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Introduction 
 

Bioremediation is mediated through microorganisms 

such as bacteria, fungi, mold and yeast. It is an 

environment friendly process for the purpose of 

removing pollutants from the environment through 

biodegradation (Kale et al., 2015). The overall 

bioremediation process have been influenced by many 

abiotic and biotic factors such as pH-value, concentration 

of dissolved oxygen, moisture content, temperature, 

salinity, and presence or absence of UV radiation, soil 

type and number of microorganisms and their 

extracellular enzymes and biosurfactant efficacy. 

Polymers in commercial usage are made up of non-

renewable and as well as renewable feedstock, they are 

well known for their diverse applications in industries, 

domestic appliances, transportation, construction, 

shelters, storage and packaging practices (Dey et al., 

2012). 

 

Polymers, Especially Natural polymers consist of lipids, 

carbohydrates and proteins. Apart from natural polymers, 

Synthetic polymers derived from manmade chemical 

processes. Most polymers are too large to pass through 

cellular membranes directly, so they must first be 

depolymerized to small monomers before they can be 

absorbed and biodegraded within microbial cells. 

Microorganisms such as bacteria and fungus may 

consume polymers as their energy source and convert 

them into H2O, CO2, and methane. The initial breakdown 

of polymer stability can result from wide variety of 

physical, chemical, and biological forces. Such process 
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highly depends on the biochemical composition of the 

polymer including its morphology, structure, chemical 

and radiation treatments and in particular molecular 

weight. (Ghanbarzadeh et al., 2013). 

 

Biodegradation of a polymer based on enzymatic 

treatment highly depends upon its molecular weight, 

chemical composition and inversely proportional to 

molecular weight (Tokiwa et al., 2013). Bacteria and 

fungi are a widely distributed group of microorganisms 

that play a significant role in the processing of polymer 

compounds in the natural environment (Upreti and 

Srivastava 2003).  

 

The degradation process is accomplished by 

microorganisms via different enzymatic activities and 

bond cleavage. This degradation occurs in sequential 

steps, bio-deterioration, bio-fragmentation and 

assimilation and mineralization, in particular 

mineralization led to the production of oxidized 

metabolites (Singh and Sharma 2008). Such 

mineralization of polymers takes place in both aerobic 

and anaerobic conditions. In the aerobic condition, CO2 

and H2O are formed, while under anaerobic conditions, 

CH4, CO2 and H2O are produced  

 

Biosurfactants are gaining significant attention as a 

natural and environmentally friendly alternative to 

chemical surfactants. Their growing importance is 

attributed to ecofriendly properties, such as 

biodegradability and compatibility with bioremediation 

techniques. Compared to their chemical counterparts, 

biosurfactants offer numerous advantages, including high 

selectivity, biocompatibility, bioavailability, and 

ecological acceptability. They also exhibit increased 

effectiveness in extreme conditions of temperature and 

salt concentrations (Sun et al., 2019).  

 

Biosurfactants, which are produced either as part of cell 

membranes or extracellularly by specific bacteria, yeasts, 

and fungi, offer distinct advantages over synthetic 

surfactants of comparable functionality (Gunther et al., 

2017). These natural surfactants exhibit versatility, 

functioning effectively in extreme temperature, pH, and 

salinity conditions. Furthermore, biosurfactants are 

characterized by their non-toxic or very low toxicity, as 

well as their biodegradability.  

 

Biosurfactants are substances prepared with stationary 

phase biomass that contain both hydrophilic and 

hydrophobic groups in their chemical structure produced 

by microorganisms. (Anaukwu et al., 2020). They are 

excellent at the surface and interfacial tension reduction 

owing to their amphiphilic nature. They have several 

advantages over the synthetic counterparts which range 

from eco-friendliness, non-recalcitrancy, degradability, 

and non-toxicity. They can be easily produced from low-

cost renewable resources such as agro-industrial wastes, 

allow for the evolvement of economical bioprocess 

(Mulligan et al., 2014). Several bacterial genera have 

been reported as biosurfactant producers, for example, 

Acinetobacter, Arthrobacter, Pseudomonas, Halomonas, 

Bacillus, Rhodococcus, Enterobacter, Serratia (Cheffi et 

al., 2020). Pseudomonas aeruginosa strains are among 

the effective producers of biosurfactant (Sharma et al., 

2018; Charles et al., 2017).  

