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Research Article Araştırma Makalesi DOI: 10.17097/agricultureatauni.1641981 

Preliminary Study on the Characterization of a 
Novel Polysaccharide from Enterococcus 
faecium SL60 Isolated from Siyez Sourdough  

 Siyez Ekşi Mayasından İzole Edilen Enterococcus faecium SL60'tan Elde 
Edilen Yeni Bir Polisakkaritin Karakterizasyonu Üzerine Ön Çalışma  

ABSTRACT 

This study reports the production, structural characterization, and preliminary cytotoxicity 
evaluation of an extracellular polysaccharide (EPS) synthesized by Enterococcus faecium SL60, a 
strain isolated from traditional Siyez (einkorn) sourdough. Analytical techniques including GC-
MS, FTIR, XRD, zeta potential, and elemental analysis were applied to characterize the EPS. The 
purified EPS was found to be a water-soluble, negatively charged, amorphous 
heteropolysaccharide predominantly composed of mannose and glucose, with minor 
proportions of rhamnose, arabinose, galactose, and xylose. The total carbohydrate yield was 7.6 
g/L. FTIR confirmed the presence of typical carbohydrate functional groups, while zeta potential 
analysis indicated a moderate surface charge (−9.71 mV), implying colloidal stability. 
Cytotoxicity evaluation using the CCD-1079Sk fibroblast cell line showed no significant toxicity 
at concentrations up to 500 µg/mL. These findings highlight the potential of SL60-derived EPS 
as a safe bioactive compound with possible applications in functional food development and 
health-related products. 
  
Keywords: Einkorn, Enterococcus faecium, Exopolysaccharide, Sourdough 
 

ÖZ 

Bu çalışma, geleneksel Siyez (einkorn) ekşi mayasından izole edilen Enterococcus faecium 
SL60 suşu tarafından sentezlenen bir ekstraselüler polisakkaritin (EPS) üretimini, yapısal 
karakterizasyonunu ve ön sitotoksisite değerlendirmesini bildirmektedir. EPS'yi karakterize 
etmek için GC-MS, FTIR, XRD, zeta potansiyeli ve element analizi içeren analitik teknikler 
uygulanmıştır. Saflaştırılmış EPS'nin, ağırlıklı olarak mannoz ve glikozdan, az oranda da 
ramnoz, arabinoz, galaktoz ve ksilozdan oluşan, suda çözünür, negatif yüklü, amorf bir 
heteropolisakkarit olduğu bulunmuştur. Toplam karbonhidrat verimi 7,6 g/L'dir. FTIR tipik 
karbonhidrat fonksiyonel gruplarının varlığını doğrularken, zeta potansiyeli analizi orta 
düzeyde bir yüzey yükü (-9,71 mV) göstererek kolloidal kararlılığa işaret etmektedir. CCD-
1079Sk fibroblast hücre hattı kullanılarak yapılan sitotoksisite değerlendirmesi, 500 
µg/mL'ye kadar konsantrasyonlarda önemli bir toksisite göstermemiştir. Bu bulgular, SL60 
türevi EPS'nin fonksiyonel gıda geliştirme ve sağlık ürünlerinde olası uygulamalara sahip 
güvenli bir biyoaktif bileşik olarak potansiyelini vurgulamaktadır. 

Anahtar Kelimeler: Siyez, Enterococcus faecium, Ekzopolisakkarit, Ekşi maya 
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Introduction 

Siyez (Triticum monococcum L. subsp. monococcum) is a 
diploid hulled wheat domesticated approximately 10,000 
years ago in Mesopotamia and the Eastern Mediterranean 
and found in the Karacadag region of Türkiye (Peng et al., 
2011). Siyez wheat draws attention with its lower gluten 
content and higher protein, amino acid, vitamin, and 
mineral content than modern wheat. The natural structure 
of siyez flour enhances the characteristic acidic properties of 
sourdough, resulting in more flavorful and healthier bread. 
Furthermore, the gluten in bread made with einkorn 
sourdough is more digestible (Brouns et al., 2022; Hidalgo & 
Brandolini, 2014).  

