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Abstract: An exopolysaccharide (EPS) in the amount of 20 mg/L and 1200 mg/L was 

obtained from the culture supernatant of Lactobacillus casei K7/3 grown in MRS broth 

and in a broth based on the whey of cottage cheese, respectivily. In the IR spectrum of 

EPS, intense absorption bands were found, generally characteristic of a class of 

carbohydrates. The molecular weight of the EPS obtained from L. casei K7/3 was 5600 Da, 

the polydispersity index was 1.9. The EPS from L. casei K7/3 consisted from a dextrose, 

mannose and galactose in molar ratio of 2.7:1.5:1, respectively. Minimal Inhibition 

Concentration (MIC) values of an EPS against Listeria monocytogenes  ATCC 1911 

revealed between 10 mg/mL and 80 mg/mL. An in vitro study of the antioxidant activity of 

L. casei K7/3 EPS in the diphenylpicrylhydrazine (DPPH) system showed that radical 

scavenging activity (RSA) has being increased depending on the concentration of the 

investigated EPS. The maximum %RSA was detected at 4 mg/ml being 26%.  

Keywords:lactobacilli, exopolysaccharide, monosaccharide composition, antimicrobial 

activity, antioxidant. 

 

1. INTRODUCTION 

 

Lactic acid bacteria (LAB) has an important role in many food fermentation processes. 

Some species of the genus Lactobacillus (Lb.) are included in this group. The lactic acid 

fermentation has long been known and applied by humans for making different food stuffs. 

For many centuries, LAB have been an effective form of natural preservation. In addition, 

they strongly determine the flavor, texture and frequently, the nutritional value of food and 

feed products. However, the application of well-studied starter cultures has been established 

for decades (Lee, B.H., 1996., Tserovska, L. et al., 2002). 

The growth of LAB is often accompanied by the production of polysaccharides, which 

are found outside the cell wall. These exopolysaccharides (EPS) may be found as capsule 

attached to the bacteria or they may be released to the environment as slime or both 

(Sutherland IW., 1977). Polysaccharides important to bacteria for adhesion, infection and 

protection may as well have commercial value. Some polysaccharides are known to have 

gelling properties that is; agar and gel rite (Lin, C.C. et al., 1984; Davis, B.D. et al., 1980).  

Exopolysaccharides of lactic acid bacteria also positively affect the taste, smell and 

preservation of the final product (S.Badel et al. 2011; Ruas-Madiedo, P. et al., 2005). Many 

of the exopolysaccharide-producing strains of lactobacilli belong to the genera Streptococcus, 

Lactobacillus, Lactococcus, Leuconostoc, and Pediococcus (Berg D.J.C. et al., 1995). 

 EPSs of lactobacilli have several medical applications, including immunostimulation  

through application as polysaccharide vaccines; they possess both antitumor and antiviral 

activity as well as act to lower blood cholesterol levels (Cheng-Chih Tsai, et al. 2014). EPSs 

are high-molecular weight polymers composed of sugar residues that are secreted by 

microorganisms into their surrounding environments. EPSs are comprised of various 

https://www.sciencedirect.com/topics/immunology-and-microbiology/inhibitory-concentration
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monosaccharides, mostly glucose and galactose, but also including rhamnose, fructose, 

mannose, galactosamine, and other sugars (Tallon R. et al. 2003). 

A key problem in the industrial production of EPSs by lactobacilli is the high cost of 

culture medium. For industrial production, the culture medium must contain all the 

Lactobacillus-specific nutrients (Seesuriyachan P., 2011). EPSs produced by lactic acid 

bacteria are influenced by many factors, e.g. medium components, pH, temperature, and 

fermentation time course. Many studies showed that the best carbon sources for EPS 

production of lactic acid bacteria are lactose, glucose, and sucrose. Furthermore, nitrogen 

sources also an important medium component determining the EPS yield (Zhang Y., et al., 

2011; Fukuda K. et al., 2010; Pham P. et al., 2000; Yuksekdag Z. et al., 2008). Due to 

complex nutritional requirements of Lactobacillus strains several exopolysaccharides 

selection medium has been developed which include whey, whey based media, modified 

Exopolysaccharide selection medium (mESM), chemically defined and semi-defined medium 

and de Mann Rogosa Sharpe medium (mMRS) (D.J.C. van den Berg et al., 1993; 

V.M.Marshall et al., 1995; R. van Kranenburg et al., 1997; S. A. Kimmel, 1998; E.W.J. van 

Niel et al., 1999; Degeest B. et al. 2001). Therefore, it is particularly necessary to reinforce 

the study on the improvement of yield of Lactobacilli EPS by isolation new strains or 

optimization the EPS production conditions, which is significant for the EPS commercial 

exploitation. 