 

Despite the potential advantages of biosurfactants, their 

efficiency for biotechnological and environmental 

applications is currently hindered by challenges. These 

challenges include low solubility and bioavailability, 

strong adsorption to soil particles, and issues with the 

hydrophobicity of pollutants. Additionally, when 

compared to chemical surfactants, biosurfactants face 

challenges in terms of recovery and downstream 

processes, as well as low production yields, contributing 

to high production costs (Jimoh and Lin, 2019). To 

address these limitations, it is crucial to develop novel 

biosurfactants that consider improving fermentation and 

recovery processes through genetic engineering. 

 

The presence of biosurfactants is beneficial as it 

enhances the surface area of substrates available for 

bacterial utilization. Pseudomonas is the most common 

genus of bacteria known for biosurfactant production, 

with rhamnolipids being the primary biological 

surfactants produced. (Malavenda et al., 2015). The oil 

spreading method serves as a rapid, sensitive, and 

reliable technique for detecting biosurfactant or bio 

emulsifier production across diverse microorganisms. 

Meanwhile, the drop collapse assay is utilized to screen 

for biosurfactant or bio emulsifier-producing 

microorganisms by assessing the surface tension of 

culture supernatants. One of the functional properties 

associated with biosurfactant/bio emulsifier is 

emulsification, a process entailing the phase separation of 

two immiscible liquids. (Adetunji and Olaniran et al., 

2021) 

 

Fourier Transform-Infrared Spectroscopy (FT-IR) was 

employed for the identification of chemicals and organic 

substances present in the biosurfactants. This technique 
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facilitates the determination of molecular components 

and structures of biosurfactants by analysing the 

wavelengths of infrared radiation absorbed by the sample 

material. (Ibrahim 2018). 

 

Mass spectrometry is also used for determining the 

structure and chemical bonds present in the biosurfactant 

sample.  

 

In this method, the instrument is coupled with liquid or 

gas chromatography to identify its structure and gives the 

qualitative and quantitative analysis of each compound 

present in the biosurfactants sample (Sharma et al., 

2014). 

 

The main objective of this study was to isolate and 

characterize the native bacteria which could be used as 

biosurfactants for SAP treated soil. The present study has 

focused on Super Absorbent Polymer degrading bacterial 

isolation, Preparation and optimization of biosurfactant 

using selected isolates and screening techniques like 

biosurfactant confirmation tests are applied.  

 

Further its characterization using FT-IR, GC-MS and 

SEM imaging studies are included. The outcome of this 

study is the finding of best SAP degrading bacterial 

isolates namely Bacillus sp. and Pseudomonas sp. and 

their biosurfactant production. 

 

Materials and Methods 

 

Collection of Samples 
 

About 8g SAP powder was mixed with garden soil. After 

60 days interval, about 10g of sandy- loam soil samples 

were collected from polymer treated site using sterile 

polyethylene bags that were tightly packed and 

transferred to the laboratory, stored in refrigerated 

condition at 4°C until further investigation. (Uttiya Dey 

et al., 2012) 

 

Soil Sample Preparation 
 

To improve the isolation of soil bacteria, about 5g of 

SAP treated soil transferred to 250 mL Conical flask 

containing 100 ml of distilled water. The flask is placed 

on a shaker and agitated for 30 min to ensure thorough 

mixing of the soil. Then isolation procedure was carried 

out. As per the mentioned method by Yagoo and Vilvest 

2023. 

Isolation of Soil Bacteria 
 

Isolation of soil bacteria was carried out as per the 

method adopted by Tariq et al., 2016. Soil samples were 

serially diluted and plated on sterile nutrient agar 

medium by pour plate technique. Priorly sterile nutrient 

agar plates, composition was (g/l): Peptone, 5g; Beef 

extract, 3g; NaCl, 5g; Agar, 15g; pH, 7 were prepared by 

autoclaving at 121ºC for 15 min. About 1 ml of prepared 

soil sample suspension was serially diluted from 10-2 to 

10-7, Mixed well for 15 min and further vortexed. About 

1 ml of diluted suspension from 10-5, 10-6 was inoculated 

on sterile Nutrient Agar medium. The plates were 

subsequently incubated at 37°C for 24 hours. Further soil 

isolates were sub cultured repeatedly thrice.  

