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Introduction 
 

Soil is a complex ecosystem that contains a diverse 

population of microorganisms, including bacteria capable 

of producing various pigments. Pigmented bacteria 

synthesize colored compounds such as yellow, orange, 

red, blue, and green due to the production of secondary 

metabolites. Several bacterial genera, such as 

Micrococcus, Pseudomonas, Serratia, and 

Chromobacterium, are known for producing 

commercially valuable pigments, including carotenoids, 

prodigiosin, violacein, and pyocyanin. Pseudomonas 
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The major pigment produced by this bacterium is pyoverdine, a siderophore that has a 

strong affinity for ferric iron (Fe³⁺. Hence, there is a need for reduction of iron content in 
domestic water samples using crude pigment extract of Pseudomonas fluorescens. 

Pigmented bacteria were isolated from collected samples using the serial dilution technique 

followed by the spread plate method.\Pigmented bacterial isolates were identified based on 

their fluorescence and pigment characteristics using a UV transilluminator. Pigmented 

bacterial isolate was evaluated for siderophore production using a P-3,P-4 and 

Pseudomonas isolation agar. Antimicrobial activity of crude pigmented bacterial isolate by 

well diffusion method was conducted at various concentrations followed by iron chelation. 

The analysis of water samples revealed that bore water contained the highest iron 

concentration (0.456), followed by tap water (0.339) and RO water (0.319). Treatment with 

siderophore pigment resulted in a substantial reduction in iron levels across all samples. 

The maximum removal efficiency was observed in bore water, where iron concentration 

decreased to 0.019, followed by RO water (0.031) and tap water (0.0751).The present study 

demonstrates that the crude extract of Pseudomonas fluorescens exhibits significant 

antifungal activity against Aspergillus niger, Aspergillus flavus, Rhizopus spp., and 

Penicillium spp., with zone of inhibition increasing in a concentration-dependent manner. 

The highest activity was observed at 500 µL, particularly against Aspergillus flavus (40 

mm), followed by Penicillium spp. and Rhizopus spp. (20 mm each). Moderate to low 

activity was observed at reduced concentrations (250 µL and 125 µL), 
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fluorescens is a Gram-negative bacterium widely 

distributed in soil and rhizosphere environments. It is 

well known for producing fluorescent pigments and for 

its role in plant growth promotion, nutrient cycling, and 

biological control of plant pathogens. Therefore, 

detection and monitoring of iron in water samples are 

essential for assessing water quality and ensuring its 

suitability for human consumption. Recent research has 

focused on improving the sensitivity and selectivity of 

iron detection techniques to enable the determination of 

trace concentrations in environmental water samples. 

Pseudomonas fluorescens is a well-known soil and water 

bacterium that produces fluorescent pigments under iron-

limited conditions. The major pigment produced by this 

bacterium is pyoverdine, a siderophore that has a strong 

affinity for ferric iron (Fe³⁺. Hence, there is a need for 
reduction of iron content in domestic water samples 

using crude pigment extract of Pseudomonas fluorescens. 

 

Materials and Methods 

 

Collection of soil samples 
 

Soil samples were collected from garden and soil 

samples were air-dried under sterile conditions and 

sieved to remove stones, plant debris, and other 

unwanted materials. A known weight of the processed 

soil was then used for serial dilution and subsequent 

microbiological techniques for the isolation of lipase-

producing bacteria. 

 

Isolation of pigmented bacteria by serial dilution 
 

Pigmented bacteria were isolated from collected samples 

using the serial dilution technique followed by the spread 

plate method. Initially, one gram of the sample such as 

soil or oil-contaminated material was aseptically 

transferred into 9 mL of sterile distilled water or 

physiological saline to prepare the first dilution. The 

mixture was thoroughly shaken to obtain a uniform 

suspension. 

 

Isolation of pigmented bacteria using selective 

media 
 

The pigmented bacteria were inoculated into Kings B and 

Cetrimide agar medium followed by incubation at 37 

degrees centigrade for 24 hours and observed for colony 

morphology.  

 

Extraction of pigmented bacterial isolate 
 

A loopful of pure pigmented bacterial culture was 

inoculated into Kings B broth and incubated at 30–37°C 

for 24–48 hours under shaking conditions to promote 

maximum growth and pigment production.  

