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Abstract 

Prodigiosin is a red tri-pyrrole secondary metabolite produced by several bacterial species, notably 

Serratia marcescens, and is known for its wide spectrum of biological activities including 

antibacterial, antifungal, anticancer, and immunosuppressive properties. The present study focuses 

on the isolation, laboratory-scale production, extraction, purification, characterization, and process 

optimization of prodigiosin produced by Serratia marcescens isolated from soil samples containing 

food waste. Screening of isolates was performed on nutrient agar, followed by morphological, 

staining, and biochemical characterization according to Bergey’s Manual. Prodigiosin production was 

evaluated in different media, and peanut powder broth was found to support maximum pigment 

yield. Optimization studies revealed that pH 7, temperature 28 °C, NaCl concentration of 0.6%, and 

an incubation period of five days resulted in the highest prodigiosin production (5.3 g/L). The 

extracted pigment was confirmed using thin layer chromatography (Rf = 0.62), UV–Visible 

spectroscopy, and Fourier Transform Infrared (FTIR) analysis. Purified prodigiosin exhibited 

significant antibacterial activity against Gram-positive and Gram-negative bacteria and antifungal 

activity against selected fungal strains. This study highlights the potential of optimized laboratory-

scale prodigiosin production for future pharmaceutical and industrial applications. 
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1. Introduction 

Microbial pigments have attracted significant interest as sustainable alternatives to synthetic 

colorants due to their biodegradability, non-toxicity, and diverse biological activities [20–22]. 

Pigments are substances that impart color through selective absorption of visible light wavelengths, 
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unlike luminescent compounds that emit light [1]. Among these, prodigiosin is a prominent red 

pigment belonging to the prodiginine family, primarily produced by Serratia marcescens and several 

marine and terrestrial microorganisms [7,11].  

Prodigiosin (C₂₀H₂₅N₃O; molecular weight 323.44 g 

mol⁻¹) is chemically described as 4-methoxy-5-[(Z)-(5-

methyl-4-pentyl-2H-pyrrol-2-ylidene) methyl]-1H,1′H-

2,2′-bipyrrole [2]. Its biosynthesis involves a complex 

pathway leading to the convergent assembly of three 

pyrrole rings derived from L-proline, L-serine, L-

methionine, pyruvate, and 2-octenal intermediates 

[2,3,7,26]. The genes responsible for prodigiosin  

biosynthesis are clustered and tightly regulated by  

environmental and physiological factors [3,7,26]. 

Serratia marcescens is a Gram-negative, motile, facultative anaerobe belonging to the family 

Enterobacteriaceae and is widely distributed in soil, water, plants, insects, and animals [4]. Although 

the organism grows optimally at 37 °C, prodigiosin production is suppressed at this temperature and 

is favored at temperatures below 30 °C [5,17]. Several studies have demonstrated that pigment 

production is influenced by nutrient composition, pH, temperature, phosphate availability, salinity, 

and dissolved oxygen levels [1,5,16–18]. 

Prodigiosin has been extensively studied for its antibacterial and antifungal activities [12,23], 

anticancer and pro-apoptotic effects [8,9,14], immunosuppressive properties [13], and insecticidal 

potential [15,24]. Despite its promising bioactivities, large-scale and cost-effective production 

remains a challenge. Therefore, the present study aims to isolate prodigiosin-producing bacteria 

from soil, optimize laboratory-scale production, and characterize the pigment to support future 

scale-up and application studies. 

2. Materials and Methods 

2.1 Sample Collection and Isolation 

Fig 1: Structure of Prodigiosin 
[https://en.wikipedia.org/] 
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Soil samples were collected from garden soil and food-waste-containing soil, as nutrient-rich 

environments are known to harbor pigment-producing microorganisms [16]. Samples were serially 

diluted and spread on nutrient agar plates, followed by incubation at 28 °C for 24–48 h. 

