schilling et al., 2020).  

EPS produced by LAB, including probiotic LAB, has 
been chosen for a variety of applications due to their 
biological activity in vitro and in vivo. Probiotics are living 
microorganisms that, when ingested in sufficient 
quantities, have a beneficial effect on the host. 
Probiotics must be able to grow and persist in the 
human intestine in order to provide health benefits. The 
current definition of a probiotic requires that it be alive; 
thus, it does not apply to dead bacterial cells or cell 

components. However, recently it is stated that the 
positive effects of probiotics on health are not only 
caused by microorganisms but also by the metabolites 
they produce (Thantsha et al., 2012; Perricone et al., 
2014). So, the term ‘postbiotic’ was invented to describe 
the health benefits of probiotics that go beyond their 
inherent viability, adding a new aspect to the probiotic 
concept (Abbasi et al., 2021). 'Postbiotic' refers to 
inactivated microbial cells (dead cells), cell fractions; 
peptidoglycans, polysaccharides, cell surface proteins, 
teichoic acids or short-chain fatty acids (SCFAs), 
enzymes, bacteriocins, and organic acids which are also 
called ‘cell-free supernatant (CFS)’ made by live cells 
through the fermentation process. EPSs are also 
naturally made by live probiotic cells. They can have a 
variety of physiological health-promoting effects on the 
consumer if consumed in sufficient quantities (Teame et 
al., 2020).   

Fermented foods can contain probiotic LAB and 
LAB-derived EPSs with prebiotic attributes which may 
promote beneficial bacteria to colonize in the gut (Zhou 
et al., 2019). The production of biofilm by 
microorganisms induces colonization and ensures 
population maintenance in the difficult environment of 
the human gastrointestinal tract (GIT). It has been 
demonstrated that attaching probiotic LAB to epithelial 
cells in the GIT prevents pathogenic organism 
colonization, stimulates the host immune system, and 
protects epithelial cells from toxic substances (Jurášková 
et al., 2022). Furthermore, LAB-derived EPS can avoid 
infectious illnesses by reducing or inhibiting pathogenic 
bacteria from forming biofilms.   

Prebiotics, paraprobiotics and postbiotics have a 
number of therapeutic properties, including 
immunomodulatory, antiinflammatory, 
antigastrointestinal, antiadhesion, antibiofilm, antiviral, 
antihypertensive, hypocholesterolemic, 
antiproliferative, antioxidant, and etc. (Teame et al., 
2020; Abbasi et al., 2021) (Table 1) (Figure 2).  

This article reviews current scientific findings on 
the beneficial effects of LAB produced EPS as 
postbiotics, with an emphasis on their health-promoting 
properties.  
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Table 1. Biological activities of EPS producing lactic acid bacteria species 

LAB Species Polysaccharide Biological Acivity Reference 

Lactobacillus plantarum 
ZDY2013 

Sulfated EPS Antioxidant Zhang et al., 2016 

Lactobacillus plantarum L-14 EPS Antiinflammatory Kwon et al., 2020 

Lactobacillus plantarum RJF4 EPS 
Antioxidant, cholesterol 

lowering, antiproliferative 
Dilna et al., 2015 

Lactobacillus plantarum RJF4 EPS Antiproliferative, antioxidant Dilna et al., 2015 
Lactobacillus plantarum 
LRCC5310 

EPS Antiviral Kim et al., 2018 

Lactobacillus plantarum SKT109 EPS Antioxidant Wang et al., 2018 
Lactobacillus plantarum, 
Lactobacillus casei 

EPS Antitumor Deepak et al., 2016a 

Lactobacillus casei 01 EPS Antiproliferative Liu et al., 2011 
Lactobacillus kefiranofaciens 
DN1 

HePS (Man, Ara, Glc, 
Gal, Rha) 

Antibacterial Jeong et al., 2017 

Lactobacillus kefiranofaciens 
DN1 

EPS Antibacterial Jeong et al., 2017 

Lactobacillus kefiranofaciens Kefiran Cholesterol lowering Maeda et al., 2004 
Lactobacillus kefiranofaciens Kefiran Antiinflammatory Furuno & Nakanishi, 2012 