 

Identification of Soil Isolates 
 

The obtained soil isolates on nutrient agar medium were 

identified using Gram staining, in order to check the 

morphology of the cells. The genus details of bacterial 

isolates carried out by biochemical test  

 

Grams staining  
 

To prepare the bacterial culture for examination, a thin 

layer of the culture was spread on a glass slide. And heat 

fixed smear. The slide is then treated with Crystal Violet 

reagent, allowed it to soak for one minute before rinsing 

it off with tap water. Following that, a few drops of 

Gram’s iodine are added to the slide, left for 30 seconds, 

and then rinsed off. The slide is subsequently decolorized 

using 95% ethanol and gently washed again with tap 

water. Finally, the slide is treated with safranin, washed 

with water, air-dried and observed under an oil 

immersion objective. The bacterial isolates are classified 

as either gram-positive (appearing purple) or gram-

negative (appearing pink) based on the colour of the stain 

retained.  

 

Biochemical Test  
 

The isolates are performed under Indole, Methyl Red, 

Voges Proskauer, Citrate, Urease, and Triple Sugar Iron 

Test for the characterization of the pure culture.  

 

Indole: To perform the test, bacteria are grown tested for 

the presence of Indole using Kovac’s reagent. A loop full 

of a 24-hr culture is inoculated into tryptone broth and 

incubated for 24-48 hr at 37 °C. Then, 0.5 ml of Kovac’s 
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reagent is added, and the colour change is observed to 

determine the test result. If the pink or red colour 

appeared, it shows positive. If there are no colour 

changes, it shows negative.  

 

Methyl Red: The methyl red (MR) test is used to 

identify bacteria producing stable acids by mechanisms 

of mixed acid fermentation of glucose.  

 

A loop full of a 24-hr culture is inoculated into MR broth 

and incubated for 24-48 h at 37°C. Red colour appeared, 

it shows positive while it does not give a red colour, it 

shows negative result. 

 

Voges Proskauer: Voges-Proskauer (VP) test is used to 

detect acetoin in bacterial broth culture. A loop full of a 

24-hr culture is inoculated into VP broth and incubated 

for 24-48 h at 37°C.  

 

A cherry red colour has appeared, it shows positive while 

it does not give a cherry red colour, it shows the negative 

result. 

 

Citrate: To perform the test, a loop full of a 24-hr 

culture from nutrient agar is inoculated onto a citrate agar 

slant and incubated for 24 hr at 37 °C. The result of the 

test is then observed.  

 

The bacterial isolates that can utilize citrate will turn the 

medium from green to blue, it shows positive while it 

does not give blue then it shows negative. 

 

Urease: To perform the test, a medium is prepared. The 

medium is sterilized, and a filter-sterilized 40% urea 

solution is added once the medium has cooled to 50°C. A 

loopful of a 24hr culture from nutrient agar is inoculated 

in the urea agar slant and incubated for 24 hr at 37 °C. 

The results are then observed. The bacterial isolates that 

produce urease will turn the medium from yellow to 

pink.  

 

Triple Sugar Iron Test: To perform the TSI test, a 

loopful of a 24-hr culture from nutrient agar is taken and 

stabbed into the centre of the TSI agar butt, then streaked 

on the surface of the slant. The medium is then incubated 

for 24 hr at 37 °C, and the results are observed. The 

bacterial isolates that ferment glucose, lactose, and/or 

sucrose will produce an acid that turns the medium 

yellow. If the bacteria produce hydrogen sulphide, it will 

react with the thiosulfate to produce a black precipitate in 

the medium. 

