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ABSTRACT 

 
This study seeks to assess various bacterial resources for their capacity to produce 

biosurfactants, which are surface-active compounds generated by microorganisms. 

The focus is on exploring the surfactant properties and potential industrial uses of these 

bacterial resources. Specifically, the investigation targets microbial sources isolated 

from Kitchen Chimney in Kancheepuram district. A total of 31 distinct bacterial cultures 

were isolated using Actinomycetes Isolation Agar (AIA) and Nutrient Agar (NA), 

followed by screening for biosurfactant production. Among these cultures, 15 yielded 

positive results in both primary and secondary screenings. KC-15and KC-23 gives 

positive results in screening methods. The biosurfactant-producing bacterial strains 

KC15 and KC23 were identified using various methods including oil displacement 

assay, drop collapse test, phenol red method, phenol sulfuric acid test, emulsification 

assay, and the parafilm method. Further tests were conducted on biosurfactant- 

positive cultures to evaluate their efficacy against various bacterial and fungal 

pathogens for potential non medical applications. The dye degradation method was 

employed with methylene blue and malachite green in strains KC-15 and KC-23. 

Optimization procedures were performed using methylene blue in strains KC-15 and 

KC-23 under various sources. Separation and extraction of potential bacterial cultures 

producing biosurfactants were carried out. Additionally, 16sRNA sequencing was 

employed to analyze potential biosurfactant-producing cultures, and LC-MSanalysis 

provided insights into the presence of different bioactive cultures. 

 
 
 

 
Keywords: Biosurfactant, Kitchen Chimney, LC-MS Bioprospecting, Surface 

tension. 
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CHAPTER-1 

INTRODUCTION 

 

 
1.1. BIOSURFACTANT PRODUCTION 

The extensive exploitation of natural resources and the expansion of industrial activities 

have led to significant environmental challenges. Among the most prevalent energy 

sources is petroleum and its derivatives, whose transportation and utilization frequently 

result in various forms of pollution. This includes heightened biological and chemical 

oxygen demands in soil and groundwater environments. The term "biosurfactant" 

denotes surface-active substances that bolster surface interactions by forming 

micelles, sourced from natural origins such as plants, microorganisms, and animals. 

 
Some microorganisms utilize the metabolic pathways of petroleum-derived 

compounds. However, these compounds are not always fully degradable by 

microorganisms, leading to their persistence in soil and seawater for extended periods. 

Biosurfactants are categorized based on mass into two groups: low-mass 

biosurfactants, comprising glycolipids, phospholipids, lipopeptides, lipoproteins, and 

fatty acids, and high-mass biosurfactants, which encompass polymeric andparticulate 

surfactants. 

 
The term "surfactants" was coined by Antara Products in 1950, encompassing all 

substances with surface activity, including wetting agents, detergents, foaming agents, 

emulsifiers, and dispersants. Surfactants exhibit both polar and nonpolar 

characteristics, allowing them to decrease surface tension, which is the cohesive force 

between molecules in liquids, particularly in the interaction of oil and water. 

Biosurfactants can be categorized based on their microbial origin and chemical 

structure, with bacteria being the primary biosurfactant producers among various 

microorganisms. The production of biosurfactants by microbes or bacteria is influenced 

by fermentation conditions, environmental factors, and nutrient availability such as 

carbon and nitrogen sources. 
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Biosurfactants hold significant potential due to their advantages over synthetic 

surfactants across various fields such as environmental, food, agriculture, biomedical, 

and beyond. These compounds possess amphiphilic properties, featuring both 

hydrophilic and hydrophobic components, allowing them to exhibit tensioactive 

properties. This includes molecules like long-chain fatty acids, hydroxy fatty acids, and 

alkyl hydroxy fatty acids, which orient themselves at diverse interfaces amongair, 

water, oil, and solid phases, influencing the properties of these phases. Surfactants 

constitute a versatile group of chemicals with widespread applications, ranging from 

household detergents, personal care products, pharmaceuticals, and agricultural 

chemicals to oilfield and food processing agents, industrial additives, and 

environmental remediation agents. The effectiveness of a surfactant in reducing 

surface tension and interfacial tension between two immiscible phases determines its 

efficacy. With over 2000 different biosurfactant structures identified, their utilization as 

carbon sources by soil-dwelling bacteria presents an opportunity to replace harsh 

surfactants currently employed in the pesticide industry. 

 
 

1.1.1. Economic factor of biosurfactant production 

To address the cost constraints associated with biosurfactant production, two main 

strategies are commonly employed worldwide to enhance cost-effectiveness: Utilizing 

inexpensive and waste substrates for formulating fermentation media, thereby 

reducing the initial raw material cost, Developing efficient bioprocesses through 

optimizing culture conditions and implementing cost-effective recovery processes to 

maximize biosurfactant production and recovery. 

 

 
Given the substantial annual generation of millions of tons of hazardous and non- 

hazardous waste worldwide, there is a pressing need for proper management and 

utilization of these resources. Various residues from tropical agronomic crops such as 

cassava peels, soybean hulls, sugar beet, sweet potato peels and stalks, sweet 

sorghum, rice and wheat bran, rice straw, corn hulls, and rice husks, along with by- 

products from the coffee processing industry like coffee pulp, coffee husks, and spent 

coffee grounds, as well as residues from fruit processing such as pomace, 
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grape waste, pineapple waste, and carrot waste, have been identified as potential 

substrates for biosurfactant production. Additionally, waste from oil processing mills 

including coconut cake, soybean cake, peanut cake, canola meal, and palm oil mill 

waste, as well as sawdust, corn cobs, carob pods, tea waste, chicory roots, and other 

substrates, have been reported for biosurfactant production. Furthermore, water 

miscible wastes, molasses, whey milk, and distillery wastes are among the additional 

substrates utilized for biosurfactant production. 

 

 
1.1.2. Microorganisms producing biosurfactant 

Biosurfactants, synthesized by a variety of microorganisms including bacteria, fungi, 

and yeasts, exhibit diverse chemical compositions influenced by the producing 

microorganism's type. These microorganisms thrive in industrial effluents and 

wastewater sources, demonstrating an ability to grow on substrates typically 

considered noxious for non-producing microorganisms. 

 

 
Microorganisms utilize a broad array of organic compounds as carbon and energy 

sources for growth. When the carbon source is insoluble, such as hydrocarbons, 

microorganisms facilitate their uptake by producing biosurfactants. Some bacteria and 

yeasts excrete ionic surfactants, like rhamnolipids produced by various Pseudomonas 

species, which emulsify hydrocarbon substances in the growth medium. Others modify 

their cell wall structure by producing nonionic or lipopolysaccharide surfactants, such 

as nonionic trehalose corynomycolates produced by Rhodococcus erythropolis and 

various Mycobacterium and Arthrobacterspecies, or lipopolysaccharides like emulsan 

from Acinetobacter species, and lipoproteins like surfactin and subtilisin from Bacillus 

subtilis. 

 

 
While the production of biosurfactants by bacterial species is well-researched, fewer 

fungi are known to produce them. Candida bombicola, Candida lipolytica, Candida 

ishiwadae, Candida batistae, Aspergillus ustus, and Trichosporon ashii are among the 

explored fungal species, many of which can produce biosurfactants from low-cost raw 

materials, with sophorolipids being the major type produced by these strains. 
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Candida lipolytica, for instance, produces cell wall-bound lipopolysaccharides when 

growing on n-alkanes. 

 

 
Many biosurfactant-producing microorganisms are also hydrocarbon degraders. Over 

the past decades, numerous studies have highlighted the effects of microbially 

produced surfactants not only on bioremediation but also on enhanced oil recovery. 

