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 Abstract 
 Introduction. The aim of the present study was investigation of 

probiotic and technological properties of Streptococcus thermophilus 
CNRZ 447 and Enterococcus durans NCBI 53345. 

Materials and methods. The characterization tests were carried out 
in batches with different conditions of pH (2 and 3), temperature (15, 
37, 45, 50, 60 and 65 °C), bile salts (0.3, 0.5 and 1%), and antibiotics 
(C10 , GM, AN30  and TE30). The antagonistic effect was realized against 
E. coli and S. aureus. The bacterial adhesion and exopolysaccharide 
production were performed under optimized cultivation conditions. The 
exopolysaccharide were then profiled by HPLC using the Agilent LC 
1260 system coupled with refractive index detector. 

Results and discussion. The strains have proven a considerable 
ability to persist in vitro under conditions simulating the human 
gastrointestinal tract. They survied at pH 2 and 3 for 3 h of incubation. 
Only a minimal reduction of 1% and 0.99 log cfu was reported for both 
bacterial strains S. thermophilus and E. durans at pH 2. A small 
reduction in the strains growth was noted in presence of bile salts at 
different concentrations (the discount rates recorded were between 1 and 
3%), revealing their ability to survive through the gastrointestinal tract. 
A significant tolerance of temperature variation was also noted. The 
ideal temperatures for the E. durans and S. thermophilus growth were 
respectively 37 °C and 45 °C. The auto-aggregation rates registered after 
4 h of decantation are 76 and 51% for S. thermophilus and E durans, 
respectively. Surface hydrophobicity of 81% and 61% for S. 
thermophilus and E. durans, antagonistic capacity against E. coli and S. 
aureus, and antibiotic resistance has been recorded. S. thermophilus was 
resistant to 3 of 4 antibiotics tested. Meanwhile E. durans was resistant 
to tetracycline and nalidixic acid. An appreciable production of 
exopolysaccharides was noticeable. E. durans was more prolific in 
exopolysaccharides (ESP) production than S. thermophilus (1661±27 
mg/L vs 176 ±4mg/L). The EPS produced by S. thermophilus CNRZ 
447 was primarily composed of two triholosides that consisted 
predominantly of glucose. Analysis of E. durans EPS yielded peaks at 
7 and 9 min representing oligosaccharides, and a single peak eluting at 
20.4 min, which is presumably sorbitol. 

Conclusion. The tested strains have demonstrated promising 
probiotic potential and high exopolysaccharide production.  
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Introduction 
 
The food preservation time can be prolonged due to the antagonistic and/or 

antimicrobial activity of microorganisms performing the fermentation. Lactic acid bacteria 
are the most commonly encountered bacterial group in traditional fermented foods (Bogsan 
et al., 2015). The protective role of lactic acid bacteria against pathogens, their GRAS 
(Generally Recognized as Safe) character, and the diversity of their pharmaceutical and 
technological metabolites have received great attention (Kos et al., 2003). They have 
traditionally been associated with food and feed fermentations, and are generally classified 
in the technological flora and considered as beneficial microorganisms. Their exploitation in 
the fermentation industry is widely developed, aiming essentially the establishment of more 
efficient starter cultures. However, some genera (Streptococcus, Lactococcus, Enterococcus, 
and Carnobacterium) may also include species or strains that are recognized human or animal 
pathogens (FAO, 2001; Kos et al., 2003). A thorough understanding of the taxonomy, 
metabolism, and molecular biology of lactic acid bacteria is therefore necessary to fully 
utilize the technological, nutritional, and health aspects of these bacteria while avoiding 
potential risks. 

The development of the food industry and in particular the use of new raw materials, as 
well as the need to create new high-quality products without the addition of plant or animal 
texturizing and stabilizing compounds, explain the increased interest in this diverse group of 
bacteria and their metabolites responsible for the nutritional properties acquisition or the 
foods sensorial and sanitary quality. The use of probiotic lactic acid bacteria is not only 
limited to improving the sensory properties of foods, but they are also involved in various 
applications, such as preparation of functional foods, vaccines, and pharmaceuticals, which 
requires the selection of robust lactic acid bacteria. The main selection criteria are resistance 
during food processing and production (e.g., cold and heat resistance). Probiotic lactic acid 
bacteria are also expected to be resistant enough to survive in the digestion process and reach 
the consumer's colon alive, where they may have various health effects. Adhesion and 
autoaggregation capacity of probiotic strains also appear to be necessary criteria for 
attachment to intestinal epithelial cells, and the ability to co-aggregate may provide a barrier 
that prevents colonization by pathogenic microorganisms (Boubakeur et al., 2018; O’Grady 
and Gibson, 2005; Gregirchak et al., 2019). Regarding the technological aspect, the adhesion 
properties and the propensity to form biofilm represent important attributes enabling a more 
effective production of technological interest metabolites, as in case of exopolysaccharides 
(EPS) (Kos et al., 2003). 