Selection of Bacterial Strains 
 

Preparation of Mineral Salt Medium: A selective 

enrichment method was applied for the isolation of 

biosurfactant-producing bacteria from samples of 

polymer diffused soil (Y. S. Rahayu 2019). Modified 

mineral salt media (MSM), composed of (g/l) KH2PO4, 

1.0; K2HPO4, 1.0; NaCl, 1.0; CaCl2, 0.05; (NH4)2 SO4, 

1.0; MgSO4.7H2O, 0.5; FeCl3, 0.002; and yeast extract 

0.1; was used in this technique (E. A. Motwali et al., 

2021). The soil isolate are transferred on medium then 

incubated for 24 hr at 37 °C, and the results are observed 

(Zeena Ghazi Faisal et al., 2023) 

 

Medium Optimization  

 

Selection of Nitrogen Source  
 

Nitrogen is essential for microbial development and as 

well as for effective biosurfactant production (Parthipan 

et al., 2017). Different Nitrogen sources in Acrylamide, 

Bis- Acrylamide, SAP were added separately in the 

MSM with concentration of polymers 25%, 50%, 75%, 

100% respectively. Final medium pH was adjusted to 7.0 

and sterilized at 121ºC for 15 min. The soil isolate was 

inoculated and incubated 24 hr at 35°C. Followed by the 

best Nitrogen source was selected based on Bacterial 

growth curve analysis. (Zeena Ghazi Faisal et al., 2023) 

 

Bacterial growth curve analysis 
 

The soil isolated culture was transferred to a 250 ml of 

conical flask, containing 100 ml of MSM with 25%, 

50%, 75%, 100% of polymers Acrylamide, Bis-

Acrylamide, SAP separately, 100% Urea added medium 

was used as control. This experiment was performed to 

measure the growth rate (Parthipan et al., 2017). The OD 

values of the supernatant were recorded at 600 nm in UV 

spectrophotometer. 

 

Preparation of Biosurfactant  
 

To produce biosurfactant, fermentation was used with 

MSM. The culture sample was inoculated in the medium 

and each containing 100 ml of sterilized MSM. Then 

inoculated flask incubated for 24 hr at 35°C for 5 days.  

 

After fermentation, the broth medium was subjected to 

determine biosurfactant formation. (Zeena Ghazi Faisal 

et al., 2023) 
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Screening for Biosurfactant-Producing Bacteria 

 

Subculture process  
 

Each isolated bacterial culture was inoculated to MSM 

medium plates that contains 1% polymer along with 

control. Plates were then incubated at 35°C for 24 hrs. 

The growth of bacterial isolates was confirmed. 

(Motiram Sahu et al., 2020) 

 

Screening for Biosurfactant 
 

Drop Collapse Assay: A single drop of crude oil was 

added to centre of a clean petri plate, and then a drop of 

cell-free supernatant was added onto the crude oil 

surface. The drop size was observed 1 min later. When 

the droplets are in a flat shape, the result was considered 

positive for biosurfactant production. Distilled water was 

applied as a negative control (Y. S. Rahayu et al., 2019) 

 

Oil Spreading Technique: About 35 ml of distilled water 

taken on Petri dish, then 100 μL of burned lubricating oil 
was added to the water surface. Subsequently, 10 μL of 
the cell culture was added to the centre of the oils’ 
surface (Ariech and Guechi 2015). In both cases, the 

positive control and negative control were realized with a 

1% sodium dodecyl sulfate (SDS) solution and distilled 

water, respectively. 

 

Measurement of Emulsification Index: Emulsification 

capacity was evaluated by adding 2 ml of commercial 

kerosene in a screw cap test tube containing 2mL of cell 

culture, followed by vigorously mixing in a vortex 3000 

rpm for 2 min (Abdulla et al., 2019). Measurements were 

performed after 24, 48, and 72 hr at room temperature 

respectively.  

 

The equation used to determine the Emulsification index 

Ehr (%): 

 

Calculation: 

 

The height of emulsion layer 

Ehr (%) = ----------------------------------- X 100 % 

The height of total solution 

 

Extraction of Biosurfactant 
 

Bacterial cells were separated from the production 

medium by centrifuging at 10,000 rpm for 20 min at 4°C. 

The cell-free supernatant was acidified to pH 2.0 using 6 

M HCl and kept overnight at 4°C to collect the primary 

precipitate biosurfactant. After centrifugation at 5000 

rpm and 4°C for 30 min, the supernatant was removed 

and the precipitates were dissolved in volume 1:1 of 

methanol-chloroform. The undissolved fractions were 

separated by filtration. The methanolic extracts were 

evaporated to dryness under vacuum by a rotary 

evaporator (Anaukwu et al., 2020). 

