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Introduction 

 

Brewers’ spent grains (BSG) represent the most substantial by-product generated in the 

brewing industry, with an estimated annual formation reaching ~39 million tons globally [1-

3]. Briefly, BSG is the remaining solid fraction formed after the mashing phase in beer 

production, when the sugar rich wort, further fermented to beer, is separated from the mash [1-

3]. This mostly lignocellulosic residue is mainly comprised of barley husks, seed coat and 

pericarp, along with remnants of the endosperm and fermentable sugars [1-3]. Some variation 

occurs in the chemical composition of BSG [1, 3, 4]. Generally, it contains abundant amount 

of fibers, such as lignin, arabinoxylans and β-glucan, and protein, and may carry also other 

bioactive components with potential benefits, like phenolic compounds with possible 

antioxidant properties [1, 3, 5-9].    

 The valuable nutritional profile and generous availability of BSG have been 

recognized in many publications [1-3]. The current use is mainly focused on animal feed [1-

3]. Recently, the interest has raised towards the more efficient exploitation of BSG in food, and 

it has been suggested that a promising use of BSG could be in baked goods and cereal based 

products, since they commonly contain whole grains [1, 3, 10]. However, BSG generally has 

poor technological characteristics, and it is difficult to apply in foods [1-3, 8, 11, 12].  While 

cereal foods with low supplementations of fiber-rich BSG have occasionally received 

acceptance, substantial incorporation has often impaired the technological or sensorial quality 

[1, 8, 12-16]. Suitable technological aids may enable to increase the level of BSG in foods 

without impairing their desirability. For instance, fermentation technology may allow the 

utilization of BSG in greater amounts [1, 8, 14, 17]. Among the possibilities brought by this 

technology, the synthesis of exopolysaccharides (EPS) occurring during fermentation with 

lactic acid bacteria (LAB) can impart several positive effects to a specific food matrix [18]. 

Impacts of EPS possibly originate from their water retaining and hydrocolloid properties and 

possible capacity to form networks and interact with matrix components [18-20]. 

 Dextran is among the most potential bacterial EPS for food use, applied for 

instance as bodying and thickening agent and as improver of viscosity and moisture retention, 

as listed by Park and Khan [21]. It is a homoexopolysaccharide, further classified as α-glucan, 

consisting of D-glucopyranosyl units principally linked via α-1,6-glycosidic bonds [22, 23]. 
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Varying number of different length branches are connected to the backbone via α-1,2, α-1,3 

and α-1,4 linkages [22-24]. Dextrans are synthesized extracellularly from sucrose, catalyzed 

by dextransucrase enzyme [19, 22, 25, 26]. Briefly, during dextran synthesis, the glycosidic 

bond of sucrose is cleaved, yielding a covalent glucosyl-enzyme intermediate and fructose [22, 

23, 25-27]. Glucosyl units are then transferred to the growing dextran molecule, whereas 

fructose is liberated [22, 23, 25-27]. Dextransucrases are produced by numerous LAB species 

belonging to the genera Lactobacillus, Leuconostoc, Pediococcus, Streptococcus, and 

Weissella [23]. Currently, Leuconostoc mesenteroides subsp. mesenteroides NRRL B‐512F is 

exploited for commercial dextran production [23, 28, 29].  

 The properties of dextran molecule, such as molecular weight, frequency and type 

of the branches and conformation vary, and influence on its impact on the matrix [19-21, 23, 

30, 31]. Moreover, dextransucrases differ among bacterial strains, and so does the type of 

dextran synthesized, thus different interactions with the matrix can occur [20-24, 32]. Dextran 

of high molecular weight and low level of branches has previously induced positive impacts in 

cereal applications, for instance in bread baking [20, 33].    

 Since dextrans perform well in cereal-food applications, they may represent a 

potential approach for the improvement of the poor structure-forming capacity of BSG, and 

thus its applicability in foods [20, 30, 31, 33-38]. Additionally, when dextran is produced 

naturally in situ via fermentation by LAB, there is no need to indicate this on the food label 

[19, 39-41]. This is a positive aspect of this technology, since due to increasing consumer 

demands for less additives, avoidance of labelling is a desirable approach [19, 40, 41]. Besides 

EPS synthesis, LAB fermentation may also result in other nutritionally and technologically 

beneficial modifications of the cereal matrix, such as formation of bioactive compounds, 

enhancement of antioxidant properties and reduction of anti-nutritional factors [42-46]. 

 LAB generally have demanding nutritional requirements, which may differ 

between species and even strains [47, 48]. Thus substrate properties largely effect on their 

performance in the fermentation of certain matrix and, may impact on the dextran synthesis as 

well [47-50]. The ability of cereal matrices to support the LAB fermentation vary [51]. As 

listed previously [51-53], the intrinsic factors of cereal substrate, such as the availability and 

quality of fermentable substrates, vitamins, minerals, nitrogen sources, water-solids ratio and 

the buffering capacity, influence on the outcome [51-53]. In general, due to high protein, 

polysaccharide, and mineral content, BSG may appear a potential substrate for LAB 

fermentation [3, 54, 55]. Additionally, other features of the system affecting dextransucrase 
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activity, dextran yields and the fermentation process and outcome include: pH, fermentation 

time and temperature, and sucrose concentration [40, 56-60]. Worth noting, if substrate 

contains suitable strong acceptors, such as maltose, dextransucrases also mediate 

oligosaccharide synthesis by transferring the released glucosyl units to this acceptor, rather 

than to growing dextran molecule, resulting in lower dextran yield [57, 61]. The multifactorial 

nature of cereal fermentation by LAB highlights the necessity of selecting the suitable starter 

strains for certain matrix and optimization of culturing conditions, aiming for high yield of 

desired type of dextran, while minimizing the undesirable effects, such as too intensive 

acidification with possible negative impacts in some food applications [62, 63]. 

