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1. Introduction 

Bacilli have been known for almost 200 years, which genus’ members are applied worldwide 

in industrial processes, due to their wide product range. Among these bacteria, many of them 

are considered GRAS1, which can be applied as probiotics. Additionally, they can produce 

enzymes (e.g., amylases, proteases, cyclodextrin glycosyltransferases), organic acids (lactic 

acid, succinic acid), biosurfactants, terpenoids and recombinant proteins as well. Some Bacillus 

strains can be furtherly applied as soil inoculants in agriculture. The bacteria-originated 

enzymes can be also applied in enzymatic bioconversions. 

1.1. Cyclodextrin glycosyltransferase enzyme 

Various sources of bacteria can synthesize the cyclodextrin glycosyltransferase (CGTase) 

enzyme, especially Bacillus species. The main application of the enzyme is forming of 

cyclodextrins from starch. However, this enzyme can be applied in other important reactions, 

such as disproportionation, coupling and hydrolysis.2 The coupling and disproportionation 

reactions are beneficial for synthesizing new products via a glycosylation reaction. These 

modifications are enhancing the solubility, stability, biodegradation, antitumor and insecticide 

effects and reduced cytotoxicity.3 Furthermore, CGTase can be applied to form rebaudioside A 

(reb A) from stevioside using corn starch as glycosyl donor.4 

1.2. Enzymatic bioconversion of steviol glycosides 

The sweetening components of the herbaceous Stevia rebaudiana are called steviol glycosides, 

which can be 300 times sweeter than sucrose. The leaves are containing steviol glycosides, 

which are having various beneficial properties. The main component is the stevioside, which is 

having a bitter aftertaste.5 Therefore, it is advantageous to transform stevioside to the 2nd most 

abundant component, namely reb A, which does not have an unpleasant aftertaste. There are 

various enzymes, which can catalyze this reaction, such as UDP-glycosyltransferase 

UGT76G1, CGTase, pullulanase, isomaltase, dextranase and β-1,3-glucanase as well. Sucrose, 

glucose, maltose, pullulan, curdlan and starch can be applied as glycosyl donors. 6,7 

 
1 Generally Recognized as Safe 
2 B.A. Van Der Veen, G.W.M. Van Alebeek, J.C.M.M. Uitdehaag, B.W. Dijkstra, B.A. Van Der Veen, 

G.J.W.M. Van Alebeek, J.C.M.M. Uitdehaag, B.W. Dijkstra, L. Dijkhuizen, The three 

transglycosylation reactions catalyzed by cyclodextrin glycosyltransferase from Bacillus circulans ( 

strain 251 ) proceed via different kinetic mechanisms, Eur. J. Biochem. 267 (2000) 658–665. 

https://doi.org/https://doi.org/10.1046/j.1432-1327.2000.01031.x. 
3 H. Leemhuis, R.M. Kelly, L. Dijkhuizen, Engineering of cyclodextrin glucanotransferases and the 

impact for biotechnological applications, Appl. Microbiol. Biotechnol. 85 (2010) 823–835. 

https://doi.org/10.1007/s00253-009-2221-3. 
4 S. Li, W. Li, Q.Y. Xiao, Y. Xia, Transglycosylation of stevioside to improve the edulcorant quality 

by lower substitution using cornstarch hydrolyzate and CGTase, Food Chem. 138 (2013) 2064–2069. 

https://doi.org/10.1016/j.foodchem.2012.10.124. 
5 S. Mathur, N. Bulchandani, S. Parihar, G.S. Shekhawat, Critical review on steviol glycosides: 

Pharmacological, toxicological and therapeutic aspects of high potency zero caloric sweetener, Int. J. 

Pharmacol. 13 (2017) 916–928. https://doi.org/10.3923/ijp.2017.916.928. 
6 B.R. Adari, S. Alavala, S.A. George, H.M. Meshram, A.K. Tiwari, A.V.S. Sarma, Synthesis of 

rebaudioside-A by enzymatic transglycosylation of stevioside present in the leaves of Stevia 

rebaudiana Bertoni, Food Chem. 200 (2016) 154–158. 

https://doi.org/10.1016/j.foodchem.2016.01.033. 
7 R. Singla, V. Jaitak, Synthesis of rebaudioside A from stevioside and their interaction model with 

hTAS2R4 bitter taste receptor, Phytochemistry. 125 (2016) 106–111. 
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1.3. Biosurfactants 

