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Abstract
Some lactic acid bacteria are capable of producing capsular or extracellular polysaccharides, with desirable technological
properties and biological activities. Such polysaccharides produced by lactic acid bacteria are called exopolysaccharides and
can be used to alter rheological properties, acting in processes involving viscosity, emulsification, and flocculation, among others.
They may also be involved in prebiotic, probiotic, and biological activities, as well as having potential application in the food
industry. In this mini-review, the objectives were to present some beneficial properties of exopolysaccharides (EPS) produced by
Lactobacillus plantarum that have not been commercially explored. For that, the article focused to summarize revision of current
publications within the following topics: (1) rheological properties, (2) prebiotic properties, (3) biological activities, and (4)
potential application in the food industry. EPS produced by Lb. plantarum can be used as gelling agent, emulsifier, or stabilizer
for food products. The glucan nature of the produced EPS enhances probiotic properties of this LAB species. Lactobacillus
plantarum EPS has antioxidant, antibiofilm, and antitumor activities. Finally, there is an improvement in texture of fermented
food products where Lb. plantarum is used as starter culture which is related to EPS production in situ. Therefore, EPS produced
by Lb. plantarum have important and desirable properties to be explored for several applications, including health and food areas.
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Introduction

Some species of lactic bacteria are able to synthesize and ex-
crete extracellular polysaccharides, called exopolysaccharides
(EPS). The production of exopolysaccharides (EPS) by lactic
acid bacteria (LAB) has gained special interest over the last
decade due to functional properties of these bio-polymers as
well as their generally recognized as safe (GRAS) status
(Dertli et al. 2013, 2016). Under specific growth conditions,
Lactobacillus species generate a wide range and diversity of

EPS structures that can be used as potential application in the
food and pharmaceutical industry (Donot et al. 2012; Zannini
et al. 2016).

EPS are divided by their structure into two groups:
heteropolysaccharides and homopolysaccharides. The synthe-
sis of homopolysaccharides (HoPS) occurs in the extracellular
environment from the disaccharide sucrose, which acts in the
granting of monosaccharides (fructose or glucose), from the
enzymatic digestion inserted in the family of glycosyl hydrolase
(GH) (Van Hijum et al. 2004, 2006; Leemhuis et al. 2013;
Zannini et al. 2016). In contrast to HoPS, heteropolysaccharides
(HePS) require in their formation the intracellular scope, con-
taining repeating units, and, in addition, lipids such as isopren-
oid glycosyl may participate in the development. However, the
polymerization occurs outside the cell, preceded by the dis-
placement of the repeating units via the membrane.
Fermentation conditions define the amount and type of EPS
produced, as well as, biosynthesis and secretion of microbial
EPS are dependent on the various phases of microorganism
growth (De Vuyst and Degeest 1999; Zannini et al. 2016).
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EPS provide some important rheological characteristics
such as texture and body of certain foodstuffs. These physical
properties are not only influenced by the amount of bio-
polymer but also its structure, considering size and frequency
of branching and molecular mass (Duboc and Mollet 2001;
Ruas-Madiedo et al. 2002), in addition to the interactions be-
tween polysaccharides (De Vuyst and Degeest 1999). EPS are
also known to display several health-promoting effects such as
anti-tumor, antioxidant, immune modulating, and prebiotic
and probiotic properties and hence are considered valuable
ingredients in the food industry (Das et al. 2014).
Lactobacillus plantarum has been reported as a producer of
exopolysaccharides with various properties and activities es-
sential for commercialization by the food, cosmetic, or phar-
maceutical industries (Das et al. 2014; Fontana et al. 2015; Oh
and Jung 2015; Zhang et al. 2016). This study aimed to report
a short review of the main biological properties and activities
presented by Lb. plantarum.

Figure 1 compiles the main functions of L. plantarum EPS
which will be detailed along this review.

Composition of Lactobacillus plantarum EPS

The analytical methodologies for EPS composition pro-
duced by Lb. plantarum have been described as hydro-
lysis and derivatization of the resultant monosaccha-
rides, followed by chromatographic methods (Zhang
et al. 2016).