Sourdough fermentation is a traditional production method 
that improves the sensory properties and contributes to 
nutritional value of the final product (Dimidi et al., 2019; 
Marco et al., 2017). In recent years, there has been 
increasing interest in the use of Siyez wheat in sourdough 
fermentation to discover functional components derived 
from this unique grain and its sourdough. The researchs are 
ongoing to identify the microbial community in the 
sourdough of Siyez wheat. The community in sourdough is 
composed of lactic acid bacteria (Lactobacillus plantarum, 
Lactobacillus casei, Lactobacillus paralimentarius, 
Lactobacillus acidophilus, Lactobacillus brevis, Lactobacillus 
sanfranciscensis, Pediococcus pentosaceus, Leuconostoc 
mesenteroides), and yeast (Candida humulis, Torulaspora 
delbrueckii, Debaryomyces hansenii, and Saccharomyces 
cerevisiae) (Bansal et al., 2013; Bartkiene et al., 2020; 
Cizeikiene et al., 2020; Gullo et al., 2003; Meroth et al., 2003; 
Minervini et al., 2012; Mohammadi-Kouchesfahani et al., 
2019; Raimondi et al., 2017; Rice et al., 2020; Saeed et al., 
2009).  

Lactic acid bacteria from sourdough can produce a variety of 
bioactive compounds. These bacteria, which can grow in 
acidic environments, are characterized by production of 
lactic acid and, in some cases, the production of extracellular 
polysaccharides. Microbial polysaccharides, which can 
affect both biological functions and structural properties of 
fermented products, are macromolecules composed of 
numerous sugar units produced by microorganisms. These 
polysaccharides are produced during the metabolism of 
microorganisms in response to environmental factors 
(exopolysaccharides) or for biological functions such as cell 
wall structure (endopolysaccharides). Intrinsic 
polysaccharides, which serve as structural components of 
the cell wall, may help protect the cell against to 
environmental stresses. The exopolysaccharides produced 
and released into the culture medium have generally of high 
molecular weights. (Ketabi et al., 2008; Lim et al., 2018; 
Poutanen et al., 2009; Torino et al., 2015). 

Polysaccharides produced by lactic acid bacteria have many 
biological and functional properties. One of these is the 
probiotic effect. Polysaccharides that cannot be digested in 
the intestine support the growth of beneficial bacteria. In 
addition, polysaccharides produced by lactic acid bacteria 
can adhere to surfaces and form biofilms, thus protecting 
the microorganism against environmental conditions. Some 
lactic acid bacteria-derived extracellular polysaccharides are 
known to exhibit antioxidant and antimicrobial properties. 
In this way, it constitutes an important potential in food 
preservation and health (Ciszek-Lenda, 2011; Gerwig, 2019; 
Torino et al., 2015). Exopolysaccharide profiles of bacteria 
from Siyez sourdough are one of the components that have 
not been extensively studied (Kavitake et al., 2023). 

The genus Enterococcus, a member of the group of lactic 
acid bacteria, is a genus of bacteria found mainly in the 
human and animal intestinal flora but also in various food 
products. Enterococcus sp. are generally gram-positive, 
facultative anaerobic (able to survive in oxygenated media), 
and lactic acid-producing microorganisms. Members of this 
genus are known for their role in sourdough fermentation, 
contributing both to lactic acid production and the synthesis 
of various bioactive metabolites. Some Enterococcus species 
show probiotic properties. These bacteria can improve 
digestive health by balancing the intestinal flora. Species 
such as Enterococcus faecalis and Enterococcus faecium play 
an important role in food fermentation and probiotic 
products.  

