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Abstract 
Bacterial pigments are emerging as sustainable and biocompatible alternatives to synthetic colorants. 
Prodigiosin, a red secondary metabolite, was extracted from Serratia rubidaea KAP (LC201792), 
isolated from oil-contaminated soil and characterized. Ethanol was identified as the optimal solvent for 
pigment extraction. Characterization through UV-Visible spectrophotometry, FTIR, GC-MS, and 
HPLC confirmed the molecular identity of prodigiosin. A maximum absorbance peak at 534 nm was 
observed via UV-Visible spectrophotometry, while FTIR analysis identified key functional groups, 
including -NH, C=C, and CH stretches. The antimicrobial assay revealed selective activity against 
Gram-positive bacteria. Prodigiosin demonstrated a higher antioxidant efficacy of 96.12%, highlighting 
potential as a natural antioxidant. Furthermore, this study highlights its application as a dye that 
showed excellent color fastness on diverse substrates, including nylon, silk, polyester, candles, paper, 
and plastic, reinforcing its viability as an eco-friendly alternative to synthetic dyes. 
 
Keywords: Prodigiosin, Serratia rubidaea KAP, bacterial pigments, antimicrobial activity, antioxidant activity 

 
Introduction 
Colorants are used in different industries such as in the food, pharmaceutical, and textile 
industries. Synthetic colorants are often preferred by industries due to their varied color 
shades, low-cost production, and high availability throughout the year. But these synthetic 
colorants have prone to cause detrimental effects on the environment as well as on human 
health. Most of the colorants used by the industries are not biodegradable. Apart from these, 
they are carcinogenic (e.g., azo dyes) and are not easily treated by the waste treatment 
process [1]. A long-term solution to the problems caused by synthetic colorants is green 
synthesis and application of natural colorants. This will also minimize the expense of 
remediation and the pollution burden brought by the chemically derived colorants. 
Nature has become a ubiquitous source of various bioactive compounds such as Bio-
pigments produced by various genres of microorganisms [2]. Microbial pigments are a 
developing area of study and of significant interest for many applications due to certain 
characteristics. These include accessibility to cultivation technology, stability, quick and 
simple growth on culture media, independence to weather conditions, availability of a wide 
range of environmentally friendly and biodegradable shades. Different color tints are in 
demand due to the growing demand. As a result, there is a large scope, economic need, and 
preference for biological pigment sources [3]. 
Microbial pigments are reported to be a substitute for natural food-grade pigments and have 

a lot of promise for their use in food applications because of their inherent therapeutic 

benefits, ability to be produced without regard to time constraints, and anticipated yield. 

Among the gram-negative bacteria, the Serratia species has gained attention due to its 

common appearance as an environmental isolate, ease of cultivation, and ability to produce 

attractive light pink to deep red pigment and its inherent bioactive properties [4]. It is proven 

to inherent various biological properties like immunomodulatory, antibacterial, antimycotic, 

and antimalarial activities [5]. Due to these properties, they have been widely used as food 

additives, textile colorants, paper production, and agricultural practices [6]. 

In view of the flourishing market status of industries with respect to associated health risks 

and environmental problems, a sustainable approach that uses natural alternatives to harmful 

chemicals is highly desirable in the current situation. The objective of the study is to work on 

the use of natural pigments obtained from microbial origin and implement them in industries. 
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Materials and Methods 

1. Growth Condition of Microorganisms 
Serratia rubideae KAP, bacteria were isolated from oil-

contaminated soil and maintained at 4oC on Sterile Nutrient 

Agar slants supplemented with 1% glycerol. Regular 

subculturing of the stock cultures were done to maintain the 

functional capacity of the isolated bacteria. 