In this context, the main objective of the present study was to investigate the 
technological and probiotic attributes of two lactic bacteria, Streptococcus thermophilus 
CNRZ 447 and Enterococcus durans NCBI 53345. 

 
 
Materials and methods 
 
Lactic acid strains  
 

The lactic acid bacteria used in the present study were chosen for their potential 
technological interest, especially in the food industry. S. thermophilus CNRZ 447 was 
obtained from the collection of microorganisms of the National Center of Zootechnical 
Research INRA "Rennes-France". E. durans was subsequently isolated among several lactic 
strains from a locally consumed fermented product known as "Hamoum" (Drabo et al., 2019). 
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It was phenotypically identified following the procedures described by Cowan (2004). 
Isolation on the selective media (MRS, M17) generated two bacterial species with 
overlapping biochemical and microscopic characteristics. Hence, the latter were identified 
based on their proteomic spectra by Mass Spectrometry-Matrix-Assisted Laser Desorption 
Ionization-Time Of Flight (MS-MALDI-TOF) (Pavlovic et al., 2013). Isolate aliquots were 
performed on MRS and M17 selective agar and were delivered in a coolbox to the Center for 
Scientific and Technical Research in Physical and Chemical Analysis (CRAPC-Algeria). The 
identification was carried out using the MALDI Biotyper software. 

 

Inocula preparation 
 

To confirm the strain's purity, culture was grown on M17 agar, in aerobic conditions at 
42 °C.  Before each test, an overnight culture was prepared. Colonies were recovered with a 
Pasteur pipette and suspended in sterile physiological solution. Suspensions were adjusted to 
an optical density (OD) of 0.11 (corresponds to 108 CFU/mL) at a wavelength of 578 nm 
(BIOCHROM Libra S6) (Andrew et al., 2008). 

 

Assessment of strains probiotic and technological potential 
 

Typical methods for in vitro determination of probiotic potential include low pH 
tolerance, bile salts tolerance, antibiotic susceptibility, antimicrobial activity, and adhesion 
capacity (Mulaw et al., 2019). 

 
Survival in gastric juice similar solution. The test was performed according to the 

method described by Charteris et al. (1998) with some modifications. A solution similar to 
gastric juice was freshly prepared by suspending 0.3% pepsin in 0.5% sterile saline, the pH 
of the solution was then adjusted to pH 2 and pH 3. An 18 h culture was centrifuged at 6000g, 
20 min, +5 °C, then washed 3 times in PBS (0.1 M, pH 7). The recovered pellet was dissolved 
in 3 mL of PBS, and then 1 mL of this suspension was collected by centrifugation (12000g, 
for 5 min, at +5 C°) and added to the gastric juice-like solution at pH 2 and pH 3. The ODs 
were determined at 575 nm before and after incubation for 3 h at +37 °C. 

Tolerance to bile salt. The tolerance of both strains to bile salts was assessed by 
adopting the modified protocol of Anukam and Koyama (2007). 1 mL of 107 CFU/mL 
inocula were added into 0.3, 0.5 and 1% bile M17 medium. ODs were measured at 575 nm 
after 24 h of incubation at +37 °C. The growth inhibition percentage (GI %) in bile salts 
presence was calculated according to the following formula: 

GI % = [(logN0-logNt)/logN0]x 100. Where N0 is a viable cell number in M17 broth 
without bile salts after 3 h of incubation and Nt is a viable cell number in M17 broth 
containing bile salts after 3 h of incubation. 

Acid pH tolerance. Tolerance to low pH was tested as described by Anukam and 
Koyama (2007), with some modifications; M17 broth was adjusted to pH 2, pH 3, by addition 
of HCl (1N), and then inoculated with 1 mL of an 18 h culture (108 CFU /mL). ODs were 
determined at 578 nm and were compared to the control at pH 7 after 3h of incubation. 