Recent studies have highlighted the ability of E. faecium to 
produce polysaccharides thought to be important for the 
texture, stability, and health benefits of fermented products 
(Franz et al., 2011; Holzapfel et al., 2018; Moreno et al., 
2006; Tan et al., 2013; Tilwani et al., 2021). Thus, the 
originality of this study lies in the isolation, production, and 
characterization of an exopolysaccharide produced by 
Enterococcus faecium SL60, a strain uniquely obtained from 
traditional einkorn (Siyez) sourdough which is a cereal-based 
ecosystem that remains largely unexplored in 
polysaccharide research. SL60 was selected based on its 
distinctive mucoid colony morphology, an indicator of high 
polysaccharide secretion. 

Methods 
Isolation and Identification of EPS-Producing Strain 

Sourdough production from siyez flour (1.75% fat, 64.9% 
carbohydrate, 9.7% fibre and 9.6% protein; Dogalsan, 
Ankara, Turkey) was carried out by traditional methods. all 
the chemicals were purchased from Sigma-Aldrich, Merck 
(St. Louis, MO, USA), unless otherwise stated. To obtain 
traditional siyez sourdough, 100 grams of Siyez flour and 100 
mL of water were mixed and incubated at 36°C for 120 
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hours. After fermentation, the fresh water-flour mixture was 
inoculated with the matured sourdough (1:1 ratio) for five 
days (Sáez et al., 2018). After the sourdough was matured, 
serial dilutions were made in sterile physiological water up 
to a dilution of 10-8 to isolate pure colonies. 100 µL of each 
dilution was spread on M17 (Merck Milipore) agar plates 
and incubated at 36°C for 72 hours in anaerobic jars (Merck 
Milipore) supplemented with Anaerocoult®A (Merck 
Milipore). Isolates were purified according to colony 
characteristics, and selected colonies were stored at -86°C. 
Among these isolates, SL60 was selected as the extracellular 
polysaccharide producer due to its prominent mucoid 
structure on the agar surface. SL60 was identified by the 
matrix-assisted laser desorption ionization-time of flight 
mass spectrometry technique. The extraction procedure 
was carried out using the ethanol-formic acid method for 
protein isolation from pure bacterial culture. The 
identification process was then continued by comparing the 
spectra obtained with the instrument's flex control software 
program (Biotyper 3.0; Microflex LT; Bruker Daltonics 
GmbH, Bremen, Germany) with the Maldi Biotyper Real-
Time Classification (RTC) software (Genc et al., 2024). 

Extracellular polysaccharide production and purification 

Polysaccharide production by SL60 was carried out in M17 
broth (with the addition of 20 g/L sucrose) at a 1% (v/v) 
inoculation rate at 36°C for 72 hours. The biomass was 
separated by centrifugation (Allegra X30; Beckman Coulter, 
Brea, CA, USA) at 4500 rpm for 15 minutes. Purification of 
the polysaccharide was achieved by adding 4% (v/v) 
trichloroacetic acid (TCA) (Isolab Laborgeräte GmbH, 
Weinheim, Germany) to a final concentration to remove 
proteins and contaminants. then 3 volumes of chilled 
ethanol was added, and the polysaccharide was precipitated 
overnight at 4°C (Genc et al., 2021). The partially purified 
polysaccharide was lyophilized. 

Total Carbohydrate and UV-Vis Analysis 

The polysaccharide was water-soluble. The phenol-sulfur 
method was used to measure the carbohydrate content 
(Genc, 2024). Spectrum scanning was performed in the 200-
1000 nm range to determine the presence of nucleic acids. 

Structural Characterization 

The spectrum of functional groups in partially purified 
polysaccharide samples were determined using Fourier-
transform infrared spectrophotometer (FT-IR) (PerkinElmer 
Spectrum Version 10.5.2). The sample (10 mg) was mixed 
with potassium bromide (KBr), and pressed into a disk. The 
whole IR spectrum was analyzed with a scan range of 4000-
400 cm−1. 

The elemental composition was analyzed to determine the 
presence of elements in the sample. Analyses were carried 

out at the RTU Central Research Laboratory, Application and 
Research Center.  