 

2. Extraction of pigment using standardized procedure 

2.1.1 Selection of optimum solvent for extraction of 

pigment 
To analyze the optimum solvent option to obtain maximum 

pigment extraction, solvents like methanol, absolute ethanol, 

acetic acid, acetone, ethyl acetate, chloroform, petroleum 

ether, and n-hexane were selected for the study. Further 

experiments used the solvent which yielded the highest 

amount of extracted pigments from this selection process. 

 

2.1.2 Procedure for Extraction of Pigment 

Serratia rubidaea KAP was inoculated into a Sterile 

Nutrient broth and incubated at room temperature under 

static conditions for 5 days. After incubation, 25ml of 

culture broth was subjected to centrifugation at 10,000rpm 

for 10min. The cell pellet was resuspended in the respective 

solvents and vortexed for 1 min to ensure proper mixing, 

followed by a centrifugation at 10,000rpm for 10min. The 

supernatants were then spectroscopic analyzed for the 

maximum absorbance (of pigment) at 535nm [7]. 

 

2.1.3 Quantification of red pigment 

To quantify the pigment produced by the Serratia rubidaea 

KAP strain, firstly pigment is extracted according to section 

2.2.2. The pigment produced was estimated using the 

formula given by Ivanchenko, D. A. Balasubramaniam B, 

(2019) [14]. The pigment absorbance was taken at 534 nm, 

and the bacterial cell optical density data was measured at 

620nm. 

 

 
 

OD534 = refers to the absorbance of pigment at 534nm.  

OD620 = refers to the optical density of the culture broth. 

1.381 = Constant 

Ethanol was used as a blank for taking pigment absorbance 

at 534nm. An uninoculated nutrient broth was maintained as 

both a control and a blank in all experiments to record the 

optical density of the culture broth. 

 

3. Characterization of pigment produced by Serratia 

rubidaea KAP 

3.1.1 Presumptive test for identification of Prodigiosin 

pigment. 

The pigmented cell culture broth was centrifuged at 

10,000rpm for 10min. The supernatant was discarded, and 

pellet was collected. The cell pellet was then mixed with 

95%methanol and was centrifuged again at same condition. 

The supernatant was collected and subjected to acidic and 

alkaline solutions to note the change in colour. Conc. HCl 

(35%,0.1ml) was used as an acid solution and Ammonia 

solution(25%,0.1ml) was used as an alkaline solution. A 

change in colour from orange to pink in acidic environments 

and from orange to yellow in alkaline ones indicates the 

presence of prodigiosin [8, 9] 

3.1.2 Determination of wavelength for maximum 

absorption of prodigiosin. 

To determine the absorption maxima of the red pigment 

UV- Visible Spectrophotometry was employed. The 

ethanolic extract of pigment was analyzed using ethanol as 

blank. A spectrum scan from 400nm to 800nm was selected 

and absorbance at lambda max was recorded. 

 

3.1.3 Thin Layer Chromatography 

The extracted red pigment was subjected to Thin Layer 

Chromatography. The volatile of the pigment molecule was 

separated on a TLC plate (14cm x 9cm) coated with silica 

gel (Mereck, 60 F254), a standardized solvent system of n-

butanol: hexane (2:1) was prepared and left overnight to 

saturate the chromatographic tank. The Rf value of the 

chromatogram developed on the TLC plate was calculated 

using the following formula given below [10, 11] 

 

 
 

3.1.4 Fourier Transform Infrared Spectroscopy Analysis 

The Functional group analysis was carried out using FT-IR 

spectroscopy with a frequency range of 4,000-500 cm-1. The 

procedure included mixing the KBr powder with the 

extracted pigment and then firmly pressing it into a pellet. 

 

3.1.5 HPLC analysis of the pigment 

The chromatographic separation of red pigment was carried 

out using the Shimadzu HPLC system. The separation was 

performed using a B-C18 Sepax column with a flow rate of 

0.6mL/min and an injection volume of 20uL at 35 ͦC 

temperature. The mobile phase consisted of acetonitrile 

water in a 60:40 v/v ratio. Prodigiosin was detected at its 

maximum absorbance (534nm) [12]. 