There are many reports in the literature on Lb. plantarum--
produced exopolysaccharides containing portions of galac-
tose, glucose, and mannose. Monosaccharide compositional
analysis by HPLC has revealed the presence of independent
peaks in Lb. plantarum NTMI05 and NTMI20, confirming
the presence of galactose (Imran et al. 2016). Compositional
analysis of Lb. plantarum YW32 EPS by GC-MS has shown
that it is composed of different sugar monomers such as man-
nose, fructose, galactose, and glucose, suggesting that it is a
heteropolysaccharide. In fact, several Lb. plantarum strains
have also been previously shown to produce different
heteropolysaccharides. For example, EPS produced by Lb.
plantarum NTU 102 containing fructose, arabinose, galac-
tose, glucose, mannose, and maltose in a different polarity
ratio, and three monomers such as mannose, glucose, and
galactose were found in the EPS produced by Lb. plantarum
KF5 (Wang et al. 2010; 2015a, b; Liu et al. 2011).

Carbohydrates represent about 90 to 96% of the EPS com-
position produced by Lb. plantarum (Wang et al. 2014; Imran
et al. 2016). Other components may be related in their com-
position as well, but at very low levels, for instance, sulfated
groups, protein, and nucleic acids as well as uronic acid
(Wang et al. 2014; Zhang et al. 2016).

Rheological properties

Among the rheological properties of EPS, the solubility, water
holding capacity, emulsification, viscosity, and flocculation

Fig. 1 Functions of Lb.
plantarum EPS
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properties are the most used for industrial application of these
polysaccharides. Solubility and water retention capacity are
properties associated with the porous matrix structure formed
by polysaccharide chains which may contain large amounts of
water via hydrogen bonds, as already reported by Zhu et al.
(2014). The good solubility of some EPS depends to a large
extent on their molecular weight and the percentage of
branching (Tsusaki et al. 2009). Due to their good solubility
and water retention capacity, some EPS such as D-glucan
DM5 can be used as emulsifiers or stabilizers for food prod-
ucts (Das et al. 2014). The same authors reported Lb.
plantarum DM5 produced D-glucan containing 86.5%
α-(1→ 6) and 13.5% branched linkagesα-(1→ 3) and exhib-
ited a non-toxic biocompatible nature with unique rheological
properties, thus facilitating its potential use as a gelling agent
in the food industry.

Some EPS have shown a trend of flocculation activ-
ity (Wang et al. 2008), which is interesting because they
are considered natural flocculants and biodegradable and
potential substitutes for chemical-synthesized flocculants
(Salehizadeh and Shojaosadati 2001; Zhang et al. 2007a,
b) and may be used together with other natural floccu-
lants, e.g., chitosan frequently used (Salehizadeh et al.
2000). Viscosity is another crucial property to produce
the desired attributes. Lactic acid bacteria addition into
foods has been proposed to increase viscosity, given its
ability to produce biopolymers in situ (Ryan et al.
2015). Russo et al. (2016) reported that Lb. plantarum
strains were used for oat fermentation, and produced
EPS Lp90 that favored rheological characteristics of
the product, although it was apparently lost during
storage.

The textural and microstructural impact of EPS produced
by Lb. plantarum isolated from camel milk on low-fat akawi
cheese was also reported (Ayyash et al. 2018). Cheeses con-
taining two different EPS positively altered the parameters of
hardness and chewiness after 7 days of refrigerated storage,
with smaller pores in the microstructure, and modified water
retention capacity, which influenced the rheologic parameters.

Thus, it can be seen that the EPS produced by Lb.
plantarum have been largely studied recently (Das et al.
2014; Oh and Jung 2015; Wang et al. 2015a, b; Russo et al.
2016), proving their potential application given their demon-
strated rheological properties.

Prebiotic properties

Strains of lactic acid bacteria (LAB) and EPS producers in-
cluding Lb. plantarum have been reported as having prebiotic
and probiotic effects. Concerning prebiotic action, it was no-
ticed that EPS could be used by certain probiotic strains which
possess the enzymes necessary to degrade EPS (Tsuda and

Miyamoto 2010). Prebiotic activity is Bthe ability of a given
substrate to support the growth of an organism relative to other
organisms and relative to growth on a non-prebiotic substrate,
such as glucose^ (Huebner et al. 2007). Das et al. (2014)
demonstrated stimulation on the growth of Lb. plantarum
DM5 in the presence of glucan-DM5, which is produced by
the strain and inulin, achieving higher prebiotic scores.
Conversely, non-probiotic strains such as Escherichia coli
and E. aerogenes did not succeed in growing. Moreover,
EPS from Lb. plantarum demonstrated significant resistance
to hydrolysis by gastric juice and intestinal digestion.
Regarding all the abovementioned benefits, EPS produced
by Lb. plantarum could be considered as having potential
prebiotic effects.

