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ABSTRACT 

 

The present study aimed to isolate and characterize strains of 
exopolysaccharide (EPS)-producing lactic acid bacteria (LAB) from traditional 
Egyptian dairy products. A total of 388 suspected LAB isolates were recovered from 
100 samples of traditional Egyptian dairy products including Kariesh cheese, Zabady, 
Laban Rayeb and Ras cheese. Out of these suspected LAB cultures, 123 and 27 
isolates were identified as potential LAB cocci and lactobacilli, respectively. These 
150 LAB isolates were further examined for their ability to produce 
exopolysaccharides (EPS) in milk. Only 7 LAB isolates were found to produce EPS. 
These isolates were cultured form Laban Rayeb (3 isolates) and Zabady (4 isolates). 
A PCR identification procedure was carried out to identify these EPS-producing 
isolates to the species level. All the 7 isolates were found to belong to Streptococcus 
thermophilus. These results generally suggest the possibility of using Egyptian dairy 
products as a source of EPS-producing LAB. 
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INTRODUCTION 
 

Bacterial strains are able to produce extracellular polysaccharides 
(exopolysaccharides) that bind to the cell surface as capsules or diffuse as 
slime in the growth environment (Cerning 1995). This has been shown to be 
associated with the ability of some pathogenic bacteria to cause human 
diseases, such as Streptococcus pneumoniae, Streptococcus pyogenes, 
Nisseria gonorrhoeae and Klebsiella pneumoniae. However, the ability of 
lactic acid bacteria (LAB) strains to produce EPS has been reported to 
improve the quality of fermented dairy products. LAB strains can be 
categorized into three groups based on their ability to produce EPS: a) LAB 
that do not produce EPS, b) LAB producing EPS in the form of cellular 
capsules, c) LAB producing EPS in the form of cellular capsules and slime in 
the growth medium (Hassan 2008). LAB strains also differ in the type of 
chemical composition of EPS they produce. For example, Leuconostoc 
mesenteroides strains can produce dextrans and glucans 
(homopolysaccharides), but most other industrial LAB strains including those 
of Streptococcus thermophilus, Lactococcus lactis and Lactobacillus spp. 
produce heteropolysaccharides (De Vuyst et al. 2001).  

The incorporation of EPS-producing LAB in dairy products was found to 
provide viscosity, stability and water-binding functions that improve the taste 
and texture of fermented dairy products (De Vuyst and Degeest 1999). 
Therefore, EPS-producing LAB starters have been utilized to control 
syneresis or "wheying off" in yoghurt (Cerning 1995) and sour cream (Adapa 
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and Schmidt 1998). These starters have been also employed to improve the 
texture and functionality of cheese (Petersen et al. 2000). They have 
particularly proved useful for the preparation of low-fat cheese given the 
massive ability of EPS to bind water and cause its retention within the protein 
matrix, which confers softness and improves the taste of low-fat cheese 
(Broadbent et al. 2003). EPS-producing LAB were also applied to the 
preparation of frozen yoghurt, which was associated with increasing apparent 
viscosity, overrun, and resistance to heat shock  (Abd El-Rahman et al. 
1999).  

European dairy manufacturers have been employing EPS-producing 
LAB starters for many years to produce a variety of fermented milks with 
unique properties (Cerning 1995). The nature of these starters have not been 
revealed until progress in dairy sciences and technologies have been made 
over the recent decades. Still, the production of EPS-producing LAB starters 
is mainly based in Western countries such as Denmark, France, and USA, 
from which large amounts of dairy starters are annually purchased and 
imported to Egypt. This represents an actual burden on the development and 
independence of dairy industries in Egypt (El-Sharoud and Ayad 2008). The 
present study was therefore designed to isolate and characterize strains of 
EPS-producing LAB from traditional Egyptian dairy products. This was in an 
attempt to make use of these locally available dairy products as a source for 
EPS-producing LAB strains.  
 