 

 
Table.1.1. Microorganisms producing biosurfactants 

 

 

SI. NO BIOSURFACTANT MICROORGANISMS CURRENT 

ECONOMIC 

IMPORTANCE 

1. Cellobiose lipids Ustilago maydis Antifungal compounds 

2. Serrawettin Seratia marcescens Emulsification of 

hydrocarbons 

3. Polyol lipids Rhodotorula glutiris, 

R.graminis 

Anti-proliferative 

activity 

4. Trehalose lipids Rhodococcusserythrpolis, 

Arthrobacter sp., Nocardia 

erythropois,Cornebacterium 

sp., Mycobacterium 

Dissolution of 

hydrocarbons 

5. Ornithine lipids Pseudomonas  sp. 

Thiobacillus thiooxidants 

Agrobacterium sp. 

Bioemulsifiers 

6. Viscosin Pseudomonas fluorescens 

Leuconostoc mesenteroids 

Surface active 

lipopeptides 

7. Rhamnolipids Pseudomonas aeruginosa , 

Pseudomonas 

chlororaphis,Serratia 

rubidea 

Bioremediation, 

Antimicrobial 

and biocontrol 

properties 

8. Carbohydrate lipid P.fluorescens Bioemulsifiers 
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9. Protein PA P.aeruginosa Bioemulsifiers 

10. Diglycosyl diglycerides Lactobacillus fermantum Bioremediation 

11. Whole cell Cyanobacteria Bioflocculent 

12. Fatty acids/ neutral lipids Clavibacter michiganensis 

subsp, insidious 

Bioemulsifier 

13. Sophorolipids C.antartica,C.apicola Antimicrobial, 

Antiviral,spermicidal 

14. Liposan C.tropicalis Bioemulsan 

15. Monosylerythritol lipids C.antartica,P.siamensis Antifungal compounds 

16. Surfactin B.subtilis Antimicrobial 

properties 

17. Subtilisin B.subtilis Antimicrobial 

properties 

18. Peptide lipids B.licheniformis Antimicrobial 

properties 

19. Phospholipids Acinetobacter sp. Bioremediation 

20. Emulsan A.calcaoacetious Microbially 

enchanced oil 

recovery(MEOR) 

 

 

Pseudomonas aeruginosa 

Pseudomonas aeruginosa is a prevalent encapsulated, gram-negative bacterium, 

exhibiting aerobic-facultatively anaerobic traits, and rod-shaped morphology. It is 

known to cause diseases in both plants and animals, including humans. Recognized 

for its medical significance, P. aeruginosa is a multidrug-resistant pathogen with well- 

established antibiotic resistance mechanisms, making it associated with severe 

illnesses, particularly in hospital settings such as ventilator-associated pneumonia and 

various sepsis syndromes. The bacterium selectively inhibits the penetration of 

antibiotics through its outer membrane and displays high resistance to numerous 

antibiotics, as acknowledged by the World Health Organization. 



6  

 
P. aeruginosa presents one of the most significant challenges to human health in terms 

of antibiotic resistance. Moreover, P. aeruginosa is highly prolific in producing 

exoproducts and secondary metabolites, including antimicrobials/toxins such as 

pyocyanin, proteases, exotoxin A, and hydrogen cyanide. Many of these are regulated 

by quorum sensing mechanisms. Additionally, it synthesizes two siderophores, 

pyoverdine and pyochelin, essential for scavenging iron in low-iron environments. 

These secondary metabolites play crucial roles in P. aeruginosa's fitness across 

various environments and are implicated in social behaviors like biofilm formation. 

 

 
Lipopolysaccharide (LPS) is a major component found in P. aeruginosa's outer 

membrane, comprising lipid A and a polysaccharide composed of O-antigen, outer 

core, and inner core linked by covalent bonds. LPS contributes to the negative charge 

of P. aeruginosa cells, provides structural integrity, and shields the membrane from 

various chemicals. Notably, P. aeruginosa strains can simultaneously produce two 

different types of O-antigen (A and B bands) within the same cell. The A band, also 

known as the common antigen, is produced by many P. aeruginosa strains, eliciting a 

relatively weak antibody response 

 

 
Stenotrophomonas maltophilia 

Stenotrophomonas, a group of Gram-negative bacteria, includes at least ten species 

and is primarily found in soil and plants. These species vary from typical soil organisms 

like S. nitritireducens to potential human pathogens like S. maltophilia. Though the 

molecular taxonomy of the genus remains somewhat uncertain, its presence and 

diversity in various environments are notable. 

Stenotrophomonas spp. demonstrate versatile colonization abilities across plants, 

humans, and marine environments. In plant environments, they efficiently metabolize 

various organic compounds, including phenolic compounds from root exudates. 

Notably, S. maltophilia can degrade several pollutants and produce indole-3-acetic 

acid (IAA), promoting plant growth through nitrogen fixation and sulfur oxidation. 
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Additionally, many S. maltophilia strains exhibit resistance to heavy metals and 

produce antifungal compounds and enzymes such as proteases and lipases. 

 

 
1.1.3. Surface and interface activity 

Surfactants play a crucial role in reducing surface tension and interfacial tension, such 

as between water and hexadecane, to less than 1 millinewton (Cooper et al., 1981). 

Rhamnolipids produced by P. aeruginosa have been observed to achieve a similar 

reduction in surface tension of water/hexadane to less than 1 millinewton (Syldatk et 

al., 1985). Generally, biosurfactants exhibit greater effectiveness and efficiency 

compared to chemical surfactants, with their critical Micelle Concentration (CMC) being 

several times lower. This means that for achieving maximum reduction in surface 

tension, a lesser amount of biosurfactant is required (Desai and Banat, 1997). 

 
1.1.4. Biodegradability 

Microbially derived compounds exhibit easier degradation compared to synthetic 

surfactants (Monan et al., 2006), making them well-suited for environmental 

applications such as bioremediation and biosorption (Mulligan et al., 2010). With 

growing environmental concerns, there is a heightened focus on seeking alternative 

products like biosurfactants (Cameotra and Makkar, 2004). Synthetic chemical 

surfactants pose environmental challenges, prompting the consideration of 

biodegradable biosurfactants from marine microorganisms for biosorption of poorly 

soluble polycyclic aromatic hydrocarbons, such as phenanthrene, found in aquatic 

surfaces (Olivera et al., 2003). Lee et al. (2008) demonstrated the control of marine 

algae blooms, specifically Cochlodinium, using the biodegradable biosurfactant 

sophorolipid, achieving a removal efficiency of 90%. 

 
1.1.5. Low toxicity 

Although there is limited literature available on the toxicity of biosurfactants, they are 

generally regarded as low or non-toxic substances and are suitable for use in 

pharmaceuticals, cosmetics, and food products. Poremba et al. (1991) demonstrated 

the higher toxicity of the chemical-derived surfactant Corexit, showing a LC50 against 

photobacterium phosphoreum that was 10 times lower than that of rhamnolipids. 
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Flasz et al. (1998) conducted a comparison of the toxicity and mutagenicity profiles of 

biosurfactants from Pseudomonas aeruginosa and chemically derived surfactants, 

indicating the biosurfactant as non-toxic and non-mutagenic. 

The low toxicity profile of sophorolipids from Candida bombicola has made them 

valuable in food industries (Cavalero and Cooper, 2003). 

 
1.1.6. Temperature and PH tolerance 

In recent decades, there has been growing interest in the commercial potential of 

biosurfactant production from extremophiles. Many biosurfactants and their surface 

activities exhibit resilience to environmental factors such as temperature and pH. 

