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ABSTRACT             

 
The biosynthesis of exopolysaccharide (EPS) form Lactobacillus plantarum NRRL B-4496 (L. plantarum) 

which was selected among five probiotic Lactobacilli was examined under various culture conditions. The 
highest purified EPS yield (650 mg/l) was achieved using MRS broth medium supplemented with 20 g/l glucose 
at pH 6.2. The medium was inoculated with 10 ml/l inoculum of 24 h old culture and incubated at 30°C for 24 h. 
Time course accumulation of EPS was studied with respect to biomass growth. The probiotic L. plantarum 
produces an EPS during exponential and stationary growth phases. The growth and EPS biosynthesis kinetics 
was characterized. L. plantarum exhibited high affinity for the growth limiting substrate. Textural properties of 
the purified EPS are contributed by scanning electron microscope (SEM). The pure freeze dried EPS was found 
to be a white powder and readily soluble in water. As it can be seen from the microstructure of EPS surface 
view that the produced EPS is compact in structure, exhibits flakes like structural unit and highly compact. 
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Introduction 

 
Probiotics have been defined as “live microbial food supplements which beneficially affect the host by 

improving the intestinal microflora balance” (Mishra et al., 2012), or more broadly as “living microorganisms, 
which upon ingestion exert health benefits beyond inherent general nutrition”. 

Polysaccharides are the most diverse families of biopolymers. Many kinds of polysaccharides are found to 
have wide applications. In recent years, much attention has been focused on polysaccharides because of their 
multiple bioactivities and pharmacological actions (Xiaohua and Lina, 2009). The primary structure of 
polysaccharides varies in composition and sequence, and different kinds of polysaccharides are characterized by 
regular repeating units. The bioactivity of a given polysaccharide is closely related to its structure and 
physicochemical properties (Xiaohua and Lina, 2009). 

Microbial exopolysaccharides are extracellular polysaccharides (EPS) mainly involved in cell adhesion and 
protection, and often covalently bound to the cell surface in the form of capsules, or secreted into the 
extracellular environment in the form of slime (Sivakumar  et al., 2012). Lactic acid bacteria (LAB) produced 
EPS have been widely studied for their physicochemical properties and potential health effects during the last 
decades (Degeest et al., 2002). LAB EPS are considered to not only play an important role in improving the 
theology, texture and mouthful of fermented products, but also provide beneficial physiological effects on 
human health, such as antitumour activity, immunomodulating bioactivity and antimutagenicity (Van Calsteren 
et al., 2002; Doleyres et al., 2005). 

Homopolysaccharides are a group of polysaccharides composed of one monosaccharide type. Several 
species of LAB are able to utilize sucrose as a specific substrate to produce dextrans and levans (Zhennai, 
2000). Dextrans are a large class of extracellularly formed glucans produced by the genus Lactobacillus, 
Leuconostoc, and Streptococcus, of which Leuc. mesenteroides and Leuc. dextranicum are the well-known 
dextran producers. Although each bacterial strain produces a unique glucan, a common structural feature of all 
dextrans is a high percentage (up to 95%) of α- 1,6 linkages with a smaller proportion of α-1,2, α-1,3, or α-1,4 
linkages resulting in a highly branched molecule (Zhennai, 2000). Dextrans are synthesized outside the cell by 
dextransucrase, which catalyzes sucrose to produce D-fructose and D-glucose, and transfers the latter to an 
acceptor to form dextran.  

The reaction is as follows: 
Sucrose + Glucan acceptor                    Dextran  + D-fructose 
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The aim of this study was evaluation of the culture conditions for the growth of L. plantarum, determines 
the optimal condition for the maximum EPS yield and the biosynthesis kinetics. Also, evaluation of the textural 
properties of the purified EPS by scanning electron microscope (SEM). 
 
Materials And Methods 
 
Materials: 
 
 Probiotic bacterial strains: 

 
Five strains of Lactobacillii were selected from Northern Regional Research Laboratory (NRRL); 

Agricultural Research Service culture collection (house research arm of the U.S. Department of Agriculture) 
(Lactobacillus acidophilus NRRL B-4495, Lactobacillus delbrueckii NRRL B-4525, Lactobacillus plantarum 
NRRL B-227, Lactobacillus plantarum NRRL B-4496 and Lactobacillus plantarum NRRL B-14768). The 
strains were subcultured in 10 ml of MRS broth (Fluka No. 93780) (De Man et al., 1960) and incubated 
aerobically at 30 °C for 72 h.  
 