Probiotic survival can be influenced by the EPS produced
by lactic acid bacteria (LAB) during the gastrointestinal transit
(Caggianiello et al. 2016). Some studies have affirmed to have
enhanced the growth and stress tolerance of probiotic
Lactobacilli with the addition of microbial polysaccharides
such as glucans. However, positive effects of the presence of
EPS on some Lactobacillus spp. strains survival have not been
noticed in the human digestive tract. This might be due to the
compositions and particular chemical structures of the tested
microbial EPS, which are related to strain specificity and abil-
ity to produce different EPS and its capacity to interact with
the host epithelium in the intestinal tract, including bacterial
surface properties as well as survival under the stress condi-
tions found in the gastrointestinal tract (acid and bile stress)
(Looijesteijn et al. 2001; De Palencia et al. 2009; Russo et al.
2012; Caggianiello et al. 2016; Lee et al. 2016).

Bacterial probiotic potential is related to its effectiveness
against harsh gastrointestinal conditions through adhering to
the gut mucosa, fighting pathogens by production of antimi-
crobial compounds, and/or provoking beneficial effects on
human health (Servin 2004). Moreover, bacteria should be
resistant to bile, low pH, and antibiotics and possess antimi-
crobial activity (Kruszewska et al. 2002; Lee and Salminen
2009). Likewise, Lb. plantarum has proved to have some of
the before mentioned probiotic properties such as good acid
tolerance, survival at bile concentration (0.3–1%), adhesion
properties, good cholesterol removal rates (58%), the highest
sodium nitrite depletion rates, and antibacterial and exception-
al antioxidative activities, in addition to considerable EPS
production by Lb. plantarum (1557) isolated from vegetables
(Ren et al. 2014). It has already been stated that probiotic
survival could depend on the EPS produced by the probiotic
strain, and therefore Lb. plantarum has this combined ability
also associated to EPS production to be converted into probi-
otic and prebiotic ingredients. Recently, the functional prop-
erties of exopolysaccharide produced by Lb. plantarum
CIDCA 8327 isolated from Kefir was reported (Gangoiti
et al. 2017) and indicated as being promising for the develop-
ment of functional foods.
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Biological activity

Antioxidant activity

EPS obtained from the cell-free supernatant of LAB exhibit an-
tioxidant activities (Kodali and Sen 2008; Liu et al. 2011; Oh and
Jung 2015). EPS produced byLb. plantarumC88was confirmed
to be involved in the antioxidant activity of this strain since the
purified EPS exhibited strong in vitro radical scavenging activity
and antioxidant activity against H2O2-induced injury in Caco-2
cells (Zhang et al. 2013; Fontana et al. 2015).

Imran et al. (2016) used different reaction mechanisms to
evaluate EPS antioxidant activities, including DPPH free radi-
cal scavenging activity and reducing power assay. The authors
reported the highest scavenging activity of EPSwas observed at
a 500 μg/mL concentration of the EPS from Lb. plantarum
NTMI05 and NTMI20 with 96.62% and 91.86%, respectively.
The antioxidant activity may be due to the presence of hydroxyl
group and other functional groups in EPS of both strains which
can donate electrons to reduce the radicals to a more stable
form, or to react with the free radicals to terminate the radical
chain reaction (Shen et al. 2013). Dilna et al. (2015) also re-
ported that 2 (two) mg/mL of Lb. plantarum RJF4 EPS exhib-
ited 23.63% DPPH radical removal activity. Wang et al. (2014)
evaluated antioxidant properties of r-EPS1 and r-EPS2 pro-
duced by Lb. plantarum 70810. In general, r-EPS2 presented
higher antioxidant activities than r-EPS1, which was probably
attributed to the presence of sulfated groups in r-EPS2.
Hydroxyl scavenging activities were 69.81% for EPS2 at the
highest concentration (4.0 mg/mL), while r-EPS1 and r-EPS2
(4.0 mg/ml) also showed good radical DPPH scavenging activ-
ities (27.98% and 48.43%, respectively). These results imply
that r-EPS of Lb. plantarum 70810 may be good hydrogen or
electron donors. In addition, absorbances of reducing power
test were 0.359 and 0.423 for-EPS1 and r-EPS2 (4.0 mg/mL),
respectively. These results demonstrate there might be a corre-
lation between radical scavenging activity and reducing power.

