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ABSTRACT: 

Demand for natural, sustainable and reproducible bioproducts as an alternative to the toxic synthetic 

pigments and biosurfactants has been rising in recent days. There were limited studies on the simultaneous 

production of pigments and biosurfactants, and on the design of cost-effective and efficient dual 

production systems. This research explored the feasibility of simultaneously producing and characterising 

pigment and a biosurfactant by the same strain isolated from soil environments. The significance of this 

research lies in the successful identification of an isolate that produced two industrially important 

metabolites, reducing cost and time, utilising inexpensive substrates, resulting in an increase in the 

industrial value of the dual-function system. This research used GCMS and Raman spectroscopy to 

confirm the production of biosurfactants and pigments. 
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Introduction: 

Previous studies have focused on either biosurfactants or pigments, but this study focuses on the 

simultaneous extraction of both from a single bacterial strain. Bacterial strains such as Pseudomonas and 

Serratia can co-produce secondary metabolites, including both surface-active agents (biosurfactants) and 

chromogenic compounds (pigments), under identical cultural conditions, reducing the risk of 

contamination and complexity of managing multi-microbe consortia (Ron & Rosenberg, 2001; Abdel-

Mawgoud et al., 2010). Both biosurfactants and pigments share common precursors, i.e., fatty acids, 

acetyl-CoA, malonyl-CoA, amino acids, and isoprenoid intermediates, and are co-regulated by 

overlapping global regulatory networks (Nelson & Cox, 2017; White et al., 2005; Minto & Townsend, 

1997). 

This research aims to reduce the number of downstream processing steps across two independent 

workflows into a single integrated procedure, providing a sustainable valorisation route for industrial 

fermentation systems. Downstream processing is widely recognised as the most cost-intensive stage in 

fermentation-based bioprocesses, accounting for approximately 50–80% of total production costs and 

reaching up to 80–90% for high-value biologics (Doran, 2013; Jungbauer, 2013). This results in reduced 

operational costs and lower product losses across purification stages. Bioprocess industries are under 
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increasing pressure to reduce organic solvent usage, energy consumption, and waste generation (Anastas 

& Warner, 1998). There is a need for Co-extraction protocols using green solvents such as ethanol, ethyl 

acetate, supercritical CO₂, and deep eutectic solvents to improve sustainability and reduce VOC emissions 

(Sheldon, 2016).’ 

 

Methodology: 

Production of bio compounds: 

The soil samples were collected from Palamner fields of AP. They were serially diluted to 10⁻¹ and 10⁻¹⁰ 

and plated on nutrient agar (Cappuccino & Sherman, 2014; Atlas, 2010). They were incubated at 37°C for 

24 hours and observed for the appearance of coloured colonies (Atlas, 2010; Margesin & Schinner, 2001). 

The coloured colonies were transferred into minimal agar overlaid with crude oil and incubated at 37°C 

(Margesin & Schinner, 2001; Ron & Rosenberg, 2001) for 24 hours. The colonies that exhibited a zone of 

oil degradation were streaked on nutrient agar and incubated at 37°C for 24 hours (Atlas, 2010) to obtain 

pure cultures.  After incubation, the selected pure cultures were transferred into minimal broths for pigment 

and biosurfactant production and incubated at 37°C for 24–72 hours (Abdel-Mawgoud et al., 2010; Ron 

& Rosenberg, 2001). 

The broth was centrifuged at 8000 rpm for 20 minutes (Sambrook & Russell, 2001). The oil layer was 

pipetted out, and the pH of the supernatant was adjusted to 2 with 6N HCl (Cooper & Goldenberg, 1987; 

Desai & Banat, 1997). The solvent with a 2:1 ratio of chloroform and methanol was added twice the 

volume to the supernatant, shaken vigorously, and allowed to separate into layers (Bligh & Dyer, 1959; 

Desai & Banat, 1997). The organic layer, which contains biosurfactant, and the chloroform layer 

containing pigment were separated using a separating funnel (Bligh & Dyer, 1959). Steps were repeated 

until the pigment and biosurfactant from the aqueous layer entered the chloroform layer completely, and 

organic layers were collected, leaving white crude biosurfactants (Ron & Rosenberg, 2001; Desai & Banat, 

1997). Concentrate the biosurfactant and pigment layers using a flash evaporator not exceeding 40°C (Ron 

& Rosenberg, 2001). 