Optimal temperature, thermotolerance, and lethal temperature. The growth 
optimal temperatures of the two bacterial strains, their thermotolerance, and low-temperature 
resistance were determined according to the method described by Haddaji et al. (2015) with 
some modifications. A suspension (108 CFU /mL) from an 18 h fresh culture was added into 
a series of tubes containing M17 broth. The tubes series were then incubated at different 
temperatures: +15°C, +37°C, +45°C, +50°C for 24 h. The tubes serving for the 
thermoresistance test were incubated at +60 °C and +65 °C for 120 and 90 min respectively. 
ODs were read at 578 nm.  
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Adhesion capacity “hydrophobicity and auto-aggregation”. The aggregation 
capacity was performed according to the method of Kos et al. (2003). Bacterial biomass from 
18 h fresh cultures were recovered by centrifugation at 5000 g for 15 min and washed three 
times in PBS. Then the cells suspension were adjusted to a final charge of 108 CFU/mL and 
distributed in two tubes series at 4ml. The tubes were decanted for 5 h, and every hour 0.1 
mL of the culture taken from the surface of each tube and was transferred to another tube 
containing 3.9 mL of PBS.  ODs were measured at 578 nm, and the results were expressed 
as a percentage according to the following formula: % Autoaggregation= 1-(At/A0).100; 
where At: the suspension OD after 1h, 2h, 3h, 4h, 5h decantation, A0 : the suspension OD at 
t0. For the hydrophobicity test, bacterial biomasses of both strains were harvested from the 
24 h cultures, washed once with PBS and adjusted to 108 CFU/mL in KNO3 (0.1 mol. l-1). 3 
mL of each bacterial suspension was added to 1 mL of each solvent (xylene, ethyl acetate, 
and chloroform). The mixtures were incubated for 10 min at room temperature and then 
shaken rigorously for 2 min. The ODs of the aqueous phase were measured after a 20 min 
decantation. The solvent adhesion percentage was calculated according to the following 
formula: 

% Solvent adhesion =(1 −  ஺೟
஺బ

) × 100  
where At – the aqueous phase OD after 20 min decantation, A0 – the suspension OD at t0. 

 
Antibiotic resistance. Antibiotic resistance was investigated by adopting the disc 

diffusion method described by Bauer (1966). total of four antibiotics were tested: nalidixic 
acid (30µg), chloramphenicol (30µg), gentamicin (10µg), tetracycline (30µg). The diameters 
of the inhibition zones (mm) were measured after incubation for 24 h at +37° C. 

Antagonistic effect. The antagonistic effect of lactic strains was tested against two 
pathogenic strains, Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 
25923), by adopting the cross streak technique described by Balouirin et al. (2016); the lactic 
acid bacterial strain was streaked in the center of the agar plate. After incubation, the agar 
was streaked with the pathogenic strains in single streaks perpendicular to the central streak. 
After a second incubation, the antimicrobial interactions were analyzed by determining the 
inhibition zones and the inhibition percentage according to the following formula: 

 

%  inhibition percentage = ൬
Inhibitory diameter (mm)

Petri dish diameter ൰ ܺ100 

 
Production and recovery of exopolysaccharides. Bacterial cultures were grown under 

the optimal conditions determined earlier.  The extraction of EPSs and their purification was 
performed by adopting the protocol described by Oleksy-Sobczak and Klewicka( 2019) with 
some modifications. After incubation, the series of tubes containing the bacterial cultures 
were placed in a water bath at +80 °C for 15 min, with shaking every 5 min, to release the 
wall-attached EPSs. Then, the cultures were passed through a millipore filter (0.45 µm), to 
remove the bacterial cells and to recover a filtrate. Three volumes of ethanol at -80 °C were 
added to this filtrate, and the tubes were stored at -18 °C overnight. The EPSs were 
precipitated and recovered by cryocentrifugation (12000g for 20 min at +4 °C) three times 
and solubilized in sterile distilled water. 

Exopolysaccharides quantification. The quantification of EPSs was performed 
according to the total sugars technique of Dubois (1956).  

HPLC characterization of the produced EPSs. The EPS produced by each of the two 
strains was identified by HPLC (Agilent LC 1260). Briefly, 100µl of solubilized biopolymer 
was added to 200 μl of HCL (2M) and sonicated in a thermostatically controlled bath at 45 
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min, then subjected to continuous shaking. A volume of acid-hydrolyzed EPSs was made up 
to 1 mL with an eluent of 80% acetonitrile and 20% water. A 300 μL volume of crude extract 
was also mixed with the eluent. The extracts were filtered (0.22 μm), and a volume of 10 μL 
was injected. The crude and hydrolyzed extracts were analyzed on an Agilent Zorbax 
Carbohydrate analysis column (4.6×150 mm, 5 μm). The column flow rate was 1.3 mL/min, 
and the operating temperature was +30 °C. 

 

Data processing 
 

All tests were performed in duplicate, and the data were analyzed by one-way analysis 
of variance (ANOVA) and means were compared using the Turkey HSD (Honest 
Significance Difference) post hoc test (P≤ 0.05). All statistical tests were performed using 
the R program (version 3.6.1). 