MATERIALS AND METHODS 
 

Collection of Dairy Product Samples 
A total of 100 samples of dairy products were randomly collected from 

local markets in Mansoura city and villages in its vicinity. These samples 
included 39 samples of Kariesh cheese, 30 samples of Zabady, 13 samples 
of Laban Rayeb and 18 samples of Ras cheese. 
Isolation of Lactic Acid Bacteria from Dairy Products  

Dairy product samples were serially diluted in sterilized saline solution 
(0.85% NaCl). Resultant dilutions were plated onto Elliker agar (BD, New 
Jersey, USA) and MRS agar (Oxoid, Basingstoke, UK), followed by 
incubation at 37°C for 48 h. Suspected colonies were picked and maintained 
on MRS agar till further examinations.  
Identification of LAB Isolates: 

Suspected LAB isolates were subjected to Gram staining and the 
following physiological examinations: 
Catalase Act ivity  

Suitable amount of growth from one discrete colony of LAB isolate was 
transferred into a clean glass slide, followed by the addition of 1 drop of H2O2 
(30%). Immediate bubbling (gas formation) was taken as a positive result 
(Macfaddin 1977).  
Growth at 45°C and 10°C 

An overnight culture of LAB isolate grown in MRS broth (Oxoid, 
Basingstoke, UK) was inoculated at 1% (v/v) into MRS broth, followed by 
incubation at 45°C for 48 h and 10°C for 2 weeks. LAB growth was observed 
within these incubation times (Sharpe 1979). 
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Growth at in 4% and 6.5% NaCl 
An overnight culture of LAB isolate grown in MRS broth was inoculated 

at 1% (v/v) into MRS broth containing 4% or 6.5% NaCl, followed by 
incubation  at a temperature optimum for the growth of the examined isolate 
(Abd El-Malek and Gibson 1948). Cell growth was observed after 48 h of 
incubation.  
Growth at pH 9.6 

An overnight culture of LAB isolate grown in MRS broth was inoculated 
at 1% (v/v) into MRS broth adjusted to pH 9.6, followed by incubation at a 
temperature optimum for the growth of the examined isolate (Sharpe 1979). 
Cell growth was observed after 48 h of incubation.  
Growth on BEA agar medium  

One hundred microliters of an overnight culture of LAB isolate grown in 
MRS broth were spread onto bile esculin agar (BEA) (BD, New Jersey, USA), 
followed by incubation for 24 h at a temperature optimum for the growth of 
the examined isolate. 
Growth in SF medium 

An overnight culture of LAB isolate grown in MRS broth was inoculated 
at 1% (v/v) into Streptococcus faecalis (SF) broth (BD, New Jersey, USA) 
followed by incubation for 48 h at a temperature optimum for the growth of 
the examined isolate. Inoculated SF broth tubes were observed for the 
growth and formation of the yellow color, which indicated acid formation due 
to sugar fermentation by the examined isolate (Sharpe 1979). 
PCR Identification of potential S. thermophilus isolates 

Potential S. thermophilus isolates were grown overnight at 37°C on 
M17 agar (Oxoid, Basingstoke, UK) containing lactose at a final concentration 
of 1.0%. One discrete bacterial colony from each M17 agar plate was 

suspended in 50 l of TES (10 mM Tris-HCl, 1 mM EDTA, 25% sucrose), and 
DNA was extracted by cell lysis at a high temperature of 95°C for 10 min, 
followed by cooling at 4°C for 15 min using the Primus 25 advanced 
thermocycler (peQLab, Wilmington, Delware, USA). A PCR reaction mixture 
of 50 μl was formulated using 5 μl bacterial DNA, 25 μl mater mix (peqGOLD 
PCR-MasterMix, peQLab, Wilmington, Delware, USA), 2 μl of forward primer 
(GGTCCAAGAAGAAGTAATTGA), 2 μl reverse primer 
(GACCTTATACAAATCTGGTT), and 16 μl water. Primers were designed to 
target the serB gene encoding phosphoserine phosphatase in S. 
thermophilus, and were synthesized by Applied Biosystems (Applied 
Biosystems, Foster City, CA, USA). PCR reactions were conducted in the 
Primus 25 advanced thermocycler using the following cycling parameters: 
94°C for 5 min, followed by 30 cycles of 94°C for 30 s, 54°C for 30 s, and 
72°C for 1 min. Resultant PCR amplicons were separated by gel 
electrophoresis using 1% agarose gel in TBE buffer (AppliChem, Darmstadt, 
Germany). Gel was visualized using UV transiluminator (Vilber lourmat, 
France) and photo was captured using a gel documentation system. 
Assessment of Exopolysaccharide (EPS) Production  