 

After incubation, the broth culture containing pigmented 

bacterial cells was transferred into centrifuge tubes and 

centrifuged at 8000–10000 rpm for 10–15 minutes This 

step allowed the separation of bacterial cells from the 

supernatant, forming a pellet at the bottom of the tube.  

 

The extract was prepared by using sterile distilled water 

by evaporation in the oven to obtain crude extract. The 

pigment extract was stored in dark conditions at low 

temperature to prevent degradation and used for further 

experimental applications.   

 

Identification of Pigmented bacteria using UV 

transilluminator 
 

Pigmented bacterial isolates were identified based on 

their fluorescence and pigment characteristics using a 

UV transilluminator. Pure cultures of pigmented bacteria 

were first obtained by streaking on nutrient agar plates 

and incubating at 30–37°C for 24–48 hours until well-

defined colonies appeared After incubation, the agar 

plates containing pigmented colonies were placed inside 

a UV transilluminator chamber. The samples were 

exposed to ultraviolet light at different wavelengths, 

typically 254 nm and 365 nm, to observe fluorescence 

and pigment response.  

 

Under UV illumination, certain pigmented bacteria 

exhibited characteristic fluorescence such as green, 

yellow, or orange emission, while others showed 

enhanced visibility of pigments. The observed 

fluorescence patterns, color intensity, and emission 

characteristics were recorded carefully The isolates 

showing distinct fluorescence were selected for further 

confirmation using biochemical and molecular 

techniques. The use of a UV transilluminator provided a 

rapid and non-destructive method for screening and 

identifying pigmented bacteria based on their optical 

properties. 

 

Siderophore production by pigmented bacteria 
 

Pigmented bacterial isolate was evaluated for siderophore 
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production using a P-3, P-4 and Pseudomonas isolation 

agar. Pure cultures of the pigmented isolate was initially 

grown in Kings B broth at 30–37 °C for 18–24 hours. 
The actively growing cultures were standardized to 

optical density (600 nm) Siderophore production was 
screened using Pseudomonas Isolation Agar (PIA) 

modified for siderophore detection. 

 

Detection of iron in water samples 
 

The water samples were collected in clean, acid‑washed 
containers to prevent contamination and the samples 

were filtered through Whatman No. 1 filter paper to 
remove suspended solids that may interfere with 

colorimetric reactions. 

 

Preparation of Bacterial Cultures 
 

Pure pigmented bacterial isolates (e.g., P3 and P4) were 

grown in iron‑limited broth to induce siderophore 
productionIron limitation was achieved by 

supplementing nutrient broth with a low concentration of 

FeCl₃ and adding a metal chelator such as 
ethylenediaminetetraacetic acid (EDTA) to create an 

iron‑depleted environment Actively growing cultures 
were incubated at 30–37 °C for 24–48 hours under 
continuous shaking. Growth in iron‑limited medium 
stimulates the synthesis and secretion of siderophores 

into the culture supernatant. 

 

Preparation of Ferric Chloride Reagent 
 

Fresh 0.1 M ferric chloride (FeCl₃) solution was prepared 
in deionized water. Ferric chloride acts as a source of 

ferric ions (Fe³⁺) that can interact with siderophores to 
form colored complexes Positive indication: 

Development of brownish to reddish tint upon addition of 

FeCl₃ suggests siderophore production due to chelation 
of ferric ions by bacterial metabolites.  

 

Negative indication: No significant color change implies 

absence or very low production of siderophores under the 

tested conditions.  

 

The intensity of color change can be subjectively 

compared between isolates to rank siderophore secretion 

levels. For semi‑quantitative assessment, optical density 
of the complex can be measured spectrophotometrically, 

although this is more commonly done with colorimetric 

methods such as the CAS assay. 

Removal of iron in water by pigmented bacterial 

isolates 
 

The pigmented bacterial isolate was grown in iron-

limited medium for 24–48 hours at 30–37 °C with 
shaking. The aqueous crude extract of pigmented 

bacterial isolates was prepared 

 

Preparation of Iron-Containing Water samples 
 

5 mL of each water sample was taken in separate sterile 

test tubes along with control. 5, 2.5, or 1.25 µg of crude 

extract was added to each 5 mL water sample and mixed 

gently followed by incubation at room temperature or 

30 °C for 1–2 hours to allow interaction between iron 

ions and siderophore/metabolites in the crude extract. 

(Ahmed and Holmström 2014). 