 

3.1.6 GC-MS analysis of the pigment 

The ethanolic extract of pigment was subjected to GC-MS 

analysis for determining the molecular weight of the 

compound. The condition maintained for the analysis 

included a flow rate of 1ml/min with helium as carrier gas. 

The oven temperature was set initially at 70°C for 1min and 

15min at 280 °C. Other instrument specifications were 

electron energy of 70 eV, mass range scanned of 35-500 

m/z, oven temperature of 70 °C, injector temperature of 

280°C, and detector gain of 1.03 kV +0.00 kV [13, 14] 

 

4. Application of Prodigiosin pigment extracted from 

Serratia rubidaea KAP 

4.1.1 Antimicrobial activity of pigment 
The antimicrobial potency of the prodigiosin pigment 
extracted from Serratia rubidaea KAP was anaylsed using 
agar well diffusion method. The bacterial culture 
suspensions examined for the study were Escherichia coli, 
Pseudomonas aeruginosa, Staphylococcus aureus, 
Staphylococcus aureus 6538p, Streptococcus pyrogens, 
Bacillus subtillis, as well as fungal cultures of Candida 
albicans and Saccharomyces cerevisiae. Sterile Muller-
Hinton agar butts for bacterial cultures and Sterile 
Sabouraud’s agar butts for fungal culture were inoculated 
with 0.2ml of each culture and pour plated into sterile empty 
plates. After solidification of plates, it was divided in half 
and wells were created using a sterile cork borer. The 
culture density of each organism was adjusted to 0.1 OD at 
540nm. In one well 50μL of ethanolic extracted pigment 
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was added, while in another well 50μL of absolute ethanol 
was added as a control. The plates were incubated upright at 
37°C for 24hrs for bacteria and room temperature for 48hrs 
for fungi. After incubation, the zone of inhibition around the 
well was measured in millimeters to assess the pigment 
antimicrobial activity [15-, 20].  

 
4.1.2 Antioxidant activity of prodigiosin pigment 
estimated using 1,1-diphenyl- picrylhydrazyl (DPPH) 
method. 

 Qualitative Assay 
The antioxidant activity of the extracted pigment was 
assessed using the DPPH method. A 0.1mM DPPH solution 
was mixed with equal volume of methanolic extract (2ml 
each) and methanol served as blank. All the tubes were 
wrapped with silver foil and incubated in dark for 30 
minutes. Absorbance was measured at 517nm before 
incubation and after incubation. A decrease in the 
absorbance indicated DPPH free radical scavenging activity 
[21]. 
 

 Quantitative method 
The extracted pigment was quantitatively evaluated for 
antioxidant activity using the DPPH method. An equal 
volume of 0.1mM DPPH solution was added to the 
methanolic extract of red pigment (2ml). The tube 
containing the reaction mixture was wrapped with silver foil 
and subjected to incubation in dark conditions for 30min. 
Methanol served as blank. After 30min, the absorbance at 
517 nm was measured and compared to the suitable 
standard. A fresh Vitamin C tablet (500mg) was used as the 
standard. To compare the antioxidant activity of the pigment 
against the Vitamin C standard, a standard concentration 
range (10ug to 20ug with an interval of 2ug) was prepared 
from 50mg of Vitamin C stock solution. All the 
concentrations were prepared in methanol solvent. 2ml of 
each concentration mixture was added to 2ml of 0.1mM 
DPPH solution and the antioxidant activity was accessed by 
incubation in dark conditions for 30min. A reaction 
mixture's lower absorbance denotes a higher level of DPPH 
free radical scavenging activity. To calculate the percentage 
inhibition of DPPH activity the following formula was used 
[22-27]. 
 