Anti-tumor activity

Studies report that the composition of monosaccharides and
glycosidic linkage plays a role in the anti-tumor activities of
monosaccharides (Zhang et al. 2007a, b). EPS from LAB have
been found to have significant antioxidant and anti-tumor activ-
ities, and they have drawn attention recently. In assays per-
formed by Wang et al. (2014), the inhibitory effects of the puri-
fied fractions of r-EPS (secreted into the surroundingmedium as
released exopolysaccharides) produced by Lb. plantarum added
to Caco-2 human colon carcinin, BGC-823 gastric cancer, and
colon cancer HT-29 cells in vitro were evaluated using the
Tetrazoliun dye uptake assay (mitochondrial metabolic activity)
(MTT) in 96-well plates. The results revealed inhibition ratios of
r-EPS1 and r-EPS2 at different concentrations for 24 h against

Caco-2, BGC-823, and HT-29 cells. Both r-EPS1 and r-EPS2
exhibited inhibitory effects on the proliferation of these tumor
cells, and inhibition activities increased along with increasing
concentrations of exopolysaccharides. At the highest concentra-
tion (600 μg/mL), the inhibition ratios against Caco-2 were
25.94 ± 1.98% and 35.04 ± 0.87% for r-EPS1 and r-EPS2, re-
spectively. Apparently, r-EPS2 had higher inhibitory effects on
growth in the investigated tumor cells than r-EPS1. This is jus-
tified by the presence of sulfated group and beta-glycosidic bond
composition in r-EPS2.

Liu et al. (2009) also reported that sulfated polysaccharides
had higher anti-tumor activity than non-sulfated polysaccharides.
In the study of anti-tumor activity performed by Wang et al.
(2015b), EPS produced by Lb. plantarum YW32 exerted inhib-
itory activities on HT-29 cells in concentration dependence
modes. After 72 h of treatment, a stronger inhibitory rate
(39.24%) of EPS was observed at a concentration of
600 μg/ml. The anti-tumor activity of Lb. plantarum YW32
EPS was related to its relatively strong scavenging abilities in
relation to hydroxyl and superoxide radicals, suggesting that the
Lb. plantarum YW32 EPS may be a potentially natural food for
colon cancer therapy. Anti-proliferative activities on HT-29 cells
have also been reported with other EPS from L. acidophilus
(Kim et al. 2010) and L. casei (Liu et al. 2011). Differences in
the anti-tumor activities of these EPS may be related to their
different phytochemical characteristics, including their specific
conformation, expanded chain, molecular weight, and composi-
tion of monosaccharides (Wu et al. 2014).

Antibiofilm activity

Some bacterial pathogens demonstrate the ability to form
biofilms, causing food spoilage. Some Lactobacillus have been
described as having antimicrobial activity against several
biofilm-forming bacteria (Zhang et al. 2013; Li et al. 2014;
Wang et al. 2015b). EPS may mediate antimicrobial activity by
modifying the surfaces of bacterial cells by inhibiting the initial
binding of bacterial cells to the surface, or by acting as signaling
molecules that regulate the gene expression involved in biofilm
formation (Kim and Kim 2009; Rendueles et al. 2013).

Lactobacillus plantarum YW32 EPS was tested in the for-
mation of biofilms of four pathogens: Escherichia coli O157,
Shigella flexneri CMCC (B), Staphylococcus aureus AC1,
and Salmonella typhimurium S50333, where an increase in
biofilm inhibition as the concentration of EPS increased from
0.2 to 5.0 mg/ml was observed. EPS showed higher inhibition
of Staphylococcus aureus AC1 (45.13%), Shigella flexneri
CMCC (B) (44.67%), and Salmonella typhimurium S50333
(44.04%) biofilm formation when compared to Escherichia
coli O157 (only 12.71%). These results indicate that EPS of
Lb. plantarum YW32 has a broad spectrum of antibiofilm
activity, which would be advantageous for application in the
food industry as food grade adjuvants to control microbial
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biofilm formation. Bacterial EPS, including Lb. plantarum
YW32 EPS, had the ability to repress the biofilm formed by
both Gram-negative and Gram-positive pathogens. However,
the molecular mechanism mediated the antibiofilm activity of
the Lb. plantarumYW32 EPS does not appear to be due to the
bactericidal effect since none of the EPS had biocidal activity
(Wang et al. 2015b).

Chart 1 compiles information about EPS producers
Lb.plantarum strains, substrate of isolation, its biological ac-
tivity, and technological properties.