The purpose of the work is investigate the EPS production by L.casei K7/3  and 

evaluation its antibacterial and antioxidant activity. 

 

2. MATERIALS AND METHODS 

 

Bacterial strain and starter culture preparation: The strain of L.casei K7/3 was isolated 

from domestic sauerkraut according to the generally accepted method, identified by 

morphological, physiological, biochemical properties and deposited in the collection of 

microorganisms at the Institute of Microbiology of the Academy of Sciences of the Republic 

of Uzbekistan. 

Production and Isolation of EPS from L.casei K7/3: Production and isolation of 

polysaccharide from L.casei K7/3 culture supernatant was carried out according to the 

method described by Cerning, J. et al. (Cerning J et al., 1999). Culture L.casei K7/3 restored 

from the lyophilized state 2-3 transfers in MRS-broth and incubated at 37 °C for 48 hours. An 

inoculum in a volume of 20 ml (2%, w / v) was added to 1 L of MRS-broth and grew in 

shaker-incubator at 150 rpm. A medium based on the whey of cottage cheese (tvorog) 

proposed by K.D. Karapetyan et al. was used as an alternative to the MRS-medium. The 

composition of the medium: 0.6% sodium citrate, 0.018% manganese sulfate, 0.5% sodium 

acetate, 0.5% yeast extract, 1.0 % peptone, 2.0% carbon source, 0.5-1.5% ammonium sulfate, 

0.2% magnesium sulfate (K.D. Karapetyan et al. 2008). Under aerobic conditions were 

incubated at 37°C for 48 hours. After culture incubation, TCA was added to a final 

concentration of 4% (w/v) and stirred for 30 minutes at room temperature. Cells and 

precipitated proteins were removed by centrifugation at 7,000 x g for 30 minutes at 4 °C. 

Chilled ethanol was added to the supernatant in an equal volume and kept at 4 °C for 48 

hours. Precipitated EPS were collected by centrifugation at 7000 x g for 30 minutes at 4 °C. 

The precipitate was dissolved in distilled water and dialyzed at 4 °C for 48 hours, then dried 

by lyophilization. Total carbohydrates in lyophilic – dried exopolysaccharides of lactobacilli 

were determined by the phenol sulfuric acid method (Dubois M. et al., 1956). The 

quantitative determination of proteins in the composition of crude exopolysaccharide was 

carried out by the method described by A. Yermakov et al. (A. Yermakov et al., 1982). 

 Infrared spectroscopic (IR) analysis of crude exopolysaccharide from L.casei K7/3: IR-

spectra of exopolysaccharide from L.casei K7/3, registered Fourier transform infrared 

spectrometer Vector-22 (Bruker, Germany) in the frequency range 400-4000 cm-
1
. 2 mg of 
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exopolysaccharide was mixed with 200 mg of potassium bromide (KBr) (1: 100 ratios), then 

the mixture was pressed into a mold with a diameter of 16 mm and conducted IR 

spectroscopy for detection of functional groups characteristic of polysaccharides (Yeanly W. 

et al., 2016). 

Monosaccharide and molecular weight (Mw) determination for the EPS from L.casei 

K7/3: The monosaccharides composition determination of L.casei K7/3 EPS was carried out 

by gas chromatography (GC) (V.V. Arasimovich, 1984). The Mw of the polysaccharide was 

determined by size exclusion chromatography (SEC) on an Agilent 1260 Infinity size 

exclusion chromatograph (Agilent Technologies, USA). 