 

 
4.1.3 Application of prodigiosin as Bio colorant: 

 Textile dyeing 
The dyeing potential of prodigiosin pigment from Serratia 
rubidaea KAP was examined on different types of textile 
fabrics (cotton, silk, nylon, and polyester) [27-30]. All the 
fabrics were cut into 2cm by 2cm sized and then used. 
 
Step 1. Pre-treatment of cloth by Scouring 

 The Scouring of the Cloths were carried out by using 5 
gm per L Surf Excel and 2gm/L Sodium Carbonate, 
boiling for 20min using the material to liquor ratio of 
1:50. 

 After Scouring, a cold wash with water was given for 
5min followed by a hot wash by boiling for 10min. 

 
Step 2. Dyeing 
Without Salt 

 The cloths were introduced in culture broth in a 1:30 
material-to-broth ratio. 

 The Culture broth pH was adjusted to 4. 

 The temperature of the water bath was raised to 85ºC 
by heating and dyeing carried out for 1h. 

 After dyeing, the cloth was given a cold wash with 
D/W. 

 The cloth was rinsed and air-dried. 
 

With Salt 

 The cloths were introduced in culture broth in a 1:30 

material-to-broth ratio. The Culture broth pH was 

adjusted to 4. 

 2% Glauber salt was added to the culture broth 

containing the cloths. (Half the amount added) 

 The temperature of the water bath was raised to 85 

degrees by heating and kept for 15min. After 15min the 

remaining amount of Glauber salt (5ml) and 2% sodium 

carbonate was added. 

 Further the dyeing process was carried out for 45min. 

 After dyeing, the cloth was given a cold wash with 

D/W.  

 The cloth was rinsed and air-dried. 

 

Fastness Testing 
After Dyeing the color fastness properties of the cloth were 
determined w.r.t. light and washing. To check the light 
fastness property all the dyed fabrics were placed in Petri 
plates and exposed to sunlight and indoor light for 24hs. To 
check the colour fastness, all the fabrics were subjected to 
2g/L detergent washing. The commercial detergent used 
was Surf Excel [31-32]. 
 

Thermal stability of Dyed cloth 
After dyeing, the 7cm by 2cm dyed fabrics were subjected 
to Autoclaving at 121ºC at 15lbs for 20min for checking the 
thermal stability of the dyed cloth. 

 Dyeing of Plastics 
To check the dyeing potential of extracted pigment plastic 
material like centrifuge tubes were used. The prodigiosin 
extracted in ethanol solvent was poured into centrifuges 
tubes for colouring the plastics. The fastness property of the 
plastic was determined by excessive washing with detergent 
solution [33-37].  

 Dyeing of Paper 
To check the colouring properties of extracted pigment, 
Whatman paper was used. The Whatman filter paper was 
dipped into the ethanolic extract of the pigment extracted 
from Serratia rubidaea KAP [29, 30, 36]. 

 Dyeing of Candles 
Prodigiosin extracted from Serratia rubidaea KAP was used 
to dye colourless wax candles. The wax was melted and 
poured into Eppendorf tubes. To the melted candle the 
pigment extract was added, and the wax was allowed to 
solidify. The light fastness property of the dyed candle was 
estimated by exposing the candle to indoor light for 24h [37, 

38, 39]. 

 Prodigiosin as a colorant in paints 
The extracted pigment was mixed with commercially 
availed distemper in the market. The pigment was added 
until a visible pink coloured was obtained after mixing. The 
bio-paint formulated was further applied on the wall. The 
color fastness property of the paint was determined was 
exposing it indoor light and sunlight for 24h [40-43]. All 
media and reagents used were from Hi-media and chemicals 
used were of analytical Grades 
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Results and Discussion 
In this study, the bright red pigment prodigiosin produced 
by the bacterial strain Serratia rubidaea KAP was studied. 
The strain was isolated from oil contaminated soil and was 
identified to be a good biosurfactant producer [44]. 
Biochemical tests, VITEK analysis, 16S rRNA sequencing, 
and genetic characterization were done to determine the 
strain, that was then contributed to the National Center for 
Biotechnology Information (NCBI) under accession number 
LC201792.  
The purpose of this study is to characterize the metabolite 
produced by Serratia rubidaea KAP, which was then 
evaluated for antibacterial activity, antioxidant, and dyeing 
properties for future application. 
 