Lactobacillus reuteri Mh-001 
EPS fraction 

containing a high 
amount of galactose 

Immunomodulatory Chen et al., 2019 

Lactobacillus reuteri DSM17938, 
Lactobacillus reuteri L26 

EPS Antigastrointestinal Kšonžeková et al., 2016 

Lactobacillus delbureckii EPS Antibacterial Adebayo-Tayo & Fashogbon, 2020 
Lactobacillus delbrueckii subsp. 
bulgaricus 

HePS (Gal and Glc) Antioxidant Tang et al., 2017 

Lactobacillus sanfranciscensis EPS Antioxidant Zhang et al., 2019 
Lactobacillus acidophilus EPS Antioxidant Deepak et al., 2016b 

Lactobacillus helveticus MB2-1 
Cell-bound HePS (Glc, 

Man, Gal, Rha, Ara) 
Anticancer Li et al., 2015 

Streptococcus thermophilus 
ASCC 1275 

Sulfated EPS Antiinflammatory Li & Shah, 2016 

Streptococcus thermophilus 
AR333 

Polysaccharide Immunoregulatory Ren et al., 2016 

Streptococcus mutans MTCC 
497 

EPS Antiinflammatory Buddana et al., 2015 

Weissella confusa Dextran Antifungal Adesulu-Dahunsi et al., 2018 

Weisella confusa 
HePS (Gal, Man, Glc, 

Fru, Rha, Ara, Xyl, Rib) 
Antioxidant, 

immunomodulatory 
Adebayo-Tayo et al., 2018 

Weissella cibaria 27 (W27) EPS Antibacterial Yu et al., 2018 
Leuconostoc mesenteroides S81 HoPS Antiinflammatory Taylan et al., 2019 
Leuconostoc 
pseudomesenteroides YB-2 

Dextran Antibacterial Ye et al., 2019 

Pediococcus acidilactici NCDC 252 EPS Antioxidant, anticancer Kumar et al., 2020 

 

 

 

 

 

 

 

 

 

 

Immunomodulatory activities  
An immunomodulatory effect of LAB may be 

attributed to postbiotics; such as exopolysaccharides. 
EPS have good immunomodulatory and immune-
protective functions. Immune stimulating activities of 
EPS have been already studied both in vitro and in vivo. 
Immunomodulator mechanisms may be interconnected 
to gut microbiota. Most EPS can enhance the diversity 
and balance of microorganisms in the gut by promoting 
the growth of the intestinal microbiota. Several EPS 
derived from LAB, such as Lactobacillus plantarum, 
Pediococcus pentosaceus, Weissella cibaria, and 
Weissella confusa, showed prebiotic characteristics and 
could encourage the growth of a probiotic strain, 
Bifidobacterium bifidum DSM 20456, in vitro (Chaisuwan 

et al., 2020). It was reported that EPS molecules can 
prevent gastrointestinal tract cancers, inhibit infections, 
and immunodeficiency induced diseases, such as 
inflammatory bowel diseases. Two patterns have been 
proposed to explain EPSs' immunomodulatory 
capability. Firstly, acidic HePs with phosphate in their 
composition are good stimulators of the immune 
response. Secondly, to strengthen the first lines of 
defense, the mucosal immune system is triggered by 
increasing host immunoglobulin A (IgA) secretion 
(Saadat et al., 2019).  

Levan (S81), a HoP from Leuconostoc 
mesenteroides S81, had a strong immunomodulatory 
role, induced the antiinflammatory cytokine IL-4, and 
had a strong antioxidant capacity with a half maximal 



64 
Biotech Studies 31(2), 61-70 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

effective concentration (EC50) value of 1.7 mg mL-1 as 
determined by an in vitro hydroxyl radical scavenging 
activity test (Taylan et al., 2019).  

Macrophages are known as a major factor in the 
inflammatory response. And one of the cytokines 
produced stimulating agents, nitric oxide (NO), is 
associated with macrophage immunological 
capabilities. Ren et al. (2016) found that high 
concentration of EPS333 (≥500 µg/mL) which is gained 
from Streptococcus thermophilus AR333, could promote 
the NO production in macrophages RAW 264.7. It was 
suggested that Streptococcus thermophilus AR333 could 
be a potential source of immunoregulatory 
polysaccharide and could be a potential 
immunostimulant in dairy products. 