McInerney et al. (1990) noted that lichenysin from Bacillus licheniformis remained 

stable at temperatures up to 50°C, pH levels ranging from 4.5 to 9.0, and NaCl and Ca 

concentrations of up to 50 and 25 g/L, respectively. Another biosurfactant produced by 

Arthrobacter protophormiae was found to be both thermostable (30- 100°C) and pH 

stable (pH 2 to 12) (Singh and Cameotra, 2004). Given that industrial processes often 

involve exposure to extreme conditions of temperature, pH, and pressure, there is a 

necessity to isolate novel microbial products capable of functioning under these 

challenging conditions (Cameotra and Makkar, 2004). 
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CHAPTER-2 

REVIEW OF LITERATURE 

 
2.1. BIOSURFACTANT PRODUCTION 

 
 

Banat et al – 2010, the production, applications, and future potential of microbial 

biosurfactants were explored in a report detailing the current understanding of 

biosurfactants, their production methods, recent advancements in applications, and 

biotechnological strategies aimed at enhancing production efficiency and unlocking 

future potential. 

 
Priyam Vandana and Dinesh singh et al- 2018, the review delved into biosurfactant 

production and its diverse applications, focusing on extraction methods for various 

microbial biosurfactants from cell-free supernatants. It covered the solvent separation 

process and detailed qualitative as well as quantitative analysis techniques. 

 
BS Saharan, RK Sahu, and D Sharma's -2011, the review explores multiple facets of 

biosurfactant production, encompassing fermentation methodologies, recent 

advancements, production techniques, and genetic engineering strategies. It is 

anticipated that this review offers a thorough examination of the cutting-edge 

techniques and obstacles in biosurfactant research and manufacturing. 

 
Katz and Demain -1977, offering insights into the chemistry, biogenesis, and potential 

functionalities of peptide antibiotics synthesized by Bacillus species, this exploration 

could bear significance for biosurfactant manufacturing and microbial interrelations. 

 
Delorme et al.- 2011, this investigation is expected to delve into the impacts of 

surfactants on lipase structure, activity, and inhibition. Although lipases do not serve 

as biosurfactants, comprehending their interplay with surfactants holds relevance for 

diverse industrial applications. 

 
Desai and Banat -1997, the review likely delves into the microbial production of 

surfactants and their commercial viability. 
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It is expected to offer a thorough examination of the process involved in producing 

microbial biosurfactants and their various industrial applications, including those 

directly related to biosurfactants. 

 
Kalyani and Sireesha -2014, They might have identified actinomycetes capable of 

producing biosurfactants from both terrestrial and marine soils, thereby aiding in the 

discovery of new and diverse reservoirs of biosurfactants. 

 
Noel and George et al – 2005, a strain demonstrating rapid growth and enhanced 

biosurfactant production was identified and designated as 3B-2. Cultures of strain 3B- 

2 were purified and stored in cryovials with 15% glycerol, then promptly preserved at 

-20℃. Morphological characteristics of strain 3B-2 were examined through gram 

staining and photomicroscopy, while its morphological traits were scrutinized using a 

scanning electron microscope. Phenotypic analysis and various biochemical tests were 

conducted according to the protocols outlined in Bergey's Manual of Systematic 

Bacteriology. 

 
Rau et al. -2005, discuss the downstream processing of mannosylerythritol lipids 

produced by Pseudozyma aphidis. This research likely delves into the purification and 

isolation of these biosurfactants for industrial applications. 

 
Johnson et al. -1992, investigate the production of bioemulsifiers by the yeast 

Rhodotorula glutinis IIP-3. Bioemulsifiers, a subtype of biosurfactants, play a role in 

stabilizing emulsions. This study likely delves into the process of bioemulsifier 

production and examines their properties. 

 
Arguelles-Arias et al. -2009, this study is expected to offer valuable insights into 

biosurfactant synthesis, examining the molecular mechanisms and genetic regulation 

underlying biosurfactant production in microorganisms. 

 
Roy et al – 2018, this review likely presents a thorough examination of biosurfactants, 

covering their characteristics, varieties, and utilization across various sectors. 
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It is expected to offer valuable insights into the extensive applications ofbiosurfactants 

and potential advancements in future research. 

 
Campos et al. -2014, the study likely emphasizes the development of a bioemulsifier 

geared towards the food industry. It is expected to delve into the isolation and 

characterization of a bioemulsifier sourced from microorganisms, evaluating its 

emulsification capabilities and its compatibility for various food-related uses, including 

emulsions and formulations. 

 
Andrade et al. -2018, The research likely introduces a promising biosurfactant sourced 

from Cunninghamella echinulata UCP 1299, utilizing renewable resources. It likely 

delves into the production procedure, the physicochemical characteristics of the 

biosurfactant, and its efficacy in cleansing cotton fabric. This study underscores the 

potential of microbial-derived biosurfactants for environmentally friendly cleaning tasks, 

emphasizing their sustainability and biodegradability advantages over conventional 

chemical surfactants. 

 
2.2. BIOSURFACTANT PRODUCTION BY PSEUDOMONAS SPECIES 

 

 
R.M.Patel,A.J.Desai et al-2003, The discussion focused on biosurfactant production by 

Pseudomonas aeruginosa GS3 using molasses as a substrate. It detailed the 

properties of Pseudomonas aeruginosa GS3, highlighting its ability to produce 

rhamnolipids. These rhamnolipids demonstrated the capability to create stable 

emulsions with both crude oil and olive oil. These findings suggest that utilizing 

renewable and relatively inexpensive substrates such as molasses holds promise for 

significant advancements in biotechnology processes. 

 
Wen -jiexia et al-2011, Biosurfactant-producing bacteria were isolated and 

characterized from oil-contaminated soil, yielding three strains: B. subtilis, P. 

aeruginosa, and R. erythropolis. These bacteria were obtained from reservoir formation 

water and were cultivated using crude oil as a carbon source. Notably, P. aeruginosa 

exhibited exceptional biosurfactant production rates, as well as highlevels of resistance 

and stability. 
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Eman El-Gebaly -2020, The screening of biosurfactant production was conducted 

using bacterial strains isolated from oil-contaminated sites near gas stations in Egypt. 

The study identified 30 biosurfactant-producing bacteria from oil-contaminated soils, 

with varying percentages of positive results in different screening assays. These 

bacteria were selected for further characterization and extraction procedures. Among 

them, Stenotrophomonas maltophilia, two Bacillus spp., two Achromobacter strains, 

Staphylococcus aureus, E. coli, and Pseudomonas aeruginosa exhibited activity. The 

biosurfactants produced by these organisms hold potential for use in combination with 

antibiotics to treat bacterial infections. 

 
Hisatsuka et al. -1971, The study explores the synthesis of rhamnolipids by 

Pseudomonas aeruginosa and their role in hydrocarbon fermentation. Rhamnolipids 

are robust biosurfactants with diverse industrial uses, such as improving oil recovery 

and facilitating bioremediation processes. 

 
2.3. SCREENING METHODS FOR BIOSURFACTANT PRODUCTION 

 

 
Bodour, A. A., & Miller-Maier, R. M el at 1998- The study discusses the utilization of a 

modified drop-collapse technique for quantifying surfactants and screening 

microorganisms capable of biosurfactant production. The procedure involved applying 

2 microliters of oil to 96-well plates, allowing it to settle for 24 hours, and then adding 

5 microliters of culture supernatant to the oil-coated areas. Results were observed after 

1 hour, with deionized water serving as the negative control. 