Fermentation media (g/l): 
 

1. M17 broth: Casein peptone, 2.5; Meat peptone, 2.5; Soya peptone, 5.0; Yeast extract, 2.5; Meat 
extract, 5.0; Disodium B-glycerophosphate pentahydrate, 19.0; Magnisum sulfate hydrate, 0.25; Ascorbic acid, 
0.5; Distilled water- up to 950 ml; after cooling add 50 ml aseptic 10 % lactose solution, pH 7.1 (Elliker et al., 
1956).   

2. TGY broth: Trypton, 5.0; Glucose, 1.0; Yeast extract, 5.0; K2HPO4, 1.0. pH 7.0 (Haynes et al., 1955). 
3. MRS broth: Peptone, 10.0; Meat extract, 8.0; yeast extract, 4.0; D(+) Glucose, 20.0; Dipotassium 

hydrogen phosphate, 2.0; Sodium acetate trihydrate, 5.0; Triammonium citrate, 2.0; Magnesium sulfate 
heptahydrate, 0.2; Magnesium sulfate tetrahydrate, 0.05. pH, 6.2 (De Man et al., 1960). 

4. Nutrient broth: Beef extract, 3.0; Peptone, 5.0; Sodium chloride, 3.0, pH 6.8 (Shirling and Gottlieb, 
1966). 

5. Brain heart infusion broth: Calf brain, 200.0; Beef infusion form, 250; Proteose peptone, 10; 
Dextrose, 2; Sodium chloride, 5; Disodium phosphate, 2.5, pH 7.4 (Rosenow., 1919).   

 
Methods: 
 
Selection of the most producer Lactobacillus strain: 

 
The selection was carried out after screening five strains of Lactobacillus that commonly used as bacterial 

probiotics. Bacterial strains were cultivated and individually incubated for 24 h at 30°C, into 50 ml test tube 
containing 25 ml MRS liquid medium. Each tube was centrifuged and the supernatant was assayed for the 
freeze-dried powder EPS production.  
 
Optimization design of growth and EPS production: 

 
To evaluate the effects of eight factors on growth and EPS production, L. plantarum grown in 10 ml of 

MRS broth for 24 h at 30ºC. A volume of 0.1 ml of this cell suspension was inoculated to 10 ml of five different 
media (MRS, M17, TGY, Nutrient and Brain heart broth). Cells of L. plantarum, grown in 10 ml of MRS broth 
for 24 h at 30ºC supplemented with varying types of carbon source (glucose, fructose galctose, lactose, sucrose, 
mannose and sorbitol). When supplemented with varying concentrations of glucose (10, 15, 20, 25 and 30 g/l), 
Temperatures (20, 25, 30, 35  and 40 ºC), pH (4.0, 5.5, 6.2, 7.0 and 8.0), Incubation period (12, 18, 24, 36 and 
48 h), Inoculums size (1.0, 2.5, 5.0, 10, 15 and 20 ml/l), Medium volume / container  (12, 25, 50, 75 and 100 % 
). The culture at every 24 h was determining cells dry weight (CDW) and EPS dry weight then calculate the 
yield coefficient. 

Yield coefficient, YX/S (g cell dry weight/ g consumed glucose) and product yield coefficients, YP/S (g EPS/g 

consumed glucose) and   YP/X (g EPS/g cell dry weight).  
 
Growth and production kinetics: 

 
The time course and kinetics of the growth of L. plantarum was studied at 30°C in MRS medium containing 

one concentration of the growth limiting substrate, glucose 20 g/l. Microbial growth, culture pH, and substrate 
utilization were estimated and monitored quantitatively by sampling and analyzing 5 ml of fermentation broth 
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each at 6 h interval starting from the time of inoculation. Biomass and EPS were estimated by recording the dry 
weight and glucose was analyzed by standard kit from Bio Merieux, France. 
 
Isolation and purification of the EPS: 

 
The EPS was isolated and purified according to Cerning et al., 1994 with some modification. The growth 

cultures were heated at 100 °C for 5 min to inactivate enzymes potentially capable of polymer degradation and 
the cells were removed by centrifugation at 8000 rpm for 5 min at 4 °C. The EPS was precipitated using 2 vols. 
of absolute ethanol. After standing overnight at 4 °C, the resultant precipitate was collected by centrifugation at 
8000 rpm for 20 min. The EPS was dissolved in deionized water, dialyzed against deionized water at 4 °C for 24 
h and freeze-dried. The freeze-dried powder was dissolved in 10% (w/v) trichloroacetic acid to remove proteins. 
The supernatant was dialyzed at 4 °C against deionized water for 5 days and freeze-dried. These preparations 
were referred to as purified EPS and were stored at 4 °C. 
 
