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Abstract. Biosurfactant is a secondary metabolite which has properties and 
structures such as surfactants that are able to decrease surface tension water 
and cause microsolubilization or emulsification. Biosurfactants are active 
compounds that are produced at the microbial cell surface or excreted 
especially Bacillus. Previous research reported that B. subtilis BK7.1 had 
ability to form biosurfactant. In this study, B. subtilis BK7.1 produced 
biosurfactant using a combination of molasse and glucose as a carbon 
source. The purpose of study was characterized biosurfactant from B. 
subtilis BK7.1 by counting the emulsification index and the surface tension 
of supernatant, calculating (CMC) value, and examining stability of 
biosurfactant.  B. subtilis BK7.1 could produce the biosurfactant from 
molasse and glucose with CMC value was about 4 g/L. Biosurfactant of B. 
subtilis BK7.1 could reduce the surface tension of medium from 54.68 to 
49.2 mN/m, emulsify kerosene around 15.8%, had temperature stability in 
the range of 27⁰C to 45⁰C, and had stability at pH 6. This study showed that 
the use of molasses waste combined with glucose in biosurfactant 
production was very efficient and had potential for further applications. 
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1 Introduction 
Surfactants are amphipathic molecules because they consist of polar and non-polar groups so 
they have the ability to form emulsions and reduce surface tension [1]. Surfactants have been 
used extensively in industry as detergents and solvents and also have applications in the food, 
agricultural and pharmaceutical fields [2]. However, chemically synthesized surfactants are 
toxic to the environment, difficult to degrade, and strip away the skin's natural moisture and 
accelerate the aging process of human skin [3]. 

Biosurfactants are amphiphilic surface active compounds produced by microorganisms, 
including molds, yeasts, and bacteria [4]. Biosurfactants have hydrophobic and hydrophilic 
groups [5]. The unique characteristics of biosurfactants are lower toxicity, higher 
biodegradability, and environmental friendliness [6]. The advantages of these biosurfactants 
can replace the role of synthetic surfactants [7]. In addition, biosurfactants are also useful for 
antibacterial and anti-biofilm against bacteria such as P. mirabilis, P. aeruginosa, and S. 
aureus [8].  

Biosurfactants produced by bacteria such as Bacillus are of greater interest because they 
are able to produce abundant biomass in a relatively short time, but the commercialization of 
biosurfactants is hindered because they require expensive substrates [9]. Efforts that have 
been made by the world to overcome these problems are exploration of cheap raw materials 
as substrates [10]. The use of glucose in biosurfactant production by Bacillus was very 
attractive because of the high yields, cheap, and renewable substrates. In addition, industrial 
waste such as molasses can also be a cheap alternative carbon source for biosurfactant 
production [11]. Many studies have reported the production of biosurfactants with a 
combination of substrates. However, research on the potential of B. subtilis BK7.1, isolated 
from Baluran National Park, in producing biosurfactants with a combination of two substrates 
has never been carried out. In this research, we focus on exploring the substrate combinations 
of molasses as a representative of industrial waste and glucose as a renewable substrate by 
B. subtilis BK7.1. 

2 Material and Methods 

2.1 Bacteria and isolate preparation 

Bacillus subtilis BK7.1 was the culture collection of Microbiology Laboratory, Department 
of Biology, Faculty of Science and Technology, Airlangga University, Indonesia. Bacillus 
subtilis BK7.1 was isolated from Baluran National Park soil samples [12]. The isolate was 
maintained aerobically on agar plates and was regularly transferred into fresh nutrient broth 
(NB) medium for shortterm storage. The isolate of B. subtilis BK7.1 was prepared by 
transferring a loop of cells from a slant culture to 50 mL of NB. The culture was incubated 
at room temperature in rotary shaker at 37°C, 120-150 rpm for 24 h. 