 

2.2 Screening and Identification of Prodigiosin-Producing Bacteria 

Red-pigmented colonies were selected and purified by repeated streaking. Morphological 

examination, Gram staining, capsule staining, and motility tests were performed. Biochemical 

characterization was conducted according to Bergey’s Manual, leading to identification of the isolate 

as Serratia marcescens [4]. 

 

 

Fig 2: Soil Sample collected from VSBT garden [ 18.1755° N, 74.6133° E] 

Fig 3: Streaked Colonies, Gram Staining, and Capsule stained 
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2.3 Production of Prodigiosin 

The isolate was inoculated into different production media including 

nutrient broth, peptone–glycerol broth, and peanut powder broth, as 

different carbon and nitrogen sources significantly affect prodigiosin yield 

[5,16,17]. Cultures were incubated at 28 °C under shaking conditions. 

 

2.4 Extraction and Purification 

Prodigiosin was extracted using acidified methanol, a commonly reported solvent for efficient 

pigment recovery [10,19]. Purification was performed using thin layer chromatography (TLC) on 

silica gel plates, and Rf values were compared with literature standards [19,25]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: Culture media 

Fig 5: Extraction of pigment (A), TLC purification (B) 
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2.5 Characterization of Prodigiosin 

UV–Visible spectroscopy was used to determine absorption maxima characteristic of prodigiosin 

[10,17]. FTIR analysis was performed to identify functional groups and confirm pigment structure 

[19,25]. 

 

 

2.6 Optimization of Process Parameters 

The effect of pH (5–9), temperature (20–37 °C), NaCl concentration (0–1%), and incubation period 

(1–7 days) on prodigiosin production was studied, as these parameters are known to regulate 

prodiginine biosynthesis [1,5,17,18]. The laboratory-scale production of prodigiosin from Serratia 

marcescens was systematically optimized by evaluating multiple process parameters to achieve 

maximum pigment yield. Among the four culture media tested, peanut broth supplemented with 

peanut powder (1g), yeast extract (0.1g), NaCl (0.5g), and maltose (0.05g) at pH 7.0 demonstrated 

the highest prodigiosin concentration of 2.7 g/liter with a dry cell weight of 2.13 g/100ml, 

significantly outperforming nutrient broth (1.6 g/l), LB broth (1.7 g/l), and peptone-glycerol broth 

(2.1 g/l). Temperature optimization revealed that an incubation temperature of 28°C was optimal, 

yielding 4.5 g/liter of prodigiosin, which was 2.1-fold higher than at 22°C (1.4 g/l) and substantially 

greater than at 25°C and 31°C (both 1.6 g/l). pH optimization studies showed that neutral pH 7 was 

most conducive to prodigiosin biosynthesis, producing 2.2 g/liter, while acidic (pH 6: 1.6 g/l) and 

Fig 6: IR spectra and prodigiosin pigment with HCl, and Alkaline Ammonia solution 
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alkaline conditions (pH 8-9: 1.7-1.8 g/l) resulted in reduced yields. NaCl concentration significantly 

influenced pigment production, with 0.6% NaCl yielding the maximum concentration of 2.7 g/liter, 

compared to lower concentrations (0.2-0.4%: 1.6-2.6 g/l) and the absence of NaCl (1.7 g/l), 

indicating the salt's role as an osmotic regulator and energy source. Finally, incubation period 

optimization demonstrated that prodigiosin production was time-dependent, with accumulation 

beginning on day 2 (2.7 g/l) and progressively increasing to day 5 (5.3 g/l), representing an 84% 

increase over the initial two-day yield. These collective findings establish the optimal production 

parameters as peanut broth medium at pH 7, incubated at 28°C with 0.6% NaCl for five days, which 

collectively achieve maximum prodigiosin yield of 5.3 g/liter for scaled-up industrial production. 

Sr. 

no. 

Parameters Variables Pellet dry weight 

mg/100ml 

Prodigiosin 

conc. in g/10ml. 

Prodigiosin 

concentration in g/lit 

    

1. 