 Antimicrobial Activities of EPS from L.casei K7/3: The antibacterial activity of EPS was 

investigated by agar well diffusion assay as described by Chen et al. (2014) with a slight 

modification (Chen et al., 2014). Overnight incubation culture of the Listeria monocytogenes 

was diluted to 10
6
 to 10

7
 CFU/mL and then spread on 10 mL of BHI-agar in a Petri dish. 

With a stainless cylinder (of diameter 6.0±0.1 mm) were done wells on agar.  Then, 100 μL 

aqueous solutions of EPS in concentrations of 80, 60, 40, 30 mg/mL were added to the wells. 

The plates were incubated at 37
o
C for 24 hours and the diameter of the clear zones around the 

wells was measured.  

Antioxidant activity analysis:  Antioxidant activity was judged by the binding of the 

oxide radicals of diphenylpicrylhydrazine (DPPH) (Wang K. et al., 2015b). 2.0 ml of an 

alcohol solution of DPPH (0.4 mM) was added per 1 ml of an aqueous solution of an 

exopolysaccharide from L.casei K7/3. The mixture was thoroughly mixed and incubated at 

room temperature in a dark place for 30 minutes. The absorption coefficient of the mixture 

was measured at 517 nm on a Cary 60 UV-Vis spectrophotometer (Agilent Technologies, 

USA). Antiradical activity was calculated by the formula: %RSA=
       

  
х100, where - A1 is 

the absorption coefficient of the sample solution; Ao- the absorption coefficient of the DPPH 

solution without a sample. An aqueous solution of ascorbic acid was used as a control. 

Statistical analysis: All experiments were carried out in triplicate. In statistical 

processing determined the arithmetic mean, standard deviation, confidence intervals, the 

significance of differences was determined using Student's criterion. Differences were 

considered significant at a significance level of p≤0.05. The results were analyzed using 

standard packages of licensed programs MS Excel 2003 and STATISTICA 6.0 (Larkin M.A., 

et al., 2007). 

 

3. RESULTS  

 

 Microorganism: Cells of L.casei K7/3 culture are Gram-positive, catalase negative short 

bacilli, located singly and in pairs, 0.6 μm x 1.2-3.6 μm in size. The culture actively ferments 

cellobiose, salicin, mannose, mannitol, melibiose, ribose, maltose, trehalose, sucrose, 

fructose, lactose and galactose, neutralizes the lithmus, grows with 6.5% NaCl and 0.4% bile.  

 Isolation of polysaccharide from L.casei K7/3 culture supernatant: When growing 

L.casei K7/3 culture in MRS-broth yield of lyophilic - dried crude EPS was 20 mg/L. at the 

cultivation in medium based on the whey of cottage cheese (tvorog) proposed by K.D. 

Karapetyan et al. was 1200 mg/L, that is 6 fold more than in MRS-broth. Lyophilized EPS 

was an amorphous cream-colored powder, it was well dissolved in water, had a smooth 

fibrous structure. Crude EPS contained 65.59 ± 0.7% of the total polysaccharides and 7.63% 

of the protein (nitrogen content 1.22%). 

Infrared spectroscopic (IR) analysis of the crude exopolysaccharide from L.casei K7/3: 

The IR spectrum of investigated EPS was studied in the region between 400 cm
−1

 and 4000 

cm
−1

 and showed numerous peaks from 3434 cm
−1

 to 534 cm
−1

. In the IR spectrum of EPS of 

L.casei K7/3, intense absorption bands were found that was generally characteristic of the 

carbohydrate class (Figure 1).  

javascript:void(0);
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Figure 1. IR spectrum of raw EPS from L.casei K7/3 

Monosaccharide composition and molecular weight of an exopolysaccharide from 

L.casei K7/3: GC analysis of the monosaccharide composition of EPS from L.casei K7/3 

showed that this EPS consists of dextrose, mannose and galactose in a molar ratio of 

2.7:1.5:1, respectively (Figure 2). The molecular weight, EPS of L.casei K7/3 was 5600 Da, 

the polydispersity index was 1.9. 

Antimicrobial Activity of EPS from L.casei K7/3: Antibacterial activity of EPS from 

L.casei K7/3 is shown in Figure 1. This EPS showed high antimicrobial activity against 

Listeria monocytogenes  ATCC 1911 in all studied concentrations. The diameter of zones of 

growth suppression at 80 mg/mL is 25 mm, at 60 mg/mL is 22 mm, at 40 mg/mL is 22 mm 

and at 30 mg/mL is 20 mm (Figure 3). 