LAB isolates were grown overnight at 37°C in sterilized reconstituted 
skim milk (RSM) containing 10% total solids (w/v). Resultant cultures were 
then used to inoculate fresh amounts of sterilized RSM at 2% (v/v), followed 
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by incubation at 37°C for 24 h. LAB coagulated cultures were gently stirred 
for 5-7 times with a spoon, which was finally used to withdraw samples of 
coagulated milk. The formation of stick, continued threads of milk during the 
withdrawal of samples was taken as an indicator of EPS production.  
 

RESULTS AND DISCUSSIONS 
 

Isolation of Lactic Acid Bacteria (LAB) from Traditional Egyptian Dairy 
Products 

One hundred samples of traditional Egyptian dairy products were 
randomly collected from local markets in Mansoura city and villages in its 
vicinity. These samples included 18 samples of Ras cheese, 30 samples of  
Zabady, 13  samples of Laban Rayeb and 39 samples of Kariesh  (Table 
4.1). Samples were serially diluted and plated onto Elliker agar and MRS 
agar. A total of 388 suspected LAB isolates were recovered from these 
samples and subjected to preliminary identification involving Gram-staining, 
catalase test and milk coagulation test. 

Table 1 shows the varieties and numbers of examined dairy product 
samples and the numbers of suspected LAB isolates recovered from each 
product. It also shows the results of a preliminary identification of these 
isolates. Isolates that were Gram-positive and catalase-negative and could 
coagulate milks were considered as potential LAB. Out of 388 suspected LAB 
cultures, 123 and 27 isolates were identified as potential LAB cocci and 
lactobacilli, respectively (Table 1). Potential LAB cocci were isolated from all 
varieties of dairy products examined. While potential LAB lactobacilli isolates 
were recovered from both Zabady and Laban Rayeb samples, they could not 
be isolated from Ras cheese and Kariesh cheese. These results could reflect 
the composition of natural or industrial dairy starters used for the preparation 
of these products.  

  

Table 1: Isolation and Preliminary Identification of Lactic Acid Bacteria 
from Traditional Egyptian Dairy Products 

 
Samples 

No.  
of Samples 

No. of Suspected 
LAB Isolates 

Potential LAB Isolates 

Cocci Lactobacilli 

Ras cheese 18 23 13 0 

Kariesh cheese 39 195 30 0 

Zabady 30 71 54 17 

Laban Rayeb 13 99 26 10 

Total 100 388 123 27 
 

Potential LAB isolates were subjected to further examinations as 
shown in table 2. All the 27 potential lactobacilli and 43 cocci could not grow 
at 10°C, pH 9.6 or in the presence of 6.5% NaCl, but could grow at 45°C. 
However, 80 potential cocci could grow at 10°C, 45°C, pH 9.6 and in the 
presence of 6.5% NaCl. This suggested that these 80 cocci could belong to 
the Enterococcus species (Sharpe 1979 and Hardie & Whiley 1995). Further 
examinations of the 123 LAB cocci showed the ability of these 80 isolates to 
grow in the SF broth and on the BEA medium producing black growth. The 
other 43 cocci could not grow in the SF broth or on the BEA medium. This 
suggested their belonging to the Streptococcus species. 
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Table 2: Further Identification of Potential LAB Isolates Recovered from 
Traditional Egyptian Dairy Products. 