Different 

media 

 

Nutrient broth 1.24 0.016 1.6 

L.B. Broth 0.92 0.017 1.7 

Peptone-
Glycerol Broth 

0.5 0.021 2.1 

Peanut Broth 2.13 0.027 2.7 

  

2 

  

Temperature 

22°C 0.9 0.014 1.6 

25°C 0.10 0.016 1.6 

28°C 0.24 0.045 4.5 

31°C 0.08 0.016 1.6 

     

3. 

pH 6 0.09 0.016 1.6 

7 0.18 0.022 2.2 

8 0.16 0.018 1.8 

9 0.12 0.017 1.7 

4 NaCl 0.2% 0.8 0.016 1.6 

0.4% 0.12 0.026 2.6 
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Concentration 

  

0.5% 0.28 0.021 2.1 

0.6% 0.28 0.027 2.7 

0.8% 0.14 0.017 1.7 

5. Days 1 0.00 0.000 0 

2 0.10 0.027 2.7 

3 0.16 0.036 3.6 

4 0.23 0.045 4.5 

5 0.28 0.053 5.3 

 

 

2.7 Antimicrobial Activity 

Antibacterial activity against Gram-positive and Gram-negative bacteria was evaluated using the 

agar well diffusion method [12,23]. Antifungal activity was tested against selected fungal strains 

following standard protocols [10,23]. The extracted prodigiosin pigment from Serratia marcescens 

demonstrated significant antibacterial activity against both Gram-negative and Gram-positive 

bacteria, as assessed through disc diffusion assays with varying concentrations (10, 20, and 30 

μg/ml). Against E. coli, the highest zone of inhibition was observed at 24 mm with 30 μg/ml 

prodigiosin, outperforming other tested strains, while Salmonella typhi showed 16 mm at the same 

concentration. Staphylococcus aureus exhibited 20 mm inhibition at 30 μg/ml, and Bacillus subtilis 

displayed the lowest activity with just 4 mm at 10 μg/ml, confirming prodigiosin's dose-dependent 

efficacy and selective potency, particularly against E. coli. 

Antifungal activity was similarly evaluated, revealing prodigiosin's inhibitory effects on common 

fungal pathogens. Aspergillus niger produced the largest zone of 16 mm at 30 μg/ml, followed by 

Rhizopus at 14 mm and Aspergillus flavus at 13 mm under identical conditions, with no inhibition in 

controls across all tests. These results underscore prodigiosin's broad-spectrum antimicrobial 

potential, supporting its applications in combating bacterial and fungal infections as a natural bio 

pigment. 

Table 1: Optimization of process parameters 
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Fig 7: Antibacterial activity of pigment against 
   E. coli, S. typhi, S. aureus, B. subtilis.  

Table 2. Antibacterial activity, test organism Vs Zone of inhibition  
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Fig 8: Antifungal activity of pigment against 
A. niger, A. flavus, Rhizopus.  

Table 3. Antifungal activity, test organism Vs Zone of inhibition  
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3. Results and Discussion 

Isolation from food-waste-containing soil yielded a potent prodigiosin-producing Serratia 

marcescens strain, supporting earlier reports that nutrient-rich substrates enhance pigment 

production [16,17]. Among the tested media, peanut powder broth resulted in the highest 

prodigiosin yield, likely due to its lipid and carbon-rich composition, which favors secondary 

metabolite synthesis [16]. 

Optimization studies revealed that prodigiosin production was maximal at pH 7 and 28 °C, consistent 

with previous findings that acidic or alkaline stress and higher temperatures suppress pigment 

biosynthesis [5,17,18]. The presence of NaCl was essential, with optimal production at 0.6%, 

supporting reports on osmotic regulation of prodigiosin biosynthetic genes [5,18]. Maximum 

pigment yield (5.3 g/L) was observed after five days of incubation, corresponding to the stationary 

phase of growth, as reported earlier [2,7]. 