4.2 Growth Condition and colony characteristic of 
Bacterial strain Serratia rubidaea KAP 
Serratia rubidaea KAP was isolated from oil contamination 
and subculturing was done on Nutrient agar slant 
supplemented with 1% glycerol which retained the pigment-
producing capability of Serratia rubidaea KAP. 

 
 

Fig3.1: Serratia rubidaea KAP on Nutrient Agar Slant 

 
Macroscopic and Microscopic colony characteristics were 
studied to obtain large, dark red pigmented colonies which 
were found to be gram-negative coccobacilli in clusters and 
chains when observed under 100X.  

 

     
Fig 3.1.a   Fig 3.1.b 

 
4.3 Characterization of pigment produced by Serratia 
rubidaea KAP 
4.3.1 Presumptive test for identification of Prodigiosin 
pigment. 
The presumptive test for prodigiosin was conducted by 
centrifuging the nutrient broth containing the culture at 
10,000 rpm for 10 minutes. After centrifugation, the cell 
pellet was dissolved in 95% methanol and centrifuged again. 
The methanolic extract of the pigment was then divided into 
two portions: one for the addition of 35% hydrochloric acid 
(HCl) and the other for the addition of 25% ammonia 

solution. 
Upon mixing the methanolic extract of the red pigment 
produced by Serratia rubidaea KAP (Fig. 3.2.1) with 35% 
HCl there was a shift in color from orange to pink. The 
addition of 25% ammonia solution resulted in a color 
change from orange to tan, and yellow (Fig. 3.2.1). The 
change in color indicated positive prodigiosin production 
and it was found that this result is in alignment with the 
findings of Othman et al. (2019) [45], Maurya et al. (2020) 
[13], Sruthy et al. (2014) [4], and Shaikh (2016) [38]. 

 

  
 

Fig 3.2.1: Presumptive test of red pigment extracted from Serratia r ubidaeaKAP 

https://www.microbiojournal.com/


Journal of Advances in Microbiology Research  https://www.microbiojournal.com 

~ 219 ~ 

4.3.2 Determination of wavelength for maximum 

absorption of prodigiosin. 

A spectrophotometer was used to investigate the ethanolic 

extract of the red pigment generated by Serratia rubidaea 

KAP, as well as determining its maximum absorbance 

(λmax). It was then 

 

 
 

Fig: 3.2.2 Spectrum scan of red pigment extracted from Serratia rubidaea KAP 

observed across visible wavelengths between 400-700 nm, 

by recording its absorption spectrum. λmax for the red 

pigment was 534.4 nm (Figs. 3.3.2), as in other studies 

reported by Dalili et al. (2012), Lapendaet al. (2015), 

Andreyeva et al. (2015), Veni et al. (2009), and Gerber et 

al. (1976) [9, 20, 47, 48]. 

 

4.3.3 Thin Layer Chromatography 

Thin layer chromatography (TLC) is a separation method 

especially well-suited for the separating of microbial 

secondary metabolites, as the method is simple, accurate, 

and of high resolution [49]. In this study, the TLC analysis of 

the ethanolic extract of the red pigment produced by 

Serratia rubidaea KAP was undertaken. Fractionation of the 

red pigment was carried out with a solvent system 

consisting of n-butanol and hexane in a 2:1 ratio. A distinct 

pink spot was observed after purification at an RF value of 

0.79 (Figure 3.2.3). The RF value obtained was similar to 

those reported for prodigiosin in earlier studies by Srimathi 

et al. (2017), Elkenawy et al. (2017) and Song et al. (2000). 
[8, 50, 51]. 