 
Ranjini dhiman, Khen raj meena, Abhishek sharma, S.kanwar-2016, Biosurfactants 

and their screening methods were discussed about classification of biosurfactant and 

explained about screening methods for biosurfactant production. 
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2.4. OPTIMIZATION FOR BIOSURFACTANT PRODUCTION 
 
 

Foukia E.Mouafi et al 2016The investigation delves into the optimization of 

biosurfactant production by Bacillus brevis employing response surface methodology. 

Twenty bacterial isolates underwent screening for biosurfactant production, with BS 

identified as exhibiting promising potential as an emulsifier. 

 
Wuyang sun et al 2021The study focused on optimizing biosurfactant production from 

Pseudomonas sp. using carbon dioxide and its application for remediatingheavy metal-

contaminated soil. Biosurfactant production was tested, and ultimately, itwas found that 

CQ2 was effective in removing Cd, Cu, and Pb from the soil. 

 
Khuri and Cornell- 1996, Response surface design, a statistical approach frequently 

employed in optimization studies concerning biosurfactant production, was utilized. 

 
Onwosi and Odibo -2013, Employing response surface design, the optimization of 

starter cultures was conducted to enhance rhamnolipid production by Pseudomonas 

nitroreducens. 

 
Choi et al. -1996, The investigation focuses on exploring the impact of ethanol and 

phosphate on the production of emulsan by Acinetobacter calcoaceticus RAG-1. 

Emulsan, a biosurfactant synthesized by specific bacteria, is the subject of this 

research, which aims to understand the factors that affect its production and optimize 

the process. 

 
2.5. APPLICATIONS OF BIOSURFACTANT 

 

 
Andrea F, Isabila G, Giuseppina B, and Lbrahim Met al – 2010, In their Environmental 

Science paper, the authors examine both the accomplishments and setbacks of 

biosurfactant-based bioremediation. This research likely offers valuable insights drawn 

from case studies and experimental results concerning the effectiveness of 

biosurfactants in remedying environmental pollutants, including oil spills. 
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Amalesh et al. -2012, It's possible that the researchers explored the biosurfactant 

capabilities of bacteria that produce alkaline protease, which were isolated from 

municipal solid waste. 

 
This investigation might provide insights into the origins of microorganisms capable of 

producing biosurfactants and how they can be utilized in waste management practices. 

 
Christofi and Ivshina -2002, The research probably offers valuable insights into the 

application of microbial surfactants, encompassing biosurfactants, in studies focused 

on soil remediation. This investigation holds significance in comprehending the 

potential uses of biosurfactants in endeavors aimed at environmental restoration. 

 
Maneera and Dikit -2007, The aim of the study is to characterize cell-associated 

bioemulsifiers derived from Myroides sp. SMI, a marine bacterium. Gaining insights 

into the properties of bioemulsifiers sourced from marine bacteria is crucial for their 

potential utilization across diverse industries, such as bioremediation and 

pharmaceuticals. 

 
Mary Swarnalatha S and Jaquline Chinna Rani I -2019, The Pharma Innovation Journal 

may feature a publication discussing innovative discoveries or applications concerning 

biosurfactants. Evaluating the study's specific emphasis is necessary to determine its 

significance within the field. 

 
Mulligan et al -2005, A review likely examines the environmental uses of biosurfactants, 

emphasizing their potential roles in bioremediation, soil reinforcement, and treating 

wastewater. This thorough overview probably discusses different biosurfactant 

varieties and their efficacy in environmental restoration endeavors. 

 
Satpute et al. -2010, Offering techniques for exploring biosurfactants and 

bioemulsifiers, this resource is beneficial for researchers keen on analyzing and 

assessing the attributes of these compounds. 

. 
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CHAPTER–3 

 
AIM AND OBJECTIVES 

 
 

 

3.1. AIM 

 

To investigate the assessment of bacterial reservoirs for biosurfactant synthesis. 

 
3.2. OBJECTIVES 

 

 To collect the sample in different places of kitchen chimney from kanchipuram 

 To isolate the bacterial culture 

 To the screening for potential culture 

 To the production of biosurfactant 

 To the characterization of Biosurfactant 

 To the molecular Identification of bacterial culture 
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CHAPTER–4 

MATERIALS AND METHODOLOGY 
 

 
4.1. ISOLATION OF BACTERIAL CULTURE FROM KITCHEN CHIMNEY OIL 

 
 

4.1.1. Collection of sample 

Oil samples were taken from the kitchen chimney tray after settling for three months. These 

samples were then serially diluted, and Pseudomonas and Stenotrophomonas were 

identified using 16srna sequencing. Subsequently, dilutions of 10-3, 10-4, 10-5, and 10-6 

were employed for further analysis. 

 
4.1.2. Isolation of Bacteria from oil sample 

 
Bacterial strain were isolated by spread plate method using Actinomycetes Isolation 

Agar (AIA), Nutrient agar (NA). About 1 gram of kitchen chimney oil was heat treated 

for moisture removal and was added in 10 ml distilled water. The suspension was 

serially diluted up to 10-5. 100μl of solution from 10-3, 10-4 and 10-5 dilutions was taken 

and spread over agar plates using sterile L-rod. The plates were incubated at 28℃ for 

7-14 days. After incubation, the bacterial colonies were identified and then sub cultured 

in AIA and NA plates and stored for further use. 

 

 
4.2. INVITRO SCREEING OF BIOSURFACTANT PRODUCING CULTURES 

 
 

4.2.1. Oil Displacement Assay 

A standard assay for biosurfactant producers involved adding 20ml of distilled water to 

a petri plate. Then, 1ml of used engine oil was spread over the surface of the water. 

Subsequently, 100μl of cell-free culture broth was carefully dropped onto the surface 

of the crude oil. The diameter of the clear zone formed on the oil surface wasmeasured. 

This measurement was compared to the clear zone formed by adding 10μl of distilled 

water as a negative control. 
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4.2.2. Drop Collapse Test 

In a 96-well microtiter plate, 2μl of mineral oil was dispensed into each well. 

Subsequently, 5μl of culture supernatant was added onto the oil in each well. The plate 

was then incubated at 37°C for 1 hour. The shape of the oil drop on the surfacewas 

examined to determine the result. Biosurfactants alter the shape of the oil drop and 

reduce the interfacial tension between the drop and the hydrophobic surface, causing 

the drop to collapse. While this method is dependable for detecting large unknown 

consortia, it may lack sensitivity in detecting low levels of surfactant. 

 
4.2.3. Emulsification Activity 

This method relies on the capacity of biosurfactants to emulsify hydrocarbons, 

enhancing their accessibility for cellular uptake and forming emulsions. In each of four 

sterile glass test tubes, 2ml of petrol was added, followed by 2ml of culture supernatant 

(KC-15, KC-23). The contents were then vigorously vortexed for 2 minutes at high 

speed. Afterward, the tubes were left to stand for 24 hours. The emulsification index 

percentage was calculated using the formula: 

Emulsification index = (Height of emulsion layer/Total height) × 100. 
 

 
4.2.4. Phenol Sulfuric Acid Method 

In each of 10 glass test tubes, 1ml of 5% phenol and 1ml of culture supernatant were 

added. Sulfuric acid was then cautiously added drop by drop, up to 5ml, until a color 

change occurred. The presence of glycolipid-type biosurfactants was confirmed by the 

formation of an orange color in the reaction mixture. This test relies on sulfuric acid's 

ability to interact with carbohydrates, resulting in the formation of furfuralcompounds 

through the removal of water molecules. These compounds subsequently react with 

phenol, producing a dark yellow color indicative of thepresence of glycolipid-type 

biosurfactants. 