 

SEM- Analysis 
 

Scanning electron microscope (SEM), the morphology of 

the native biosurfactant and that interacted was 

investigated (Gomaa and El-Meihy 2019). After 

completely dried and grounded into powder form, 

samples were gold coated using SPI-Module sputter 

coater and examined under scanning electron microscope 

(JEOL, JSM-5500 LV) at 20 kV.  

 

Fourier Transform Infra-Red (FT-IR) Analysis 
 

The obtained methanolic extract of biosurfactant was 

used for FT-IR analysis. The functional groups of the 

extracted biosurfactant were determined qualitatively by 

FT-IR spectroscopy, based on the oscillation patterns of 

chemical bonds at characteristic frequencies ranging 

from 1000 to 4000 cm−1 wave numbers/cm with a 

resolution of 4 cm−1.  
 

Extracted biosurfactant sample (0.3–0.5 mg) was placed 

in spectral grade KBr and processed with IR analytical 

software (W. Sun et al., 2018). FT-IR was conducted 

using Shimadzu FT-IR-8400 spectrometer to show the 

differences between native and heavy metals interacted 

biosurfactant. 

 

Gas Chromatography-Mass Spectrometry (GC-

MS) Analysis 
 

Sample Preparation: The above extracted biosurfactant 

was dissolved in methanol and subjected to mass 

spectrometry characterization. (Sharma et al., 2018) 

 

Specifications: GC-MS analysis was used to identify the 

number and types of components present in the extracted 

biosurfactant and their molecular weight. the instrument 

is equipped with a capillary column ZB-5MS (30 mm × 

0.25 mm, I.D. 0.25 μm), using helium (He) as carrier gas 
with a flow rate of 2 ml/min. the temperatures of the 
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injector and detector were 230°C and 280°C, respectively 

(C. W. Thio et al., 2022). A sample (0.1 g) of partially 

purified biosurfactant was dissolved in methanol at a 

concentration of 100 μg/ml before being analysed by 
GC-MS. the column temperature was initially held at 

80°C for 3 min and then increased to 280°C at a rate of 

8°C/min and kept for 10 min. A 1 μl sample was then 
used with a split ratio of 10:1.  

 

Results and Discussion 

 

Sample Collection 
 

The sandy- loam soil sample was collected from SAP 

treated site. (Fig: 1) 

 

Isolation of Bacteria  
 

The soil samples were consecutively diluted and from 10-

5, 10-6 dilutions samples were plated on Nutrient Agar 

medium separately. After 24 hrs incubation the plates 

observed for microbial growth (Fig: 2a, 2b). 

 

Identification and Characterization of Bacteria: 
 

Morphological Characteristics: The cultural 

morphological characters of isolates showed in Fig 3. 

Isolate 1 showed slightly raised, flat, regular, white- and 

cream-coloured colonies. In Microscopic examination by 

gram staining the isolates were found to be Gram - 

Positive Rod-shaped bacteria (Fig: 4a). Isolate 2 

appeared as White, smooth edges and convex surface. In 

Microscopic examination by gram staining the isolates 

were found to be Gram - Negative Rod-shaped bacteria 

(Fig: 4b). 

 

Biochemical Test 
 

The biochemical characterizations of isolates for Indole, 

Methyl Red, Voges Proskauer, Citrate Utilization, Triple 

sugar test which confirms isolates were (Fig: 5a) Bacillus 

sp,(Fig: 5b) Pseudomonas sp  

 

Optimization of polymer degradation in medium 
 

For screening for biosurfactant producing bacterial strain, 

further bacterial isolate 1 & 2 was subjected to 

optimization studies. Through nitrogen source 

optimization studies were carried out. Both isolates 

showed optimal parameters obtained for biosurfactant 

production at different nitrogen concentrations viz., 25%, 

50%, 75%, 100% of Acrylamide, Bis- Acrylamide, SAP 

respectively. Among all 100% SAP showed significant 

growth rate during optimization.  