 
Results and discussion 
 
Enterococcus durans: isolation and identification 
 
Several lactic and non-lactic bacteria  were isolated from the fermented food "Hamoum" 

(Drabo et al., 2019). Strains which colonies had mucous appearance indicating that these 
strains produce exopolysaggharides were chosed for further study. A purification step on 
M17 agar, after a succession of subcultures, resulted in colonies with the same appearance, 
whose phenotypic identification (cultural, microscopic, and biochemical characters), was 
done following the assortment table described by Cowan (2004). The results of the 
phenotypic identification are presented in Table 1.  

 
Table 1 

Phenotypic identification of E. durans 
 

Profil Result 
Cultures Conditions  M17 (O2, 37 °C, 24 h) 
Colony appearance Translucent 
Gram +/ Single cocci, pairs, tetrads, and chains 
Catalase - 
Oxydase + 
Mannitol / Mobility -/- 
ONPG + 
Simmons' Citrate - 
Proteolysis +++ 
ADH/LDH/ODC +/-/- 
Identification E. durans/ Pediococcus spp. 

 
After biochemical identification, the isolate was characterized by MS-MALDI-TOF (Figure 
1), the strain isolated was presumed to be Enterococcus durans.  
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Figure 1. MALDI-TOF spectra of Enterococcus durans  
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Evaluation of the probiotic potential of S. thermophilus and E. durans 
 
Growth, resistance to environmental variations, adhesion and biofilm formation are 

phenomena that enable microorganisms to colonize a habitat and to maintain themselves 
there, provide species with an ecological, technological, and sanitary advantage microbial 
cells are directly in contact with their substrate which avoids the diffusion of enzymes in the 
external environment (Akers et al., 2015)  

 
Growth at different temperatures/thermoresistance. Stress due to temperature 

variation, is probably, the most common that bacteria and other organisms face in the natural 
world (Varmanen and Savijoki, 2011). Figure 2, shows the effect of temperature, on the 
growth and viability of both lactic strains. It was well shown that the temperature values of 
37 °C and 45 °C are the most ideal for the growth of E. durans and S. themophilus and 
correspond to the cell concentrations of 9.08 log CFU /mL and 9.05 log CFU /mL, 
respectively. The growth of E. durans at a low temperature of +15 °C was reduced, however, 
the reduction was not significant (P˃0.05) for S. thermophilus, and a reduction of 0.3 log10 
was noted at +15 °C. The optimal temperatures recorded for both strains were +37 °C (37 vs 
45 : P=0.411 , P ˃0.05 ; 37 vs 15 : P=0.00001 , P ˂0.001 ; 37 vs 50 : : P=0.000003, P ˂0. 
001) for E. durans and +45 °C (45 vs 15 : P=0.23 , P ˃0.05 ; 45 vs 37 : P=0.193 , P ˃0.05 ; 
45 vs 50 : P=0.01 , P ˂0.05 ; 45 vs 60 : P=0.000006 , P ˂0.001) for S. thermophilus. A 
minimal growth rate at +50 °C was noted for both strains. A small but very highly significant 
(P˂0.001) reduction in growth rates at +60 °C and +65 °C during 2h of incubation was 
recorded, 1.69 and 1.68 log cfu/mL for E. durans and 1.48 and 1.44 log cfu/mL for S. 
thermophilus. Auffray et al (1995) reported that S. thermophilus grew at temperatures ranging 
from 20 to 52 °C and was able to acquire thermotolerance when subjected to heat shock. 
They recorded survival rates of 1% and 0.1% at 58 °C for 15 and 30 min respectively. The 
low growth when the temperature was switched from +42 to +52 °C was attributed to the 
protein synthesis profile of S. thermophilus, which showed a decrease in the synthesis of 
many polypeptides, thus indicating inhibition of protein synthesis due to the temperature 
change. Fang et al (2002), on the other hand, reported that exposure to a low temperature of 
+5 °C for 15 days did not affect the survival of S. thermophilus. They noted high survival 
rates at 10 °C for 2h and 4h and at +15 °C for 2 h. Růžičková et al. (2020) reported that due 
to their adaptability, species of the genus Enterococcus survive in various environments. 
Thus, for the majority of species, the optimal temperature is between +35 and +37 °C, 
however, a few species thrive at +45 °C and even at low temperatures around +10 °C. 
Exposure to a brief heat shock with a temperature at or slightly above the normal growth 
range provides cells the ability to acquire resistance to a lethal heat shock due to a higher 
temperature (Jobin et al., 1998). Indeed, in response to sudden temperature fluctuations, 
living organisms respond with rapid changes in gene expression, resulting in the massive 
synthesis of a group of proteins called heat shock proteins (HSPs) (Lim and Gross, 2011). 
This synthesis notes a universal phenomenon occurring in most organisms. Even though 
HSPs are present in different bacteria, the heat shock response reflects the amazing diversity 
of bacterial gene regulation in various bacteria, including lactic acid bacteria (Auffray et al., 
1995). 
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Figure 2. Temperature effect on the growth and viability of both lactic strains. 