Biosurfactants are surface-active molecules, which can reduce the surface tension of their 

aqueous solutions from 72 to 27 mN/m. Biosurfactants synthesized from microorganisms are 

more effective than chemically synthesized ones. This efficiency can be measured by the critical 

micelle concentration (CMC). Increasing the biosurfactant concentration in an aqueous 

solution, firstly decreasing the surface tension (ST), then above the CMC it sets to a constant 

value. Above this concentration the biosurfactants are forming micelles. The CMC value of the 

biosurfactants is lower than the chemically synthesized ones.8 

Due to their various structure, they can be applied in several industries, such as pharmaceutical, 

cosmetics, oil and food industries, as well as in microbial enhanced oil recovery from water and 

soil. They are generally classified according to their structures and microbial origin. The main 

groups are glycolipids, phospholipids, polymer biosurfactants, lipopeptides and particulate 

biosurfactants. Bacilli are mainly producing lipopeptides, and some of their products are 

grouped as phospholipids. The two main producer strains are Bacillus subtilis and Bacillus 

licheniformis, which are mainly producing surfactin and lichenysin, respectively. These 

molecules are built from a heptapeptide ring attached to a fatty acid chain. Due to their low 

toxicity, high biodegradability and antimicrobial effects, and also the lack of information about 

the market and technology, it is worth investigating the effective production of these molecules 

via fermentative way.9,10 

2. Aims 

During my PhD research, my main goal was to investigate the biosurfactant production of 

different bacterial strains. Throughout the experiments, I aimed to maximize the product 

concentration in the broth, as well as I aimed to perform biosurfactant isolation too. To improve 

the fermentation technology, I investigated the effect of the initial pH value, the glucose and 

the NH4NO3 concentrations via statistical optimization. Based on these big datasets, I aimed to 

create an artificial neural network to teach the prediction of the harvesting time and the product 

efficiency during fermentation. These biosurfactants can provide an alternative solution instead 

of chemically synthesized surfactants, which are having harmful effects on the environment. 

Additionally, they can be applied as emulsifiers in the cosmetics industry; after several steps of 

purification, they can be applied in the pharmaceutical industry for packaging active 

ingredients. I have also investigated the capacity of an economically feasible biosurfactant 

production plant, based on my experimental data. 

My other main research line is the fermentation of the CGTase enzyme and the selection of a 

fermentation technique that can produce the enzyme with the highest productivity. I also aimed 

to use the enzyme produced in the development of a sweetener based on Stevia rebaudiana. In 

 
https://doi.org/10.1016/j.phytochem.2016.03.004. 
8 D.A. Vaz, E.J. Gudiña, E.J. Alameda, J.A. Teixeira, L.R. Rodrigues, Performance of a biosurfactant 

produced by a Bacillus subtilis strain isolated from crude oil samples as compared to commercial 

chemical surfactants, Colloids Surfaces B Biointerfaces. 89 (2012) 167–174. 

https://doi.org/10.1016/j.colsurfb.2011.09.009. 
9 I. Aiad, M.E.E. Osman, A.S.S. Kobisy, H.S. El-Shestawy, I. Aiid, M.E.E. Osman, A.A.A. Abo-

ELnasr, A.S.S. Kobisy, H.S. El-Sheshtawy, I. Aiad, M.E.E. Osman, A.A.A. Abo-ELnasr, A.S.S. 

Kobisy, Production of biosurfactant from Bacillus licheniformis for microbial enhanced oil recovery 

and inhibition the growth of sulfate reducing bacteria, Egypt. J. Pet. 24 (2015) 155–162. 

https://doi.org/10.1016/j.ejpe.2015.05.005. 
10 M. Geissler, K.M. Heravi, M. Henkel, R. Hausmann, Lipopeptide Biosurfactants From Bacillus 

Species, Second Edi, Elsevier Inc., 2019. https://doi.org/10.1016/b978-0-12-812705-6.00006-x. 
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enzymatic bioconversions, the aim was to optimize the reaction conditions, achieve industrial 

applicability and enhance the sweeter taste. I compared possibly applicable glycosyl donors, as 

well as two differently cultivated and processed plant raw materials. The S. rebaudiana-based 

sweetener can be consumed by diabetics and phenylketonuria patients. 
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3. Methods 

3.1. CGTase fermentation 

Bacillus licheniformis DSM13 was applied in 10/50 mL (Biosan Personal Bioreactor RTS-1C), 

in 0.15/0.3 L, in 0.8/1 L- working/total volume (B. Braun Biostat Q) bioreactors to produce 

CGTase enzyme. The extracellularly synthesized enzyme’s β-cyclization activity was measured 

by the complex formation with phenolphthalein.  