 

Growth assessment 
 

Both isolates were transferred to a 250 ml of conical 

flask, containing 100 ml of MSM with 1% polymer 

separately, while MSM medium was used as control. The 

flasks were incubated at 37ºC for 3 to 5 days at 200 rpm. 

To measure the growth of bacterial population OD at 600 

nm was recorded using UV spectrophotometer in five 

intervals. 

 

Screening of Biosurfactant 
 

The Screening of biosurfactant are, In Drop collapsing 

test, flat drop was observed indicating the production of 

biosurfactant. In oil displacement test, having diameter of 

clear, halo-zone 1.2cm, indicated the presence of 

surfactant properties in the compound. In Emulsification 

activity, Results showed that different emulsification 

produce different amount of biosurfactant. 

 

SEM Analysis  
 

Bacillus sp. and Pseudomonas sp. both biosurfactant was 

analysed through SEM images Fig 16a, 16 b, 16 c, 16 d 

showed distinctive degradation pattern observed.  

 

FT-IR Analysis 
 

The spectral data from the partially purified biosurfactant 

clarify the presence of the alcoholic hydroxyl (−OH) 
group as a broad peak in the region 3331.46 cm-1. The 

stretching vibrations and sharp peak at 1631.52 cm-1 

revealed confirm the presence of aliphatic ester carbonyl 

C=O and C-O groups, respectively (Fig.17). Transform 

infrared spectroscopy (FT-IR) spectrum of the 

biosurfactant 2193.38 cm-1, compounds respectively 

assigned to C=O and 0H stretching vibration of 

carboxylic acid and alcohol compounds were identified 

from the IR spectrum (Anaukwu et al.,2020). 

 

GC-MS 
 

The GC-MS analysis revealed the fatty acid components 

of the biosurfactant produced by Bacillus sp. and 

Pseudomonas sp.  
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Fig.1 SAP treated soil appearance 

 

 

 

 

 

 

 

 

1st day    30th day    60th day 

 

Fig.2 Serial Dilution Tubes 

 

 
 

Fig.2a, 2b Plates showing SAP treated soil bacterial isolates 

 

 

 

 

 

 

 

 

 

Fig: 2a      Fig: 2b 

 

Fig.3a, 3b Subculture from dilution plates showing bacterial isolates 

 

 

 

 

 

 

 

 

 

 

Isolate 1    Isolate 2 

Fig: 3a (10-5 dilution)    Fig: 3b (10-6 dilution) 



Int.J.Curr.Microbiol.App.Sci (2026) Special Issue-13: 213-232 

220 

 

Fig.4a Gram Positive Rod   Fig.4b Gram Negative Rod 

 

 
 

Fig.5a Isolate 1     Fig.5b Isolate 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6a Bacillus sp with 25%, 50%, 75%, 100% of (Acrylamide, Bis- Acrylamide, SAP) 
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Fig.6b Pseudomonas sp with 25%, 50%, 75%, 100% of (Acrylamide, Bis- Acrylamide, SAP) 

 

Acrylamide   Bis-Acrylamide   SAP 

 

 

 

 

 

 

 

 

 

 

 

Fig.7a (Bacillus sp.), 7b (Pseudomonas sp.) Bacterial isolates on MSM Agar 

 

 

 

 

 

 

 

 

 

 

7a      7b 

 

Fig.8 Growth curve of Control (Bacillus sp.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Int.J.Curr.Microbiol.App.Sci (2026) Special Issue-13: 213-232 

222 

 

Fig.8a, 8b, 8c, 8d Optimization of Polymer Degradation In Medium in different concentration of polymers 

as 25%, 50%, 75%, 100% of (Acrylamide, Bis- Acrylamide, SAP) among the given 1% of the nitrogen 

sources in Bacillus sp. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8a       Fig.8b 

 

 

 

 

 

 

 

 

 

 

 

Fig.8c       Fig.8d 

 

Fig.9 Growth curve of Control (Pseudomonas sp.) 
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Fig.9a, 9b, 9c, 9d Optimization of Polymer Degradation In Medium in different concentration of polymers 

as 25%, 50%, 75%, 100% of (Acrylamide, Bis- Acrylamide, SAP) among the given 1% of the nitrogen 

sources in Pseudomonas sp. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9a       Fig.9b 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9c       Fig.9d 

 

Fig.10 Biosurfactant 
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Drop Collapse Technique: 

 

 

 

 

 

 

 

 

 

 

Fig.11a Bacillus sp.    Fig.11b Pseudomonas sp. 