 To the best of my current knowledge (March 2019), in situ dextran synthesis by 

LAB fermentation has never been studied in BSG. In situ synthesis of dextran by LAB 

fermentation represents a potential approach for the improvement of the technological 

properties of BSG for future food applications. The aim of this study was to establish and 

examine the synthesis of dextran by LAB in BSG. Viscosity formation during fermentation 

indicates the presence of large molecules with water binding properties and has been 

demonstrated to correlate with the in situ dextran synthesis [19, 33, 37, 38]. Dextran producing 

LAB strains previously harnessed for dextran synthesis in cereal matrices, and belonging to 

genera Lactobacillus, Leuconostoc and Weissella were screened for in situ dextran synthesis in 

BSG, based on viscosity formation. The most promising strains i.e. showing the highest 

viscosity, were selected and further screened for their fermentation outcome (growth, 

acidification, viscosity formation) during experiments at 20 and 25 °C. The more suitable 

fermentation temperature was traced by comparing the viscosifying performance of the 

selected starters. Dextran amount was determined semi-quantitatively from selected fermented 

samples showing optimal results, and the presence of oligosaccharides was assessed. Sucrose, 

glucose, maltose and fructose amounts were analyzed to observe the relation between sugar 

consumption, dextran and oligosaccharide formation.  
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Methods 

 

Raw materials 

Brewer’s spent grain (BSG) in the present study originated from barley malt extract production 

and was provided by Viking Malt (Senson, Lahti, Finland). Briefly, at the provider´s site, BSG 

was separated from the mash, prepared from wet milled malt, mixed with water and mashed 

with a typical industrial mashing program. The composition of dried BSG as reported by the 

manufacturer is presented in Table 1. BSG was received frozen and stored at -20 °C. Notably, 

BSG in this study was in the wet form, and the dry matter content of thawed BSG was 25.2 % 

w/w, as determined with AACC method 44-15.02. The sucrose used to induce dextran 

formation in fermentation experiments was common granulated sugar (Rainbow kidesokeri, 

Suomen Sokeri Oy, Finland). Dry matter contents of sample matrices without sucrose and with 

sucrose, calculated based on BSG dry matter content, were 10.1 and 13.1 % w/w, respectively. 
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Table 1. Composition of dried BSG obtained from Viking Malt.  

a nd refers to not detected 

Dry matter % 96.7 

Energy /100 g  841 kJ/ 201 kcal 

Protein % 19.8 % 

Ash g/100 g 2.9 

Fat g/100 g 9.3 

Dietary fiber g/100 g 55.3 

Carbohydrates g/100 g 9.4 

Sugars g/100 g nd a 

Maltose g/100 g nd a 

Glucose g/100 g nd a 

Fructose g/100 g nd a 

Maltotriose g/100 g nd a 

Sodium mg/100 g 8.1 

Potassium mg/100 g 110 

Calcium mg/100 g 140 

Zink mg/100 g 9.7 

Magnesium mg/100 g 210 

 

Lactic acid bacteria strains and culturing 

The list of screened lactic acid bacteria (LAB) strains is presented in Table 2. Strains were 

stored in cryo-tubes with glycerol as cryo-protectant (200 µl of 99.5 % glycerol (AnalaR 

NORMAPUR® ACS, VWR BDH Chemicals, UK) and 800 µl of 24 h culture) at -80 °C and 

routinely cultured in MRS broth (de Man, Rogosa & Sharpe Broth, LABM, UK) at 30 °C. 
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Table 2. List and characteristics of the LAB strains used in this study. 

Specimen Strain Code Source 

Type 

strain 

(Yes/No) Culture collection 

Lactobacillus fermentum 4Rwb African 

grains 

No University of Helsinki, Department 

of Food and Nutrition, own 

collection 

L. mesenteroides subsp. 

Mesenteroides 

LMG 7939 Slime on 

root beer 

No BCCM/LMG, Ghent University, 

Belgium 

L. mesenteroides I21 Faba bean No University of Helsinki, Department 

of Food and Nutrition, own 

collection 

L. mesenteroides DSM20343 Fermented 

olives 

Yes Leibniz Institute - German 

Collection of Microorganisms and 

Cell Cultures, Germany 

Leuconostoc 

pseudomesenteroides 

DSM20193 Cane juice Yes Leibniz Institute - German 

Collection of Microorganisms and 

Cell Cultures, Germany 

Leuconostoc citreum DSM5577 Honeydew 

or rye ear 

Yes Leibniz Institute - German 

Collection of Microorganisms and 

Cell Cultures, Germany 

Weissella cibaria Sj1b Onion 

powder 

No Division of Food Hygiene and 

Environmental Health, University 

of Helsinki 

W. cibaria  LMG 17699 Chili bo 

(Malaysian 

food) 

Yes BCCM/LMG, Ghent University, 

Belgium 

Weissella confusa Sj5-4 Onion 

powder 

No Division of Food Hygiene and 

Environmental Health, University 

of Helsinki 

W. confusa Sj28-1 Onion 

powder 

No Division of Food Hygiene and 

Environmental Health, University 

of Helsinki 

W. confusa C2 African 

grains 

No University of Helsinki, Department 

of Food and Nutrition, own 

collection 

W. confusa 5E7 Wheat 

sourdough 

No University of Helsinki, Department 

of Food and Nutrition, own 

collection 

W. confusa A16 African 

grains 

No University of Helsinki, Department 

of Food and Nutrition, own 

collection 

W. confusa 2LABPTO5 African 

grains 

No University of Helsinki, Department 

of Food and Nutrition, own 

collection 

W. confusa DSM20194 Soured 

carrot mash 

No Leibniz Institute - German 

Collection of Microorganisms and 

Cell Cultures, Germany 

W. confusa NEY6 Sourdough No Department of Soil, Plant and Food 

Science, University of Bari, Italy 

https://www.sciencedirect.com/topics/food-science/food-hygiene
https://www.sciencedirect.com/topics/food-science/food-hygiene
https://www.sciencedirect.com/topics/food-science/food-hygiene
https://www.sciencedirect.com/topics/food-science/food-hygiene
https://www.sciencedirect.com/topics/food-science/food-hygiene
https://www.sciencedirect.com/topics/food-science/food-hygiene
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Sample preparation and fermentation 

BSG was thawed overnight at 4 °C and warmed up at room temperature for 45-60 min during 

sample preparation. The BSG-water ratio of 1:1.5 was selected based on pre-trials (data not 

shown), to achieve measurable consistency for viscosity assessment (Table 3). To enable 

dextran synthesis, 10 % w/w of BSG was substituted with sucrose, resulting in initial sucrose 

content of 4 % w/w of total wet weight of sample. Sucrose content was selected based on 

previous studies, in which sucrose supplementation has generally been 10 % of flour weight, 

corresponding to 2-4 % w/w of wet weight [33, 37, 38, 49]. Fermented samples with sucrose 

supplementation are henceforth referred as EPS+, and counterparts without sucrose 

supplementation, as EPS-. 

Table 3. Recipes for sample matrices presented as percentages of wet weight. 

Ingredient Without sucrose (% w/w) With sucrose (% w/w) 

BSG 40 36 

Distilled water 60 60 

Sucrose - 4 

Total sample matrix 100 100 

 

Cell density of 24-h broth culture was estimated based on optical density (OD600), measured 

with Novaspec II visible spectrophotometer (Amersham Pharmacia Biotech, UK). Targeted 

initial cell density of the starter was ca. 6 log10 cfu g-1 which was achieved with 0.3 V/w % 

inoculum of 24 h culture, containing ca. 9 log10 cfu g-1. Cells were harvested with 10 min 

centrifugation at 9600 g and supernatant was discarded. Cell sediment was suspended in an 

aliquot of the water needed for the experiment and inoculated in the matrix. 