3.2. Enzymatic bioconversion of steviol glycosides 

Enzymatic bioconversions were accomplished with commercial β-1,3-glucanase enzyme, based 

on a face-centered central composite design (Minitab 17 software), where five glycosyl donors 

(sucrose, maltose, water-soluble starch, D-trehalose, curdlan) were compared for rebaudioside 

A enhancement. Additionally, the pH, the temperature and the enzyme/substrate ratio (E/S) 

were investigated. I performed the bioconversions with Stevia rebaudiana high-pressure hot 

water extract. 

With the chosen glycosyl donor (sucrose), another statistical design (Statistica 13.5 software) 

was carried out. The goal was to enhance the reb A concentration in the plant extract. Two 

different originated plant materials were applied, namely, plants grown in the field and heat-

dried, stored for many years, and grown in the laboratory, lyophilized and freshly used. The 

effect of pH, temperature and glycosyl donor concentration were examined as factors. In this 

case the enzyme CGTase from B. licheniformis DSM13 (2.58±0.37 U/mL) was applied. The 

variation in the amount of stevioside and rebaudioside A was monitored by liquid 

chromatography (Agilent Zorbax Carbohydrate column). 

3.3. Biosurfactant fermentations 

Six Bacillus strains (Bacillus subtilis DSM10, B. licheniformis DSM13, B. coagulans DSM1, 

B. firmus NCAIM B.01807, B. circulans NCAIM B.01034 and Geobacillus stearothermophilus 

DSM2313) were investigated, whether they produce a surface-active product or not. During the 

shaking flask experiments the glucose consumption by HPLC (BioRad Aminex HPX-87H 

column), and the biosurfactants ST decrement effect via stalagmometric method were 

measured.  

Techno-economic analysis was performed, based on experimental results in 1 L bioreactor with 

B. subtilis DSM10 and B. licheniformis DSM13. The aim was to determine the economic plant 

capacity. 

Media optimization experiments were performed with B. subtilis DSM10 and G. 

stearothermophilus DSM2313 strains in shaking flasks using statistical experimental designs 

(Statistica 13.5 software). The aim was to improve biosurfactant productivity. The produced 

biosurfactants were isolated by acid precipitation method. The effect of the amount of 

biosurfactant in the fermentation samples was monitored by surface tension (stalagmometric 

method) and emulsification index measurements. 

Using the raw data from the media optimization, artificial neural networks were builtí using 

Neural Designer software. The goal was to predict the harvesting time of the broth and the 

quality of the product. 
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4. Results 

4.1. Cyclodextrin. Glycosyltransferase fermentation with Bacillus licheniformis 

DSM13 

For efficient fermentation production of the enzyme, batch, fed-batch and semi-continuous 

fermentation techniques were investigated. The specific growth rates of the microbes in the 

experiments were also determined, the maximum values of which are given in Table 1. At the 

end of the 24 h batch fermentation, an activity of 0.3 U/mL was achieved. In contrast, for the 

fed-batch fermentation, where the feed was added at 24 h, a CGTase activity of 0.5 U/mL was 

achieved by the 35th hour. Semi-continuous fermentation consisted of three 24-hour cycles, 

where a final enzyme activity of nearly five times was observed compared to the other 

techniques. 

In addition to the frequently applied batch fermentations, the semi-continuous technique may 

provide a better opportunity for CGTase production with the studied B. licheniformis DSM13 

due to the increase in productivity. 

Table 1 – Comparison of results among different fermentation techniques 

Type 
μmax  

[1/h] 

Final enzyme 

activity [U/mL] 

Batch 0.53 0.58±0.4 

Fed-batch N/A 0.47±0.05 

Semi-

contuous 
0.5 2.42±0.99 

 

A 3-stage fermentation technique was performed to produce a sufficient amount of CGTase for 

the enzymatic bioconversion of steviol glycosides. By the end of the 1 L production stage, 

2.58±0.37 U/mL CGTase activity was achieved. 