2.2 Production of biosurfactant 

The production medium was prepared by making minerals salt medium (MSM). The 
compositions of different media used in this study are (g/L): (NH4)2SO4, 3; NaCl, 10; 
MgSO4.7H2O, 0.2; CaCl2, 0.01; MnSO4.H2O, 0.001; H3BO3, 0.001; ZnSO4.7H2O, 0.001; 
CuSO4.5H2O, 0.001; CoCl2.6H2O, 0.005; dan NaMoO4.2H2O, 0.001. This solution was 
arrenged to pH 7.0 with adding NaOH 1 N or HCl 1 N. 470.4 ml of MSM was transferred to 
1000 mL Erlenmeyer flasks and added by 1% glucose and 1% of molasses. Media were 
sterilized by autoclave at 121 °C for 15 min. 

 

 

2.3 Determination of biomass concentration 

Biomass was collected by culture centrifugation at 10.000 rpm for 10 min and the supernatant 
was separated from biomass. The biomass was dried at 80°C by oven for 24 h then 
determined the bacterial dry weight [13]. The formula for calculating dry cell weight is:  
 
DCW = (weight of dried cell biomass − weight of empty microtube) / volume of culture processed  (1) 

2.4 Measurement of surface tension 

15 mL of supernatant was poured into a clean and sterile glass container and placed on sample 
table of tensiometer. The platinum ring was submerged right on the surface of supernatant 
and then pulled back slowly. The surface activities of the biosurfactants were determined by 
measuring the surface tension using Du Nouy’s Tensiometer (Ogawa Seiki Co., Ltd) using 
the ring method at room temperature (25°C) [14]. 

2.5 Determination of emulsion formation capacity 

Emulsifcation formation capacity was determined by calculating the emulsifcation index 
(E24). Supernatant and kerosene (v/v) were placed into a measuring test tube and tighly 
closed. Those solution was vortexed vigorously for 1 min and then kept at room temperature 
for 24 h. The percentage (%) of the emulsion layer height (cm) divided by the total solution 
height was calculated as the emulsion index value (E24) [14]. 

2.6 Crude biosurfactant extraction 

A total of 1 liter of culture solution that has been incubated for 96 h at 37°C, then centrifuged 
at 6.000 rpm for 15 min to get the supernatant containing biosurfactant. After that, the crude 
biosurfactant extract was obtained by the method 60% ammonium sulfate deposition. The 
biosurfactant supernatant that had been obtained was put into a 1 L Beaker glass and 
immersed in an ice bath. Add ammonium sulfate slowly into the supernatant and while 
stirring with a magnetic stirrer until the ammonium sulfate level is 60% saturated. Stirring 
was carried out for 15 minutes, then centrifugation was carried out to obtain a precipitate of 
the biosurfactant crude extract biosurfactant [15].  

2.7 Measurement of critical micelle concentration (CMC) 

CMC have definition that minimum concentration of biosurfactant to initiate micelle 
formation and generally correlates with a constant surface tension value. CMC values are 
obtained in units of gr/L. Crude biosurfactant with concentration 1 g/L was prepared then to 
obtain a concentration of 2-7 g/L, dilution was carried out [16]. 

2.8 The stability of biosurfactant 

Biosurfactant stability from B. subtilis BK7.1 was analyzed by determining the effect of pH, 
salinity, and temperature on biosurfactant activity. Determination of pH effect was done by 
making the crude biosurfactant solution at CMC point with various of pH value from 1 until 
14. Determination of pH effect was done by making the crude biosurfactant solution at CMC 
point with various of salinity from 0% until 10%. To determine the temperature effect, the 
crude biosurfactant solution at CMC point were heated at 27°C until 80°C for 60 min. After 
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cooled to room temperature, surface tension was calculated by Du Nouy’s Tensiometer. All 
experiments were the mean of triplicate analyses. 