 
 

Resistance to pH. An important characteristic of probiotic lactic acid bacteria used as 
adjuvants is their tolerance of bile and resistance to gastric juices. Although the degree of 
tolerance required for maximum growth in the GIT is not determined, the selection of species 
with improved acid resistance appears to be judicious (Dressman et al.,1990) . Under fasting 
conditions, the accepted pH value of gastric juice is in the vicinity of 2 (Nami et al., 2019). 
Therefore, this pH has been used as a standard for in vitro tests, evaluating the survival of 
probiotic cultures in the human stomach (Nami et al., 2019). According to the results 
displayed in Table 2, pH variations significantly affected the growth of both strains 
(P˂0.001), they were able to survive at acid pH, a slight reduction compared to the control 
was recorded at pH=2 after 3 h of incubation, in the order of 1.0 and 0.99 log cfu/mL for S. 
thermophilus and E. durans respectively. At pH=3, the reduction in survival rate was in the 
order of 1 and 0.15 log cfu/mL for S. thermophilus and E. durans respectively, E. durans 
appears to be more tolerant.   

The tolerance of E. durans strain to acidic conditions was also studied by Nami et al. 
(2019) who demonstrated that Enterococcus isolates could be excellent candidates for the 
production of functional foods to promote health due to their high tolerance of low pH 2.5, 
especially E. durans ES11, ES20 and ES32. 

However, Boke et al. (2010) observed a considerable reduction in viability at pH ≤ 3.0, 
for all strains tested, including S. thermophilus, the sensitivity to acid is greater for strains 
with low EPS production. According to this study, the resistance of some lactic strains to 
stressful conditions (acidic pH) can be explained by the fact that these bacteria are producers 
of EPS, and that these polymers could play a protective role. Lactic acid bacteria are equipped 
with stress sensing systems to activate defenses, allowing them to readapt to difficult 
conditions or environmental changes. DNA repair mechanisms can also be characterized in 
these bacteria as a response to oxidative stress and acidic stress (Chen et al., 2019). 
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Table 2 
Growth at acid pH 

 
 Time 

(h) E. durans (log CFU/mL) S. thermophilus (log CFU/mL) 

Digestion in a solution simulating gastric juice 
pH 2 

 
0 
3 

8.225±0.00 
7.233±0.002 

8.245±0.005 
7.225±0.028 

pH 3 
 

0 
3 

7.164±0.016 
7.018±0.018 

8.3±0.011 
7.305±0.005 

Medium with acid pH 
pH 2 

 
0 
3 

7.477±0.00 
8.365±0.005 

7.477±0.00 
8.37±0.00 

pH 3 0 
3 

7.477±0.00 
8.395±0.017 

7.477±0.00 
8.4±0.00 

 
Growth in the presence of increasing concentrations of bile salts. Lactic acid 

bacteria being the most representative probiotics, which are used in the production of dairy 
products, and vegetable-based foods. Bile tolerance is a crucial property, commonly 
consistent with the growing ability of bacteria that act as probiotics (Begley et al., 2005). 
Figure 3 illustrates the response of the studied strains to increasing concentrations of bile 
salts. Both strains survive in the bile salts presence, without substantial reduction (1 to 3%). 
The viability percentage of S. thermophilus was comparable to that of the control, namely 
99%, 98% and 96% for bile salts concentrations of 0.3, 0.5, 1% respectively. The tolerance 
of E. durans to different bile salts concentrations was much higher than that of S. 
thermophilus, and the viability rates recorded were even higher than those of the control, 
preserving 100% of the initial population. Bile is a digestive secretion involved in the fats 
emulsification and solubilization process in the human digestive tract. This secretion can 
affect the phospholipids and proteins of the cell membranes and thus disrupt cell homeostasis. 

 

 
Figure 3. Growth in the presence of bile salts 
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It is therefore crucial for probiotics to be able to tolerate bile for surviving and 

colonizing the gastrointestinal tract. Indeed, it is recommended to use bile salts 
concentrations of 0.15-0.3% for the probiotic bacteria selection (Boke et al., 2010). Tuncer 
and Tuncer (2010) proved viability maintenance of S. thermophilus ST 8.01 after 24 h 
incubation in the presence of 0.3, 0.5, and 1% bile salts. The highest inhibition percentage 
was recorded at 1%. In contrast, Vinderola and Reinheimer, 2003), reported low resistance 
of S. thermophilus strains in the presence of bile salts. Pieniz et al. (2014), showed that the 
survivability of E. durans LAB18s was maintained in the presence of all tested bile salts 
concentrations (up to 1.5%). However, Li et al. (2020), estimated the survival rate of E. 
durans at 56% in the presence of 0.3% bile. Thus, strains producing more EPS exhibited a 
significant protective effect against bile salts (0.3%). Furthermore, Bagci et al. (2019), 
evaluating the probiotic characteristics of Enterococcus genus strains isolated from human 
milk and colostrum, showed that these isolates exhibited high tolerance to acids (up to pH 
3.0) and bile (0.5%), suggesting their strong ability to survive in the upper gastrointestinal 
tract.  

