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ABSTRACT 
The highest three lactic acid bacteria strains producer of exopolysaccharide, were isolated from fermented milk. Five biochemical tests 
were conducted to identify these three strains. Lactobacillus fermentum was found to be the highest measure strain. The dendogram 
obtaind from RAPD analysis had separated this strain in unique cluster. The exopolysaccharde produced by Lactobacillus fermentum was 
purified. The most important structure group in this purified (exopolysacchaide) was analyzed using FTIR sepectroscopy.  
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INTRODUCTION 

 
 Exopolysaccharides are used for medicine and food industries. Generally, there are three groups of 
microbial polymers, cell wall polysaccharides, intercellular polysaccharides and extracellular polysaccharides. 
Principally, the extracellular polysaccharides, which are also called exopolysaccharides (EPS), diffuse into cell 
culture medium and then simply isolated from protein and cell debris. These exopolysaccharides have functional 
effects on valuable health [18]. Moreover, the exopolysaccharides of LAB have anti tumoral, immune 
modulating or cholesterol–lowering activity.  
 Lactic acid bacteria (LAB) are gram - positive, non - respiring cocci or rods [11]. 
 In food industries exopolysaccharides are used as an emulsifier, thickeners, stabilizers, and gelling agents 
[4]. That is because EPS-produced by lactic acid bacteria (LAB) is a safe source of an exopolysaccharide [8].  
 Determining and identifying various species of LAB with molecular methods are great changes to the 
traditional differentiation of bacteria. It is also significant for quality control of dairy products. [6]. Precise 
optimization of the RAPD-PCR procedure could overcome problem with reproducibility and increase its 
discriminatory power [12]. The optimization process is also necessary in order to reveal limited polymorphism 
in closely related strains [2]. Tejera et al.2005 showed that DNA polymorphism based on RAPD analysis 
could help in comparing and studying different molecular characteristics of the isolates of Lactobacillus sp. 
 

MATERIALS AND METHODS 
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 Three Isolates out ten were selected from fermented milk (after preliminary screening) for both EPS 
production and characterization studies. 
 
Screening of the highest exopolysaccharide production isolates:  
 The highest exopolysaccharide production bacterial isolates were selected from the fermented milk. Their 
production was carried out in 250 ml flasks containing 50 ml of medium [16]. The medium consisting of the 
following components (g/l): peptone 10 gm, meat extracts 3 gm, sodium chloride 5 gm and sucrose 2%. Media 
were sterilized at 1210C for 20 min. The pH was adjusted to 6.5. The flasks were incubated on a rotary shaker at 
room temperature for 72 hrs. 
 
Screening and identification of exopolysaccharide lactic acid bacteria:  
 The highest producible exopolysaccharide lactic acid bacteria were isolated from fermented milk by 
different dilutions with biological NaCl. These dilutions ranged from (10-1 to 10-7) prepared and plated on de 
Man Rogosa agar (MRS agar) medium (Hi Media Laboratory Pvt. Ltd. Mumbai, India) to isolate the 
Lactobacillus sp. then incubated at 37ºC for 48-72 hr. [3]. Isolates were selected for the studies which exhibited 
strong exopoysaccharide production and identified on the basis of growth, cell morphology, Gram staining and 
catalase activity. Further, identification of the species of these Lactobacilli was performed according to 
carbohydrate fermentation patterns and growth at 15 and 45ºC in the de Man Rogosa Sharpe (MRS) broth, the 
identification of the cultures was based on the characteristics of the lactobacilli as described in Bergey’s Manual 
of Determinative Bacteriology [1]. 
 
Identification of isolates using RAPD PCR: 
A. Genomic DNA extraction: 
Gram-Positive Bacteria Genomic DNA Purification Protocol by using kit DNA purified. 
Genomic DNA was extracted using genomic DNA extraction kit (G-Spin)TM for cell/ tissue  extraction (iNtRON 
Biotechnology,Inc.) according to the manufacturer’s protocol.( AxyPrep Bacterial Genomic DNA Miniprep 
Kit). 
 