 Samples were fermented for 24 h at 25 or 20 °C. In detail, in the initial screening 

phase to determine whether viscosity formation was induced, samples were fermented at 25 

°C. In the second phase with the selected starters, with the aim of assessing the effect of 

temperature on fermentation outcome and dextran formation, fermentation was performed at 

both 20 °C and 25 °C. Additionally, BSG samples, prepared as previously described without 

LAB inoculum, were incubated in the above conditions and used as controls. Two biological 

replicates were prepared for the initial screening trials, and two or three for the characterization 

trials. Samples were collected before and after fermentation and analyzed directly (pH, 
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viscosity, microbial enumeration), stored at -20 °C (total titratable acidity) or freeze dried 

(dextran, oligosaccharides, sugars) for further analyses. 

 

Acidification properties 

Acidification was assessed by pH and total titratable acidity (TTA) measurements before and 

after fermentation, following the methods commonly exploited in cereal fermentation trials 

[33, 38, 49, 64]. Knick (Germany) Portamess 752 Calimatic pH meter and BlueLine 11 pH 

electrode by SI analytics (Germany) were used for pH measurement. TTA was measured by 

titrating 10 g of melted sample with 0.1 M NaOH until pH 8.5 was reached, as described 

previously by Katina et al. [64]. Before TTA measurement, samples were homogenized by 

grinding with mortar and pestle for 3 minutes, followed by blending with 95 ml of Milli-Q 

water and 5 ml of acetone for 1.5 minutes. TTA values were reported as ml of 0.1 M NaOH 

consumed. Measurements were carried out in duplicate. 

 

Viscosity measurements 

The viscosity of the samples was evaluated both visually and instrumentally. Viscosity was 

assessed visually on a scale 0-5, in which 0 was considered to correspond to equal or lower 

viscosity as before fermentation, whereas 5 corresponded to the most viscous fermented 

sample. Measurement was performed with rotational rheometer (Rheolab QC, Anton Paar, 

Germany), using C-CC27 measuring cup, and ST 22.02-4V probe, at 22 °C, following a 

protocol adapted from a previous study by Xu et al. [65]. Viscosity was analyzed with shear 

rates increasing from 2 s-1 to 100 s-1, followed by decreasing back to 2 s-1. Viscosities (Pa∙s) at 

shear rate 100 s-1 were compared. Measurements were performed in duplicate. 
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Microbial enumeration 

Microbiological enumeration was carried out by classical plate counting techniques. The 

number of total aerobic mesophilic microbes, presumptive LAB, Bacillus cereus, 

Enterobacteriaceae, as well as yeasts and molds, was analyzed before and after fermentation. 

Serial dilutions in physiological salt solution (0.9 % w/V NaCl) were performed, followed by 

culturing on suitable medium and colony counting. Total mesophilic microbes were counted 

on PCA, presumptive LAB on MRS agar and Enterobacte aceae on VRBGA (Table 4). Yeasts 

and molds were enumerated on YPD [66] and malt extract agar, respectively. YPD and malt 

extract agar were supplemented with chloramphenicol to suppress bacterial growth. When 

necessary, Leica DM1000 LED microscope was used for cell morphology examination to 

confirm the distinguishment of yeast and mold colonies from bacterial colonies on these plates. 

B. cereus were enumerated on PEMBA supplemented as recommended by the manufacturer, 

by the recognizable blue white halo colonies. All enumerations were performed in duplicate. 
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Table 4. Culturing media and conditions used as described by the manufacturer for 

microbiological enumeration of BSG before and after the fermentation process. 

Group of interest Medium Manufacturer Plating 

method 

Incubation 

temperature 

(°C)  

Incubation 

time (h) 

Lactic acid bacteria de Man, Rogosa 

and Sharpe agar 

(MRS agar) 

LABM, UK Pouring 30 

 

48 

Total mesophilic 

microbes 

Plate Count agar 

(PCA) 

LABM Pouring 30 72 

B. cereus Bacillus cereus 

medium (PEMBA) 

LABM Spreading 30 24 

 + Polymyxin B  LABM    

 + Egg yolk 

emulsion  

LABM    

Enterobacteriaceae Violet Red Bile 

Glucose Agar 

(VRBGA) 

LABM Pouring 37 24 

Yeasts Yeast extract -

peptone -dextrose 

agar (YPD) [66] 

  Spreading 25 72 

 Ingredients: yeast 

extract, 

bactopeptone, 

dextrose, agar 

LABM    

 + Chloramphenicol 

0.01 % 

Oxoid, UK   

Molds Malt extract agar LABM Spreading 25 120 

 + Chloramphenicol 

0.01 % 

Oxoid    

 

Dextran, oligosaccharides and sugar analysis 

Dextran, oligosaccharides, sucrose, maltose, glucose and fructose amounts were determined 

from freeze dried samples of BSG fermented at 25 °C with selected starters and from 

unfermented sample (control) without sucrose supplementation.   

 Dextran was extracted using an enzyme assisted method described by Katina et 

al. [33], in which dextran is hydrolyzed to glucose which is then quantified. Used dextranase 

was from Chaetomium erraticum (D0443-50ML, Sigma-Aldrich, Germany), transglucosidase 
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from Aspergillus niger (E-TRNGL Megazyme, Ireland), and pure dextran used for determining 

the recovery rate from Leuconostoc spp. (95771-10G, Sigma-Aldrich). Based on pre-trial (data 

not shown), dextran recovery from BSG matrix was ca. 67 %, thus the correction factor 1.5 

was used to approximate the amount of formed dextran.   

 For sugar and oligosaccharides analyses, 200 mg of sample was mixed with 5 ml 

MilliQ-water to dissolve the sugars, followed by 5 min boiling in order to inactivate the 

endogenous enzymes. Supernatant was recovered by 15000 g 10 min centrifugation, filtered 

through Amicon Ultra-0.5 centrifuge filters (Millipore, Billerica, MA), and used for 

determination.     

 Determinations of glucose released from dextran hydrolysis, and other sugars 

were carried out with high performance anion exchange chromatography with pulse 

amperometric detection (HPAEC-PAD) system as described previously by Wang et al. [37]. 

Sucrose, glucose, maltose and fructose (Merck, Germany) were used as standards, and 2-

deoxy-galactose as an internal standard. Dionex CarboPac PA1 Analytical (4 × 250 mm, 

Thermo Scientific) was used as a column, Waters 2465 as a pulse amperometric detector, 

Waters 2707 as an autosampler, and three Waters 515 as HPLC pumps (Waters, USA). Milli-

Q water and 0.2 M NaOH were used as eluents, and the flow rate was 1.0 ml min−1. 

Measurements were performed in duplicate. Results were reported as % w/w of the wet weight 

of the whole sample matrix.   