3 Result and Discussion 

3.1 Culture conditions and biosurfactant production 

Like bioethanol, biosurfactants could be produced sustainably through fermentation with the 
help of microbes such as Bacillus in this research using a combination of molasses and 
glucose [17]. The result from pH and biomass profiles MSM with 1% molasse and 1% glucose 
as carbon sources, have been showed in Fig. 1. B. subtilis BK7.1 was able to produce 
biosurfactant in an exponential phase with a maximum after an incubation time of 48 hours. 
The graph showed that B. subtilis BK7.1 used molasse and glucose as carbon sources to grow 
and produce the biosurfactants. The graph showed that the cultivation medium accomplished 
a decrease in pH. It was assumed that the bacteria could consume sugar in glucose or molasses 
during the first to fifth day of incubation. This was due to the formation of organic acids such 
as carboxylic acids which will produce H+ ions when they dissociated with water [18]. 
 Using glucose as a carbon source is favored by most heterotrophic bacteria. However, 
microorganisms had the ability to utilize a variety of other compounds as a carbon source for 
energy production [19]. Glucose was the best carbon source compared to carbohydrate and 
other hydrocarbon carbon sources which can reduce surface tension by 31.06 ± 0.54 mN/m 
[10]. 
 The use of molasses combined with glucose in B. subtilis BK7.1 was due to the high cost 
of substrates in producing biosurfactants. Molasses used in making biosurfactants could 
reduce production costs by around 10-30% [20]. In addition, molasses was a low-cost and 
renewable substrate, a by-product of the cane sugar industry, rich in carbohydrates, vitamins 
and minerals making it very suitable for microbial consumption without the need for pre-
treatment costs [21]. 
 

 
 
Fig. 1. The result of pH and biomass profiles from Bacillus subtilis BK7.1 in MSM with 1% molasse 
and 1% glucose as carbon sources   
 
The result from surface activity and emulsification index profiles have been showed in Fig. 2. 
Biosynthesis of crude biosurfactant B. subtilis BK7.1, evaluated by measuring emulsification 
activity and surface tension. The results obtained were that there were both activities, both 
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surface tension and emulsification, from the first day of incubation until it reached an increase 
in the stationary phase. The graph also illustrated that the biosurfactant produced by the 
isolate was able to reduce the surface tension of the media from 54.68 mN/m to 49.2 mN/m. 
In addition, B. subtilis BK7.1 had an emulsification ability of 15.8%, but not too big value. 
This indicated that the biosurfactants produced by B. subtilis BK 7.1 have surface tension 
lowering and emulsifier properties. This also explained that there were relationships between 
substrate use, growth, and biosurfactant production. 
 

 
 
Fig. 2. The result of surface activity and emulsification index profiles from Bacillus subtilis BK7.1 in 
MSM with 1% molasse and 1% glucose as carbon sources   
 

3.2 Effect of physicochemical factors on biosurfactant activity 

Several environmental factors such as pH, temperature, and salinity can influence the 
efficiency and effectiveness of biosurfactants produced by microbes. The pH variation was 
carried out to determine the pH tolerance limit when applied in the environment. The results 
of characterization of the activity of biosurfactant products B. subtilis BK 7.1 was presented 
in Fig. 3. for pH. These results could be utilized in the naphthalene bioremediation process, 
in which pH in an alkaline state could increase solubility, due to ionic strength which can 
change the shape of the biosurfactant to become flat and vesicular so that it can increase the 
solubility of hydrocarbons due to the formation of micelles between ions and biosurfactant 
[22]. The decrease in surfactin micelle micropolarity could be caused by an increase in pH 
due to the dissolution of a large number of fluorescence probe molecules into the surfactin 
micelle core. Additionally, Ca2+ binding to the head group region of surfactin micelles causes 
an increase in micropolarity, thereby inhibiting the solubilization of the fluorescence probe 
into the micelle core [23]. 
 The stability of crude biosurfactant from B. subtilis BK7.1 was determined to different 
salinity percentage with surface tension as response variable. Biosurfactant B. subtilis BK7.1 did 
not have halophilic characteristic that have been showed in Fig. 4. Salinity played an important role 
in the structure formation and solubility of biosurfactants. High salinity caused a reduction in the 
effectiveness of biosurfactants in forming emulsions and reduces interfacial tension [23]. In addition, 
the solubility of most surfactants in the aqueous phase is usually reduced at high brine salinity 
[24]. 
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 Temperature variations in the environmental also influence the activity of the crude 
biosurfactant B. subtilis BK7.1, which is visualized in Fig. 5. Biosurfactants produced by 
Bacillus to be more susceptible to changes in temperature affect the interactions between 
surfactin molecules, causing the formation of intra-hydrogen bonds within the surfactin 
molecules and inter-hydrogen bonds between them. One type of biosurfactant produced by 
these bacteria, surfactin, tends to form a flat structure and horse saddle conformation when 
temperature increases [23]. 
 