4.2.5. Phenol Red Method 

Phenol red media was prepared to observe the cultures. Using an inoculation loop, the 

cultures were spotted onto the phenol red media. A change in color from red to yellow 

indicates positive results. Phenol red serves as a pH indicator dye, enabling the 

detection of pH changes resulting from acidity. When extracellular lipases act on 

triglycerides, fatty acids are released, leading to a change in the medium's acidity. 
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This method is employed to detect lipolytic activity, which signifies the presence of 

biosurfactants. 

 
4.2.6. Parafilm Method 

Culture supernatant (25μl) was dispensed onto a parafilm sheet for each culture. 

Similarly, 25μl of distilled water and glycerol were separately dispensed onto the 

parafilm sheet. Following the droplet placement, the shape of each drop was observed. 

A concave shape indicated a negative result, while a flat shape indicated apositive 

result. Biosurfactants have the ability to destabilize drops of polar liquid by reducing 

the surface tension and interfacial tension between the drop and the hydrophobic 

surface of the parafilm strip. 

 
4.3. DEGRADATION OF THE DYE USING THE STRAIN KC-15, KC-23 WITH 

METHYLENE BLUE AND MALACHITE GREEN 

 
A total of 240ml of AIA Broth was prepared and divided into 12 Falcon tubes, with each 

tube containing up to 20ml of AIA broth. Methylene Blue and Malachite Green were 

selected for dye degradation, with concentrations set at 100ppm (0.002g), 250ppm 

(0.005g), and 500ppm (0.01g) for each dye. The culture was then inoculatedusing an 

inoculating loop, and readings were taken once inoculation occurred, using 1ml of 

Eppendorf tube to collect the sample. After inoculation, the broth was centrifuged at 

8500 rpm for 15 minutes. Subsequently, 100μl of supernatant was added to a 96-well 

microtiter plate for UV-Visible Spectroscopy analysis. The degradation of dyes at 

different concentrations over a period of 4 days was measured using UV-Visible 

Spectroscopy, with methylene blue at 660nm and malachite green at 620nm. The 

percentage of dye degradation was calculated using the formula: 

 
% of degradation = (Initial absorption - Final absorption) / Initial absorption * 100 
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4.4. EFFECT OF DIFFERENT SOURCES ON DECOLORIZATION OF METHYLENE 

BLUE 

 
4.4.1. Effect of Carbon Sources on degradation of Methylene Blue by strain 

KC15, KC23 Samples. 

To optimize carbon sources, AIA broth was prepared with various sugars including 

glucose, sucrose, xylose, inositol, mannitol, fructose, lactose, starch, cellulose, and a 

control with no sugar. Methylene blue dye was added to each broth at a 

concentration of 100mg/l and autoclaved. Initial readings were taken using UV- 

Visible Spectroscopy at their respective wavelengths (MB-660nm, MG-620nm). The 

broths were then inoculated with bacterial strains (KC-15, KC-23) and incubated in a 

shaker at 120 rpm. After 7 days of incubation, samples were drawn aseptically and 

centrifuged at 8500 rpm for 10 minutes. The estimation of dye decolorization was 

observed using UV-Visible Spectroscopy by adding 100μl of sample supernatant to a 

96-well microtiter plate. The carbon source that exhibited the highest percentage of 

dye degradation was considered the most effective for degrading methylene blue 

dye. 

 
4.4.2. Effect of Nitrogen Sources on degradation of Methylene Blue by strain KC- 

15, KC23 Samples. 

To optimize nitrogen sources, AIA broth was prepared using various nitrogen sources 

including malt extract, yeast extract, peptone, soybean meal, KNO3, and a control with 

no nitrogen source. Methylene blue dye was added to each broth at a concentration of 

100mg/l and autoclaved. Initial readings were taken using UV-Visible Spectroscopy at 

their respective wavelengths. The broths were then inoculated with bacterial strains 

(KC-15, KC-23) and incubated in a shaker at 120 rpm. After 7 days of incubation, 

samples were drawn aseptically and centrifuged at 8500 rpm for 10 minutes. The 

estimation of dye decolorization was observed using UV-Visible Spectroscopy by 

adding 100μl of sample supernatant to a 96-well microtiter plate. The nitrogen source 

that exhibited the highest percentage of dye degradation was considered the most 

effective for degrading methylene blue dye. 
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4.4.3. Effect of Mineral Sources on degradation of Methylene Blue by strain KC- 

15, KC-23 Samples. 

To optimize mineral sources, AIA broth was prepared with various mineral sources 

including NaCl, CaCl2, MnCl2, FeSO4, MgSO4, and a control with no mineral source. 

Methylene blue dye was added to each broth at a concentration of 100mg/l and 

autoclaved. Initial readings were taken using UV-Visible Spectroscopy at their 

respective wavelengths. The broths were then incubated in a shaker at 120 rpm after 

inoculation with bacterial strains (KC-15, KC-23). After 7 days of incubation, samples 

were aseptically drawn and centrifuged at 8500 rpm for 15 minutes. The estimation of 

dye decolorization was observed using UV-Visible Spectroscopy by adding 100μl of 

sample supernatant to a 96-well microtiter plate. The mineral source that exhibited the 

highest percentage of dye degradation was considered the most effective for degrading 

methylene blue dye. 

 
4.4.4. Effect of pH on degradation of Methylene Blue and Malachite Green by 

strain KC15, KC23 Samples. 

To optimize pH conditions, AIA broth was prepared with different pH levels including 

pH 4, pH 5, pH 6, pH 7, pH 8, and pH 9. Methylene blue dye was added to each 

broth at a concentration of 100mg/l and autoclaved. Initial readings were taken using 

UV-Vis Spectroscopy at their respective wavelengths. The broths were then incubated 

in a shaker at 120 rpm after inoculation with bacterial strains (KC-15, KC- 23). After 7 

days of incubation, samples were aseptically drawn and centrifuged at 8500 rpm for 

15 minutes. The estimation of dye decolorization was observed using UV-Visible 

Spectroscopy by adding 100μl of sample supernatant to a 96-well microtiter plate. The 

pH range that exhibited the highest percentage of dye degradation was considered the 

optimal pH for the degradation of methylene blue dye. 
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4.5. SOLVENT SEPARATION AND EXTRACTION OF KC15, KC23 SAMPLES. 
 

 
This procedure utilized the cell-free supernatant technique. Initially, the pH of the 

supernatant was adjusted to 2.0 using concentrated HCl. Subsequently, 5ml of ethyl 

acetate was added to the supernatant in a 2:1 ratio. The mixture was thoroughly shaken 

for proper mixing and left overnight to allow color sediments, indicative of 

biosurfactants, to form. These sediments were then dried and mixed with 1ml of DMSO. 

The oil displacement activity was assessed using dried crude extracts with DMSO in 

three plates, employing KC15 and KC23. 

 
4.6 CHARACTERIZATION OF BIOSURFACTANT BACTERIAL STRAINS 

 

 
The microscopic, physiological, and cultural characteristics of the potential 

actinobacterial strain HRB1 were examined following the methods outlined by Shirling 

and Gottlieb (1966) and Radhakrishnan et al. (2013). Molecular characterization was 

performed through 16S rRNA gene sequence analysis. Genomic DNA was extracted 

from the HRB1 strain using the Solute Ready Genomic DNA Kit (GenElute™). PCR 

amplification of the 16S rRNA gene was conductedusing the Eppendorf Master 

Cycler Gradient with primers 8F (5'-AGA GTT TGA TCC TGG CTC AG-3') and 1492R 

(5'-GGT TAC CTT GTT ACG ACT T-3') (Lane, 1991). 