The zeta potential of the polysaccharide was measured at 
25°C through dynamic light scattering analysis by 
Malvern/Zetasizer Nano Zsp.  

Gas chromatography-mass spectrometry (GC-MS model 
7890A; Agilent Technologies, Santa Clara, CA, USA) was used 
to determine the monosaccharide composition through the 
breakdown of polysaccharide structures and subsequent 
volatilization of monosaccharides. For this or hydrolysis, 1 
mg of polysaccharide was treated with 500 μL of 2M 
trifluoroacetic acid at 120°C for 120 min. Reduction and 
acetylation were conducted by addition of NaBH4 (20mg) in 
1mL of 2M NH4OH to the residue and the solution was 
heated at 60°C for 60 min, then neutralized with acetic acid, 
evaporated to dryness with a stream of N2 at 40°C, and 
evaporated five times by adding 500 μL methanol. The 
residue was acetylated with 200-250 μL of  pyridine and 
200–250μL of acetic anhydride at 100-120°C  for 20min, 
partitioned with water and CH2Cl2, and the resulting alditol 
acetates were analyzed with flame ionization  detection 
(FID) coupled  to MS (Silveira et al., 2015). The 
polysaccharide samples were passed through HP-5 ms 
capillary GC column with a flow rate of 1.2 mL/min of 
Helium. The oven temperature was increased to 190°C at 
10℃/min. The injection temperature and the transfer line 
temperature were 250°C while the mass detector 
temperature and the ion source temperature were 230°C. 
Standard sugars were glucose, fructose, mannose, xylose, 
rhamnose, and arabinose. 

X-ray diffraction analysis (XRD) of the sample (10 mg) was 
carried out using the Rigaku SmartLab XRD instrument, with 
a scanning speed of 2°/min across an angular span from 30° 
and 100°. 

Cytotoxicity Assay 

The evaluation of cytotoxicity was carried out at the Drug 
Administration and Research Center at Istanbul Bezmialem 
University. To assess cell viability, the MTT assay was 
employed on the CCD-1079Sk fibroblast cell line at a 
concentration of 1x104 cells/well. The cells were cultured at 
37°C for 24 hours with 5% CO2. A control group was 
maintained using DMEM-F12 supplemented with 10% FBS, 
and 1% penicillin/streptomycin. Results and standard 
deviations were analyzed with GraphPad Prism 5. All the 
experiments were triplicate. 

Results and Discussion 

The isolate SL60, selected based on its pronounced mucoid 
morphology on M17 agar, was identified as Enterococcus 
faecium SL60 using MALDI-TOF MS analysis (Genc et al., 
2024). This phenotype is frequently associated with high 
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exopolysaccharide production, as the mucoid texture 
typically results from polysaccharide secretion around 
bacterial colonies (Franz et al., 2011). The total yield of 7.6 
g/L from SL60 aligned with values reported for other E. 
faecium strains. Mesophilic E. faecium MC-5 produced 7.76 
g/L (±0.26) polysaccharides in nitrogenous medium (Tilwani 
et al., 2021). E. faecium KT990028 produced extracellular 
polysaccharides with a total carbohydrate content of 11.2% 
(de Brito et al., 2024). The result indicates that this strain is 
a competitive polysaccharide producer under laboratory 
conditions. However, beyond the quantity, the composition 
and structural features of the polysaccharide determine its 
potential application. 