 
 
Fig. 3. The result of product activity from biosurfactant Bacillus subtilis BK7.1 against 
variations in pH 
 

 
 
Fig. 4. The result of product activity from biosurfactant Bacillus subtilis BK7.1 againts 
variations salinity. 
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Fig. 5. The result of product activity from biosurfactant Bacillus subtilis BK7.1 against 
variations in temperature 

4 Conclusion 
This research showed the potential of isolate Bacillus subtilis BK7.1 in producing 
biosurfactant effectively with combination 1% molasse and 1% glucose as carbon sources. 
B. subtilis BK7.1 could produce the biosurfactant with CMC value was about 4 g/L. 
Biosurfactant of B. subtilis BK7.1 could reduce the surface tension of medium from 54.68 to 
49.2 mN/m, emulsify kerosene around 15.8%, had temperature stability in the range of 27⁰C 
to 45⁰C, and had stability at pH 6. This study showed that the use of molasses waste combined 
with glucose in biosurfactant production was very efficient and had potential for further 
applications. 
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 Temperature variations in the environmental also influence the activity of the crude 
biosurfactant B. subtilis BK7.1, which is visualized in Fig. 5. Biosurfactants produced by 
Bacillus to be more susceptible to changes in temperature affect the interactions between 
surfactin molecules, causing the formation of intra-hydrogen bonds within the surfactin 
molecules and inter-hydrogen bonds between them. One type of biosurfactant produced by 
these bacteria, surfactin, tends to form a flat structure and horse saddle conformation when 
temperature increases [23]. 
 

 
 
Fig. 3. The result of product activity from biosurfactant Bacillus subtilis BK7.1 against 
variations in pH 
 

 
 
Fig. 4. The result of product activity from biosurfactant Bacillus subtilis BK7.1 againts 
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Fig. 5. The result of product activity from biosurfactant Bacillus subtilis BK7.1 against 
variations in temperature 

4 Conclusion 
This research showed the potential of isolate Bacillus subtilis BK7.1 in producing 
biosurfactant effectively with combination 1% molasse and 1% glucose as carbon sources. 
B. subtilis BK7.1 could produce the biosurfactant with CMC value was about 4 g/L. 
Biosurfactant of B. subtilis BK7.1 could reduce the surface tension of medium from 54.68 to 
49.2 mN/m, emulsify kerosene around 15.8%, had temperature stability in the range of 27⁰C 
to 45⁰C, and had stability at pH 6. This study showed that the use of molasses waste combined 
with glucose in biosurfactant production was very efficient and had potential for further 
applications. 
 
The authors would like to acknowledge Department of Biology, Faculty of Science and Technology, 
Universitas Airlangga and Faculty of Biology, Universitas Gadjah Mada. 
 