Morphological characterization of EPS: 

 
Morphology of the pure freeze-dried EPS was determined by scanning electron microscope (Electron probe 

microanalyzer JEOL – JXA 840A, Model Japan) analysis. Lyophilized powder of EPS was coated on gold 
particles and microstructure was visualized under scanning electron micrograph at different magnification 
(150X, 300X, 900X). Whole and surface view of EPS was taken (Yadav et al., 2011).  
 
Results And Discussion 
 
 The most EPS producer Lactobacillus: 

 
Among the five Lactobacillus strains, Lactobacillus plantarum NRRL B-4496 and Lactobacillus plantarum 

NRRL B-227 were selected as efficient EPS producer strains. However, the rest strains, Lactobacillus 
acidophilus NRRL B-4495, Lactobacillus delbrueckii  NRRL B-4525 and Lactobacillus plantarum NRRL B-
14768, failed to produce EPS. The highest yield of EPS was obtained from Lactobacillus plantarum   NRRL B-
4496. Therefore, it was chosen for EPS production in the following experiments. 
 
Optimization of growth and EPS production: 
 
a. Optimization of fermentation medium: 
 
Effect of different media on the growth and EPS production: 

 
Data listed in table 1 indicated that variable amounts of EPS could be achieved using different media. 

Relatively low EPS yields of 64.0 and 104.0 mg/l were maintained using M17 and brain heart broth media, 
respectively; however, the maximum EPS yield (650 mg/l) was recorded in case of MRS medium. On the other 
hand, the other tested media, namely TGY and nutrient broth failed in supporting EPS production. The cell 
growth was also influenced significantly by the different cultivation media. However MRS is the best medium 
for EPS production and cell growth (650 mg/l, 2.01g). Consequently, there is a relation between cell growth and 
EPS production and levels of EPS were greatly dependent on the composition of the used medium. Also, the 
data show that yield coefficient (Yp/x) reached its maximum value of 323 mg/g cells using MRS medium. As the 
composition of the growth medium has an important influence on EPS production (Cerning et al., 1994) and as 
there is generalized medium (MRS) applicable to all Lactobacilli bacteria (De Man et al., 1960). The high EPS 
titer in the selected medium (MRS) may be due to their content of glucose and minerals, respectively, which 
were found to be preferred by the organism. The highest EPS titer may possibly be due to the presence of simple 
monosaccharide and minerals in the nutrient medium.  
 
Effect of different carbon sources on the growth and EPS production: 

 
Glucose was proved to be the best carbon source for EPS biosynthesis, followed by galactose and fructose 

which gave the following yields; 650, 477.6 and 159.2 mg/l, respectively. However, sucrose, lactose, mannose 
and sorbitol were not suitable carbon sources for cell growth and EPS production. Also, amounts of cell growth 
seemed to reach their maximum values of 2.01, 1.79 and 1.22 g/l using glucose, galactose and fructose, 
respectively (figure 1). Consequently, the type of the carbon source in the fermentation medium plays an 
important role in EPS biosynthesis by L. plantarum. Concerning yield coefficient (Yp/x) calculations, it had been 
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concluded that it's maximal value of 323 mg/g cells was reached upon using glucose. On the other hand, a lower 
yield coefficient value of 130 mg/g cells was recorded upon using fructose as a carbon source. 
 
Effect of different glucose concentration on the growth and EPS production: 

 
Results listed in table 2 presented that EPS yield increased with the increase of glucose concentration 

reaching its maximum value of 650 mg/l when 20 g/l glucose was added. It was noticed that, further increase in 
glucose concentration resulted in a gradual decrease in EPS yield.  Also, as glucose concentration increased, cell 
growth gradually increased reaching its maximum value (2.01 g/l) at 20 g/l glucose. Yuksekdag and Aslim, 
2008 revealed that exopolysaccharides (EPSs) production was studied using Lactobacillus delbrueckii subsp. 
bulgaricus (B3, G12) and Streptococcus thermophilus (W22) in the medium containing various carbon sources 
(glucose, fructose, sucrose or lactose). For all the strains, glucose is the most efficient carbon source and B3, 
G12 and W22 strains produced 211, 175 and 120 EPS mg/l respectively. Also, the influence of different 
concentrations of glucose (5, 10, 15, 20, 25 and 30 g/l) on EPS production and growth was studied. The results 
indicated that EPS production and growth were stimulated by high glucose concentration (30 g/l). 
 
b. Optimization of cultivation conditions: 
 
Effect of different temperature on the growth and EPS production: 