Structural Purity and Composition 

UV-Vis scanning revealed no absorbance at 260 nm, 
confirming the absence of nucleic acid contamination, while 
a small peak at 280 nm suggested a protein likely to be in 
the polysaccharide structure (Figure 1). These observations 
were further validated by FTIR spectroscopy conducted 
before and after trichloroacetic acid (TCA) precipitation. The 
reduction of amide-related peaks and disappearance of the 
sulfate-associated band at 1219 cm⁻¹ following TCA 
treatment (Aanniz et al., 2015) confirmed the removal of 
proteinaceous and charged impurities (Table 1, Figure 2 and 
Figure 3). However, after TCAP treatment, the existing band 
at 1660 cm⁻¹ indicated the presence of protein in the 
polysaccharide backbone, and it could be concluded that the 
extracellular polysaccharide obtained from E. faecium SL60 
was a heteropolysaccharide. Elemental analysis (Figure 4) 
also supported these findings by showing a decrease in 
sulfur content, and indicating the EPS was not sulfated-a 
property relevant to its bioactivity profile, as sulfating often 
enhances antioxidant and immunomodulatory functions.  

Figure 1.  
Spectrum scanning of polysaccharide 

 

Figure 2.  
Transmittance values of functional groups of 
polysaccharide before trichloroacetic acid precipitation 

 

Figure 3.  
Transmittance values of functional groups of 
polysaccharide after trichloroacetic acid precipitation 

 

Figure 4.  
Elemental composition of polysaccharide from E. faecium 
SL60 
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Table 1. 
Comparison of polysaccharide functional groups before and after TCAP 

Relevant functional groups 
Frequency (cm-1) Transmittance (%) 

Before TCAP After TCAP Before TCAP After TCAP 

Intracellular hydrogen bond or hydroxyl group (Zhang et al., 2020) 3273.93 3276.28 88.39 77.64 

aliphatic C-H, and C-O group (Rani et al., 2017) 2935.55 2937.75 91.28 81.21 

C=O stretches of amide bonds (Aanniz et al., 2015) 1665.92 1656.89 87.95 64.63 

-OH group (Habib et al., 2022)  1330.47 1328.18 93.72 80.22 

S=O stretching vibrations (de Brito et al., 2024) 1219.62 - 95.48 - 

C–C vibrations (Tilwani et al., 2021) 1026.50 1044.46 77.27 68.58 

α and β configurations in pyranose form (Jing et al., 2015) 826.73 829.03 93.00 75.36 

carbohydrate skeletal vibrations (Zhao et al., 2021) 
677.20 676.16 91.90 75.82 

512.79 500.97 91.10 76.29 

GC-MS analysis identified the polysaccharide as a 
heteropolysaccharide predominantly composed of 
mannose (64.1%) and glucose (17.3%), with minor 
contributions from rhamnose (8.8%), arabinose (4.2%), 
galactose (3.7%), and xylose (1.9%) (Figure 5). E. 
faecium KT990028 and E. faecium EJRM152 produced 
polysaccharides with similar carbohydrate chains except for 
xylose, and galactose, respectively (de Brito et al., 2024; 
Kansandee et al., 2019). Notably, the mannose-rich profile is 
of particular interest. Mannose residues are often 
associated with immunoregulatory and prebiotic functions, 
especially in stimulating beneficial gut microbiota such as 
Bifidobacterium spp. (Gerwig, 2019; Kansandee et al., 2019). 
Moreover, the presence of rhamnose and galactose 
residues could facilitate adhesion to epithelial surfaces, 
enhancing mucosal persistence and biofilm formation which 
have critical attributes for probiotic-associated 
polysaccharides (Ciszek-Lenda, 2011). 

Figure 5.  
Monosaccharide composition of the polysaccharide 

 

When compared to polysaccharides from other E. faecium 
strains, such as KT990028 and EJRM152 (de Brito et al., 
2024; Kansandee et al., 2019), the monomer composition of 
SL60 particularly of xylose and galactose, suggests that it is 
a polysaccharide that may provide quite diverse bioactivity. 
This monomeric diversity may also affect the polymer's 
ability to regulate hydrophilicity, solubility, and viscosity, 
making it advantageous for food applications as a natural 
thickener or stabilizer. 