 Oligosaccharides were determined with HPAEC-PAD as described by Katina et 

al. [33]. Glucose, sucrose, fructose, maltose (Merck) were used as standards. Dionex CarboPac 

PA100 Analytical (4 × 250 mm, Thermo Scientific) was used as a column, two Waters 515 as 

HPLC pumps (Waters), Waters 717 as autosampler, and Decade detector with a gold electrode 

as a detector (Antec Leyden, The Netherlands). In the eluation, 100 mM NaOH-1 M NaOAc 

gradient was used at a flow rate of 1 ml min-1. Determinations were performed in duplicate. 

   

Statistical analysis  

Statistical significance of differences between the obtained results was examined with IBM 

SPSS Statistics 25, using One-way ANOVA and Tukey’s test (p < 0.05). Two biological 

replicates were prepared for the screening trials, and two or three for the optimization trials. 

The results are presented as mean values of biological replicates.  
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Results 

 

Fermentation experiments: Screening and selection of LAB strains 

Acidification 

After 24 h of fermentation at 25 °C, initiated by the LAB starters reported in Table 2 singly 

inoculated in BSG, acidification occurred in all the BSG samples, and pH decreased from 6.3 

to 3.9-5.7 (Table 5). In most of the cases, no significant differences in pH values between EPS+ 

and their EPS- counterparts were observed, with a few exceptions. W. cibaria Sj28-1 and L. 

mesenteroides DSM20343 EPS+ samples showed significantly lower pH compared to their 

EPS- analogues.  
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Table 5. pH values of fermented BSG samples (fermented at 25 °C). Initial row refers to the 

value before fermentation. EPS- and EPS+ refer to BSG samples fermented without and with 

sucrose supplementation, respectively. 

a-j  Values with different superscript letters are significantly different (p < 0.05), n = 2-3. 

Sample pH 

 EPS- EPS+ 

Initial   

Average 6.3 ± 0.1 a 6.3 ± 0.1 a 

   

Fermented at 25 °C   

LMG7939 5.0 ± 0.0 f, g, h, i 5.4 ± 0.0 i, j 

DSM20193 3.9 ± 0.1 b 4.2 ± 0.2 b, c, d 

Sj1b 4.8 ± 0.1 d, e, f, g, h 5.2 ± 0.1 g, h, i, j 

LMG17699 4.7 ± 0.1 c, d, e, f, g, h 5.0 ± 0.1 f, g, h, i 

Sj5-4 5.0 ± 0.0 f, g, h, i 4.6 ± 0.3 c, d, e, f, g 

Sj28-1 5.7 ± 0.0  j 4.7 ± 0.0 c, d, e, f, g, h 

DSM5577 5.2 ± 0.1 g, h, i, j 4.7 ± 0.0 c, d, e, f, g, h 

C2 4.9 ± 0.0 f, g, h, i 4.7 ± 0.1 c, d, e, f, g, h 

5E7 4.2 ± 0.4 b, c, d, e 4.0 ± 0.2 b 

A16 4.6 ± 0.2 c, d, e, f, g 4.8 ± 0.1 e, f, g, h, i 

2LABPTO5 4.4 ± 0.2 b, c, d, e, f 4.8 ± 0.2 d, e, f, g, h 

DSM20194 5.0 ± 0.0 g, h, i 4.9 ± 0.0 f, g, h, i 

I21 5.3 ± 0.2 h, i, j 4.8 ± 0.1 d, e, f, g, h 

DSM20343 5.4 ± 0.0 i, j 4.7 ± 0.0 c, d, e, f, g, h 

4Rwb 4.2 ± 0.1 b, c 4.0 ± 0.1 b 

NEY6 4.2 ± 0.1 b, c, d 4.2 ± 0.1 b, c, d, e 

 

Viscosity formation  

Fresh BSG consisted of small grain particles and showed incoherent texture, with phase 

separation occurring in samples rapidly after mixing. Before fermentation, viscosity was not 

remarkably different between samples with and without sucrose supplementation. 

 After fermentation at 25 °C, the instrumental viscosity values ranged from 0.1 to 

3.1 Pa·s (Figure 1, Table S1, supplementary material). From examined samples, EPS+ 

fermented by DSM20193, 5E7, A16, 2LABPTO5 and NEY6 exhibited the largest differences 

from unfermented sample in the instrumental measurement. Minor viscosity formation was 

observed in EPS+ samples fermented by LMG17699, Sj-28-1, DSM20194 and DSM20343 as 
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well, scoring 0.5-1 in visual assessment, but remaining just barely detectable in the 

instrumental measurement. The highest viscosities in the instrumental measurement, with 

statistical significance, were obtained from EPS+ samples fermented by W. confusa strains 

2LABPTO5 and A16, and L. pseudomesenteroides strain DSM20193, estimated also visually 

with a score of 5. None of the EPS- samples showed significant increase in viscosity during 

fermentation. Furthermore, phase separation after mixing started to occur rapidly after 

fermentation in EPS- samples, while it was absent during the visual observation in viscous 

fermented EPS+ samples (Figure 2).     

 Based on the results of this screening, W. confusa strains A16 and 2LABPTO5 

as well as L. pseudomesenteroides DSM20193, showing the highest viscosity increase due to 

sucrose supplementation, were selected for further trials.  

 

Figure 1. Viscosity values as determined by Rheolab QC (Pa·s at shear rate 100 s-1), from BSG 

samples before fermentation (Initial), from EPS- samples, from representative samples 

showing the highest change in the viscosity after fermentation and from other EPS+ samples.  
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Figure 2. Representative image of dextran synthesis during LAB fermentation. Samples 

fermented by W. confusa 2LABPTO5 5 minutes after mixing. EPS+ refers to sample fermented 

with sucrose supplementation, EPS- to sample without sucrose supplementation. 

 

Fermentation experiments: Assessment of selected starters performance at 20 and 25 °C  

Acidification properties 

Before fermentation, pH of BSG sample matrix was 6.3 and TTA 1.0 ml (Figures 3 and 4). In 

all trials with selected starter strains, BSG was acidified during fermentation. In general, W. 

confusa A16 and 2LABPTO5 showed similar results in both temperatures, with slightly, but 

not significantly, higher TTA (3.2-3.9 ml) and lower pH (4.4-4.6) in EPS- than EPS+ (2.5-3.1 

ml, 4.6-4.8) samples. The lowest pH values (3.9-4.2) and the highest TTA values (5.4-6.6 ml) 

were achieved with L. pseudomesenteroides DSM20193, with an exception of EPS- sample 

fermented at 20  ̊C, which showed pH 4.5 and TTA 3.7 ml. Spontaneous fermentation resulted 

in pH values varying from 5.0 to 6.3, without notable differences between the two fermentation 

temperatures. 