4.2. Enzymatic bioconversion of steviol glycosides 

4.2.1. Glycosyl donor comparison in the enzymatic bioconversion of steviol 

glycosides using β-1,3-glucanase enzyme 

During the enzymatic bioconversions, the goal was to achieve a higher rebaudioside A 

concentration (Figure 1) in the plant extract. Above the investigated glycosyl donors, maltose, 

did not seem a great choice. In the case of the additional 4 glycosyl donors, based on the contour 

plots (Figure 26 in the thesis), a lower pH value (~5-6), a decreased E/S ratio (~3-4.5 U/g) is 

favorable for the formation of reb A. I could not define a general temperature optimum for all 

glycosyl donors, in the case of the water-soluble starch is 25-30°C; the sucrose, D-trehalose, 

and curdlan is 35-45°C were beneficial. Based on the reliability of the results, I chose sucrose 

for further experiments, with that donor I achieved a 27.1% reb A increment with β-1,3-

glucanase enzyme during the overnight reaction.  
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Figure 1 – Bioconversion of stevioside to rebaudioside A using CGTase as a catalyst and a 

general glycosyl donor (R1 represents different sugars) 

4.2.2. Production of rebaudioside A with fermented CGTase from Bacillus 

licheniformis DSM13 

On the response surface plots (Figure 2) it can be seen, that for both plant extracts, lower 

temperature and more acidic pH conditions are favorable for bioconversion. When examining 

the effect of sucrose in the dried plant extract, there was no significant effect, whereas in 

experiments with lyophilized plant extract, concentrations below 8 g/L resulted in high reb A 

content at the end of bioconversion 

Figure 2 – A-C: Surface plots of the achieved rebaudioside A concentrations using extract of 

dried Stevia rebaudiana and D-F: surface plots of the achieved rebaudioside A concentrations 

using lyophilized Stevia rebaudiana extract 

Rebaudioside A yields at pH=3, T=15°C, sucrose=5 g/L were 33.1% and 66.5% in the case of 

dried and lyophilized plant extracts, respectively. However, the initial reb A concentrations 

were similar for both raw materials tested (mean initial reb A (2.67±1.32 and 2.55±0.66 g/L) 

and stevioside (9.32±0.96 és 8.44±0.68 g/L) concentrations were for dried and lyophilized 



Results 

___________________________________________________________________________ 

- 7 - 

Stevia rebaudiana extracts, respectively), and the significant difference in yields can be 

explained by the fact that rapid freeze-drying may produce less degradation product than slow 

room temperature drying, which may inhibit transglycosylation. By analyzing the trends due to 

changes in pH, ignoring the one outlier data point at a concentration of 7 g/L reb A, the center 

points (pH=6, T=30°C, sucrose=15 g/L) appear to be more reliable for bioconversion. Also, for 

the tested center points, reb A was significantly increased; with final concentrations of 

4.81±0.89 and 3.73±0.53 g/L in the dried and the lyophilized plant extracts, respectively. In 

further research on enzymatic bioconversion, I recommend using the settings of the center 

points. 

4.3. Screening Bacilli strains for biosurfactant production 

Fermentation lasted 2 days for B. subtilis DSM10, 3 days for B. licheniformis DSM13 and G. 

stearothermophilus DSM2313, 4 days for B. firmus B.01087, and nearly 8 days for B. circulans 

B.02324 and B. coagulans DSM1. One of the most important factors in a fermentation 

technique is productivity, which is closely related to time. Based on the screening tests, the 

strains B. subtilis DSM10, B. licheniformis DSM13 and G. stearothermophilus DSM2313 are 

worth further investigation because of their surface tension reducing effect (the minimum 

surface tension achieved was reduced below 55 mN/m from 72 mN/m during the experiments). 

4.4. Techno-economic analysis of the fermentation of biosurfactants 

1 L laboratory-scale biosurfactant fermentations were performed with B. licheniformis DSM13 

and B. subtilis DSM10. Based on these experiments a techno-economic analysis (TEA) was 

evaluated to determine a virtual biosurfactant producer plant with SuperPro Designer 9.5®. In 

the process simulation, spray drying was designed instead of lyophilization for the final 

isolation step, as this is more economical on a large scale. The aim was to investigate the 

feasibility of equipment sharing for different biosurfactant production and to develop a feasible 

plant technology. 