Morphological characteristics 

The pure cultured broths were Gram-stained for morphological identification (Beveridge, 2001; 

Cappuccino & Sherman, 2014). 

UV-Visible spectroscopy 

The crude samples were dissolved in methanol and filtered with 0.22 µm syringe filters to obtain clear 

solutions (Skoog et al., 2017). The solvent was used as a blank, and absorbance was measured using a UV-

Visible spectrophotometer over 200–800 nm to obtain λmax (Skoog et al., 2017). 

Raman spectroscopy 

The crude sample was placed on a clean glass slide and analysed using a Raman spectrophotometer with 

laser excitation (535–773 nm), recorded over 400–2000 cm⁻¹ (Ferraro et al., 2003). 

TLC 

The powdered crude sample was mixed with methanol (1:5 w/v) and spotted on a TLC plate (Stahl, 1969).  

The plate was developed using chloroform: methanol (2:1) until the solvent front reached the top (Stahl, 

1969). After air drying, it was visualised under UV light, and selected bands were scraped, eluted with 

methanol, vortexed for 2 min, and centrifuged at 6000 rpm for 10 min (Stahl, 1969). The supernatant was 

collected for GC-MS analysis (Sparkman et al., 2011). 
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GC-MS 

The TLC-purified sample was dissolved in methanol (1:5) and filtered through a 0.22 µm syringe filter 

(Sparkman et al., 2011). About 1 µL of sample was injected using helium as carrier gas (1.46 mL/min flow 

rate) (Sparkman et al., 2011). Split mode (10:1) was used at 230°C. The oven temperature was 

programmed from 80°C (3 min hold) to 280°C at 8°C/min. Ion source and interface temperatures were 

maintained at 240°C. Mass spectra were recorded in scan mode (m/z 35–500), and compounds were 

identified using the NIST library (Sparkman et al., 2011). 

 

Results: 

Production of bio compounds: 

The isolate of pigmented colonies that formed a zone on an oil overlay agar plate was selected as a potent 

pigment and biosurfactant producer. 

 
FIG 1: Zones on oil overlay plates 

 

 
FIG 2: CULTURE BROTHS 
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FIG 3: phase separation 

 

Morphological characteristics: 

Test GC 

Gram Staining Gram negative 

Cell Shape Rod shaped 

 

UV-Visible spectroscopy: 

Parameter GC 

Wavelength Range Scanned (nm) 200-800nm 

λmax (nm) 628nm 

Absorbance 1.28 

 

Raman spectroscopy: 

 
FIG 4: RAMAN SPECTROSCOPY OF PIGMENTS 
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The key peaks in 1500-1650 cm-1 indicate the presence of aromatic compounds and amide-I (1650) 

overlap present in chromophores, and the band from 2850-3000cm indicates CH2 symmetric and 

asymmetric stretching, which are characteristics of biosurfactant lipid chains 

 

TLC: 

Isolate 
Distance travelled by the 

solvent 

Distance travelled by the 

sample 
Rf Value 

GC 4.6 2.1 0.456522 

 

 
FIG 5 TLC OF BIOSURFACTANTS 

 

 

GCMS: 

Isolate Compounds Identified 

GC 

Hexanoic acid, 3-hydroxy-5-methyl-,Methyl ether 

Hexadecenoic acid, methyl ether 

Octadecanoic acid, 2-hydroxy- 
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FIG 6: GCMS OF GC 

 

Discussion: 

UV-visible spectroscopy showed the maximum characteristic absorbance, and Raman spectroscopy 

confirmed molecular vibrations, especially the conjugated bonds and amide-I of pigments. The RF values 

were obtained, purification was done using TLC, and finally, GC-MS revealed the presence of fatty acids 

and characteristic compounds of biosurfactants. The simultaneous extraction of biosurfactants and 

pigments was successfully performed using a common organic solvent system, reducing the processing 

steps while maintaining the quality of both. 

 

Summary 

The objective of this research, i.e. dual extraction of biosurfactants and pigments, was achieved by 

successfully producing and characterising the bio compounds in a common organic solvent system. 
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