 

 
Figure. 2. Biological activities of exopolysaccharides produced 
by lactic acid bacteria. 

  
EPS can also act as a substrate for other organisms 

in complex ecosystems (Zannini et al., 2016). In this 
context, Salazar et al. (2008) stated that intestinal 
Bifidobacteria can produce EPS, which can act as a 
fermentable substrate for microorganisms in the human 
gut. They also reported that it promotes alterations in 
SCFA profiles and changes in relationships between 
intestinal microbial populations.   

The immunomodulating effects and immune-
protective functions of EPS that have been reported in 
both in vitro and in vivo studies are frequently related to 
EPS derivatives from various strains of Lactobacilli 
including Lb. casei, Lb. johnsonii JCM 2012, Lb. salivarius 
Ls33, Lb. rhamnosus CRL1505, Lb. plantarum ATCC 
14917, Lb. buchneri and Lb. kefiri (Teame et al., 2020; 
Rajoka et al., 2020).  

 
Antiinflammatory effects  

Inflammation is a complex process initiated by 
immune system as a response to defend the body from 
negative stimulation caused by pathogens, toxins, 
injuries etc. Various cells, metabolic pathways and 
molecular mediators are activated/induced in 
inflammation. Upon stimulation, immune cells (e.g. 
macrophages and mast cells) release inflammatory 
mediators (e.g. cytokines) that trigger a response from 

immune system. Cytokines play a key role in 
inflammation. Pro-inflammatory cytokines (e.g. 
interleukin-1 (IL-1α, IL-1β), IL-6, tumor necrosis factor 
(TNF), interferon gamma (IFNγ)) are synthesized and 
secreted from immune cells and promote inflammation. 
Antiinflammatory cytokines (e.g. IL-4, IL-10, IL-13) on 
the other hand inhibit the synthesis of proinflammatory 
cytokines and suppress the inflammation. Pro-
inflammatory cytokines and antiinflammatory 
components are in a dynamic balance. Besides these 
proteins, cyclooxygenase-2 (COX-2) and inducible nitric 
oxide synthase (iNOS) are also major players in 
inflammatory reactions, they are rapidly expressed 
under inflammatory conditions (Dinarello, 2000; 
Minghetti, 2004; Opal & DePalo, 2000; Venkatesha et 
al., 2017). Through inflammation, healing process is 
initiated. Excessive inflammatory responses, on the 
other hand, can harm host tissues and pose serious risks. 
Antiinflammatory agents are the compounds used for 
controlling the inflammation process through altering 
the metabolic pathways activated in inflammation.  
Natural products have been constantly investigated for 
their antiinflammatory activities and LAB EPSs, as a 
postbiotic, has been the subject of these studies 
recently (Kwon et al., 2020; Öner et al., 2016; 
Venkatesha et al., 2017). Antiinflammatory activity of a 
substance can be tested via different approaches and 
there are studies reporting LAB EPS’s antiinflammatory 
properties determined by various tests.   

Li and Shah (2016) investigated the 
antiinflammatory activity of EPS derived from 
Streptococcus thermophilus ASCC 1275 via measuring 
proinflammatory/antiinflammatory cytokine secretion 
ratios (IL-1β/IL-10, IL-6/IL-10, and TNF-α/IL-10) in RAW 
264.7 macrophages stimulated by inflammation initiator 
lipopolysaccharide (LPS). They found that EPS treatment 
reduced the pro-/antiinflammatory cytokine secretion 
ratios of IL-1β/IL-10, IL6/IL-10, and TNF-α/IL-10 in a 
dose-dependent manner, indicating that EPS had good 
antiinflammatory activity on LPS stimulated RAW 264.7 
macrophages by lowering the pro/antiinflammatory 
cytokine secretion ratios. They also reported that EPS 
decreased inflammation inducer NO and reactive 
oxygen species production in LPS stimulated RAW 264.7 
macrophages. In another study, LPS induced RAW 264.7 
cells precultured with EPS obtained from Lactobacillus 
plantarum L-14 and proinflammatory cytokine (IL-6, 
TNF-α, and IL-1β) production in RAW 264.7 cells were 
analyzed. It was found that IL-6, TNF-α, and IL-1β levels 
and expression of COX-2 and iNOS genes were 
suppressed in EPS treated RAW 264.7 cells. It was stated 
that EPS could be used in natural products in regulating 
inflammatory reaction (Kwon et al., 2020).  