  

2LABPTO5 

EPS+ 

2LABPTO5 

EPS- 
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Figure 3. pH values before (Initial) and after 24 hours of fermentation. EPS- and EPS+ refer to 

fermented samples prepared without and with sucrose supplementation, respectively.  

b-f  Values with different superscript letters are significantly different (p < 0,05),  n = 2-3.  
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Figure 4. TTA values before (Initial) and after 24 hours of fermentation. EPS- and EPS+ refer 

to fermented samples prepared without and with sucrose supplementation, respectively.  

b-g  Values with different superscript letters are significantly different (p < 0.05),  n = 2-3.  

 

Viscosity formation  

As expected based on the preliminary screening trials, viscosity of any of the EPS- samples did 

not differ significantly from initial situation, independently of the temperature tested. In these 

cases, the instrumental viscosity value settled at 0.1-0.3 Pa·s at shear rate 100 s-1. EPS+ 

DSM20193 and 2LABPTO5 showed higher viscosity at 25 °C in instrumental and visual 

assessment, whereas A16 appeared more viscous as well, but difference in the viscosity values 

did not reach statistical significance (Figure 5). Viscosity increase was substantial in EPS+ 

samples also when fermentation was performed at 20 °C and scored 4 in visual assessment. 

Moreover, according to visual observation, 2LABPTO5 and A16 EPS+ sample mass appeared 

more elastic and slightly less thick than corresponding DSM20193 after fermentation at both 

conditions. Since the highest viscosity values were observed after fermentation at 25  ̊C, these 

samples were selected for further dextran and sugar analyses.  
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spontaneously fermented samples with or without sucrose, and instrumentally determined 

viscosity was 0.2 Pa·s at shear rate 100 s-1. 

 

 

Figure 5. Viscosity values as determined by Rheolab QC (Pa·s at shear rate 100 s-1) of 

unfermented sample (Initial) and EPS+ (fermented sample with sucrose supplementation) 

samples fermented at two different temperatures.  

a-d Values with different superscript letters are significantly different (p < 0.05), n = 2-3. 
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density was similar among EPS+ and EPS- counterparts, increasing ca. 2.7-2.9 log cycles 

during fermentation at 20  ̊C, and 2.4 at 25  ̊C. Contrarily, DSM20193 showed some differences 

between EPS+ and EPS- samples. At 20  ̊C EPS+ sample showed an increase of 2.6 cycles, and 

the EPS- one only 2.3. On the contrary, at 25 ̊C, the EPS+ one showed less increase, 2.3 cycles, 

and the EPS- one more, 2.6. Total mesophilic count followed the same pattern as the 

presumptive LAB count. Enterobacteriaceae, B. cereus, yeasts or molds were never found 

from samples fermented by selected starter strains.    

 The development of microbial community during spontaneous fermentation of 

BSG appeared different: the variation in cell density and microbial diversity between samples 

taken from different parts and batches of BSG was extensive, whereas sucrose supplementation 

did not result in significant differences. After spontaneous fermentation at 20 or 25 °C, 

presumptive LAB count reached 4-8 log10 cfu g-1 and total mesophilic count 5-8 log10 cfu g-1. 

B. cereus was never found after fermentation at 20 °C, but always after fermentation at 25 °C, 

at a cell density varying from 1 to 4 log10 cfu g-1. Enterobacteriaceae appeared occasionally 

after fermentation at 25 °C, number of colony forming units varying from 4 to 7 log10 cfu g-1, 

and never after fermentation at 20 °C.    

 Noteworthy, despite of chloramphenicol supplementation, a few colonies, 

confirmed as bacterial by microscopy, appeared on YPD and malt extract agar plates, which 

were intended for yeast and mold enumeration.  
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Table 6. Cell density (log10 colony forming units g-1) of lactic acid bacteria and total mesophilic 

microbes before (initial) and after fermentation by selected starters W. confusa strains A16 and 

2LABPTO5, and L. pseudomesenteroides strain DSM20193. EPS- and EPS+ refer to BSG 

samples fermented without and with sucrose supplementation, respectively. 

a-g Values in the same group with different superscript letters are significantly different (p < 

0.05), n = 2-3. 

 Lactic acid bacteria 

(log10 cfu g-1) 

Total mesophilic microbes 

(log10 cfu g-1) 

 EPS- EPS+ EPS- EPS+ 

Initial     

A16 6.1 ± 0.1 a 6.2 ± 0.1  a 6.1 ± 0.2  a, b 6.1 ± 0.1  a 

2LABPTO5 6.1 ± 0.1 a 6.2 ± 0.1  a 6.1 ± 0.0  a 6.2 ± 0.1  a 

DSM20193 6.6 ± 0.1 b 6.6 ± 0.0  b 6.6 ± 0.1  b 6.6 ± 0.2  b 

     

Fermented at 20 °C     

A16 9.1 ± 0.2  e, f, g 9.0 ± 0.0  e, f 8.9 ± 0.3  e, f 8.9 ± 0.0  e, f 

2LABPTO5 9.0 ± 0.0  e, f, g 8.8 ± 0.1  d, e 9.0 ± 0.0  e, f 8.9 ± 0.2  d, e 

DSM20193 8.9 ± 0.0  e, f 9.3 ± 0.1  g 8.9 ± 0.0  e, f 9.2 ± 0.1  f 

     

Fermented at 25 °C     

A16 8.5 ± 0.0  c 8.6 ± 0.0  c, d 8.4 ± 0.1  c 8.5 ± 0.0  c 

2LABPTO5 8.5 ± 0.1 c 8.5 ± 0.1  c 8.4 ± 0.1  c 8.5 ± 0.1  c, d 

DSM20193 9.2 ± 0.1 f, g 8.9 ± 0.1  e 9.3 ± 0.1  f 8.9 ± 0.1  d, e 

 

Dextran, oligosaccharides, and sugar determination 

Before fermentation, uninoculated BSG matrix without sucrose supplementation had 0.1 ± 0.0 

% w/w (of the wet weight, henceforth) glucose, 0.3 ± 0.0 % w/w maltose, and no intrinsic 

fructose, sucrose, dextran or oligosaccharides were detected. As mentioned above, sugar 

supplementation was 4 % w/w. In EPS+ samples, the supplemented sucrose was completely 

consumed during fermentation. Intrinsic maltose and glucose were consumed, and dextran, 

fructose and oligosaccharides were formed in all EPS+ samples (Figure 6), while no fructose, 

oligosaccharides or dextran were found in EPS- samples.  

 1.8 ± 0.1, 1.9 ± 0.1, and 1.2 ± 0.2 % w/w of fructose was liberated in EPS+ A16, 
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2LABPTO5 and DSM20193 samples, respectively. A16 and 2LABPTO5 EPS+ samples 

showed similar dextran quantity (1.7 ± 0.0 and ± 0.1 % w/w, respectively), which was higher 

than of DSM20193 EPS+ sample (1.1 ± 0.2 % w/w). Based on the retention time and presence 

of maltose acceptors in the substrate, formed oligosaccharides were isomaltooligosaccharides. 