 
Results revealed that EPS yield was increased with increase of temperature reaching its maximum value of 

650 mg/l at 30°C. Further increase in temperature resulted in a gradual decrease in EPS yield. The same 
observation was noticed for cell growth. Its amount was improved by adjusting the temperature at 30 °C where 
reached a maximum value of 2.01g/l; accompanied by yield coefficient (YP/x) value of 323 mg/g cells. 
Therefore, an incubation temperature of 30°C was used in further experiments (figure 2). But, Leo et al., 2007 
indicated that L. fermentum TDS030603 is able to produce more EPS at 37 than at 40°C. On the other hand the 
growth and exopolysaccharide (EPS) production by Lactobacillus fermentum F6 increased to a maximum value 
of 44.49 mg/l of EPS at 37°C (Zhang et al., 2011).  
 
Effect of different pH values on the growth and EPS production: 

 
Results of this experiment indicate that the maximum level of EPS was reached at pH 6.2.  value, a decrease 

in EPS level was observed. Moreover, adequate cell growth was maintained within pH range of 4.0 and 
7.0.However, the cell growth was markedly retarded at pH values above 7 (figure 3). Also, a marked increase in 
cell growth was observed at pH 6.2. The calculations of yield coefficient (YP/x) concluded a maximum yield 
coefficient (323 mg/g cells) at pH value of 6.2. Zhang et al., 2011 results revealed that growth and 
exopolysaccharide (EPS) production by Lactobacillus fermentum F6 increased to the maximum value when 
adjusted at initial pH 6.5.  
 
Effect of different incubation periods on the growth and EPS production: 

 
Results listed in table 3 indicate that biosynthesis of EPS was increased linearly to reach its maximal yield 

(650 mg/l) after 24 h. Above this phase of growth, a decline in the EPS production was recorded, until a 
depletion of EPS production was observed at 48 h. Results also indicated that the cell growth increased as the 
incubation time increased. However, its maximal value (2.58 g/l) was recorded after 36 h. Calculations of yield 
coefficient (YP/x) revealed that it was maximum value of 323mg/g cells at 24 h incubation time. This study of 
the fermentation for EPS production by Lactobacillus plantarum NRRL B-4496 revealed that the EPS was 
accumulated in the broth during the logarithmic phase of growth and converted to the active biopolymer during 
the phase of assimilation. Most of the EPS produced during the 12 to 24 h incubation of the fermentation when 
lactic acid had begun to accumulate in large quantities in the medium (Richard and Maria, 2003). 
 
Effect of different inoculums size on the growth and EPS production: 

 
The EPS biosynthesis results indicated that positively responded to increase of inoculum size. The highest 

EPS yield (650 mg/l) was recorded using 10 ml/l inoculum. Increasing of inoculum size beyond this level led to 
a gradual decrease in EPS yield. Also, results indicated that amount of cell growth depends on inoculum size 
added to the fermentation medium. It was noticed that as size of vegetative cells increased, cell growth increased 
reaching its maximum value (2.01 g/l) using 10ml/l vegetative cells as inoculum. Calculations of yield 
coefficient (YP/x) revealed that it was the maximum (323 mg/g cells) upon using 10 ml/l as inoculum (figure 4). 
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The results of Lianzhong et al., 2008 revealed that using 40 ml/l inoculum to the highest level of EPS 
production. But, in the present study we use 10 ml/l inoculum only.   
 
Effect of different oxygen amounts on the growth and EPS production: 

 
Results revealed that oxygen amount affects EPS production. Generally, as oxygen amount decreased, 

amount of produced EPS increased reaching its maximum value of 685 mg/l at 0% oxygen amount. However, 
the lowest yield of EPS was observed at high oxygen amount (85 %). Regarding to cell growth, it was observed 
that it decreased as oxygen amount increased reaching its lowest value (1.16 g/l) at 85% oxygen amount. 
Calculations of yield coefficient (YP/x) revealed that it reached its maximum value (342 mg/g cells) at 0% 
oxygen amount (figure 5). 

 
Table 1: Effect of different media on growth and EPS production by L.  plantarum .  

Medium EPS (mg/l) CDW (g/l) Final pH YP/x (mg/g cells) 
M17 64.0 0.61 6.7 104.9 
TGY 0.0 1.30 5.5 0.0 
MRS 650.0 2.01 4.5 323.0 
Nutrient 0.0 No growth 7.0 0.0 
Brain heart 104.0 0.60 5.0 173.3 

 
Table 2: Effect of different glucose concentration on growth and EPS production from L. plantarum. 