 

Measurement of Residual Iron 
 

Ferric chloride assay: Fe³⁺ reacts with siderophores to 
form a brown/reddish complex. 
 

Antimicrobial activity of crude pigmented 

bacterial isolate by well diffusion method 
 

Fresh cultures of the pigmented bacterial extract (16–18 

h old) was prepared using a sterile swab, evenly spread 

the microbial suspension on the surface of Mueller-

Hinton agar plates to create a uniform lawn of bacteria 

Using a sterile cork borer (6–8 mm diameter), the wells 

were made in the agar at appropriate distances and the 

crude extract was prepared at different concentrations: 

500, 200, 125, 62.5 µg/mL in sterile solvent (water or 

DMSO) using negative control (solvent only) and a 

positive control (standard antibiotic, e.g., ampicillin). 

The plates were to stand at room temperature for 30 min 

to let the extract diffuse into the agar followed by 

incubation. 
 

Results and Discussion 
 

Isolation of pigmented bacteria from soil samples 
 

The soil bacterial isolates were subjected to 

morphological, cultural and biochemical characteristics. 

The soil bacterial isolates were found to be Gram 

positive cocci and S3 and S5 were found to be Gram 

negative bacilli soil isolates observed on Nutrient agar by 

serial dilution technique. 
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Cultural Characters 
 

The Soil isolates showed white colonies and S3 and S5 

isolates were found to be yellow pigmented colonies. 

 

Biochemical characters 
 

The S3 and S5 were found to be Indole negative, MR VP 

negative, Citrate positive, TSI alkaline butt and slant, and 

urease negative. Based on Morphological and Cultural 

and Biochemical characteristics the soil isolates S3 and 

S5 were identified as Pseudomonas fluorescence. 

 

Detection of Siderophore production by 

Pseudomonas fluorescence 
 

Based on the Spectrophotometric readings, the two 

pigmented soil bacterial isolates were to detection of the 

Siderophores by Pseudomonas fluorescence with the 

percentage of 47.4% and 17.4%. at 630 nm.  

 

Based on the absorbance values the Tap water, Bore 

water and Ro water showed the presence of iron 0.339 

mg, 0.456mg and 0.319mg in comparison with WHO 

values of 0.3mg at 560 nm 

 

Removal of Iron by Crude pigmented extract of 

Pseudomonas fluorescence 
 

The iron content in different water samples namely Tap 

water, Bore water and Ro water sample using crude 

pigment extract of Pseudomonas fluorescence were 

detected as 0.075, 0.019 and 0.031mg and along with the 

control value of 0.588, 0.625 and 0.054mg at 560 nm. 

 

Antibacterial activity of Crude pigment extract 

of Pseudomonas fluorescence by Well diffusion 

method 
 

Based on the well diffusion technique it was found that 

E. coli and Salmonella typhi were found to be resistant to 

the Crude pigment extract. 

 

Antifungal activity of Crude pigment extract of 

Pseudomonas fluorescence by well diffusion 

technique 
 

Aspergillus flavus was found to be sensitive at maximum 

concentration with the zone of inhibition 40mm. 

 

The present study evaluated siderophore production and 

its application in iron removal from different water 

sources. The results were compared with previously 

reported studies to assess consistency and significance. 

 

Siderophore production in the present study was recorded 

as 47.4% (Sample 1) and 174% (Sample 2). These values 

indicate moderate to very high siderophore activity, with 

Sample 2 showing exceptionally high production and the 

value of 47.4% falls within the reported range, whereas 

174% exceeds previously reported values, indicating a 

highly efficient siderophore-producing strain. 

 

In conclusion, the present study successfully 

demonstrated the production of siderophores by 

microbial isolates and their effectiveness in the removal 

of iron from different water sources. Among the isolates, 

isolate 1 exhibited significantly higher siderophore 

production 47.4% compared to 2 17.4% indicating strong 

iron-chelating potential 

 

The analysis of water samples revealed that bore water 

contained the highest iron concentration (0.456), 

followed by tap water (0.339) and RO water (0.319). 

Treatment with siderophore pigment resulted in a 

substantial reduction in iron levels across all samples. 

The maximum removal efficiency was observed in bore 

water, where iron concentration decreased to 0.019, 

followed by RO water (0.031) and tap water (0.0751). 