 

 

 
 

Fig 3.2.3: Thin Layer Chromatography Separation of red pigment. 

 

4.3.4 Fourier Transform Infrared Spectroscopy Analysis 
Fourier transform infrared (FTIR) spectroscopy has become 

a widely used analytical method that measures the 

absorption of infrared light by a sample, yielding much 

information on the molecular composition and architecture 

of the sample. FTIR spectroscopy of the extracted pigment 

was performed and analyzed 

The FTIR analysis in multiple peaks of different intensity 

was studied. Strong absorption in this region was observed 

at 796.6 cm⁻¹ (48.142) and 889.18 cm⁻¹ (42.018) and peaks. 
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Extra peaks were found at 1060.85 cm⁻¹ (32.978), 1097.5 

cm⁻¹ (34.405), 1421.54 cm⁻¹ (35.371), and 1454.33 cm⁻¹ 

(34.277). The absorption at 1653 cm⁻¹ (29.951) and 1674.21 

cm⁻¹ (28.984) were moderate, though the absolute strongest 

peak appeared at 1921.1 cm⁻¹ (80.672). The other prominent 

peak came at 2133.27 cm⁻¹ (61.914). Further peaks were 

found at 20.529 (2902.87cm−1), 17.757 (2985.81cm−1), 

18.484 (3321.42cm−1), 12.604 (3477.66cm−1) and 11.706 

(3662.82cm−1). These Peaks serve to denote the varied 

molecular bonds, and functional groups, which comprise the 

sample. 

 

 
 

Fig 3.2.4: FTIR analysis peak report 

 

The FTIR peak observed at 2985.81 cm⁻¹ is due to 

stretching of the methylene group(s) (-CH), in the case of 

aromatic compounds is the sp³ CH stretch (as in the 

structure of prodigiosin). The FTIR spectrum of the red 

pigment in KBr showed strong absorption bands at 1921.1 

cm⁻¹ and 2133.2 cm⁻¹, which dominate the FTIR spectrum. 

The peaks at 3477.66 cm⁻¹ and 3321.42 cm⁻¹ evidence for N 

- H stretching, the peak at 1653 cm⁻¹ associated C=C 

stretching and C - N stretching. The CH bending is 

associated with absorptions at 1454.33 cm⁻¹ and 1421.54 

cm⁻¹. Further, the peaks at 1060.85 cm⁻¹ and 1097.5 cm⁻¹ 

are assigned for C-O stretching, and 796.6 cm⁻¹ and 889.18 

cm⁻¹ for C-H bending. The chemical structure identified and 

the characteristic peaks of prodigiosin at 2985.81 cm⁻¹, 

1653, 3477.66 cm⁻¹, coincide with that reported in 

Namazkar et al. (2013), Faraag et al. (2017), Song et al. 

(2006) Sumathi et al. (2014), and Jimtha et al. (2021) [52-56].  

 

4.3.5 HPLC analysis of red pigment from Serratia 

rubidaea KAP 
High performance liquid chromatography (HPLC) is an 

analytical technique used to separate, recognise and quantify 

components in a mixture. HPLC analysis of the pigment 

extracted from Serratia rubidaea KAP produced multiple 

peaks in its chromatographic profile (Figure 5.6.5). 

Retention times of 3.069 and 4.595 were assigned to the 

solvent used in the pigment extraction. The HPLC profile 

was compared to a standard prodigiosin profile published in 

the literature to verify purity of the pigment. According to 

Jeong et al. (2021), [57] the observed retention time for the 

degradation of prodigiosin from Serratia marcsescens was 

2.734 minutes. 

In this study there was a characteristic peak at a R.T. of 

2.128 confirming prodigiosin presence corresponding to the 

findings of Gohil et al. (2020) and Jeong et al. (2021) [57, 58]. 