Glucose conc.(g/l) EPS (mg/l) CDW (g/l) YP/x (mg/g cells) 
10 230.0 0.79 291.0 
15 310.0 1.02 303.0 
20 650.0 2.01 323.0 
25 520.0 1.98 262.0 
30 0.0 No growth 0.0 

 
Table 3: Effect of incubation periods on growth and EPS production from L. plantarum. 

incubation period (h) EPS (mg/l) CDW (g/l) 
EPS productivity 
(mg/h) 

YP/x 
(mg/g cells) 

12 174.4 0.71 14.5 245.0 
18 443.9 1.50 24.7 295.0 
24 650.0 2.01 27.0 323.0 
36 594.0 2.58 16.5 230.0 
48 364.6 2.50 7.6 145.0 
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Different carbon sources: 
 
Fig. 1: Effect of carbon source type on growth and EPS production from L. plantarum 
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Fig. 2: Effect of temperature values on growth and EPS production from L. plantarum. 
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Fig. 3: Effect of different pH values on growth and EPS production from L. plantarum. 
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Fig. 4: Effect of inoculums size on growth and EPS production from L. plantarum. 
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Fig. 5:  Effect of oxygen amounts on growth and EPS production from L. plantarum. 

 
Growth and production kinetics: 

 
To study the synthesis of EPS as a function of the growth phase, we grow L. plantarum in MRS medium 

with 20 g/l glucose, without pH control for 48 h at 30 °C, as shown in figure 7. Under these conditions, growth 
of L. plantarum reached a maximum CDW of 2.58 after 36 h. 

The kinetics of EPS production by L. plantarum showed that EPS was produced mainly during the 
exponential growth phase and continued slightly in the stationary phase. Similar observations were reported for 
other EPS-producing LAB strains (Duenas et al., 2003). However, it has also been found that EPS biosynthesis 
by several strains of LAB is growth associated. Many studies showed a decrease in the total EPS amount upon 
prolonged fermentation. Our results show that polymer degradation was found over the incubation period. This 
decrease is difficult to explain since viscosity measurements may be affected not only by the amount of 
polysaccharides released by the cells but also by other metabolic products such as lactic acid and proteins 
(Walling et al., 2005). Glucose consumption during exponential growth was 15.22 g/l. The pH decreased 
throughout the whole fermentation period and the final pH was 4.0. Further research will be needed to elucidate 
the effect of pH control. 
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Fig. 6: kinetics of L. plantarum growth  and EPS production 
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The yield of crud and purified EPS produced by L. plantarum: 
 
This was achieved by cultivating precultured L. plantarum (10.0 ml/l) in one liter fermentation medium 

under the previously optimized static fermentation conditions. At the end of the incubation period, the resulted 
bacterial cultures were centrifuged for 5 min at 8,000 rpm. Then, crude EPS (present in the supernatant) was 
precipitated with double its volume of ethyl alcohol (95%). After separation and freeze-drying, the precipitate 
was dissolved in a little amount of distilled water and 10% (w/v)  trichloroacetic acid (T.C.A) was added, to get 
rid of contaminated proteins. The precipitated proteins were removed by centrifugation. After dialysis of the 
aqueous layer against distilled water (for 5 days), the dialyzed solution was concentrated by freeze-drying. 
These preparations were referred to as purified EPS. 

Yields of the produced crude and the purified EPS are listed in Table (4). A significant decrease in EPS 
yield (from 1950 to 650 mg/l) could be detected as a result of the purification process carried out on the crude 
EPS. 

 
Table 4: Yields of the crude and the purified EPS produced by L. plantarum 

Test Sample Yield of EPS (mg/ l) pH value 
Crude EPS 1950.0 4.0 
Purified EPS 650.0 6.5 

 

 
 

Photo. 1 a&b: a-EPS in MRS liquid medium & b-The dry purified EPS 
 

Morphological characterization of EPS: 
 
Textural and rheological properties of the purified EPS are contributed by its structure beside its quantity 

and composition. EPS obtained from L. plantarum in MRS medium was observed by SEM as shown in figure 7. 
The pure freeze dried EPS was found to be a white powder and readily soluble in water. As it can be seen from 
the microstructure of EPS surface view that the produced EPS is compact in structure, exhibits flakes like 
structural unit and highly compact (figure 7). This indicates the potential of EPS as viscosifying, as a thickener 
or as stabilizing agent for novel food products.  

 

(a)     (b)  
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(c)  
 
Fig. 7: (a) SEM of EPS freeze dried powder (150X), (b) SEM of surface of EPS freeze dried powder (300X),  
             and (c) SEM of single EPS particle at magnification of 900X. 
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