Potential LAB 
Isolates (No. of 

Isolates) 

Growth at 
 10°C 

Growth 
 at 45°C 

Growth 
at pH 
9.6 

Growth 
in 6.5% 

NaCl 

Growth 
in SF 
broth 

Growth on 
BEA 

medium 

Results of 
Identification 

 (No. of Isolates) 

Lactobacilli 
(27) 

- + - - NE* NE 
Lactobacillus spp. 

(27) 

 
Cocci (123) 

- + - - - - 
Streptococcus spp. 

(43) 

+ + + + + + 
Enterococcus spp. 

(80) 
* NE: Not Examined 

 
The above results show that diverse LAB isolates belonging to different 

species could exist in traditional Egyptian dairy products, which was also 
reported in previous studies. For instance, Ayad et al. (2004 & 2006) isolated  
LAB strains of the genera Lactococcus, Lactobacillus, Enterococcus, 
Streptococcus and Pediococcus from Domiatti cheese, Ras cheese, Mish, 
Zabady and Laban Rayeb. However, the present results show that 
Enterococcus isolates were the most frequently isolated LAB from traditional 
Egyptian dairy products. This is consistent with Süßmuth (1995) who could 
isolate 300 LAB strains from Domiatti cheese and Ras cheese. The majority 
of these strains belonged to Enterococcus with only 3.5% of the strains 
belonging to Lactococcus and 1.5% belonging to S. thermophilus and S. 
bovis. This could be attributed to the ability of Enterococcus strains to tolerate 
adverse environmental conditions of low pH and high salt levels existing in 
traditional Egyptian dairy products (Jokovic et al. 2008). 
Exopolysaccharide (EPS) production by Lactic Acid Bacteria (LAB) 
isolated from Traditional Egyptian Dairy Products 

The ability of the 150 LAB isolates recovered from traditional Egyptian 
dairy products to produce exopolysaccharides (EPS) in milk was examined. 
Overnight LAB cultures were used to inoculate sterilized reconstituted skim 
milk (RSM), followed by incubation at 37°C for 24 h. Resultant coagulated 
cultures were then gently stirred for 5-7 times with a spoon, which was finally 
used to withdraw threads of coagulated milk, if any. The formation of stick, 
continued threads of milk coagulated by a LAB culture was taken as a 
positive result. Out of 150 examined LAB isolates, only 7 Streptococcus spp. 
cultures were found to produce EPS. These isolates were cultured from 
Laban Rayeb (3 isolates) and Zabady (4 isolates). 
 
Table 3: Exopolysaccharide (EPS) Production by LAB Recovered from 

Traditional Egyptian Dairy Products 
Isolates EPS Production 

+ - 

Lactobacillus spp. 0 27 

Streptococcus spp. 7 36 

Enterococcus spp. 0 80 

Total 7 143 
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PCR Identification of EPS-producing Streptococcus spp. Isolated from 
Traditional Egyptian Dairy Products 

A PCR identification testing was carried out to identify the EPS-
producing Streptococcus isolates to the species level. Since the results of the 
physiological characterization of these isolates, shown in table 2 above 
suggested their belonging to Streptococcus thermophilus, a primer pair 
targeting the serB gene in S. thermophilus has been applied. Figure 1 shows 
a photo of agarose gel containing samples of PCR amplicons resulted from 
amplifying the DNA of 7 potential Streptococcus isolates. As shown in this gel 
photo, lane 1 contains DNA ladder, lanes 4 through 6 contain PCR amplicons 
of Streptococcus isolates recovered from Laban Rayeb, and lanes 7 through 
10 contain PCR amplicons  of Streptococcus isolates recovered from Zabady. 
All amplicons contained a DNA fragment of the size 570 bp, which indicated 
the presence of the serB gene in examined isolates. This confirmed the 
belonging of the examined 7 Streptococcus isolates to the Streptococcus 
thermophilus. Previous studies have also showed that Streptococcus 
thermophilus strains are among the most frequently EPS-producing LAB. For 
instance, Mora et al. (2002) found that 50% of 44 Streptococcus thermophilus 

strains isolated from dairy products in Europe were able to produce 
exopolysaccharides. Vaningelgem et al. (2004) could also isolate 26 LAB 
from European dairy products and characterized strains of S. thermophilus 
that were able to produce EPS. However, the present results generally show 
that it is possible to use Egyptian dairy products as a source of EPS-
producing LAB cultures that could be used in relevant local dairy industries. 