 

The study also demonstrated that iron removal efficiency 

varied with pigment concentration, indicating the 

influence of optimal ligand-metal interactions and 

possible saturation effects. Overall, the results confirm 

that siderophores are highly effective in chelating iron 

even at low concentrations. 

 

The present study clearly demonstrates that 

Pseudomonas fluorescens possesses significant 

antifungal activity against Penicillium, Aspergillus 

flavus, and Rhizopus. 

 

The results confirm a strong concentration-dependent 

effect, with maximum inhibition observed at 500 µL, 

particularly against A. flavus (40 mm), indicating its high 

susceptibility. Moderate inhibition at 250 µL and 125 µL 

further supports the role of metabolite concentration in 

antifungal efficacy, while the absence of inhibition at 

62.5 µL suggests that this level is below the minimum 

effective threshold. 
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Table.1 Detection of Iron in Tap water, Bore water and Reverse osmosis water 

 

 

Table.2 Removal of Iron 

 

S. NO Water sample Wavelength Absorbance value Iron content 

1 Tap water  562nm 0.133 0.0751mg 

2 Tap water control 562nm 0.017 0.588mg 

3 Bore water  562nm 0.509 0.019mg 

4 Bore water control 562nm 0.016 0.625mg 

5 Ro water  562nm 0.320 0.031mg 

6 Ro water control 562nm 0.184 0.054mg 

 

Table.3 Antibacterial activity of Crude pigment extract of Pseudomonas fluorescence  

 

S. 

NO 

Concentration 

ㅆg/ml) 

E. 

coli 

Salmonella typhi Zone of 

inhibition 

Interpretation 

1 500 - - No zone Resistant  

2 250 - - No zone  Resistant  

3  125 - - No zone Resistant  

4 62.5 - - No zone Resistant  

 

Table.4 Antifungal activity of crude pigment extract of Pseudomonas fluorescence 

 

S. 

NO 

Concentration 

ㅆg/ml) 

A. 

niger 

A. 

flavus 

Rhizopus 

spp 

Penicilium Spp 

1 500 - 40mm 20mm 20mm 

2 250 - 15mm - 10mm 

3  125 - - - 15mm 

4 62.5 - - - - 

 

Fig.1 Gram positive cocci    Fig.2 Gram negative bacilli 

 

S. NO Water sample Wavelength Absorbance value Iron content in mg 

1 Tap water 560nm 5.097 0.339mg 

2 Bore water 560nm 6.853 0.456mg 

3 Ro water 560m 4.786 0.319mg 
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Fig.3 Gram positive bacilli 

 

 

Fig.4 Cultured plate under UV transilluminator 

 

 

Fig.5 Siderophore production 
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Fig.6 Detection of iron in water sample 

 

 

Fig.7 Removal of iron 

 

 

Fig.8 Antibacterial activity of crude pigment extract-E. coli and Salmonella typhi 
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Fig.9 Antifungal activity of crude pigment extract- A. niger 

 

 

Fig.10 Antifungal activity of crude pigment extract- A. flavus 

   

 
The findings are consistent with recent studies (2023–
2025), which report that Pseudomonas fluorescens 

produces potent antifungal metabolites such as 

phenazines, pyrrolnitrin, and lipopeptides that inhibit 

fungal growth. Overall, the study highlights the potential 

of Pseudomonas fluorescens as an effective biocontrol 

agent for managing fungal pathogens. 

In conclusion, higher concentrations of Pseudomonas 

fluorescens are essential for achieving optimal antifungal 

activity, making it a promising candidate for agricultural 

and food preservation applications. 

The present study demonstrates that the crude extract of 

Pseudomonas fluorescens exhibits significant antifungal 

activity against Aspergillus niger, Aspergillus flavus, 

Rhizopus spp., and Penicillium spp., with zone of 

inhibition increasing in a concentration-dependent 

manner. The highest activity was observed at 500 µL, 

particularly against Aspergillus flavus (40 mm), followed 

by Penicillium spp. and Rhizopus spp. (20 mm each). 

Moderate to low activity was observed at reduced 

concentrations (250 µL and 125 µL), indicating that the 

efficacy of the bioactive compounds decreases with 
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dilution. However, the extract showed no antibacterial 

activity against Escherichia coli and Salmonella typhi, 

even when expressed in µg/mL concentrations, 

suggesting that the antimicrobial spectrum of the crude 

pigment is predominantly antifungal rather than 

antibacterial. 
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