TLC analysis showed an Rf value of 0.62, matching reported values for purified prodigiosin [19,25]. 

UV–Visible and FTIR analyses further confirmed the identity and purity of the pigment. The extracted 

prodigiosin exhibited strong antibacterial and antifungal activities, in agreement with earlier studies 

demonstrating its broad-spectrum antimicrobial potential [12,23]. 

4. Conclusion 

The study successfully demonstrates the isolation, laboratory-scale production, optimization, and 

characterization of prodigiosin from Serratia marcescens. Optimization of nutritional and 

environmental parameters significantly enhanced pigment yield. The purified prodigiosin exhibited 

potent antimicrobial activity, reaffirming its promise as a bioactive compound for pharmaceutical, 

agricultural, and industrial applications. These findings provide a strong foundation for future scale-

up, genetic regulation studies, and formulation development. 

5. Acknowledgements: 

The authors sincerely acknowledge the Department of Biotechnology, Vidya Pratishthan’s Arts, 

Commerce and Science College, Baramati, for providing the necessary laboratory facilities and 

technical support to carry out the present research work. The authors express their profound 

LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 14 ISSUE 4 2026

Page No: 659



gratitude to the Honorable Principal of the institution for constant encouragement, administrative 

support, and for fostering a conducive research environment. 

The authors also gratefully acknowledge Savitribai Phule Pune University (SPPU), Pune, for 

academic guidance, curriculum framework, and institutional support that facilitated the successful 

completion of this study. 

References 

1. Papageorgiou, A.J., Winkler, H.J. (1979). Influence of dissolved oxygen levels on prodigiosin 

production. Applied Microbiology, 37, 331–336. 

2. Williams, R.P. (1973). Biosynthesis of prodigiosin, a secondary metabolite of Serratia 

marcescens. Applied Microbiology, 25, 396–402. 

3. Harris, A.K.P., Williamson, N.R., Slater, H., Cox, A., Abbasi, S., Foulds, I., Simonsen, H.T., 

Leeper, F.J., Salmond, G.P.C. (2004). The Serratia gene cluster encoding biosynthesis of the 

red antibiotic prodigiosin. Microbiology, 150, 3547–3560. 

4. Grimont, F., Grimont, P.A.D. (2006). The genus Serratia. In: The Prokaryotes. Springer, New 

York, pp. 219–244. 

5. Kim, C.H., Kim, S.W., Hong, S.I. (1999). An integrated fermentation-separation process for the 

production of red pigment by Serratia spp. Process Biochemistry, 35, 485–490. 

6. Parekh, S., Vinci, V.A., Strobel, R.J. (2000). Improvement of microbial strains and 

fermentation processes. Applied Microbiology and Biotechnology, 54, 287–301. 

7. Williamson, N.R., Fineran, P.C., Leeper, F.J., Salmond, G.P.C. (2006). The biosynthesis and 

regulation of bacterial prodiginines. Nature Reviews Microbiology, 4, 887–899. 

8. Pérez-Tomás, R., Montaner, B., Llagostera, E., Soto-Cerrato, V. (2003). The prodigiosins, 

proapoptotic drugs with anticancer properties. Biochemical Pharmacology, 66, 1447–1452. 

9. Pérez-Tomás, R., Viñas, M. (2010). New insights on the antitumoral properties of prodigiosin. 

Current Medicinal Chemistry, 17, 2222–2231. 

LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 14 ISSUE 4 2026

Page No: 660



10. Darshan, N., Manonmani, H.K. (2015). Prodigiosin and its potential applications. Journal of 

Food Science and Technology, 52, 5393–5407. 

11. Soliev, A.B., Hosokawa, K., Enomoto, K. (2011). Bioactive pigments from marine bacteria: 

Applications and physiological roles. Evidence-Based Complementary and Alternative 

Medicine, 2011, 670349. 

12. Lapenda, J.C., Silva, P.A., Vicalvi, M.C., Sena, K.X., Nascimento, S.C. (2015). Antimicrobial 

activity of prodigiosin isolated from Serratia marcescens. BMC Microbiology, 15, 123. 