Currently, isomaltooligosaccharides cannot be quantified due to lack of suitable standards and 

only a qualitative analysis can be provided. 

 

Figure 6. HPAEC-PAD chromatograms of representative EPS+ (fermented sample prepared 

with sucrose supplementation) samples after fermentation at 25 °C and before fermentation 

without sucrose supplementation (Initial) from oligosaccharide analysis.  
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Discussion 

 

Screening and selection of LAB strains 

In this study, BSG was utilized as a fermentation matrix for EPS synthesis by LAB. First, 

different LAB strains were screened for their capacity to produce EPS in BSG, assessed by 

viscosity formation and acidification in the fermented matrix.  

  A trend of similar pH of EPS+ and EPS- sample occurred in screening trials, 

with a few exceptions showing higher acidification in the EPS+ counterpart. This may be due 

to different preferences of certain strains to ferment the few sugars available (i.e. glucose and 

maltose) or potentially deriving from hydrolysis of BSG carbohydrates [47, 48, 51]. It can be 

hypothesized that sucrose supplementation may have facilitated the fermentation of the strains 

for which the intrinsic fermentable substrates available in BSG were not usable. Indeed, the 

interactions of cereal matrix and microbial community were described by Gänzle [67] as 

interdependent, in other words, metabolic products of microbes have an impact on the cereal 

components and, vice versa. For instance, the acids produced by microorganisms may affect 

the activity of grain enzymes, which as a consequence create substrates for microbes [67]. 

Because the BSG in this study was not heat treated or sterilized, endogenous enzymatic 

activities of the grains, as well as the microbial activity, may have impacted on the fermentation 

kinetics, for instance by liberating fermentable sugars during the trial [1, 68]. Notably, intrinsic 

glucose and maltose amounts in BSG observed in this study slightly differed from that provided 

by the manufacturer, which might due to a different analytical method. 

 The physiological importance of EPS for bacteria is not entirely known, and 

various factors appear to influence on the nature and efficiency of dextran synthesis, as 

described above [19, 47, 48, 51, 56, 57, 61]. In turn, molecular properties largely affect the 

functionality of EPS [19, 21, 30]. Besides structural diversity of dextran molecules synthesized 

by different LAB species and strains, also their interaction with the matrix components likely 

effects on the viscosity [19, 21, 23, 24, 32]. Increased viscosity values generally indicate the 

presence of high molecular weight compounds with water binding capacity and viscosity 

increase due to in situ dextran synthesis has been well demonstrated in numerous studies [18, 

33, 37, 65]. Therefore, assessment of increase in the viscosity can be exploited as an indicative 
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parameter for high molecular weight dextran synthesis during LAB fermentation although the 

viscosity values do not directly correspond to the amount of dextran formed. Based on the 

viscosity increase, the strains, L. pseudomesenteroides DSM20193, W. confusa A16 and 

2LABPTO5, were considered the best performing candidates.  

 

Assessment of selected starters performance at 20 and 25 °C  

Weissella spp. and Leuconostoc spp. are facultatively anaerobic and heterofermentative 

bacteria, producing lactic acid, CO2, ethanol and/or acetate by fermenting glucose via 6-

phosphogluconate/phosphoketolase pathway [28]. Optimal growth temperature for 

Leuconostoc spp. is reported to be 20-30 °C, but most species, including L. 

pseudomesenteroides, are also capable of growing at temperatures as high as 37 °C [28].  

Weissella spp. may grow between 15 and 37 °C, and some even at 42-45 °C, including strains 

of W. confusa [28, 69, 70]. In this study, the temperatures of 20 and 25 °C were selected aiming 

of allowing the mild acidification of the substrate. In fact, de Vuyst and Degeest [71] stated 

that suboptimal incubation temperature appears to enhance the EPS synthesis by mesophilic 

LAB. Moreover, application-wise, the ability to grow in low temperature is considered a 

preferable property of a starter in cereal applications [72].  

 In the present study, acidification in W. confusa A16 and 2LABPTO5 samples 

did not differ significantly between the two temperatures examined. On the contrary, L. 

pseudomesenteroides DSM20193 EPS- samples fermented at 20 °C showed considerably 

lower acidity than the EPS+ one, while sucrose supplementation did not induce the 

acidification at 25 °C. This may indicate that additional sucrose supported the metabolism of 

DSM20193 in suboptimal conditions at 20 °C. Greater sucrose utilization for growth and 

acidification may, in turn, have resulted into lower amount of sucrose available for dextran 

synthesis, which could partially explain the lesser viscosity formation in this lower 

temperature, in the case of this strain in particular.    

 Acidification by LAB in cereal fermentations varies among strains and substrates, 

and same strains have produced acids differently in diverse matrices [33, 49, 50]. Samples 

fermented by W. confusa strains A16 and 2LABPTO5 had generally lower acidity than 

corresponding samples fermented by L. pseudomesenteroides strain DSM20193, after 

fermentation at 25 °C and with the exception of EPS- DSM20193, also at 20 °C. The 
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explanation for more intensive acidification in L. pseudomesenteroides DSM20193 samples in 

comparison to W. confusa A16 and 2LABPTO5, is presumably complex and due to different 

factors. Higher acidification by Leuconostoc spp. than Weissella spp. in same matrix has been 

reported also earlier [33, 65].  Notably, Leuconostoc spp., like the majority of 

heterofermentative LAB, may reduce fructose to mannitol, catalyzed by mannitol 

dehydrogenase, with associated acetate, instead of ethanol, formation [28, 73]. It has been 

observed previously, that Weissella spp. typically do not possess such activity, thus lacking the 

concomitant acetate formation, and commonly result in low acetate production [33, 36, 49, 74-

77]. Fructose liberated from sucrose by dextransucrase could therefore induce the acetate 

formation by L. pseudomesenteroides DSM20193, as also previously observed in faba bean 

fermentation [65]. Noteworthy, sucrose supplementation did not result in higher TTA in faba 

bean trials with DSM20193, but still led to slightly higher acetate and lower lactic acid content 

[65], which indicates that variations in lactic and acetic ratio may not reflect on pH and TTA 

values.     

 Nonetheless, TTA values of all the fermented samples in this study can be 

considered generally quite low, compared to previous observations in BSG or in other cereal 

substrates [8, 14, 33, 49, 50]. Stronger acidification (pH 3.68 and 4.07, TTA 14.72 and 9.7 ml, 

respectively) was reached in previous studies in BSG sourdough fermentation, although 

fermentation conditions and starter cultures were different [8, 14]. Thus, comparison to these 

trials may not be rational. Higher acidification was observed also in previous studies applying 

the same strains, after the same fermentation time at 25 °C, but in different matrices (i.e. faba 

bean and millet) [37, 38].       