 

 

Oil Dispersion Technique: 

 

Bacillus sp. 

 

Fig.12a Without 1% SDS solution   Fig.12b With 1% SDS solution 

 

 

Pseudomonas sp. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.13a Without 1% SDS solution   Fig.13b With 1% SDS solution 
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Measurement of Emulsification Index 

 

 

 

 

 

 

 

 

 

 

 

Fig.14a Bacillus sp.    Fig.14b Pseudomonas sp. 

 

Extraction of Biosurfactant: 

 

 

 

 

 

 

 

 

 

 

Fig.15a Extracted biosurfactant   Fig.15b Biosurfactant Powder 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.16 a     Fig.16 b 
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Fig.16 c     Fig.16 d 

 

Fig.17 FT-IR Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.18a Sample KI 
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Fig.18b Sample KII 

 

 

 

 

 

 

 

 

 

 

 

 

Table.1 Biochemical Test for Bacterial Isolate 1 & 2 

 

 

Table.2 OD value of Bacillus sp. 

 

 

Table.3 OD value of Pseudomonas sp. 

 

 

 

 

 

 

 

 

S. No Test Bacillus sp. Pseudomonas sp. 

1. Gram Staining Gram Positive Rod Gram Negative Rod 

2. Mineral Salt Medium Creamy colour colonies Light yellow colonies 

3. Indole Negative Negative 

4. Methyl Red Negative Negative 

5. Voges Prokauser Negative Negative 

6. Citrate Utilization Negative Positive 

7. Urease Negative Negative 

8. TSI Negative Negative 

9. Catalase Negative Positive 

10. Oxidase Negative Positive 

S. No Time (min) Bacillus sp. 

1 0 0.438 

2 20 0.441 

3 40 0.496 

4 60 0.543 

5 80 0.595 

6 100 0.654 

S. No Time Pseudomonas sp. 

1 0 0.336 

2 20 0.398 

3 40 0.456 

4 60 0.499 

5 80 0.536 

6 100 0.591 
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Table.6 Height of Emulsified Layer: 

 

 

Table.7 Total Height of the Solution: 

 

Supernatant With Kerosene Bacillus. sp (in cm) Pseudomonas. sp (in cm) 

24 hrs 4 4 

48 hrs 3.6 3.4 

72 hrs 2.9 2.3 

 

Table.8 Emulsification Index: 

 

Time (Ehr) Emulsification Index (%) 

Bacillus. sp Pseudomonas. sp 

E24 57% 70% 

E48 42.8% 41% 

E72 33.3% 39% 

 
They include Methyl Palmitate, biphenyl, multiple 

fractions of Dodecane compounds identified in both 

Bacillus sp. (K I) and Pseudomonas sp. (K II) culture 

based biosurfactants, having a relative abundance of 

23.9% and 39.12% respectively (Figure 18a. 18b). 

 

In the present study Bacillus sp. was isolated from SAP 

treated soil, many recent studies report the application of 

biosurfactant producing microbes in the environments 

are used to remove hydrocarbon and remediate the 

environment. Likewise, Ibrahim et al., 2013 identified 

that Bacillus sp. as a potential biosurfactant producers 

and biodegrading microbe. The other strain namely 

Pseudomonas sp. identified from this study also equally 

shown efficacy on SAP degradation. Hence the same was 

reported by Zeena-ghazi Faisal et al., 2023 reported on 

PS10 strain displayed the highest emulsification index, 

while PS08 showed the lowest. Microscopic and 

biochemical examinations identified P. aeruginosa as the 

most effective isolate. These findings underscore the 

potential of P. aeruginosa as a biosurfactant producer for 

both industrial and environmental applications.  