B- PCR reaction Protocol: 
 RAPD analysis was carried out using seven oligonucleotide primers (Table 1) that were selected from the 
Operon Kit (Operon Technologies Inc., Alabameda, CA). The polymerase chain reaction mixture was used in a 
final volume of 25 μl containing 12.5 μl of Master Mix (0.1 U/ μlTaq DNA PolymeRase, 0.4 Mm dATP, 0.4 
Mm dGTP, 0.4 Mm dCTP, 0.4 Mm dTTP, 4 mM MgSO4, 20 mMKCl, 16mM (NH4)2SO4 and 20 mMTris-HCl, 
pH8.8 ) (Gene On, Germany), 1μl of each primer, 50 ng of template DNA. Reactions were performed in a 
thermocycler (Biometra T1, G mbH). RAPD-PCR was performed according to [17] as one cycle of 95°C for 5 
min (denaturation), 36 cycles of {94°C for 1 min, 36°C for 1 min and 72°C for 1 min (annealing)} and a final 
extension of 2 min at 72°C. Final extension on 72 °C for 10 min.PCR products were analyzed using 1.5% 
agarose gel electrophoresis and visualized with ethidium bromide staining.There sizes of their fragments were 
estimated based on a DNA ladder of 100 bp (MBI, Fermentas). 
 
Table 1: RAPD primers sequence. 

 Code Primer sequence  Code Primer sequence 
1 OP-B 05 AGGGGTCTTG 5 OP-ED04 TCTGGTGAGG 
2 OP-B15 TTCCGAACCC 6 OP-FD11 AGCGCCATTG 
3 OP-E12 TGTCATCCCC 7 OP-R01 TGCGGGTCCT 
4 OP-E16 CACACTCCAG    

 
Isolation and purification of exopolysaccharide (EPS): 
 The highest three lactobacillus sp exopolysaccharide producers were selected and grown in MRS broth. 
Cells were harvested by centrifugation for 10 min at 6 000 rpm. Two volumes of cold ethanol were added to 
culture supernatants and stored overnight at 4°C. Precipitated expolysaccharides was collected by centrifugation 
(10 min at 6000 rpm) resuspended in deionized water, and samples were centrifuged at 6000rpm for 10min and 
the pellets were dried at 100°C [5]. 
 
Fourier transfer infrared spectrophotometer (FTIR) Spectroscopy analysis: 
 Lyophilized EPS (50mg) was taken, mixed with 150mg KBR and grounded well to fine mixture. The 
mixture was pressed to a disc using a hydraulic press. The disc was subjected to FTIR spectral measurement in 
the frequency range of 4000-400cm-1. The exopolysaccharide was characterized using a Fourier Transfer 
Infrared Spectrophotometer. 
 

RESULT AND DISCUSSION 
 
Screening, Isolation and identification of exopolysaccharide strains: 
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 Ten isolates of LAB were isolated from fermented milk samples. 
applied on this isolates. The standard physiological and 
out of ten were found to be Gram-positive, catalase negative, non
grow at 10ºC for 10 days¸ 45ºC for 48h, and 
 The API gallery results indicated that the three isolates were
acidophilusM2 and Lactobacillus casi 
 
Production of exopolysaccharide by lactobacillus sp
 The exopolysaccharide production was optimized under the same conditions (Table 
isolates. Three isolates out of ten showed the maximum 
produced 4.2 g/l exopolysaccharide showing the highest production (Table 2) .whi
EPS production with 0.001 g/l exopolysaccharide.
 The EPS production from Ganoderma alppanatum were also reported 
according to optimum for EPS production. The production rate of EPS was 
decreased Singh S. and A. Das [13] 
 
Table 2:  Production of exopolysaccharide by 

 Lactic acid bacteria
1 M1
2 M2
3 M3
4 M4
5 M5
6 M6
7 M7
8 M8
9 M9
10 M10

 
Table 3: Determination for different isolates by using biochemical test

Isolates 
Gram staining Catalase test

M1 + 
M2 + 
M3 + 

 
Random amplified polymorphic DNA polymeRase chain reaction  RAPD
 Seven random primers were used 
seven primers used with the four strains, a total number of fifty six 
different fragment lengths ranging from 200 to 2000bp.
(RAPD) technique is a simple, fast and useful tool for determination of genetic relationships among 
sp. 
 
Table 4: Illustrates the similarity matrix of the 

 
L. 

fermentum M1
M1 100% 
M2 89% 
M3 86% 

 
 Table (4) illustrates the similarity matrix of the four studied strains.
 The same similarity percentage of 89% was found between strains 
also L. acidophilus M2 and L. casi M3
fermentumM1 and L. casiM3. 
 

 
Fig. 1: Illustrates the similarity between three
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Ten isolates of LAB were isolated from fermented milk samples. Series of purification on MRS agar
The standard physiological and biochemical test showed that (Tables 

positive, catalase negative, non-motile bacilli. In addition, all isolates 
at 10ºC for 10 days¸ 45ºC for 48h, and varied in CO2 production from glucose [9]. 

results indicated that the three isolates were: Lactobacillus fermentum
casi M3. 

by lactobacillus sp: 
production was optimized under the same conditions (Table 

Three isolates out of ten showed the maximum EPS production in the MRS Broth. 
produced 4.2 g/l exopolysaccharide showing the highest production (Table 2) .while M10 showed the minimum 
EPS production with 0.001 g/l exopolysaccharide. 