The PCR reaction mixture (50 μl) contained 100 ng of genomic DNA, 10x buffer, 1 

mg/ml of BSA, 2.5 mM of dNTP mixture, 3.5 U of Taq DNA polymerase, and 10 μM of 

each primer. The PCR conditions were as follows: initial denaturation at 94°C for 6 min, 

followed by 35 cycles of denaturation at 94°C for 45 s, annealing at 55°C for 45 s, 

extension at 72°C for 1.5 min, and final extension at 72°C for 8 min. Purified PCR 

products were subjected to 16S rRNA gene sequencing using the Sanger sequencing 

method at Eurofin Genomics, Bangalore. The sequences were editedand contigs 

assembled using DNA Baser software version 3. Edited sequences were compared 

with sequences deposited in the GenBank database using BLAST analysis. Alignment 

of 16S rRNA gene sequences with selected sequences from GenBank was performed 

using CLC Sequence Viewer 6.0 software. 
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A phylogenetic tree was constructed using the neighbor-joining algorithm with 

bootstrap analyses of 1000 replications to determine confidence values for the tree 

branches using MEGA software version 7.0. The partial 16S rRNA nucleotide 

sequence of strain HRB1 was deposited in the GenBank database. 
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CHAPTER – 5 

RESULTS AND DISCUSSIONS 

 
5.1. COLLECTION OF SAMPLE 

The oil extracted from the kitchen chimney underwent heat treatment and was 

subsequently isolated on various media plates. A total of 28 morphologically distinct 

strains were obtained from the kitchen chimney oil and subcultured. All the strains 

exhibited robust growth. The morphological characteristics of these 31 strains are 

detailed in Table 5.1. Römling et al. isolated 41 bacterial and fungal strains for 

biosurfactant production in 1998. 

 

 

Fig:5.1 Morphologically different strains sub cultured in AIA and NA me 
 

 
Table:5.1 Morphological Characteristics of isolated strain from KC 

 

STRAIN 
NO 

 
GROWTH 

AERIAL 

MYCELIUM 

(AM) 

SUBSTRATE 

MYCELIUM 

(SM) 

REVERSE 
SIDE 
PIGMENT 
(RSP) 

COLONY 
CONSISTA- 
-NCY 

COLONY 
COLOR 

 
 
KC4 

 
 
GOOD 

 
- 

 
 

+ 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 

 
KC5 

 

 
GOOD 

 
- 

 
+ 

 
GREYISH 
GREEN 

 

 
CREAMY 

 
 
PALE WHITE 
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KC6 

 
 
GOOD 

 
 

- 

 
 

+ 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 
 
KC7 

 
 
GOOD 

 
++ 

 
 

- 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
PALE WHITE 

 
KC8 

 
GOOD 

 
++ 

 
- 

 
GREYISH 
GREEN 

 
CREAMY 

 
PALE WHITE 

 

 
KC9 

 

 
GOOD 

 
++ 

 

 
- 

 
GREYISH 
GREEN 

 

 
CREAMY 

 
 
PALE WHITE 

 
 
KC10 

 
 
GOOD 

 
++ 

 
 

- 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 
 
KC11 

 
 
GOOD 

 
- 

 
 

- 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 
 
KC12 

 
 
GOOD 

 
+++ 

 
 

+ 
GREYISH 

GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 

 
KC13 

 

 
GOOD 

 
++ 

 

 
+ 

 
GREYISH 
GREEN 

 

 
CREAMY 

 
 
PALE WHITE 

 
 
KC14 

 
 
GOOD 

 
++ 

 
 

+ 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 
 
KC15 

 
 
GOOD 

 
 

++ 

 
 

+ 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 
 
KC16 

 
 
GOOD 

 
- 

 
 

- 

 
GREYISH 
WHITE 

 
 
CREAMY 

 
 
PALE 
YELLOW 

 

 
KC17 

 

 
GOOD 

 
- 

 
- 

 
GREYISH 
WHITE 

 

 
CREAMY 

 
 
PALE 
YELLOW 

 
 
KC18 

 
 
GOOD 

 
 

- 

 
 

- 

 
GREYISH 
WHITE 

 
 
CREAMY 

 
 
PALE 
YELLOW 

 
 
KC19 

 
 
GOOD 

 
- 

 
 

- 

 
GREYISH 
WHITE 

 
 
CREAMY 

 
 
PALE 
YELLOW 
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KC20 

 
 
GOOD 

 
- 

 
 

- 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 

 
KC21 

 

 
GOOD 

 

 
- 

 
+ 

 
PALE GREEN 

 

 
CREAMY 

 
 
PALE WHITE 

 
KC22 

 
GOOD 

 

 
++ 

 
- 

 
GREYISH 
GREEN 

 
CREAMY 

 
PALE WHITE 

 
 
KC23 

 
 
GOOD 

 
++ 

 
 

- 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 
 
KC24 

 
 
GOOD 

 
++ 

 
 

- 
GREYISH 
GREEN 

 
 
CREAMY 

 
PALE 
YELLOW 

 

 
KC25 

 

 
GOOD 

 
- 

 

 
- 

 
PALE GREEN 

 

 
CREAMY 

 
 
PALE WHITE 

 
 
KC26 

 
 
GOOD 

 
- 

 
 

- 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE 
YELLOW 

 
 
KC27 

 
 
GOOD 

 
 
- 

 
 
- 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 

PALE 
YELLOW 

 
KC28 

 
GOOD 

 
 
++ 

 
 
- 

 

GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 
 
KC29 

 
 
GOOD 

 
++ 

 
 
- 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 

 

 
KC30 

 

 
GOOD 

 
++ 

 
- 

 
GREYISH 
GREEN 

 

 
CREAMY 

 
 
PALE WHITE 

 
 
KC31 

 
 
GOOD 

 
 
- 

 
 
+ 

 
GREYISH 
GREEN 

 
 
CREAMY 

 
 
PALE WHITE 
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Out of the total 28 strains, 21 exhibit pale white colony morphology, while the remaining 7 

display pale yellow colonies. M. Cristina Diez et al. have characterized their isolated bacterial 

strains, identifying 1 with a red colony, 1 with a yellow colony, 1 with a dark pink colony, and 

1 with a light pink colony. 

 
5.2. INVITRO SCREEING OF BIOSURFACTANT PRODUCING CULTURES 

 

 
5.2.1. Oil Displacement Assay 

The assessment and observation of the clear zone on the oil surface were carried out for 

KC-15 and KC-23, as shown in Figure 5.2. 

 

Fig: 5.2. oil displacement assay for KC-15 and KC-23 samples 
 

 
Among the 28 bacterial strains tested, 2 exhibited the most favorable results in the oil 

displacement assay. Moussa et al provided a detailed explanation of the oil displacement 

assay in the year 2017, The favorable outcomes for them involve bacillus strains MG 13 and 

MG 20. 

 
5.2.2. Drop Collapse Test 

The shape of the oil drop on the surface was evaluated to determine the results. KC-15 and 

KC-23 yielded positive results, as illustrated in Fig 5.3. 
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Fig:5.3 Bacterial strain showing drop collapse test 

The strains CH 2 and CH 5 show promise as potential candidates for biosurfactant 

production in the study by Mounira Ariech et al. 

 

 
5.2.3. Emulsification Activity 

The calculation of the emulsification index percentage is determined using the formula. 

Positive results for KC-15 and KC-23 are depicted in Fig 5.4. 