Buddana et al. (2015) determined the 
antiinflammatory activity of native and sulfated 
Streptococcus mutans MTCC 497 EPS via inhibition of 
albumin denaturation technique. Compounds that limit 
protein denaturation or promote protein stability are 
thought to be antiinflammatory since protein 
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denaturation is linked to inflammation. In this work, the 
antiinflammatory effect of EPS was evaluated against 
heat-mediated protein denaturation and compared to 
diclofinac sodium, a common antiinflammatory 
medicine. Researchers reported that at 100 µg/ml 
concentration, native and sulfated EPS showed 
antiinflammatory activity of 37% and 45%, respectively. 
While at 400 µg/mL concentration diclofinac sodium 
showed complete inhibition, sulfated EPS showed 82% 
antiinflammatory activity at 500 µg/mL concentration 
with the half maximal inhibitory concentration (IC50) 
value of 111.55 µg/mL.  

Prado et al., (2016) studied the antiinflammatory 
activity of kefir polysaccharide extract (ExPP) via 
hyaluronidase enzyme assay by which the inhibitory 
activity of ExPP on hyaluronidase enzyme was 
determined. The enzyme hyaluronidase hydrolyzes 
hyaluronic acid, which causes extracellular matrix 
breakdown, which promotes inflammation. Researchers 
reported that lyophilized (L) ExPP showed 63% 
antiinflammatory activity compared to dimethyl 
sulfoxide (DMSO). ExPP (L) inhibited the enzyme with a 
minimal activity of 2.08 mg/mL and a maximum activity 
of 2.57 mg/mL, IC50 value of lyophilized ExPP was 2.31 
mg/mL.  They stated that compared with a commercial 
product (ethanolic extract of propolis), ExPP 
demonstrated superior action and it have the potential 
to be used as an antiinflammatory compound. In 
another kefir related study, kefiran produced by 
Lactobacillus kefiranofaciens was investigated for its 
antiinflammatory activity on antigen stimulated bone 
marrow-derived mast cells. Mast cells play a key role in 
the inflammatory process. Upon stimulation, mast cells 
degranulate or release compounds that induce 
inflammation. Researchers found that kefiran treatment 
significantly inhibited antigen-induced degranulation by 
suppressing β-hexosaminidase secretion, an indicator of 
degranulation, completely at 3 mg/mL concentration. 
Also kefiran suppressed TNF-α, an important 
inflammatory cytokine, secretion in mast cells 
completely at 3 mg/mL concentration. Findings of the 
study indicated the antiinflammatory effect for kefiran 
in a dose-dependent manner (Furuno & Nakanishi, 
2012).  

EPS, as one of these postbiotics, were reported to 
show antiinflammatory effect in the studies mentioned 
above. Naturally it cannot be argued that all types of LAB 
EPSs have this effect because different strains can 
produce EPSs in different structures. However, studies 
show that LAB EPSs can act as an antiinflammatory 
agent. Therefore, with the extensive pharmaceutical 
studies, LAB EPS may be exploited for the development 
of antiinflammatory drugs as an alternative to synthetic 
compounds.   

 
Antitumor and antimutagenicity   

One of the postbiotics generated by LAB, 
exopolysaccharide (EPS), can act as ligands for host cells 
and protect the host by aggregating with pathogens in 

the intestine (CastroBravo et al., 2018). Furthermore, it 
has been found that EPS has anticancer properties as 
well as oxidative stress protection (Saadat et al., 2019; Li 
et al., 2013).  

Microbial EPSs produced from biological, safe 
sources such as LAB, accepted an alternative to 
chemotherapy due to its side effcts. Due to their 
bioactive qualities, LAB have a wide variety of medical 
applications and have low cytotoxicity and adverse 
effects, providing them a good substitute for synthetic 
anticancer drugs (Farag et al., 2020).  