Antioxidant activity of EPS from L.casei K7/3: The antioxidant activity of EPS from 

L.casei K7/3 was judged by  the activity of  binding of  free oxide radicals of DPPH.  

 

Figure 2. GC chromatogram of the monosaccharide composition of the polysaccharide 

from L.casei K7/3 
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DPPH free radicals are stable radicals with an unpaired valence electron of one atom of 

the nitrogen bridge, which significantly decrease under the influence of protons of the radical 

acceptor (Kodali V.R. et al, 2008). In our work, the radical scavenging activity of EPS of 

L.casei K7/3 was determined using a colorimetric method at concentrations of 2, 3, and 4 

mg/ml, ascorbic acid served as a positive control. The radical scavenging activity of EPS 

from L.casei K7/3 increases, depending on the concentration of the investigated EPS and % 

RSA were at an EPS concentration of 2 mg/ml 12%; at 3 mg/ml 12% and at 4 mg/ml 26%. 

 

Figure 3. Antibacterial activity of EPS from L.casei K7/3 

 

4. DISCUSSION 
 

Isolation of polysaccharide from L.casei K7/3 culture supernatant: In the work of Xin 

Wang et al. (2017) analysis of the raw EPS of Lactobacillus plantarum KX041 showed that 

the content of total sugars in this EPS is 60.59 ± 0.92%. Also, by the Sevage method were 

determined the protein content equal to 12.88 ± 0.64%. After removal of free EPS proteins by 

the Sevage method, residual proteins that are covalently linked to the polysaccharide 

molecule were detected (Xin Wang et al, 2017). Proteins contained in exopolysaccharides, 

play an important role in modifying the physicochemical, thermal properties, and bioactivity 

of polysaccharides (F.C. de Oliveira et al. 2016). 

The yield of heteropolysaccharides is from 0.05 to 0.60 g/l (Broadbent J.R., et al 2003) 

on the contrary, homopolysaccharides are synthesized in large quantities up to a few 

grams/liter (Ruas-Madiedo P. et al., 2009). 

Whey comprises 80 to 90% of the volume of milk entering the cheese making process 

and contains about 50% of the solids present in the original whole milk, including 20% of the 

protein and most of the lactose, minerals, and water-soluble vitamins (Marshall K.R. et al, 

1982). Greater polysaccharide production by lactobacilli strains recorded in Whey has been 

explained by Sutherland (1972). It was reported that when cells were grown slowly, synthesis 

of cell wall polymer was also slow, making more isoprenoid phosphate available for EPS 

synthesis (Sutherland I., 1972). 

1.  Infrared spectroscopy (IR) analysis of exopolysaccharides: Fourier transform-

infrared spectroscopy has been an effective method in monitoring structural changes in 

biopolymers (Wilson R. H. et al, 1998). Widely located peak at 3278.02 cm
– 1

 indicated the 

presence of O–H stretching in hydrogen bonds, which was indicative of strong inter- and intra-

molecular interactions of the EPS chains (Shengjie Li  et al., 2014). A weak peak at 2920.21 

cm
-1

 indicates the presence of aliphatic CH2 groups, which are contained in proteins and other 

organic substances. The peak at 1633.71 cm
–1

 represents the extended vibrations of the C = O 

group (Sutherland I.W., 1977). Short peaks in the region below 1538.23 cm
– 1 

indicate the 

presence of sulfated groups and that this substance is a polysaccharide (Sutherland I.W., 

javascript:void(0);
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1972). Also, the peak at 1224.80 cm
– 1

 belongs to CO bonds in ether or alcohol groups (Tallon 

R. et al., 2003).The peaks in the range of 1056.99 - 920.27 cm
-1 

means vibrations of C-O and 

C-O-C glycosidic bonds in the carbohydrates (Tserovska L. et al., 2002). The presence of 

carboxyl groups in the IR spectrum of the polysaccharide can serve as a binding site for 

bivalent cations (Van den Berg D.J.C. et al., 1993).   