Zeta Potential and Colloidal Stability 

The zeta potential of the purified polysaccharide was 
measured as −9.71 mV (± 0.2). This moderately negative 
charge reflects partial electrostatic stabilization in aqueous 
solution, which could support dispersion and suspension in 
food matrices (Xu et al., 2019). While values beyond ±30 mV 
are typically considered optimal for colloidal stability, 
moderate charges can still prevent aggregation in 
combination with steric hindrance provided by polymeric 
chains (Zhao et al., 2021). Importantly, the negative charge 
may also facilitate interactions with positively charged 
proteins or minerals in food systems, potentially influencing 
texture or bioavailability. Additionally, from a biological 
standpoint, negatively charged polysaccharides have been 
implicated in scavenging free radicals and modulating 
immune responses, thereby enhancing their functionality in 
health-promoting foods (de Brito et al., 2024; Gerwig, 2019; 
Xu et al., 2019). 

Crystallinity and Functional Structure 

XRD analysis demonstrated that the polysaccharide was 
amorphous, lacking sharp crystalline peaks (Figure 6) like E. 
durans (Genc et al., 2024). An amorphous configuration is 
commonly observed in microbial polysaccharides and is 
often associated with improved solubility, hydration 
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capacity, and flexibility-traits favorable for texture-
modifying applications in bakery and dairy products (Genc 
et al., 2024; Tilwani et al., 2021). Moreover, the amorphous 
nature can enhance the polymer’s ability to entrap water, 
stabilize emulsions, and interact with other macromolecules 
in the food matrix. When interpreted in conjunction with the 
monosaccharide profile, the amorphous structure likely 
arises from irregular branching or varied glycosidic linkages, 
which disrupt regular packing. This structural diversity can 
be exploited to tailor rheological properties or create 
controlled-release formulations in nutraceuticals. 

Figure 6.  
Structural confirmation of the polysaccharide by XRD 

 

Figure 7.  
Cytotoxicity effect of polysaccharide from E. faecium SL60 
on human fibroblast cell line (CCD-1079Sk) (*p<0.05, and 
**p<0.01) 

Biocompatability 

Cytotoxicity experiments were performed at different 
concentrations (15.625, 32.25, 62.5, 125, 250, and 500 
µg/mL), and MTT assays on CCD-1079Sk fibroblast cells 
showed no significant cytotoxicity even at polysaccharide 
concentrations up to 500 µg/mL (Figure 7), indicating high 
biocompatibility. Although this is a preliminary in vitro 

evaluation, the absence of cytotoxic effects suggests 
potential use of this polysaccharide in functional foods or 
even pharmaceutical excipients. Notably, polysaccharide 
from Enterococcus strains have been studied for 
applications such as cholesterol reduction, anti-
inflammatory activity, and probiotic encapsulation 
(Holzapfel & Wood, 2014). 

Conclusion and Recommendations 

This study provides a preliminary structural and biological 
characterization of a novel polysaccharide from E. faecium 
SL60 isolated from einkorn sourdough. The strain 
demonstrated a strong ability to produce extracellular 
polysaccharide, consistent with other E. faecium strains. The 
analyses confirmed the polysaccharide's purity and 
proteinaceous heteropolysaccharide nature. The absence of 
a sulfate group may affect its antioxidant capacity, but 
indicates a relatively clean structural profile suitable for food 
or biomedical applications. 

The monomeric diversity suggests potential for 
multifunctional bioactivities, including prebiotic effects, 
epithelial adhesion, and biofilm support desirable in 
probiotic delivery systems. Also, the moderate negative zeta 
potential implies sufficient colloidal stability, which may 
enhance dispersibility in aqueous formulations and 
interaction with food components. 

The amorphous structure observed through XRD supports 
the potential for improved solubility, water retention, and 
interaction with other macromolecules, making this 
polysaccharide a promising candidate for use as a natural 
thickener, stabilizer, or texturizer in functional food 
matrices. Furthermore, its lack of cytotoxicity demonstrates 
favorable biocompatibility, reinforcing its potential in safe 
food and biomedical applications. 
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