References 
1. S. Ferhat, R. Alouaoui, A. Badis, N. Moulai-Mostefa, Production and characterization 

of biosurfactant by free and immobilized cells from Ochrobactrum intermedium isolated 
from the soil of southern Algeria with a view to environmental 
application. Biotechnology & Biotechnological Equipment. 31, 733 (2017). 
https://doi.org/10.1080/13102818.2017.1309992  

2. J. Zhang, W. Feng, Q. Xue, Biosurfactant production and oil degradation by Bacillus 
siamensis and its potential applications in enhanced heavy oil recovery. International 
Biodeterioration & Biodegradation. 169, 105388 (2022). 
https://doi.org/10.1016/j.ibiod.2022.105388  

3. S.-O. Badmus, H.-K. Amusa, T.-A. Oyehan, T.-A. Saleh, Environmental risks and 
toxicity of surfactants: overview of analysis, assessment, and remediation 
techniques. Environmental Science and Pollution Research. 28, 62085 (2021). 
https://doi.org/10.1007/s11356-021-16483-w  

46
48
50
52
54
56
58
60
62
64
66

Normal Moderate High

Su
rfa

ce
 T

en
sio

n 
(m

N
/m

)

Temperature

7

BIO Web of Conferences 101, 02007 (2024)	 https://doi.org/10.1051/bioconf/202410102007
5th ICOLIB



 

 

4. D.-K.-F. Santos, R.-D. Rufino, J.-M. Luna, V.-A. Santos, L.-A. Sarubbo Biosurfactants: 
multifunctional biomolecules of the 21st century. Int. J. Mol. Sci. 17, 401 (2016). 
https://doi.org/10.3390/ijms17030401  

5. J.-A.-V. Costa, H. Treichel, L.-O. Santos, V.-G. Martins, Solid-state fermentation for the 
production of biosurfactants and their applications. (In Current developments in 
biotechnology and bioengineering, 2018)  

6. R. Marchant, I.-M. Banat, Biosurfactants: a sustainable replacement for chemical 
surfactants?. Biotechnology letters. 34, 1597 (2012).  

7. https://doi.org/10.1007/s10529-012-0956-x  
8. A. Karnwal, G. Kumar, G. Pant, K. Hossain, A. Ahmad, M.-B. Alshammari, 

Perspectives on usage of functional nanomaterials in antimicrobial therapy for antibiotic-
resistant bacterial infections. ACS omega. 8, 13492 (2023).  

9. https://doi.org/10.1021/acsomega.3c00110  
10. M. Ohadi, H. Forootanfar, G. Dehghannoudeh, T. Eslaminejad, A. Ameri, M. Shakibaie, 

M. Adeli-Sardou, Antimicrobial, anti-biofilm, and anti-proliferative activities of 
lipopeptide biosurfactant produced by Acinetobacter junii B6. Microbial Pathogenesis. 
138, 1 (2020).  

11. https://doi.org/10.1016/j.micpath.2019.103806  
12. R. Makkar, S. Cameotra, An update on the use of unconventional substrates for 

biosurfactant production and their new applications. Applied Microbiology and 
Biotechnology. 58, 428 (2002). https://doi.org/10.1007/s00253-001-0924-1  

13. S. Joy, P.-K.-S.-M. Rahman, S.-K., Khare, S. Sharma, Production and characterization 
of glycolipid biosurfactant from Achromobacter sp. (PS1) isolate using one-factor-at-a-
time (OFAT) approach with feasible utilization of ammonia-soaked lignocellulosic 
pretreated residues. Bioprocess and Biosystems Engineering. 42, 1301 (2019). 
https://doi.org/10.1007/s00449-019-02128-3  

14. A.-P. Jimenez, P.-J. Requiso, J.-S. Maloles, E.-P. Alcantara, V.-A. Alcantara, 
Biosurfactant production by Streptomyces sp. CGS B11 using molasses and spent yeast 
medium. Philippine Journal of Science. 150, 1227 (2021) 

15. Salamun, Ni’matuzahroh, Fatimah, V. Findawati, R.-D. Susetyo, N. Al-Batati, T. 
Nurhariyati, A. Supriyanto. Prospect of native entomopathogenic Bacilli from Baluran 
National Park as biological control of dengue fever vector. Annals of Biology. 36, 232 
(2020) 

16. S. Sharma, P. Datta, B. Kumar, P. Tiwari, L.-M. Pandey, Production of novel 
rhamnolipids via biodegradation of waste cooking oil using Pseudomonas aeruginosa 
MTCC7815. Biodegradation. 30, 301 (2019). 