 
Aggregation capacity.  The aggregation capacity is an important factor in the 

colonization of the gut by probiotics thus preventing the adhesion of pathogens (Lee et al., 
2008). The percentages of cells aggregation of the bacterial strains are displayed in Figure 4.  

 

Figure 4. Adhesion level of the two strains. 
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0

10

20

30

40

50

60

70

80

90

0 1 2 3 4 5

Au
to

ag
gr

eg
at

io
n,

 %

Decantation time, hours

S. thermophilus

E. durans



─── Biotechnology. Microbiology ─── 

─── Ukrainian Food Journal.   2021.  Volume 10. Issue 4 ─── 863

et al. (2008) recorded for an E. durans isolate an autoaggregation rate in the vicinity of 50%.  
Furthermore, in their study on the estimation of the adhesive power of probiotics, Xu et al. 
(2009) noted that the autoaggregation capacity of probiotic strains is higher than those of 
pathogens. They reported that the autoaggregation values displayed by probiotic strains 
ranged from 36% to 51%. The cell aggregation process is based on an interaction between 
cell surface elements such as lipoteichoic acids, lectin-like proteins, as well as soluble 
proteins and pheromones (Boris et al, 1997), it can be a kind of host defense against 
infections. Besides, probiotics adhere differently, thus it is a trait that depends on the strain 
and the characteristics of the cell surface, namely hydrophobicity and extracellular protein 
profile Collado, 2009; Ayyash et al., 2018)  
 

Adhesion to solvents. The hydrophobic potential of the cell surface of probiotics is a 
criterion to determine their adhesion to intestinal epithelial cells. More hydrophobic 
properties might provide probiotics having a competitive position (Bagci et al., 2019; Terzić-
Vidojević et al., 2015) allowing the colonization of the human gastrointestinal tract and 
expression of their benefits; however, some studies have demonstrated that hydrophobicity 
is not at all a unique factor governing the adhesion of microbes to the cell surface (Bagci et 
al., 2019). The two strains' affinity to solvents is reported in Figure 5.  

Figure 5. Strains adhesion to solvents 
 
 
The adhesion percentages to xylene (apolar solvent) were higher than 50% for the two 

lactic strains E. durans and S. thermophilus, i.e. 61% and 81%, respectively. With ethyl 
acetate (basic mono-polar solvent), the adhesion rates were around 75 and 77%, for E. durans 
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E. durans affinity to the three solvents was highly significant (P˂0.001). Tuncer and Tuncer 
(2014) also recorded a high affinity (67%) of S. thermophilus ST8.01 to xylene. Thus in 
accordance with the results obtained for E. durans, Nami et al. (2019)  revealed in their study 
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of probiotic characterization and safety assessment of enterococcal isolates from various 
artisanal dairy products that hydrophobicity values ranged from 23 to 58%, with several 
isolates recording percentages above 50%. Ayyash et al. (2018) registered hydrophobicity 
below 50% for isolates of the genus Streptococcus and Enterococcus. The higher the 
aggregation capacity and hydrophobicity, the better the probiotic cells can attach to the 
epithelial cells thus increasing its efficiency. According to the present study, the percentage 
of aggregation and hydrophobicity of both strains were higher than 50%. Some reports have 
indicated that the origin and surface characteristics of the strains may be determinant in the 
hydrophobicity of their surfaces, generating differences in the affinity of the microbes to 
various solvents, the majority of probiotic bacteria used as starters show a higher affinity to 
organic solvents (˃32%) Vinderola and  Reinheimer, 2003). The hydrophobic character of 
the cell surface is related to the presence of components of protein nature, while 
hydrophilicity is associated with the presence of polysaccharides (Kos et al., 2003). 

 
Antibiotic resistance.  One of the clinical interests of the use of probiotics is the 

prevention and treatment of antibiotic-associated diarrhea. Thus, the tolerance of probiotics 
to antibiotics is a desired trait. However, this resistance should not be entrusted to other 
bacteria. The determination of antibiotic susceptibility of strains intended for safe use in the 
food sector is a fundamental aspect of the choice to avoid anarchic spread of antibiotic 
resistance genes through horizontal transfer (Terzić-Vidojević et al., 2015). Antibiotic 
resistance results are outlined in Table 3. 
 