Stoichiometric fermentations were carried out up to 98% glucose conversion in the process 

simulations. I simulated a plant where the biomass is sold to agriculture as a soil inoculant crop, 

hence the plant is more cost-effective. In the planned plant, the production from the shaking 

flask up to the 100 m3 production reactor is calculated at 68 batches per year. Four possible 

scenarios have been considered (Table 2). Of the cases studied, scenario 2 was the most cost-

effective with a payback period of 7.15 years and a production of 18242 kg surfactin/year. 

Sensitivity analysis was done for the 2nd scenario. The facility-dependent, labor and raw 

material costs were changed by ±25%. As a function of these, the payback period varied 

between 4.91 and 11.15 years. 

It can be observed that around the critical capacity of the plant (where the net present value 

(NPV) is zero), the total production cost of scenario is $836/kg of Main Product (MP, surfactin) 

and the gross margin and the internal rate of return and payback period are the same. However, 

scenario 2 has the lowest investment cost (TIC) and therefore seems to be the best choice, as it 

has the lowest and cheapest investment cost, and the plant pays back in 7.15 years. 
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Table 2 – Comparisons of critical plant capacity for each scenario 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 

kg MP/y 20 522 18 242 39 210 35 800 

$/kg MP 835 836 836 837 

TIC 65 746 760 56 736 369 123 238 403 110 540 468 

AOC 17 139 015 15 257 781 32 778 111 29 957 362 

TAR 21 162 183 18 811 059 40 433 155 36 916 780 

Gross Margin (%) 19.01 18.89 18.93 18.85 

ROI (%) 13.88 13.99 13.95 14.02 

Payback Period (y) 7.20 7.15 7.17 7.13 

IRR (%) 6.95 6.95 6.95 6.95 
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Figure 3 – Process flow diagrams with 80% working volume and with foam separation: 2nd scenario (with equipment sharing) and 4th scenario 

(without equipment sharing), In the case of 1st scenario (with equipment sharing) and 3rd scenario (without equipment sharing): 50% working 

volume without foam separation. 
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4.5. Statistical optimization approach to enhance the biosurfactant production 

Bacillus subtilis DSM10 was found to be able to produce a strong surface tension reducing 

biosurfactant. The best production after CCD 1, 3.119 g/L crude isolate at pH=9, 20 g/L glucose 

and 2 g/L NH4NO3 was achieved at a maximum surface tension reduction of 32.66 mN/m. 

However, the response surface diagrams predicted more efficient production at higher settings 

of these parameters. 

After CCD 2, the response surfaces predicted 2 optimal values for glucose concentration, at 30 

and 80 g/L. However, if the microorganisms receive too much carbon source, a longer lag phase 

of 2-3 days occurs, which is not ideal for productivity and technology development. The 

optimum initial pH of the culture medium was set at 9. Also, for NH4NO3, the model predicts 

a double optimum setting at 1.5 and 4.5 g/L. I also observed a longer lag phase in microbial 

growth with many nitrogen sources. 

Table 3 – Statistical design variables’ ranges for B. subtilis DSM10 and G. stearothermophilus 

DSM2313 

 pH [-] 
NH4NO3 

[g/L] 
Glucose [g/L] C/N 

Number of 

flasks 

CCD11 1 3.47-10.53 0.62-2.38 9.31-58 6.4-57.1 48 

CCD 2 5.47-12.53 1.24-4.76 38.54-91.46 13.0-54.5 32 

 

In the case of Geobacillus stearothermophilus DSM2313, after CCD 1 (at pH=7, 34 g/L 

glucose, 2.38 g/L NH4NO3) the maximal crude isolate was 1.358 g/L, at this point the maximum 

surface tension reduction was 8.47 mN/m. After CCD 2, an almost neutral value for initial pH 

appeared to be optimal. In the case of glucose, the model predicted that the more carbon source, 

the more product would be formed. For NH4NO3 the model predicts an optimum at 4 g/L. 

Nevertheless, the high concentration of carbon and nitrogen sources also resulted in a prolonged 

lag phase for this microbe. From surface tension changes, I concluded that this bacterium 

produces a weak surface tension reducing biosurfactant. 

The fermentations at the optimal settings are shown in Figure 4 for both tested microbes. Figure 

4(A) shows that for B. subtilis, where the minimum surface tension (37 mN/m) was reached 

after 1 day. The emulsification index value increased on day 1 and then returned to the initial 

value by the end of fermentation. For G. stearothermophilus DSM2313 (Figure 4 (B)), the 

surface tension decreased slightly and steadily as the fermentation progressed. The 

emulsification index reached 65% at the end of fermentation, indicating an excellent 

emulsifying biosurfactant. 