Potential application of EPS in the food
industry

The industrial applications of microbial exopolysaccharides
are a topic of growing interest that have been extensively
reviewed by Zannini et al. (2016). There is a wide range of
EPS-producing bacteria with interesting industrial applica-
tions, such as xanthan, gellan (Donot et al. 2012), dextran,
and pullulan (Lopez et al. 2005). EPS from LAB, mainly
heteropolysaccharides (HePS), have been widely used in the
dairy industry, and mainly when they are produced in situ
during fermentation to improve emulsifying and thickening
properties for syneresis reduction and firmness increase
(Zisu and Shah 2005; Dabour et al. 2006; Ale et al. 2016).
The availability of LAB starter cultures which produce
exopolysaccharides in situ during fermentation could be a
suitable alternative for products whose polysaccharide ad-
dition requires a specification as food additives, which is a
condition that is not very much appreciated by consumers
(Lahtinen et al. 2011). There is also increasing evidence
that EPS exert a positive impact on human health. The
low yield of HePS generally prevents its commercial use,
in contrast to homopolysaccharides (HoPS) such as dextran
from other microbial sources (Fanning et al. 2012; Ale et al.
2016). Currently, the highest production of microbial
exopolysaccharides is attributed to Xanthomonas
campestris, which produces 30–50 g/L of xanthan gum,
an extracellular heteropolysaccharide used as a food addi-
tive and rheology modifier, and whose industrial use is
considered convenient. Although the EPS yield produced
by LAB is much lower, the in situ applications in the
manufacturing sector may be sustainable (Harutoshi 2013).

Lactobacillus plantarum (Ismail and Nampoothiri 2010),
Lb. plantarum KF5 (Wang et al. 2010), and Lb. plantarum
MTCC 9510 (Ismail and Nampoothiri 2014) are cited as prom-
ising producers of exopolysaccharides for the food industry.
The main characteristics are related to an improvement in the
texture of products, with the last EPS reported as having non-
Newtonian pseudoplastic behavior and avoiding syneresis in
products. However, it should be ensured that EPS do not pose
any risk in order to be applied in the food industry. Sasikumar

et al. (2017) investigated the cellular cytotoxicity of EPS pro-
duced by Lb. plantarum BR2 and the results revealed that EPS
is non-toxic to normal cells. From this result, the author reports
that the studied EPS can be very useful for the application in the
food industry in order to provide products with defined consis-
tency and for the purpose of health promotion (functional).

Lactobacillus plantarum KX041 (Wang et al. 2017) is a
promisingly microorganism-producing exopolysaccharide
served as natural alternative for commercial additives.
Moreover, the use of EPS produced by Lb. plantarum YW11
was reported by Wang et al. (2015b) as technically viable be-
cause the substance showed higher viscosity in skim milk and
pH around 4; both parameters are favorable for addition in dairy
products. Ayyash et al. (2018) showed a promising production
of EPS Lb. plantarum isolated from camel milk, and that the
strain exhibited comparable EPS production capabilities for a
commercial crop of EPS production, in addition to being used
as a starter culture for cheese production.

According to Freitas et al. (2017), the industrial develop-
ment of microbial EPS processes and commercialization of
the biopolymers require better understanding of their structur-
al configurations and physico-chemical properties, which is
scarce or unavailable for many of the reported polymers.
The fermentation stage of most EPS production processes is
still poorly monitored in real time, and/or poorly integrated
with the unit operations downstream. Many microbial EPS
hold great potential for development due to their novel and
distinct properties compared to polysaccharides obtained from
other natural sources. However, in order for their industriali-
zation and commercialization to become attractive, it is nec-
essary to put more effort not only into the fermentation stage
to increase the productivity and lower production costs, but
mainly into polymer characterization and the proof-of-concept
of their application in high-value pharmaceutical, food, and
cosmetic areas, where product quality and functional proper-
ties are far more relevant than production cost. Hence, the
greatest potential for the development of novel microbial
EPS is in those high-value market niches.

Conclusion

EPS produced by Lb. plantarum have several important and
desirable properties. Some of these properties still require
more in-depth studies aimed at strain specific Lb. plantarum,
particularly when it comes to their possible industrial applica-
tion in foods. The rheological and prebiotic properties are the
main characteristics demonstrated by EPS produced by this
microorganism. However, based on what has been reported in
the most recent research and what has been cited in this study,
there are very promising EPS with several applications, in-
cluding health regarding antitumor and antioxidant activities
and prebiotic effects.
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