Monosaccharide composition and molecular weight of exopolysaccharides: According to 

the literature, EPS from various strains of Lactobacillus are heteropolysaccharides and mainly 

consist of glucose, galactose, mannose, arabinose, and rarely xylose or fructose. When 

analyzing the monosaccharide composition of L-EPS from Lactobacillus casei WXD030 strain 

was mainly composed of glucose, glucosamine, mannose, in an approximate molar ratio of 

1.4:1.1:1 (Lei Xiua, et al, 2018).  

The molecular mass of exopolysaccharides of lactobacilli ranges from 40 to 6000 kDa 

(Ruas-Madiedo P. et al., 2002). The molecular weight of EPS obtained from L. plantarum 

YW32 is determined to be 1.03 x 10
5
 Da. The polydispersity index was 1.255, which means 

the presence of a homogeneous EPS material in the test sample (Ji Wang et al, 2015). 

It has been reported by Mende et al (2016) that the low molecular weight polymer 

correlates with capsular polysaccharides, whereas the high molecular weight is found free in 

the extracellular matrix (Mende, Rohm and Jaros 2016).  

Many authors claim that molecular weight has a great importance in the manifestation of 

the biological activity of EPS. EPS with a high molecular weight possess antitumor activity 

than EPS with a low molecular weight (Peng Y. et al, 2010). 

Antimicrobial Activity of EPS: A few studies showed that EPS from microorganisms had 

strong antimicrobial activity against several pathogens in vitro and have proposed several 

putative antibacterial mechanisms of EPS, such as impairing cell division, disrupting the cell 

wall and cytoplasmatic membrane, and decomposing DNA (He F. et al, 2010).  

Agar diffusion assay showed that EPS from Lactobacillus plantarum R315 (L-EPS) 

exhibited antibacterial activities against tested pathogens such as Cronobacter sakazakii, 

Escherichia coli, Listeria monocytogenes, Staphylococcus aureus, Candida albicans, Bacillus 

cereus, Salmonella typhimurium and Shigella sonnei at 300 mg/mL (Shengjie Li et al, 2014). 

In the work of Abdelkarim Mahdhi (2017) The EPS of the strain of lactobacilli had a 

molecular weight of 36 kDa and polydispersity index estimated to be 1.2. The tested EPS LB 

had an antibacterial activity, with a Minimal Inhibition Concentration (MIC) values ranging 

between 1 mg/ml and 10 mg/ml, displayed an antibiofilm effect concentration dependent  on 

Gram positive and negative strains (Abdelkarim Mahdhi  et al, 2017).  

 Antioxidant activity of EPS: In the work of Zouaoui Benattouche et al. the purified EPS 

from S. thermophilus had a DPPH radical-scavenging activity, with an IC50 value of 225 

µg/ml. which was much higher than that of the standard antioxidant ascorbic acid (48 µg 

/mL) (Zouaoui Benattouche et al, 2018). Due to the presence in the raw EPS of other 

antioxidant substances, such as proteins, peptides and trace elements, crude EPS has greater 

antioxidant activity than purified. Moreover, they act as synergists and interact with the 

binding of free radicals (Wei Li et al, 2014).  

EPS bioactivity may depend on many factors, such as chemical composition, molecular 

weight, structure, configuration, extraction and purification conditions (Chen, H. et al, 2008). 

Xu R, et al. showed that the high antioxidant activity of EPS from Bifidobacterium animalis 

PH is due to its low molecular weight (Xu R. et al, 2011). 

 

5. CONCLUSIONS 

In this study, L.casei K7/3 strain studied could produce EPS under laboratory conditions, 

and a medium on basis of the whey of cottage cheese (sour milk tvorog) proposed by K.D. 

Karapetyan et al. was more effectively compared with MRS-broth. EPS had a low molecular 

weight and consists of dextrose, mannose and galactose in a molar ratio of 2.7:1.5:1, 

https://www.sciencedirect.com/topics/immunology-and-microbiology/dispersity
https://www.sciencedirect.com/topics/medicine-and-dentistry/antibacterial-activity
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respectively. The results showed that EPS from L.casei K7/3 strain had strong antibacterial 

ability against the tested pathogen strain of Listeria monocytogenes. Although EPS from 

L.casei K7/3 showed novel biological activities, further studies are needed to evaluate their 

structure and the components responsible for antimicrobial activity and mode of actions of 

EPS. 
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