The invention and introduction of potential 
antitumor drugs with low immune system side effects 
has become a critical goal in many 
immunopharmacology studies. EPSs derived from safe 
natural sources, such as LAB, typically have low 
cytotoxicity and side effects and may be a viable 
alternative to synthetic antitumor agents (Ismail & 
Nampoothiri, 2013).  

Liu et al. (2011) and Wang et al. (2014) 
demonstrated the antiproliferative effect of L. casei 01 
EPS on the HT-29 cell line, as well as the anticancer 
activity of EPS from L. plantarum 70810 on HepG-2, BGC-
823, and mainly HT-29 malignant cell. EPSs from 
Lactobacillus casei, Lactobacillus plantarum, and 
Lactobacillus acidophilus have exhibited antitumor 
effects against a variety of cell lines in a dose-dependent 
manner (Deepak et al., 2016a; 2016b). 

Under both normoxic and hypoxic conditions, the 
effect of EPS from Lactobacillus acidophilus on 
messenger RNA (mRNA) expression of several genes was 
investigated using quantitative real-time (RT)-PCR. The 
hazardous concentration was calculated as 5 mg/mL. 
EPS has been found to suppress the expression of genes 
involved in tumor angiogenesis and survival. In two 
colon cancer cell lines, EPS was also observed to cause 
cytotoxicity (Deepak et al., 2016b).  

Dilna et al., (2015) reported that EPS from Lb. 
plantarum RJF4 had a specific antiproliferative effect to 
cancer cells and inhibited them. According to the cell 
viability test results, EPS showed toxic effect to 
MiaPaCa2-pancreatic cancer cell line in dose dependent 
manner and remained nontoxic to normal cell line (L6 
and L929 fibroblast cells). 

 
Antioxidant activity   

Biological systems are exposed to oxidative stress 
with high levels of reactive oxygen species and free 
radicals. The presence of oxidative stress is associated 
with various diseases such as cancer, liver cirrhosis, and 
fatty liver (Dilna et al., 2015). EPSs from LAB have been 
discovered to contribute in the elimination of free 
radicals, so acting as natural strong antioxidants. They 
have also been found to be harmless, suggesting that 
they could be used as a replacement for synthetic 
antioxidants due to their toxicity (Saadat et al., 2019). 
The ability of LAB-derived EPSs to perform good 
antioxidant activity has been widely investigated by in 
vitro and in vivo studies.  
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EPS, composed of glucose and mannose, was 
purified from Lb. plantarum RJF4 EPS increased 32% 
total antioxidant capacity, 23.63% 1,1-Diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging ability and 50% 
reduction potential (compared to the ascorbic acid, as a 
standard) (Dilna et al., 2015).  

In DPPH radical-scavenging, reducing power (RP), 
and ferric reducing antioxidant power (FRAP) assays, 
EPS from Lactobacillus acidophilus showed excellent 
antioxidative activity on colon cancer cell lines in vitro. 
In all of these assays, increasing the concentration of EPS 
improved the antioxidative capabilities of the EPS 
(Deepak et al., 2016b). Similarly EPS from Lactobacillus 
plantarum SKT109 showed superior DPPH-scavenging 
activity toward hydroxyl (68.52%) radicals at a dose of 5 
mg/mL (Wang et al., 2018).  

In vitro tests revealed that EPS from Pediococcus 
acidilactici NCDC 252 had antioxidant and profileration 
reduction potential on HCT116 (colon cancer cells) in a 
dose-dependent manner. EPS had a total antioxidant 
potential of 11.9 %, and it inhibited HCT116 cell by 67.1-
87.3% at 10 and 100 g/mL, respectively. After in vivo 
experiments, it was indicated that EPS could be 
employed therapeutically as an antioxidant and 
anticancer agent (Kumar et al., 2020). 

The antioxidant potential of EPSs generated by 
Lactobacillus sanfranciscensis, which was isolated from 
a Chinese traditional sourdough, was analyzed via free 
radical (ABTS•+) scavenging activity. The scavenging 
activity rate of polysaccharides were reported to 
10.42%, while the EPS concentration was 0.0625 
mg/mL. So, certain antioxidant activity even at low EPS 
concentrations was determined (Zhang et al., 2019).  