Earlier, Song et al. (2006) [51]. Have previously reported a 

single peak with 95% purity of prodigiosin produced by 

Serratia sp. KH-95. Although, total yield during purification 

was relatively low. Previous investigation has suggested that 

instability and decomposition of prodigiosin molecules as 

well as a role for light exposure in interaction of prodigiosin 

molecules with other cellular components leads to multiple 

peaks on the HPLC profile [59, 60]. We propose these factors 

could be responsible for the complexity observed in the 

current HPLC analysis. 

 

 
 

Fig 3.2.5: HPLC profile of prodigiosin pigment from Serratia rubidaea KAP. 
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4.3.6 GC-MS analysis 

Gas chromatography-mass spectrometry (GCMS) is a 

comprehensive technique employed in identifying and 

quantifying many chemical components in the sample. 

Figure 5.6.6 shows the GC MS peak report. The peak at a 

molecular weight of 312, very close to the value reported in 

the literature, [61] authenticated it. Based on the GC-MS 

profile of the pigment, we posit that Serratia rubidaea KAP 

produces a variant of the prodigiosin pigment, that 

correlates closely with previously reported data.  

 

 
 

Fig 3.2.6: GC-MS profile of pigment 

 

4.4 Application of Prodigiosin pigment extracted from 

Serratia rubidaea KAP 

4.4.1 Antimicrobial activity of pigment 
Although the physiological role of the pigment is not 

entirely known, it has been shown to possess antibacterial 

properties [11]. This experiment was performed as agar well 

diffusion assay with several Gram-positive and Gram-

negative bacteria including Escherichia coli, Pseudomonas 

aeruginosa, Staphylococcus aureus, Staphylococcus aureus 

6538p, Streptococcus pyogenes, and Bacillus subtilis. 

Furthermore, fungal cultures of Candida albicans and 

Saccharomyces cerevisiae were tested because these 

microorganisms are often implicated in nosocomial 

infections. Table 3.3.1 gives the zones of inhibition in 

millimeters caused by the pigment extract. 

The highest zone of inhibition was found against 

Streptococcus pyogenes where the average diameter was 

37.3 mm, then Staphylococcus aureus 31.6 mm and then 

Staphylococcus aureus 6538p 25 mm. Inhibition against 

Bacillus subtilis (15 mm) was obtained. Red pigment 

extraction from Serratia rubidaea KAP exhibited strong 

antibacterial activity against gram-positive bacteria but not 

against gram-negative bacteria like Escherichia coli, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, and 

Chromobacterium violaceum.  

As per Suryawanshi et al. (2014), [63] microbial pigments, 

including prodigiosin, are more effective against Gram-

positive than Gram-negative bacteria. Prodigiosin is 

antibacterial because it is able to penetrate the outer 

membrane and inhibit DNA gyrase and topoisomerase IV. It 

is a mechanism that produces reactive oxygen species 

(ROS) which damage important cellular components and 

inhibit bacterial growth [63]. In this case, however, the 

lipopolysaccharide (LPS) shell of Gram-negative bacteria 

prevents prodigiosin from entering the cell and thereby 

making it ineffective [64]. Results from this study confirm 

that Serratia rubidaea KAP prodigiosin is a potent 

antibacterial agent selective for Gram-positive bacteria. 

These finding agrees with what was reported by Li et al. 

(2018), Araújo et al. (2022), Hazarika et al. (2022), Mnif et 

al. [64-68] 

 

 

 

 

 

Fig 3.3.1: Antimicrobial activity of prodigiosin against Gram-positive organisms 

Table 3.3.1: Zone of inhibition values exhibited by the pigment produced by Serratia rubidaea KAP against test organisms. 
 