17. https://doi.org/10.1007/s10532-019-09874-x  
18. Salamun, R.-D. Susetyo, Ni’matuzahroh, Fatimah, A. Geraldi, A. Supriyanto, T. 

Nurhariyati, F.-A. Nafidiastri, N. Nisa’, Endarto, Biosurfactant production of 
entomopathogenic Bacillus subtilis BK7.1, as potential biocontrol bacteria, isolated from 
Baluran National Park, East Java, Indonesia. Biodiversitas: Journal of Biological 
Diversity. 24, 1785 (2023). https://doi.org/10.13057/biodiv/d240353  

19. K. Petrikov, Y. Delegan, A. Surin, O. Ponamoreva, I. Puntus, A. Filonov, A. Boronin, 
Glycolipids of Pseudomonas and Rhodococcus oil-degrading bacteria used in 
bioremediation preparations: formation and structure. Process Biochemistry. 48, 931 
(2013). https://doi.org/10.1016/j.procbio.2013.04.008  

 

 

20. M. Samykannu, A. Achary, Utilization of agro-industry residue for rhamnolipid 
production by P. aeruginosa AMB AS7 and its application in chromium 
removal. Applied Biochemistry and Biotechnology. 183, 70 (2017).  

21. https://doi.org/10.1007/s12010-017-2431-6  
22. S. Sutoyo, A.-D. Prawesti, S. Siswanto, Screening ethanol-producing yeast origin from 

pineapple honey Ananas comosus (L.) Merr var Quenn. Life Science and Biotechnology. 
1, 16 (2023) 

23. L. Alhamad, A. Alrashed, E.-Al Munif, J. Miskimins, Organic acids for stimulation 
purposes: a review. SPE Production & Operations. 35, 952 (2020). 
https://doi.org/10.2118/199291-PA  

24. Y. Pan, R.-Z. Sun, Y. Wang, G.-L. Chen, Y.-Y. Fu, H.-Q. Yu, Carbon source shaped 
microbial ecology, metabolism and performance in denitrification systems. Water 
Research. 243, 120330 (2023). https://doi.org/10.1016/j.watres.2023.120330  

25. S.-S. Mohanty, Y. Koul, S. Varjani, A. Pandey, H.-H. Ngo, J.-S. Chang, J.-W.-C. Wong, 
X.-T. Bui, A critical review on various feedstocks as sustainable substrates for 
biosurfactants production: a way towards cleaner production. Microbial Cell Factories. 
20, 120 (2021). https://doi.org/10.1186/s12934-021-01613-3  

26. R. Verma, S. Sharma, L.-M. Kundu, L.-M. Pandey, Experimental investigation of 
molasses as a sole nutrient for the production of an alternative metabolite 
biosurfactant. Journal of Water Process Engineering. 38, 1 (2020). 