(a)  (b)  

 
Fig:5.4. KC-15, KC-23 showing emulsification activity 

 
Among all the strains examined, KC-15 and KC-23 exhibited positive results in emulsification 

activity. Camacho Cab et al. found that Triton X-100 and Tween 20 were more effective in 

this assay. 
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5.2.4. Phenol Sulfuric Acid Method 

 
The presence of glycolipid type was confirmed by the formation of an orange color in the 

reaction mixture. Positive results for KC-15 and KC-23 are illustrated in Fig 5.5. 

(a)  (b) 

 
Fig:5.5 KC15, KC23 reacts to phenol sulfuric acid test 

 
 

 
5.2.5. Phenol Red Method 

 
A change from red to yellow color indicates positive results for the bacterial strain 

producing biosurfactant. The results are depicted in Fig 5.6. 

(a) (b)  

 
Fig:5.6 Bacterial strains showing positive results in phenol red method 

 
Out of 28 bacterial strains, positive results were obtained from 2 strains (KC15, KC23). 
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5.2.6. Parafilm Method 

 
After dropping, the shape of the drop is observed, with a concave shape indicating a negative 

result, while a flat shape indicates a positive result. KC15 and KC23 exhibited positive 

results, indicating biosurfactant production, as depicted in Fig 5.7. 

 
 
 
 

 
(a) 

 
 
 
 
 
 
 
 
 
 

 
(b) 

 
Fig:5.7. KC15, KC23 samples showing biosurfactant production 

 
Khyati Patel has discovered six isolates—Ky-48, Ky-53, Ky-54, Ky-84, Ky-86, and 

Ky-87—that exhibit encouraging biosurfactant activity. 
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5.3. DYE DEGRADATION TEST 

 
The bacterial strain was subjected to a dye degradation test using methylene blue and 

malachite green at varying concentrations (100ppm, 250ppm, 500ppm). 

 

 
5.3.1. Degradation of different concentrations of methylene blue using the strain 

KC15, KC23 Samples 

The degradation of methylene blue was assessed at various concentrations (100ppm, 

200ppm, and 500ppm), with 0.002mg, 0.005mg, and 0.01mg added to each 20 ml of AIA 

broth by the KC15 strain, as illustrated in Fig 5.8. The percentage of degradation of 

methylene blue increased from the 2nd day to the 3rd day and from the 3rd day to the 4th 

day. The degradation percentage of methylene blue was determined using a degradation 

percentage formula. 

 
 

 

Fig:5.8 Degradation of different concentration of methylene blue using the strain 

KC15 

3.5 

2.5 

1.5 
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250 
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0.5 

DAY 1 DAY 2 DAY 3 DAY4 
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The degradation of methylene blue was conducted at varying concentrations (100ppm, 

200ppm, and 500ppm), with 0.002mg, 0.005mg, and 0.01mg added to each 20 ml of AIA 

broth by the KC23 strain, as depicted in Fig 5.9. 

 
The percentage of degradation of methylene blue exhibited an increase from the 2nd day to 

the 3rd day and from the 3rd day to the 4th day. Calculation of the degradationpercentage of 

methylene blue was performed using a degradation percentage formula. 

 

 

 
Fig:5.9 Degradation of different concentration of methylene blue using the strain KC23 

 
 

 
5.3.1. Degradation of different concentrations of malachite green using the strain 

KC15, KC23 samples 

The degradation of malachite green was conducted at various concentrations (100ppm, 

200ppm, and 500ppm), with 0.002mg, 0.005mg, and 0.01mg added to each 20 ml of AIA 

broth by the KC15 strain, as illustrated in Fig 5.10. The percentage of degradation of 

malachite green exhibited an increase from the 2nd day to the 3rd day and from the 3rd day 

to the 4th day. Calculation of the degradation percentage of malachite green was performed 

using a degradation percentage formula. 

2.5 

1.5 
100 

250 

500 

0.5 

DAY 1 DAY 2 DAY 3 DAY 4 
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Fig:5.10 Degradation of different concentration of malachite green using the strain 

KC15 

The degradation of malachite green was performed at varying concentrations (100ppm, 

200ppm, and 500ppm), with 0.002mg, 0.005mg, and 0.01mg added to each 20 ml of AIA 

broth by the KC23 strain, as depicted in Fig 5.11. The percentage of degradation of malachite 

green exhibited an increase from the 2nd day to the 3rd day and from the 3rdday to the 

4th day. Calculation of the degradation percentage of malachite green was carried out using 

a degradation percentage formula. 

 

 
Fig5.11 Degradation of different concentration of malachite green using the strain 

KC23 sample 
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5.4. EFFECT OF DIFFERENT SOURCESON DECOLORIZATION OF METHYLENE 

BLUE. 

 
5.4.1. Effect of Carbon Sources on degradation of Methylene Blue by strain KC15, 

KC23 samples 

5.4.1.1. Degradation of methylene blue by strain KC15 and KC23 under different carbon 

Sources 

 
The degradation percentage of methylene blue in various carbon sources is illustrated in Fig 

5.12. According to this investigation, cellulose exhibited the highest percentage of 

degradation of methylene blue compared to other carbon sources. 

 
 

 

Fig:5.12 Degradation of methylene blue by strain KC15 and KC23 under different 

carbon sources 

 
 
 
 
 

kc 15 

kc23 
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5.4.2. Effect of nitrogen source in methylene blue degradation by strain KC15, KC23 

samples 

 
5.4.2.1. Degradation of methylene blue by strain KC15 and KC23 under different nitrogen 

sources: 

The degradation percentage of methylene blue in different nitrogen sources is presented in 

Fig 5.13. According to this analysis, yeast extract showed the highest percentage of 

degradation of methylene blue compared to other nitrogen sources. 

 

 

Fig:5.13Degradation of methylene blue by strain KC15 and KC23 under different 

nitrogen sources 

Malt 
extract 

Yeast Peptone 

extract 
Soybean 

meal 
KNO₃ No 

nitrogen 
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5.4.3. Effect of mineral source in methylene blue degradation by strain 

KC15,KC23 samples 

5.4.3.1. Degradation of methylene blue by strain KC15 and KC23 under different 

mineral sources 

The degradation percentage of methylene blue in various mineral sources is illustrated 

in Fig 5.14. According to the findings, the degradation of methylene blue in MnCl2 

exhibited the highest percentage compared to other mineral sources. 

 
 

 
Fig:5.14. Degradation of methylene blue by strain KC15 and KC23 under 
different mineral sources 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

CaCl₂ MnCl₂ FeSO₄ MgSO₄ No mineral 
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5.4.4. Effect of pH in methylene blue degradation by strain KC15, KC23 samples 

5.4.4.1 Degradation of methylene blue by strain KC15 and KC23 under different PH 

Sources 

 
The degradation percentage of methylene blue across different pH levels is depicted 

in Fig 5.15. The results indicate that methylene blue degradation is most pronounced 

at pH 6 compared to other pH values. 

 

Fig: 5.15 Degradation of methylene blue by strain KC15 and KC23 under different 

pH sources 

 
5.5. Solvent separation and extraction of KC15, KC23 samples 

 

The DMSO negative control shows no reaction, while KC15 and KC23 exhibit a positive 

result, as depicted in Fig 5.16, indicating biosurfactant production. 

 

Fig:5.16 Bacterial strain KC15, KC23 shows biosurfactant production 

 
 
 
 
 
 
 
 
 
 
 
 

 

PH4 PH5 PH6 PH7 PH8 PH9 
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5.6 Characterization of KC-15 and KC-23 samples 

The physicochemical properties of the oil samples were analyzed, leading to the 

isolation of two distinct actinobacterial strains: KC 15 and KC 23. 