 
11 CCD – central composite design 
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Figure 4 – A) optimal settings for: B. subtilis DSM10 (20 g/L glucose, 2 g/L NH4NO3, pH=9) 

and B) optimal settings G. stearothermophilus DSM2313 (50 g/L glucose, 2 g/L NH4NO3, 

pH=7) 

 

4.6. Application of artificial neural networks in the biosurfactant production of 

Bacilli 

I built an artificial neural network from the statistical experiment designs’ data and validated it 

with new combinations of settings. During the model development, I varied various parameters 

that the predictive curves, compared to the experimental data, approximate the response with a 

maximized correlation of the output parameters. For both tested strains, validation experiments 

were performed on 4 new combinations of settings, where the output parameters were optical 

density (proportional to cell concentration) and surface tension (B. subtilis) and emulsification 

index (G. stearothermophilus) (proportional to product effectiveness). Figure 5 represents the 

built neural network with B. subtilis. Figure 6 indicates one of the validation fermentations with 

the two tested bacteria.  
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Figure 5 – Artificial neural network for biosurfactant production with B. subtilis DSM10 

Figure 6 – Validation experiments with: A) B. subtilis DSM10; B) G. stearothermophilus 

DSM2313 

Using artificial neural networks, I can predict the fermentations and the harvesting time of the 

broth with 90% probability. Due to the high optical density correlation values (B. subtilis R2 = 

0.93, G. stearothermophilus R2 = 0.88) I can perform a prediction that is close to reality for 

both strains. Neural Designer is a user-friendly software for modelling and predicting neural 

networks, even for two output parameters at the same time. These results contribute to predict 

product efficiency and help increase productivity. Furthermore, the optimum can be more easily 

determined for biosurfactant production with higher certainty than the response surface method 

(after a sufficient number of training experiments).
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5. Potential application 

The fermented CGTase enzyme can be used in the enzymatic bioconversion of steviol 

glycosides to reduce the bitter aftertaste of Stevia rebaudiana plant extract and to increase the 

amount of rebaudioside A. As this South American plant has been cultivated in Hungary, my 

results could be used to develop a sweetener that can be consumed by diabetics and 

phenylketonuria patients. 

The biosurfactant market is fragmented, and although the market and potential of this product 

is huge, there are few large-scale producers. Hence the knowledge gained on the production 

technology could be useful in the implementation of such a plant. The biosurfactants produced 

there could be used as emulsifiers, for cleaning up oily soils and water, as agricultural additives 

and for packaging active pharmaceutical ingredients in liposomes. 

6. Thesis findings 

Thesis 1 [VII.] 

The production of cyclodextrin glycosyltransferase enzyme with Bacillus licheniformis DSM13 

by semi-continuous technique is significantly (317% and 415%) more efficient than the batch 

and the fed-batch techniques, respectively.  

Thesis 2 [II.] [IV.] 

The rebaudioside A content of Stevia rebaudiana extract can be significantly increased (80% 

in dried plant extract and 46% in lyophilized extract) by β-1,3-glucanase and cyclodextrin 

glycosyltransferase enzymes. 

Thesis 3 [III.] 

Based on techno-economic analysis, under published conditions, the size of an economically 

viable biosurfactant producing plant is 20,522 kg (1st solution) and 18,242 kg (2nd solution) 

surfactin/year. 

Theis 4 [I.] 

Geobacillus stearothermophilus DSM2313 and Bacillus subtilis DSM10 bacterial strains are 

suitable for biosurfactant production based on their productivity and surface tension reduction 

ability. Under the optimized conditions, surfactin produced by the latter strain reduces surface 

tension in the broth by 48% and the isolated product by 63%. 

 

Thesis 5 [I.] 

Under the optimized conditions, the biosurfactant produced by Geobacillus stearothermophilus 

DSM2313 significantly (30%) increases the emulsification index, indicating the polymeric 

nature of the product. 

 

Thesis 6 [I.] 

Applying artificial neural network, the quality of the product (surface tension, emulsification 

index) and the harvesting time of the fermentations of Geobacillus stearothermophilus 

DSM2313 and Bacillus subtilis DSM10 can be predicted with 90% accuracy. 
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