27. https://doi.org/10.1016/j.jwpe.2020.101632  
28. A. Poirier, P.-L. Griel, J. Perez, D. Hermida-Merino, P. Pernot, N. Baccile, Metallogels 

from a glycolipid biosurfactant. ACS Sustainable Chemistry & Engineering. 10, 16503 
(2022). https://doi.org/10.1021/acssuschemeng.2c01860  

29. R. Jahan, A. M. Bodratti, M. Tsianou, P. Alexandridis, Biosurfactants, natural 
alternatives to synthetic surfactants: Physicochemical properties and 
applications. Advances in Colloid and Interface Science. 275, 1 (2020). 
https://doi.org/10.1016/j.cis.2019.102061  

30. R. Khaledialidusti, J. Kleppe, S. Enayatpour, Evaluation of surfactant flooding using 
interwell tracer analysis. Journal of Petroleum Exploration and Production Technology. 
7, 853 (2017). https://doi.org/10.1007/s13202-016-0288-9  

 
 
 

8

BIO Web of Conferences 101, 02007 (2024)	 https://doi.org/10.1051/bioconf/202410102007
5th ICOLIB



 

 

4. D.-K.-F. Santos, R.-D. Rufino, J.-M. Luna, V.-A. Santos, L.-A. Sarubbo Biosurfactants: 
multifunctional biomolecules of the 21st century. Int. J. Mol. Sci. 17, 401 (2016). 
https://doi.org/10.3390/ijms17030401  

5. J.-A.-V. Costa, H. Treichel, L.-O. Santos, V.-G. Martins, Solid-state fermentation for the 
production of biosurfactants and their applications. (In Current developments in 
biotechnology and bioengineering, 2018)  

6. R. Marchant, I.-M. Banat, Biosurfactants: a sustainable replacement for chemical 
surfactants?. Biotechnology letters. 34, 1597 (2012).  

7. https://doi.org/10.1007/s10529-012-0956-x  
8. A. Karnwal, G. Kumar, G. Pant, K. Hossain, A. Ahmad, M.-B. Alshammari, 

Perspectives on usage of functional nanomaterials in antimicrobial therapy for antibiotic-
resistant bacterial infections. ACS omega. 8, 13492 (2023).  

9. https://doi.org/10.1021/acsomega.3c00110  
10. M. Ohadi, H. Forootanfar, G. Dehghannoudeh, T. Eslaminejad, A. Ameri, M. Shakibaie, 

M. Adeli-Sardou, Antimicrobial, anti-biofilm, and anti-proliferative activities of 
lipopeptide biosurfactant produced by Acinetobacter junii B6. Microbial Pathogenesis. 
138, 1 (2020).  

11. https://doi.org/10.1016/j.micpath.2019.103806  
12. R. Makkar, S. Cameotra, An update on the use of unconventional substrates for 

biosurfactant production and their new applications. Applied Microbiology and 
Biotechnology. 58, 428 (2002). https://doi.org/10.1007/s00253-001-0924-1  

13. S. Joy, P.-K.-S.-M. Rahman, S.-K., Khare, S. Sharma, Production and characterization 
of glycolipid biosurfactant from Achromobacter sp. (PS1) isolate using one-factor-at-a-
time (OFAT) approach with feasible utilization of ammonia-soaked lignocellulosic 
pretreated residues. Bioprocess and Biosystems Engineering. 42, 1301 (2019). 
https://doi.org/10.1007/s00449-019-02128-3  

14. A.-P. Jimenez, P.-J. Requiso, J.-S. Maloles, E.-P. Alcantara, V.-A. Alcantara, 
Biosurfactant production by Streptomyces sp. CGS B11 using molasses and spent yeast 
medium. Philippine Journal of Science. 150, 1227 (2021) 

15. Salamun, Ni’matuzahroh, Fatimah, V. Findawati, R.-D. Susetyo, N. Al-Batati, T. 
Nurhariyati, A. Supriyanto. Prospect of native entomopathogenic Bacilli from Baluran 
National Park as biological control of dengue fever vector. Annals of Biology. 36, 232 
(2020) 

16. S. Sharma, P. Datta, B. Kumar, P. Tiwari, L.-M. Pandey, Production of novel 
rhamnolipids via biodegradation of waste cooking oil using Pseudomonas aeruginosa 
MTCC7815. Biodegradation. 30, 301 (2019). 