 

Nitrogen source plays an important role in the production 

of biosurfactants since it is essential for microbial growth 

and as well as enzyme production. It is clear that 

bacterial ability for biosurfactant production varies with 

different nitrogen sources. Nitrogen source updation in 

this study for both isolates as followed, Based on growth 

assessment Bacillus sp. grown in presence of 100% SAP 

was recorded with 0.765 OD value and Pseudomonas 

grown in presence of 100% SAP was recorded with 

0.472 OD value at 600nm. Similarly, Motwali et al., 

2021 used Ammonium nitrate (NH4NO3) provided 

shown optimal results in measured parameters, with a 60 

± 0.33% emulsification index and Urea was also suitable 

for biosurfactant production, with a 58 ± 0.33% 

emulsification index., For instance Pardhi et al., 2020 

obtained similar results in their study and reported 

NH4NO3 as the best nitrogen source for biosurfactant 

production by P. balearica, P. guguanensis D30, and P. 

aeruginosa, respectively. 

 

Detection or screening methods for biosurfactants often 

rely on the physical effects of the surfactant, given their 

structurally diverse grouping of bio-active molecules 

such as lipopeptides, glycolipids, or phospholipids 

(Walter et al., 2013). SEM analysis Gomaa and El-

Meihy, 2019 formulated through prepared biosurfactant 

and identified 130 and 160nm size particles within 

microbial biomass. These images revealed the 

biodegradation and assimilation of polymeric material by 

Supernatant With Kerosene Bacillus. sp (in cm) Pseudomonas. sp (in cm) 

24 hrs 2.4 2.8 

48 hrs 1.8 1.4 

72 hrs 1.3 0.9 
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both bacterial isolates. The biosurfactant from Bacillus 

sp. and Pseudomonas sp. that could resist and survive on 

100% SAP was further characterized by FTIR and GC -

MS analysis. According to FTIR analysis, the spectral 

data from the partially purified biosurfactant clarify the 

presence of the alcoholic hydroxyl (−OH) group as a 
broad peak in the region 3331.46 cm1. The stretching 

vibrations and sharp peak at 1631.52 cm-1 revealed 

confirm the presence of aliphatic ester carbonyl C=O and 

C-O groups, respectively. Transform infrared 

spectroscopy (FT-IR) spectrum of the biosurfactant 

2193.38 cm-1, compounds respectively assigned to C=O 

and OH stretching vibration of carboxylic acid and 

alcohol compounds were identified from the IR spectrum 

as evaluated Anaukwu et al., 2020. 

 

The cultures were screened for biosurfactant production 

by different screening techniques such as blood 

hemolysis, oil spreading assay, emulsification ability 

assay, bacterial adherence to hydrocarbons activity. This 

study revealed Drop collapsing test result as flat drop 

was observed in stable state and as well as in Oil 

displacement test result showed 1.2cm diameter of clear, 

halo-zone. The emulsification activity was found to be 

57%. The usage of single screening approach for the 

selection of surfactant-producing microorganisms has 

been very challenging in providing accurate and reliable 

results. The different detection techniques often used for 

surfactant production are dependent on surface or 

emulsification activity etc. 

 

Followed by the GC-MS analysis results revealed the 

components of the biosurfactant produced by Bacillus sp. 

and Pseudomonas sp. They include Methyl Palmitate, 

biphenyl, multiple fractions of Dodecane compounds 

identified in both Bacillus sp. (K I) and Pseudomonas sp. 

(K II) culture based biosurfactants, having a relative 

abundance of 23.9% and 39.12% respectively. Likewise, 

Anaukwu et al., 2020 findings on GC fractions in 

respective with relative abundance supported the 

biosurfactant property of present findings. Both soil 

isolates showed significance impact on SAP degrading 

biosurfactant production and it was confirmed by 

screening test and in FT-IR, GC-MS characterization 

studies.  

 

Overall, this study gave an insight to SAP degrading 

potential of soil bacterial isolates and their biosurfactant 

characterization studies. Both Bacillus sp. and 

Pseudomonas sp. showed significant properties in 

degrading SAP based on SEM image analysis and FT-IR 

interpretations, with support of degraded phenolic and 

ester compounds in GC-MS analysis further supported 

the concept. Therefore, both strains are highly suitable 

for SAP degradation through biosurfactant treatment. 
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