 
Antibacterial and antiviral activity   

EPS has the ability to have an antagonistic effect on 
pathogenic bacteria. Exopolysaccharides could actively 
communicate with Gram-negative and Gram-positive 
bacteria based on the permeability of their cell 
membranes, affecting the respiratory chain, cell division 
machinery, and eventually cell death (Hasheminya & 
Dehghannya, 2020). Antibiotic use, as is well known, 
reduces the antagonistic activity of normal microbial 
flora against pathogenic microorganisms. Probiotic EPSs 
are used to supplement the treatment of human 
diseases (Angelin & Kavitha, 2020).  

The antilisterial activity of probiotics Lactobacillus 
acidophilus LA5, Lactobacillus casei 431, and 
Lactobacillus salivarius was studied in vitro and in food 
concepts. All Lactobacillus spp. postbiotics retained 
more than 50% of their residual antimicrobial activity, 
implying that Lb. salivarius CFS can be used as an 
effective food additive for controlling Listeria 
monocytogenes (Moradi et al., 2019).    

The EPS producing Lactobacillus kefiranofaciens 
DN1 isolated from kefir was investigated for its 
antibacterial activity against L. monocytogenes and 
Salmonella enteritidis. It was discovered that EPS DN1 
had bactericidal effects on several pathogens at 

concentrations of at least 1%. Therefore, the EPS 
produced by Lactobacillus kefiranofaciens DN1 could be 
used in the food industry to assure food safety or 
developed as an alternative treatment for foodborne 
infections (Jeong et al., 2017).  

The antibacterial activity of EPS produced by 
Lactobacillus delbureckii against pathogens was 
researched. It was revealed that EPSs had antibacterial 
activity with the highest susceptibility against the test 
pathogens Bacillus subtilis and Staphylococcus aureus 
(Adebayo-Tayo & Fashogbon, 2020).  

The LAB Weissella cibaria 27 (W27) isolated from 
kimchi was used as an EPS producer to understand the 
effects of sucrose for improving its EPS productivity. The 
results showed certain antibacterial activity against E. 
coli BL21, B. subtilis and S. aureus with or without the 
addition of sucrose. The inhibition zones for B. cereus 
and E. coli increased by the addition of sucrose, however 
the inhibition zone for S. aureus decreased (Yu et al., 
2018).  

Likewise, Lactobacillus rhamnosus isolated from 
human breastmilk demonstrated strong antibacterial 
activity against pathogenic E. coli and Salmonella 
typhimurium in vitro. HePs from Lactobacillus gasseri 
inhibited L. monocytogenes MTCC 657 more effectively. 
With an initial population of 9 log CFU/mL, EPS-C70 from 
camel milk exhibited 2 to 3 log reduction against tested 
food-borne pathogens, with the highest inhibition 
observed against S. aureus and E. coli (Alsaadi et al., 
2020).  

The antiviral effect of L. plantarum LRCC5310 
isolated from the Korean traditional fermented food 
kimchi was investigated both in vitro and in vivo. EPS 
extracted from L. plantarum LRCC5310 were also stated 
to be effective in the control of rotavirus infection, 
which is a leading cause of violent diarrhea in newborns 
and young children worldwide. L. plantarum LRCC5310 
EPS could help protect the intestinal mucosal barrier 
from viral shedding and other damages caused by virus 
infection adjuvant. Moreover, L. plantarum LRCC5310 
EPS exhibits potent antirotavirus activity in vitro, 
especially against extracellular rotaviruses (Kim et al., 
2018).  

 
Cholesterol lowering properties  

Excessive cholesterol and high blood pressure 
could be counted among the risk factors for 
cardiovascular diseases. High blood pressure levels have 
been linked to cardiovascular illness, particularly 
atherosclerosis, and as a result, the incidence of cerebral 
infarction, cerebral thrombosis, and cardiopathy is on 
the rise. Furthermore, existing mitigating or curing 
approaches are limited in intravenous feeding and 
cannot fundamentally heal diseases, therefore the need 
for a safe, effective, and side-effect-free cholesterol-
lowering agent like EPS is urgent (Chien et al., 2010; 
Glass & Witztum, 2001).  