17. https://doi.org/10.1007/s10532-019-09874-x  
18. Salamun, R.-D. Susetyo, Ni’matuzahroh, Fatimah, A. Geraldi, A. Supriyanto, T. 

Nurhariyati, F.-A. Nafidiastri, N. Nisa’, Endarto, Biosurfactant production of 
entomopathogenic Bacillus subtilis BK7.1, as potential biocontrol bacteria, isolated from 
Baluran National Park, East Java, Indonesia. Biodiversitas: Journal of Biological 
Diversity. 24, 1785 (2023). https://doi.org/10.13057/biodiv/d240353  

19. K. Petrikov, Y. Delegan, A. Surin, O. Ponamoreva, I. Puntus, A. Filonov, A. Boronin, 
Glycolipids of Pseudomonas and Rhodococcus oil-degrading bacteria used in 
bioremediation preparations: formation and structure. Process Biochemistry. 48, 931 
(2013). https://doi.org/10.1016/j.procbio.2013.04.008  

 

 

20. M. Samykannu, A. Achary, Utilization of agro-industry residue for rhamnolipid 
production by P. aeruginosa AMB AS7 and its application in chromium 
removal. Applied Biochemistry and Biotechnology. 183, 70 (2017).  

21. https://doi.org/10.1007/s12010-017-2431-6  
22. S. Sutoyo, A.-D. Prawesti, S. Siswanto, Screening ethanol-producing yeast origin from 

pineapple honey Ananas comosus (L.) Merr var Quenn. Life Science and Biotechnology. 
1, 16 (2023) 

23. L. Alhamad, A. Alrashed, E.-Al Munif, J. Miskimins, Organic acids for stimulation 
purposes: a review. SPE Production & Operations. 35, 952 (2020). 
https://doi.org/10.2118/199291-PA  

24. Y. Pan, R.-Z. Sun, Y. Wang, G.-L. Chen, Y.-Y. Fu, H.-Q. Yu, Carbon source shaped 
microbial ecology, metabolism and performance in denitrification systems. Water 
Research. 243, 120330 (2023). https://doi.org/10.1016/j.watres.2023.120330  

25. S.-S. Mohanty, Y. Koul, S. Varjani, A. Pandey, H.-H. Ngo, J.-S. Chang, J.-W.-C. Wong, 
X.-T. Bui, A critical review on various feedstocks as sustainable substrates for 
biosurfactants production: a way towards cleaner production. Microbial Cell Factories. 
20, 120 (2021). https://doi.org/10.1186/s12934-021-01613-3  

26. R. Verma, S. Sharma, L.-M. Kundu, L.-M. Pandey, Experimental investigation of 
molasses as a sole nutrient for the production of an alternative metabolite 
biosurfactant. Journal of Water Process Engineering. 38, 1 (2020). 

27. https://doi.org/10.1016/j.jwpe.2020.101632  
28. A. Poirier, P.-L. Griel, J. Perez, D. Hermida-Merino, P. Pernot, N. Baccile, Metallogels 

from a glycolipid biosurfactant. ACS Sustainable Chemistry & Engineering. 10, 16503 
(2022). https://doi.org/10.1021/acssuschemeng.2c01860  

29. R. Jahan, A. M. Bodratti, M. Tsianou, P. Alexandridis, Biosurfactants, natural 
alternatives to synthetic surfactants: Physicochemical properties and 
applications. Advances in Colloid and Interface Science. 275, 1 (2020). 
https://doi.org/10.1016/j.cis.2019.102061  

30. R. Khaledialidusti, J. Kleppe, S. Enayatpour, Evaluation of surfactant flooding using 
interwell tracer analysis. Journal of Petroleum Exploration and Production Technology. 
7, 853 (2017). https://doi.org/10.1007/s13202-016-0288-9  

 
 
 

9

BIO Web of Conferences 101, 02007 (2024)	 https://doi.org/10.1051/bioconf/202410102007
5th ICOLIB