 

            1         2           3         4           5           6          7           8       9     

 
 

Figure 1: PCR Identification of EPS-Producing LAB Recovered from 
Traditional Dairy Products. Lane 1 contains DNA ladder, 
lanes 3 through 5 contain PCR amplicons of isolates from 
Laban Rayeb and lanes 6 through 9 contain PCR amplicons 
of isolates recovered from Zabady.  
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عزز بكتريا ززمك ززمكتكك اري ززةكك ككييزز ك خاززرا ملكك دماي زز كك ت  زز  ككزز كككييززملك
ككلأ تم كك كصا  كك يقخ    .

ك* ك    كك ك  كك شما  ك*،كك ك كك ك ككتاكه مك   كك    **كك ت   أاكمءكعت كالله
كيمكت كك ككص ا .ك-رخ  كك  اكع ك-قامككلأ تم ك-كتكبكأكم ككلأغذ  ك فا    ي مكك ك را تملكك*

كيمكت كك ككص ا ك–**كرخ  كك ا م هك كك فكم قك

 
ك ستتتمف  استتدفت ه هتتلد است استتو عتتف  لادت متتب ستتا ه متتا لاكد متت   تت م  اساكدمتت

اسقت ة علي إند ج سك م ه خ  جمو عتمتة لالسك ما مندج ه الأسلا ا اسمص مو اسدقلمتمتو   مت  
عمنتتو متتا مندجتت ه الأسلاتت ا  011مف عتتو متتا لاكد متت   تت م  ا كدمتتك متتا  833دتتع عتتف  

عفستتو علتتي ينفتت  دندمتتي سلاكد متت   تت م   028اسمصتت مو متتر دت م فتت   لانتتت يمكتتا دت متتب  
عفستتو علتتي ينفتت  دندمتتي سلاكد متت   تت م   22لامنمتت  دتتع دت متتب  (cocci)اساكدمتتك اسك لامتتو 
هتلد استتف ه  لامجملاعفت  جممتر   لاسقتت دتع اخدلات   نتت ة (lactobacilli)اساكدمك استصلامو 

عف ه منف  نتت دمكنته متا  2عفسو علي إند ج اسسك م ه اسخ  جمو استتمتة، لالُاجت يا  051
ي مستتدلاا اسنتتلال لالستتك لا ستتدختاع   مقتتو إندتت ج هتتلد اسستتك م ه  لالادت متتب هتتلد استتتف ه إستت

، لُاجتتت يا جممتفتت  مندمتتي إستتي اسنتتلال "استتد لادلاكلاك  (PCR)"د  عتت  اسسلستتلو اسمدلالمتت " 
  لادشم  هتلد اسندت  ب لاصت و ع متو إستي (Streptococcus thermophilus)ث ملا مل " 

مندجتو لاكد مت   ت م  اساكدمتك اسم لتي سإمك نمو اسدختاع اسمندج ه اسللانمو اسمصت مو كمصتت  
، لااسدتتي متتاتا استتدختامف  كلا ت تت ه إستتي د ستتما صتت  ه الأسلاتت ا سلستتك م ه اسخ  جمتتو استتمتتتة

 اسمدخم ة 
ك

كقممكتي ر مكك ت ث

 

كيمكت كك ككص ا ك–رخ  كك  اكع ككطهكعت كك  خ مككص بأ. ك/ك
كع  كشكسكيمكت ك–رخ  كك  اكع ككيكمبكك    كأ ك ككهاك أ. ك/ك