13. Han, S.B., Kim, H.M., Kim, Y.H., Lee, C.W., Jang, E.S., Son, K.H., Kim, S.U. (1998). T-cell specific 

immunosuppressive activity of prodigiosin isolated from Serratia marcescens. International 

Journal of Immunopharmacology, 20, 1–13. 

14. Montaner, B., Pérez-Tomás, R. (2003). Prodigiosin-induced apoptosis in human colon cancer 

cells. Life Sciences, 72, 2053–2064. 

15. Suryawanshi, R.K., Patil, C.D., Borase, H.P., Salunke, B.K., Patil, S.V. (2014). Mosquito larvicidal 

and pupicidal potential of prodigiosin from Serratia marcescens. Parasitology Research, 113, 

249–256. 

16. Giri, A.V., Anandkumar, N., Muthukumaran, G., Pennathur, G. (2004). A novel medium for the 

enhanced cell growth and production of prodigiosin from Serratia marcescens isolated from 

soil. BMC Microbiology, 4, 11. 

17. Wei, Y.H., Chen, W.C. (2005). Enhanced production of prodigiosin-like pigment from Serratia 

marcescens SMΔR by medium optimization. Journal of Bioscience and Bioengineering, 99, 

616–622. 

18. Chen, W.C., Yu, W.J., Chang, C.C., Chang, J.S., Huang, S.H., Chang, C.H., Wei, Y.H. (2013). 

Enhancing prodigiosin production by Serratia marcescens using solid-state fermentation. 

Biochemical Engineering Journal, 78, 1–7. 

19. Tibor, C. (2007). Liquid chromatography of natural pigments and synthetic dyes. Journal of 

Chromatography Library, 71, 1–42. 

LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 14 ISSUE 4 2026

Page No: 661



20. Venil, C.K., Zakaria, Z.A., Ahmad, W.A. (2013). Bacterial pigments and their applications. 

Process Biochemistry, 48, 1065–1079. 

21. Dufossé, L. (2006). Microbial production of food-grade pigments. Food Technology and 

Biotechnology, 44, 313–321. 

22. Rao, M.P.N., Xiao, M., Li, W.J. (2017). Fungal and bacterial pigments: Secondary metabolites 

with wide applications. Frontiers in Microbiology, 8, 1113. 

23. Saha, S., Thavasi, R., Jayalakshmi, S. (2008). Phenazine pigments from Pseudomonas 

aeruginosa and prodigiosin from Serratia marcescens: Antibacterial activity. World Journal of 

Microbiology and Biotechnology, 24, 1403–1409. 

24. Patil, C.D., Borase, H.P., Patil, S.V., Salunke, B.K. (2011). Larvicidal activity of prodigiosin 

produced by Serratia marcescens. Parasitology Research, 109, 1173–1177. 

25. Stankovic, N., Senerovic, L., Ilic-Tomic, T., Vasiljevic, B., Nikodinovic-Runic, J. (2014). 

Properties and applications of undecylprodigiosin and prodigiosin. Applied Microbiology and 

Biotechnology, 98, 3841–3858. 

26. Williamson, N.R., Simonsen, H.T., Ahmed, R.A., Goldet, G., Slater, H., Woodley, L., Leeper, F.J., 

Salmond, G.P.C. (2005). Biosynthesis of the red antibiotic prodigiosin in Serratia. Molecular 

Microbiology, 56, 971–989. 

27. Suryawanshi, R.K., Patil, C.D., Koli, S.H., Mohite, B.V., Patil, S.V. (2015). Prodigiosin as a potent 

bioactive compound: A review. International Journal of Pharmaceutical Sciences Review and 

Research, 30, 45–50. 

 

     

 

 

 

LIBERTE JOURNAL (ISSN:0024-2020) VOLUME 14 ISSUE 4 2026

Page No: 662