Table 3 
Antibiotic resistance 

 
Antibioresistance / Sensibility 
                                         C10        GM      AN 30     TE30 

E. durans                           S           S          R        MS 
S. thermophiles                  R          S          R         R 

                        MS: moderately susceptible, S: susceptible, R resistant. 
 

It is noticeable that the two strains behave differently to the different antibiotics tested. 
S. thermophilus was sensitive only to gentamicin. In contrast, Enterococcus durans showed 
significant resistance (P- values ˂ 0.05) to tetracycline and nalidixic acid. Tuncer and Tuncer 
(2014) reported that S. thermophilus ST8.01 exhibited susceptibility to all antibiotics tested 
including tetracycline, chloramphenicol and gentamicin. Zhou et. al. (2012), evaluating the 
resistance of some lactic strains to 11 antibiotics, reported that several strains of S. 
thermophilus were resistant to chloramphenicol, only 11% were sensitive to gentamicin, 
while 44% showed resistance to tetracycline.  Thus, Tosi et al (2007) showed that S. 
thermophilus strains isolated from various environments were sensitive to all 6 antibiotics 
tested, including gentamicin, and some were resistant to tetracycline. In a further study, 
Abamecha et al (2015) indicated that 34% of Enterococcus isolates exhibited resistance to 
gentamicin, 64% to tetracycline, and 34% to choloramphenicol. According to Terzić-
Vidojević et al. (2015), the presence of antibiotic resistance factors varies between strains 
and regions. According to the results of their study, 29% of Enterococcus isolates including 
Enterococcus durans were susceptible to the antibiotics tested (including gentamicin, 
tetracycline, and chloramphenicol) and almost 59% of these isolates were resistant to two or 
more antibiotics. They reported that out of a total of 636 dairy enterococcal isolates, only five 
strains under the E. durans species have technological potential and meet the safety criteria 
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required for use in the dairy industry. The problem of antimicrobial resistance continues to 
grow worldwide, compromising the effectiveness of the treatment of bacterial infections. The 
massive use of antibiotics in humans and animals has caused a high probability of developing 
resistance that could be transmitted through food (Blom and Mørtvedt, 1991; Zhou et al., 
2012). Furthermore, the major risk of resistance dissemination is the presence of antibiotic 
resistance genes on mobile components. Whenever possible, microorganisms used as food 
additives should be targeted first to the organism with the lowest resistance (Tosi et. al., 
2007), which requires further characterization to determine the genetic basis of resistance. 
 

Antagonistic effect.  The results of the two lactic strains' antibacterial activity are 
presented in Table 4. 

 
                                                          Table 4 

Antibacterial activity of S. thermophilus CNRZ 447 and E. durans NCBI 53345  
(intensity according to inhibitory zone) 

 

Lactic strain 
Antibacterial activity 

(intensity according to diameter – mm) 
E. coli S. aureus 

S. thermophilus +++ (13,745±0,72%/ 10.5-11.5mm)) +++ (9,84± 0,542% / 7.5–9mm) 
 

E. dueans +++ (11,875± 2,165/ 8.11mm). 
 +++ ( 9,375± 0,7217% / 7–8mm). 

 

(- ) No inhibition, (+) inhibitory zone 0.1-1 mm; (++) inhibitory zone 1.1-2.0 mm;  
(+++) inhibitory zone ˃ 2.1 mm (Ayyash et al., 2018). 

 
 These results reveal a significant antagonistic activity against the two opportunistic 

pathogens tested, E. coli and S. aureus. The inhibition percentages were 13–9.84% for S. 
thermophilus and 12–9% for E. durans against E. coli and S. aureus respectively. Lactic acid 
bacteria have always been used in the preservation of food by producing antimicrobial 
substances. In fact, through fermentation, carbohydrates are reduced into a range of low 
molecular weight organic molecules such as, acids, lactic, acetic, propionic and ethanol 
(Blom and Mørtvedt, 1991). Pieniz et al. (2014) reported that E. durans LAB18s displayed a 
broad spectrum of antimicrobial activity, inhibiting several pathogens such, E. coli and S. 
aureus. Thus, Belgacem et al. (2010) reported that some bacteriocin-producing enterococci 
isolates reveal many biochemical qualities according to their technological performance in 
the food industry. Enterocins (bacteriocins) produced by species of the genus Enterococcus 
are effective against Gram-negative and Gram-positive bacteria. Their resistance to a wide 
range of temperatures and pH, as well as their broad spectrum of activity, makes them of 
great technological interest (Tosoni et al., 2019). Akpinar et al. (2011) reported that all S. 
thermophilus strains exhibited antimicrobial activity against K. pneumoniae. Besides, S. 
thermophilus strains SL4 and SY2 had an antimicrobial action on all bacteria tested including 
Staphylococcus aureus and Escherichia coli. Among S. thermophilus strains, some generate 
a bacteriocin called thermophilin, which is effective against several food spoilage bacteria. 
Being technologically and biochemically valuable, this bacteriocin is conceivable as a potent 
biopreservative (Aktypis et al., 2007). Also, Enterococcus, Lactococcus and Pediococcus, 
are also among the lactic acid bacteria frequently applied as natural preservatives, due to their 
potential production of metabolites with antimicrobial properties, including organic acids, 
hydrogen peroxide, antimicrobial enzymes and bacteriocins (Wu et al., 2014). 
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Exopolysaccharides production. The yield of EPSs produced by the two lactic strains 
is elucidated in Table 5.  