 Acidity induced by LAB may influence on various factors. Decreased pH may 

bring beneficial changes in the matrix, for instance by activating the endogenous enzymes, 

which in turn, e.g. enhance the bioavailability of minerals [42, 43]. Besides, acids synthesized 

by LAB likely play a role in the inhibition of harmful microorganisms [78]. Acidity may also 

have an impact on the dextransucrase activity [58]. Optimal pH for L. mesenteroides NRRL B-

512 dextransucrase activity is reported to be 5-5.2 [59, 79]. Moreover, the best pH of L. 

mesenteroides IBUN 91.2.98 dextransucrase activity was 5.0 [80], whereas W. cibaria JAG8 

dextransucrase had optimal conditions at pH 5.4 [81]. Notably, these values may not apply for 

all dextransucrases and all strains. Even though moderately low pH appears to allow the 

dextransucrase activity, LAB fermentation of cereals may commonly lead to even more acidic 

conditions, observed for instance during sourdough fermentation [82]. Therefore, for dextran 
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synthesis, relatively mild acidification may be a desired property of a starter. Organic acids 

have great influences in food product characteristics, and a good balance of the acidity, in 

particular in the ratio of lactic and acetic acid produced during fermentation, should be taken 

into account to avoid impairing the technological and sensorial properties [62, 63, 74]. 

Eventually, fairly mild acidity obtained in all fermented BSG matrices obtained in the present 

study may enhance their applicability in diverse food products, but the quantification of lactic 

and acetic acid in the samples is necessary, and currently undergoing [62, 63, 74]. 

 From the examined fermentation temperatures, the greatest viscosity increase, 

and thus the highest potential for dextran synthesis, was achieved at 25 °C. Thus, 25 °C was 

considered more suitable fermentation temperature for this purpose, aiming for high dextran 

yields. Result is in agreement with previous studies regarding these strains in particular. L. 

pseudomesenteroides DSM20193 has previously showed abundant dextran synthesis at 25 °C 

in faba bean fermentation [37], and W. confusa A16 and 2LABPTO5 in millet fermentation 

[38].      

 In the present study, significant viscosity increase was achieved in dextran 

containing samples, thus the rheological properties of BSG were transformed. L. 

pseudomesenteroides DSM20193 showed similar viscosity values, but lower dextran yield in 

comparison to examined W. confusa strains. This might be explained by different structures of 

the dextran produced and as a consequence, different interactions with the carbohydrate and 

protein components of BSG. In fact, the dextran structures of the same strains selected in this 

study, have been studied. Using MRS agar with sucrose supplementation as a substrate, 

DSM20193 produced dextran with 5.8 % branching via α-1,3-linkages, and weight average 

molar mass of ~4.4 106 g mol-1 , whereas A16 formed dextran with 3 % branching via α-1,3-

linkages and weight average molar mass of ~3.3 106 g mol-1 [32, 38]. Dextran synthesized by 

2LABPTO5 was nearly identical to A16, but this data was not published in the study [38]. 

However, since the substrate properties and cultivation conditions greatly influence on the 

nature of dextran synthesized by LAB, structures formed in the conditions of this study in BSG 

might be different from the structures analyzed on MRS [40, 56, 57]. 

 Final cell density of presumptive LAB after fermentation with selected starter 

strains, at both temperatures, is in the same order of magnitude obtained in previous studies of 

EPS synthesis in cereal matrices [33, 62, 74, 83]. Furthermore, cell density generally increased 

quite similarly in EPS- and EPS+ samples. These observations indicate the suitability of BSG 

used in present study to sufficiently fulfill the nutritional requirements of selected LAB strains 
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[47, 48, 51].       

 Besides of presumably supporting the growth of desired starters, high moisture 

level of BSG, combined with the presence of nutrients, may expose it for microbial spoilage, 

which has been recognized as a challenge regarding its utilization in food [1, 3, 4, 84]. 

Filamentous fungi, yeasts and bacteria are often detected from cereal grains, and molds 

commonly represent the main concern [86]. According to Bianchini and Stratton [86] bacteria 

belonging to the families Bacillaceae, Micrococcaceae, Lactobacillaceae, and 

Pseudomonadaceae are frequently detected, and also enteric bacteria have been encountered 

in cereal crops [85, 86].  In previous study by Bokulich et al. [87], several mold and yeast 

species, other fungi, lactic and acetic acid bacteria, Bacillaceae, Micrococcaceae, 

Staphylococcaceae and Enterobacteriaceae were detected from brewery surfaces [88]. In 

particular, preparation surfaces of wort, malt and hot side areas, where BSG is formed, were 

mostly contaminated with Enterobacteriaceae, Leuconostocaceae, Candida, Pichia, and 

Rhodotorula spp., which the authors presumed to mainly originate from the grains used as raw 

material for mashing [87]. However, due to variation in BSG composition between malt types 

and methods of different manufacturers, variation in microbial quality of BSG can be expected 

as well [1, 3, 4]. Notably, mashing appears to lead in a significant reduction of microbial load, 

likely due to relatively high temperatures (above 70 °C) reached during the process, 

highlighting the effect of contaminations taking place after mashing and storage conditions on 

the microbiological quality of BSG [4, 68, 84, 88]. In this study, nonappearance of colony 

forming units of Enterobacteriaceae, B. cereus, yeasts and molds and low density of microbes 

in fresh BSG matrix thus indicates sufficient storage conditions of the BSG as received by the 

manufacturer.     

 Fermentation trials in the present study were performed at temperatures suitable 

for microbial proliferation. Indeed, the outcome of spontaneous fermentation was highly 

variable, and B. cereus and Enterobacteriaceae were occasionally detected. Therefore, 

potential propagation of unwanted microbes in the substrate underlines the necessity for 

controlled fermentation with defined, robust starter strains. Due to low intrinsic cell density of 

presumptive LAB in the matrix, inoculum of 6 log10 cfu g-1, often adopted in other studies, 

likely allowed the starter to be dominant in the time frame considered, enabling the formation 

of desired characteristics [37, 38, 49]. Nonappearance of B. cereus, Enterobacteriaceae in 

samples fermented by the starter strains, may indicate unfavorable growth conditions, possibly 

caused by metabolic activities of LAB, such as acidification [78, 89, 90]. Therefore, selected 
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started strains appeared potential candidates regarding the microbiological quality of the 

process. These results are promising considering the future utilization of fermented BSG in 

food applications. Aiming for food use, more thorough microbial safety assessment including 

greater diversity of microbial groups, could be considered. Worth noting, bacterial colonies 

appeared on the media aimed for yeast and mold enumeration, and thus the chloramphenicol 

supplementation was not successful in the purpose of prevention of bacterial growth in this 

study, which is presumably due to incorrect application.  