EPS generated by LAB have been actually able to 
control cholesterol levels due to the adsorption ability 
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of polymers to this molecule (Ruas-Madiedo, 2014). A 
growing number of studies have found that LAB-
produced EPS has a hypocholesterolemic effect.   

By inhibiting cholesterol absorption, EPS as a 
postbiotic drug can improve lipid metabolism. In a 
preclinical animal model, consumption of kefiran by 
Lactobacillus kefiranofaciens delayed the development 
of atherosclerosis (Khalil et al., 2018; Uchida et al., 
2010). Kefiran also reduced blood pressure and 
stabilized blood glucose levels in rats fed a high 
cholesterol diet. As a result, EPSs like kefiran have the 
potential to prevent cardiovascular diseases (Maeda et 
al., 2004).  

Dilna et al., (2015), reported antioxidant activity, α-
amylase  inhibition, cholesterol lowering, and 
antiproliferative activities of EPS produced by 
Lactobacillus  plantarum RJF4. The variation in health-
promotion benefits of EPS depends on species, strain, 
and EPS type (Ryan et al., 2015). Another research by 
London et al. (2014) found that dietary intervention with 
EPS producing probiotics causes lipid metabolism to be 
modulated in a mouse model of atherosclerosis by 
lowering blood cholesterol and triglyceride levels. It 
could lead to positive changes in lipid metabolism.  

 
Gastro-protective activity  

Helicobacter pylori infections and long-term use of 
nonsteroidal antiinflammatory drugs can cause toxic 
effects on gastric epithelial cells which can lead to 
gastric ulcers.  Streptococcus thermophilus CRL1190 and 
its EPS have been suggested to possess gastroprotective 
activity.  S. thermophilus CRL1190 was reported to 
inhibit the adhesion of H. pylori to stomach gastric 
mucosa, modulate the inflammatory response in gastric 
epithelial cell line AGS and prevent the gastritis 
development (Marcial et al., 2017; Rodríguez et al., 
2009; Saadat et al., 2019).  

Polysaccharides from L. reuteri DSM17938 and L. 
reuteri L26 BiocenolTM were determined for their 
health benefits as an immune protective agent on 
intestinal porcine epithelial cell line-1 (IPEC-1) cells 
against haemolytic enterotoxigenic E. coli (ETEC) 
bacteria. They subsequently decreased ETEC-induced 
gene expression for the proinflammatory cytokines (IL-
1, IL-6), which suggesting to role as a prophylactic effect 
to gastrointestinal infections (Kšonžeková et al., 2016). 

  

Conclusion  
 
Microorganisms are assumed to be protected by 

EPS from bacteriophages, antibiotics, physical stressors, 
and toxic compounds. Considering the probiotics, the 
EPS produced by these microorganisms could also 
operate as a physical barrier to prevent the toxin from 
interacting with eukaryotic cells, either by blocking toxin 
receptors on the cell surface or by serving as toxin-
scavengers. LAB group comprises probiotic members 
also members producing postbiotics with health benefit 
properties such as EPS. Anticancer, antioxidant, 

antimicrobial, antiinflammatory, and 
immunomodulatory activities of LAB EPS have been 
studied. Studies show that LAB species can synthesis 
structurally diverse EPSs having different chemical 
substituents, linkages, and functional groups that brings 
these compounds the ability to possess biological 
activities in varying degrees. Information about EPS 
genetics, biological differences, biosynthetic pathways, 
metabolic models are used in metabolic engineering 
studies to modify EPS production and EPS composition. 
However, studies continue on the basic principles for 
the production of different EPSs from LAB via metabolic 
engineering and researches on this subject will probably 
multiply by diversifying. With aforementioned 
bioactivities LAB EPSs have the potential to be used in a 
number of fields including drug delivery, medicine, food, 
and agriculture and future studies may result in 
obtaining ready to consume LAB EPSs with outstanding 
biological activities and EPSs may appear constantly in 
certain product formulations in the fields of medicine 
and food.  
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