 
Table 5 

EPS productivity of S. thermophilus CNRZ 447 and E. durans NCBI 53345 
 

Lactic strains EPS (mg/ L) 
E. durans 

S. thermophilus 
1661 ±27a 

176 ±4a 
Values with different superscript letters (a, b)  
are significantly different (P < 0.05). 

 
 
S. thermophilus, which is a strain generally used for its technological qualities as a 

starter, was found to be less productive of EPSs than E. durans (176 vs 1661 mg/L, P < 0.05). 
The performance obtained was comparable to the maximum EPS yield of S. thermophilus 
species (Abdellah  et al., 2015; Kanamarlapudi and  Muddada, 2017). In agreement with our 
previous study (Boubakeur et al., 2018), the level of EPSs produced by S. thermophilus was 
200mg/L. It was possible to significantly improve the yield from 200 to 826 mg glucose/ L, 
adopting as an approach, the polyphenolic extract of Thymus fontanesii. Abdellah et al. 
(2015) in their study evaluating biofilm formation by thermophilic EPS+ lactic acid bacteria 
noted that the EPS levels of enterococci were 0.07 and 0.242 g/L, the fewest of all isolated 
lactic acid strains. Besides, Mostafa et al (2009) reported that for one Enterococcus species, 
the maximum EPS production after 6 hours of fermentation was 23 g/L. 

 
HPLC profile of the produced exopolysaccharides. The HPLC profile of the EPS 

produced by S. thermophilus CNRZ 447 (previously published profile, Khadem et al., 2020) 
and E. durans is presented in Figure 6 (A, B) and 7 (C, D) respectively.  
Chromatograms "A and B" revealed that the EPS generated by S. thermophilus CNRZ 447 
was composed mainly of two triholosides predominantly consisting of glucose. The exact 
monosaccharide composition was insufficiently determined. However, S. thermophilus 
species is reported to produce heteropolysaccharides (Kanamarlapudi and Muddada, 2017). 
On the other hand, EPS produced by E. durans revealed peaks at 7 and 9 min that 
corresponded to oligosaccharides, and a single peak, resulting from elution at 20.4 min, that 
probably corresponded to sorbitol. The EPSs produced by lactic bacteria display very varied 
structures. Indeed, the composition in monosaccharides, the links between the units, the 
presence of repeated side chains and substitutions are often at the origin of divergences 
between the EPSs. However, the structural characterization of the produced polymers still 
requires a more detailed identification. 
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Figure 6. HPLC profile of the EPS of S. thermophilus CNRZ 447 [56]: 
A – the two distinct triholosides (between 7 and 10 minutes residues.  

B – a single characteristic peak at 20.4 minutes was observed for the hydrolyzed EPS. 
 
 
 
 



───Biotechnology. Microbiology ─── 

─── Ukrainian Food Journal.   2021.  Volume 10. Issue 4 ─── 868

 
 

Figure 7. HPLC profile of E. durans NCBI 53345 EPS: 
C –  The EPS oligosaccharides (between 7 and 9 minutes).  

D – a single characteristic peak at 20.3 minutes observed for hydrolyzed EPS. 
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Conclusion 
 

1. The in vitro study revealed that both E. durans NCBI 53345 and S thermophilus CNRZ 
447 strains have a promising probiotic potential. 

2. Exopolysacchrides production and specific characterizing of these strains contribute to 
the protection of microbial cells against extreme environments (temperature variation, 
low pH and bile salts). 

3. The strains investigated could be recommended as potential culture starter and 
probiotics. 

 
The in vitro study revealed that the two strains S. thermophilus CNRZ 447 and E. durans 

NCBI 53345 have a promising probiotic potential. Thus, according to the findings of the 
probiotic potential assessment of the two lactic strains, it is suggested that the production of 
the exopolysaccharides characterizing these two strains potentially contributes to their 
protection against extreme environments (temperature variation, low pH and bile salts). 
Indeed, this investigation has allowed supposing that the high production of EPS can be a 
pivotal trait in the screening of probiotic strains. 
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