 During fermentation trials at 25 °C, great majority of sucrose was presumably 

converted to dextran and fructose, formed in nearly equal amounts in all EPS+ samples. As no 

intrinsic sucrose was detected, 4 w/w % (of wet weight) sucrose supplementation likely served 

as a substrate for dextran formation. Since dextransucrase ideally converts sucrose into 

equivalent amounts of dextran and fructose during fermentation, theoretical maximum yield 

for each is 2 % w/w [23]. Fermentation by W. confusa strains A16 and 2LABPTO5 resulted in 

high dextran yields near the theoretical amount, whereas L. pseudomesenteroides DSM20193 

yielded somewhat less. In previous studies, fermentation with A16 resulted in high quantity of 

dextran (~1.4 % of wet weight) in pearl millet sourdough as well and DSM20193 also 

synthesized considerable amount in faba bean fermentation (~1.45 % of wet weight), at the 

same fermentation temperature and time [37, 38]. Thus, dextran yields in BSG fermentation in 

the present study are somehow comparable to those previously observed, although due to 

different substrate properties, differences in the outcome can be expected [47-50, 56]. 

Eventually, these strains appear robust performers in dextran synthesis in diverse matrices, 

including BSG.     

 Dextran and fructose quantities were rather well correlated in this study. 

Similarly as dextran, fructose quantity nearly reached the theoretical maximum in A16 and 

2LABPTO5 samples, and in DSM20193 sample it was considerably lower. Fructose is 

fermented by Leuconostoc spp. (except some L. mesenteroides subsp. cremoris strains), and it 

can be reduced to mannitol, gaining ATP, which may thus explain the lesser fructose quantity 

[28, 73]. Generally, W. confusa are capable of fructose fermentation [69], but since fructose 

content after fermentation was near the theoretical maximum, it is likely that these strains 

mainly preferred glucose, maltose or, some other compound not detected in the present study 

and possibly liberated during trials, in their energy metabolism. Moreover, part of the 

supplemented sucrose was perhaps also consumed as a fermentable substrate.

 Isomaltooligosaccharides, were formed in all EPS+ samples, induced by maltose 
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present in raw material, which presumably also affected the dextran yield [57, 61]. 

Nevertheless, isomaltooligosaccharides have been suggested as promising prebiotics [91]. 

Clarifying the nature and impacts of formed isomaltooligosaccharides is of interest in future 

studies.      

 In conclusion, the rheological properties of BSG were modified via LAB 

fermentation and dextran synthesis, resulting in more viscous texture, and its applicability in 

food systems was potentially enhanced. W. confusa strains A16 and 2LABPTO5 and L. 

pseudomesenteroides strain DSM20193 appeared promising starters for dextran synthesis in 

this matrix. BSG in the present study endorsed a sufficient growth, mild acidification and 

abundant dextran synthesis of the selected starters, matrices therefore appearing as potential 

functional ingredients for novel cereal-based foods. A more detailed examination of the 

metabolic interactions during BSG fermentation as well as of the interactions between BSG 

components, formed dextran and food systems will be the subject of further studies.    
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Supplementary material 

Table S1. Viscosity formation by screened LAB (lactic acid bacteria) strains. Initial rows refer 

to the values before fermentation, and fermented rows to the situation after 24 hours 

fermentation at 25  ̊C. EPS- and EPS+ refer to sample matrices prepared without and with 

sucrose addition, respectively. N = 2-3. 

a-d  Values in the same group with different superscript letters are significantly different (p < 

0.05), n = 2-3. 

e Viscosity increase was obtained by subtracting the initial viscosity from viscosity measured 

after fermentation. Different viscosity values obtained from different batches of BSG were 

taken into account in this comparison. 

 Viscosity 

(Pa·s) at shear rate 100 s-1 

Viscosity increase e 

(Pa·s) at shear rate 100 s-1 

Visually assessed 

viscosity 

(0-5) 

 EPS- EPS+ EPS- EPS+ EPS- EPS+ 

Initial       

Batch 1 0.1 ± 0.0 a, b 0.1 ± 0.0 a   0 0 

Batch 2 0.3 ± 0.1 a, b, c 0.2 ± 0.0 a, b, c     

Fermented       

LMG7939 0.1 ± 0.0 a, b 0.1 ± 0.0 a 0.0 ± 0.0 a, b 0.0 ± 0.0 a, b 0 0 

DSM20193 0.3 ± 0.0 a, b, c 3.1 ± 0.5 d -0.1 ± 0.0 a 3.0 ± 0.5 c 0 5 

Sj1b 0.1 ± 0.0 a 0.1 ± 0.0 a 0.0 ± 0.0 a, b 0.0 ± 0.0 a, b 0 0 

LMG17699 0.1 ± 0.0 a 0.1 ± 0.0 a 0.0 ± 0.0 a, b 0.0 ± 0.0 a, b 0 0.5 

Sj5-4 0.1 ± 0.0 a 0.1 ± 0.0 a 0.0 ± 0.0 a, b 0.0 ± 0.0 a, b 0 0 

Sj28-1 0.1 ± 0.0 a 0.2 ± 0.0  a, b, c 0.0 ± 0.0 a, b 0.1 ± 0.0 a, b 0 1 

DSM5577 0.1 ± 0.0 a 0.1 ± 0.0 a, b, c 0.0 ± 0.0 a, b 0.1 ± 0.0 a, b 0 0 

C2 0.1 ± 0.0 a 0.1  ± 0.0 a 0.0 ± 0.0 a, b 0.0 ± 0.0 a, b 0 0 

5E7 0.4 ± 0.0 a, b, c 0.8 ± 0.2 b, c 0.1 ± 0.0 a, b 0.6 ± 0.2 b 0 1.5 

A16 0.2 ± 0.0 a, b, c 2.5 ± 0.5 d 0.0 ± 0.0 a, b 2.4  ± 0.5 c 0 5 

2LABPTO5 0.2 ± 0.0 a, b, c 2.7 ± 0.1 d 0.1 ± 0.0 a, b 2.6 ± 0.1 c 0 5 

DSM20194 0.1 ± 0.0 a, b 0.3 ± 0.0 a, b, c 0.0 ± 0.0 a, b 0.2 ± 0.0 a, b 0 1 

I21 0.1 ± 0.0 a 0.1 ± 0.0 a 0.0 ± 0.0 a, b 0.0 ± 0.0 a, b 0 0 

DSM20343 0.1 ± 0.0 a 0.2 ± 0.0 a, b, c 0.0 ± 0.0 a, b 0.1 ± 0.0 a, b 0 0.5 

4Rwb 0.5 ± 0.1 a, b, c 0.3 ± 0.0 a, b, c 0.1 ± 0.1 a, b 0.1 ± 0.0 a, b 0 0 

NEY6 0.4 ± 0.1 a, b, c 0.8 ± 0.0  c 0.0 ± 0.1 a, b 0.6 ± 0.0 b 0 1.5 

 