The EPS production from Ganoderma alppanatum were also reported [10]. EPS production was determined 
optimum for EPS production. The production rate of EPS was increased rapidly 

 reported that EPS production would be suitable for temperature

by lactobacillus sp. 
Lactic acid bacteria Production of (

M1 4.2 
M2 2.5 
M3 1.06 
M4 0.4 
M5 0.3 
M6 0.2 
M7 0.1 
M8 0.01 
M9 0.02 
M10 0.001 

Determination for different isolates by using biochemical test. 
Preliminary tests 

Catalase test 
Growth at 

10°C 
Growth at 

45°C 
CO2 

Production 
- - + - 
- - + - 
- + + - 

Random amplified polymorphic DNA polymeRase chain reaction  RAPD- PCR analysis: 
Seven random primers were used for studying the four selected strains of LAB (M1, M2

seven primers used with the four strains, a total number of fifty six fragments were amplified showing twelve 
fragment lengths ranging from 200 to 2000bp. [8] reported that the random amplified polymorp

(RAPD) technique is a simple, fast and useful tool for determination of genetic relationships among 

Illustrates the similarity matrix of the three studied strains. 

M1 
L. 

acidophilus M2 

 
100% 
89% 

illustrates the similarity matrix of the four studied strains. 
he same similarity percentage of 89% was found between strains L. fermentum M1 and 

L. casi M3.While, the lowest similarity of 86% was detected between strains

 

similarity between three studied strains. 
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eries of purification on MRS agar were 
Tables 3): three isolates 

motile bacilli. In addition, all isolates could 

fermentumM1, Lactobacillus 

production was optimized under the same conditions (Table 2) for the all ten 
MRS Broth. Where, M1 

le M10 showed the minimum 

EPS production was determined 
creased rapidly at beginning and 

temperature. 

Production of (g/l) 

 

Identification 

L. fermentum 
L. acidophilus 

L. casi 

 
strains of LAB (M1, M2 and M3). For all the 

were amplified showing twelve 
reported that the random amplified polymorphic DNA 

(RAPD) technique is a simple, fast and useful tool for determination of genetic relationships among Lactobacillus 

L. 
casi M3 

 
 

100% 

M1 and L. acidophilus M2, 
the lowest similarity of 86% was detected between strains L. 
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 Figure (1) showed that the dendrogram
and include the strain L. fermentumM1.While, the second cluster has two branches one includes
the other L.casiM3. 
 
Characterization of EPS: 
 The FTIR results for EPS of L. fermentum
groups, C-O-C group and Ester group .
Ester group is assigned to peak 1638.23. Vibrational stret
absence of β configuration was indicated as there was no absorption peak at 890 cm
reported that the structural characterization 
spectroscopy. Also, reported that exopolysaccharides 
agents, cosmetics and are ecofriendly as they are biodegradable
 

 
Fig. 2:  FTIR spectrum of EPS from L. 
 
Conclusion: 
 The present work succeeded to detect the most producible 
strains which were isolated from fermented milk.
production of exopolysaccharide from 
structural characterization which was done by FTIR spectroscopy, exhibited the presence of
This can be a used as applications in pharmaceuticals as therapeutic agents, cosmeticsand are ecofriendly as they 
are biodegradable in nature. 
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showed that the dendrogram contains two clusters have two clusters. The first cluster has no branch 
M1.While, the second cluster has two branches one includes

L. fermentum M1 (Fig.2) indicated the presence of three functional groups
C group and Ester group .Where, the absorption peak at 3455.81 indicated the presence of OH groups. 

Ester group is assigned to peak 1638.23. Vibrational stretch of C-O-C group is found at absorption peak 1083.8. 
 configuration was indicated as there was no absorption peak at 890 cm-1. In agreement with our results, 

he structural characterization for presence of sucrose units in Lactobacillus 
xopolysaccharides had greater applications in pharmaceuticals as therapeutic 

agents, cosmetics and are ecofriendly as they are biodegradable 

 

L. fermentum M1.  

succeeded to detect the most producible L. fermentum M1 strain; from the studied 10 
strains which were isolated from fermented milk. The RAPD results but this strain in a separate cluster.

exopolysaccharide from L. fermentum M1 and the purification of its production
was done by FTIR spectroscopy, exhibited the presence of

applications in pharmaceuticals as therapeutic agents, cosmeticsand are ecofriendly as they 
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