 
 

 

 
Fig:5.17 Characterization of Bacterial strain KC-15 sample 

 

 
Subsequent characterization revealed that KC 15 belonged to the species 

Stenotrophomonas maltophilia. 
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gctcctggattcagcggcggacgggtgagtaatgcctaggaatctgcctggtagtggggg 

ataacgtccggaaacgggcgctaataccgcatacgtcctgagggagaaagtgggggatct 

tcggacctcacgctatcagatgagcctaggtcggattagctagttggtggggtaaaggcc 

taccaaggcgacgatccgtaactggtctgagaggatgatcagtcacactggaactgagac 

acggtccagactcctacgggaggcagcagtggggaatattggacaatgggcgaaagcctg 

atccagccatgccgcgtgtgtgaagaaggtcttcggattgtaaagcactttaagttggga 

ggaagggcagtaagttaataccttgctgttttgacgttaccaacagaataagcaccggct 

aacttcgtgccagcagccgcggtaatacgaagggtgcaagcgttaatcggaattactggg 

cgtaaagcgcgcgtaggtggttcagcaagttggatgtgaaatccccgggctcaacctggg 

aactgcatccaaaactactgagctagaGtaGCtacttctggagcaacccactcccatggt 

gtgacgggcggtgtgtacaaggcccgggaacgtattcaccgtgacattctgattcacgat 

tactagcgattccgacttcacgcagtcgagttgcagactgcgatccggactacgatcggt 

tttatgggattagctccacctcgcggcttggcaaccctttgtaccgaccattgtagcacg 

tgtgtagccctggccgtaagggccatgatgacttgacgtcatccccaccttcctccggtt 

tgtcaccggcagtctccttagagtgcccacccgaggtgctggtaactaaggacaagggtt 

gcgctcgttacgggacttaacccaacatctcacgacacgagctgacgacagccatgcagc 

acctgtgtctgagttcccgaaggcaccaatccatctctggaaagttctcagcatgtcaag 

gccaggtaaggttcttcgcgttgcttcgaattaaaccacatgctccaccgcttgtgcggg 

cccccgtcaattcatttgagttttaaccttgcggccgtactccccaggcggtcgacttat 

cgcgttagctgcgccactaagatctcaaggatcccaacggctagtcgacatcgtttacgg 

cgtggactaccagggtatctaatcctgtttgctccccacgctttcgcacctcagtgtcag 

tatcagtccaggtggtcgccttcgccactggtgttccttcctatatctacgcatttcacc 

gctacacaggagattccaccaccctctaccgtactctagctcagta 

 
Fig:5.18 16s RNA sequencing of Bacterial strain KC-15 sample 
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Fig:5.19 Characterization of Bacterial strain KC-23 sample 

 
KC 23 was identified as belonging to the species Pseudomonas aeruginosa. 
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gctcctggattcagcggcggacgggtgagtaatgcctaggaatctgcctggtagtggggg 

ataacgtccggaaacgggcgctaataccgcatacgtcctgagggagaaagtgggggatct 

tcggacctcacgctatcagatgagcctaggtcggattagctagttggtggggtaaaggcc 

taccaaggcgacgatccgtaactggtctgagaggatgatcagtcacactggaactgagac 

acggtccagactcctacgggaggcagcagtggggaatattggacaatgggcgaaagcctg 

atccagccatgccgcgtgtgtgaagaaggtcttcggattgtaaagcactttaagttggga 

ggaagggcagtaagttaataccttgctgttttgacgttaccaacagaataagcaccggct 

aacttcgtgccagcagccgcggtaatacgaagggtgcaagcgttaatcggaattactggg 

cgtaaagcgcgcgtaggtggttcagcaagttggatgtgaaatccccgggctcaacctggg 

aactgcatccaaaactactgagctagaGtaGCtacttctggagcaacccactcccatggt 

gtgacgggcggtgtgtacaaggcccgggaacgtattcaccgtgacattctgattcacgat 

tactagcgattccgacttcacgcagtcgagttgcagactgcgatccggactacgatcggt 

tttatgggattagctccacctcgcggcttggcaaccctttgtaccgaccattgtagcacg 

tgtgtagccctggccgtaagggccatgatgacttgacgtcatccccaccttcctccggtt 

tgtcaccggcagtctccttagagtgcccacccgaggtgctggtaactaaggacaagggtt 

gcgctcgttacgggacttaacccaacatctcacgacacgagctgacgacagccatgcagc 

acctgtgtctgagttcccgaaggcaccaatccatctctggaaagttctcagcatgtcaag 

gccaggtaaggttcttcgcgttgcttcgaattaaaccacatgctccaccgcttgtgcggg 

cccccgtcaattcatttgagttttaaccttgcggccgtactccccaggcggtcgacttat 

cgcgttagctgcgccactaagatctcaaggatcccaacggctagtcgacatcgtttacgg 

cgtggactaccagggtatctaatcctgtttgctccccacgctttcgcacctcagtgtcag 

tatcagtccaggtggtcgccttcgccactggtgttccttcctatatctacgcatttcacc 

gctacacaggagattccaccaccctctaccgtactctagctcagta 

 
Fig:5.18 16s RNA sequencing of Bacterial strain KC-15 sample 
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CHAPTER- 6 

SUMMARY AND CONCLUSION 

 
The rapid expansion of industries has exacerbated environmental pollution, with 

petroleum contamination being a particularly prevalent ecological hazard. This 

pollution poses significant threats to aquatic ecosystems, especially microbial 

populations. Biosurfactants, serving as alternatives to chemical surfactants, are 

employed in environmental applications, particularly in the remediation of oil pollution. 

These substances, possessing surface-active properties, play crucial roles in 

bioremediation processes by aiding in the emulsification, dispersion, and degradation 

of oil and hydrocarbon contaminants. 

 
The use of biosurfactants in oil pollution remediation offers several advantages, 

including biodegradability and low toxicity. Pseudomonas aeruginosa, for instance, has 

been identified as a producer of rhamnolipid-type biosurfactants, comprising bothmono 

and di-rhamnolipids. Studies have shown a direct correlation between the type of 

biosurfactant and the hydrocarbon or oil it effectively degrades, with rhamnolipids 

demonstrating efficacy in hexadecane degradation. 

 
Biosurfactants encompass a wide range of products with surface-active properties, 

serving as wetting agents, detergents, foaming agents, emulsifiers, and dispersants. 

Their versatility extends to various applications, including household and personal care 

products, pharmaceuticals, agricultural chemicals, oilfield and food processing agents, 

industrial additives, and environmental remediation agents. 

 
Oil samples were collected from kitchen chimneys in Kanchipuram, Tamil Nadu, 

leading to the isolation, morphological identification, and subculturing of 31 strains. In 

the primary screening, 15 strains exhibited positive results, with strains KC15 and 

KC23 identified as potential candidates. These strains underwent secondary screening 

using methods such as drop collapse, emulsification activity assessment, phenol 

sulfuric acid, and phenol red assays, confirming biosurfactant production. 



42  

Dye degradation tests were conducted using methylene blue and malachite green dyes 

at three concentrations for strains KC15 and KC23. Percentage decolorization 

increased with time but decreased with higher dye concentrations. Optimizationstudies 

using KC15 and KC23 with methylene blue at 100ppm concentration indicated that 

yeast extract, MnCl2, and pH 6 were effective parameters for dye degradation. The 

strain was taxonomically identified KC-15 as Stenotrophomonas maltophilia and KC- 

23 as Pseudomonas aeruginosa through the characterization of its 16S rRNA using 

sequencing methods. 
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