Sr. no. Test organism Zone of Inhibition (mm) 

1. Escherichia coli No zone of Inhibition 

2. Pseudomonas aeruginosa No zone of Inhibition 

3. Chromobacterium violaceum No zone of Inhibition 

4. Klebsiella pneumonia No zone of Inhibition 

5. Staphylococcus aureus 31.6mm 
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6. Staphylococcus aureus 6538p 25 mm 

7. Streptococcus pyogenes 37.3mm 

8. Bacillus subtills 30mm 

9. Saccharomyces cerevisiae No zone of Inhibition 

10. Candida albicans No zone of Inhibition 

 

 

4.4.2 Antioxidant activity of prodigiosin pigment 

estimated using 1, 1-diphenyl- picrylhydrazyl (DPPH) 

method. 
The extracted pigment was evaluated for antioxidant activity 

using the DPPH method. In DPPH, absolute maximum 

absorbance is at 517 nm. The absorbance is reduced when 

DPPH radicals interact with a substance that donates a 

proton (namely, an antioxidant to neutralize the radicals) 

Scalzo. The effectiveness of the radical scavenging activity 

is measured by this reduction in absorbance. The pigment 

was analyzed qualitatively and quantitatively, in terms of its 

DPPH radical scavenging activity. 

 

4.4.2.1 Qualitative Assay 

Methanol was used as the blank and a methanolic extract of 

the pigment was added to a tube containing the DPPH 

solution. In the dark they were wrapped in aluminum foil 

and left to incubate for 30 minutes. Incubation was 

performed with the absorbance measured at 517 nm before 

and after. A decrease in absorbance during incubation 

indicated a positive qualitative result suggesting a DPPH 

free radical scavenging activity (Figure 5.7.2.a). 

 

 
 

Fig 3.3.2.1: Qualitative Assay 

 

4.4.2.2. Quantitative Assay 

The extracted pigment was assessed quantitatively in terms 

of its antioxidant activity with the DPPH method. The 

methanolic extract of the red pigment was mixed with a 

solution of DPPH in equal volume, a 0.1 mM solution. The 

absorbance was recorded at a wavelength of 517 nm after 

incubating for 30 minutes and compared with a Vitamin C 

standard. A standard concentration range of 10 µg to 20 µg, 

with 2 µg intervals was prepared to evaluate the pigment's 

antioxidant activity compared to vitamin C. DPPH activity 

inhibition percentage was calculated by the following 

formula, 

 

 

 
Table 3.3.2.2: Quantitative Assay 

 

The standard concentration of Vitamin C(ug/ml) Absorbance at 517nm before incubation Absorbance at 517nmafter 30min 

10 1.919 1.814 

12 2.761 1.651 

14 2.091 1.639 

16 2.958 1.568 

18 3.059 1.511 

20 3.059 1.504 

Control (DPPH Solution) - 2.941 

Test (pigment extract) 0.515 0.114 

Blank (Methanol) - - 

 
Table 3.3.2.2: Percentage inhibition of DPPH activity of Standard and Test 

 

Standard Vitamin C concentration (ug/ml) Scavenging activity percentage (%) 

10 38.32 

12 43.86 

14 44.27 

16 46.68 

18 48.62 

20 48.86 

Test 96.12 
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The DPPH free radical scavenging activity was proven 

through the incidence of a notable reduction in absorbance 

following incubation (Figure 5.7.2c). Prodigiosin 

scavenging was measured to be 96.12% (Figure 5.7.2). The 

extracted pigment had greater antioxidant activity than that 

of standard ascorbic acid, which implies that this result. The 

present findings are concordant with Arivizhivendhan et al. 

2018, Gulani et al. 2012, Vora et al. 2014, Renukadevi et al. 

2017 [23, 69-71]. 

 

4.4.3Application of prodigiosin as Bio colorant 

4.4.3.1 Textile dyeing 

The dyeing potential of the prodigiosin pigment from 

Serratia rubidaea KAP was evaluated on four types of 

textile fabrics: These are silk, cotton, nylon and polyester. 

The results were similar to Alihosseini et al. (2008) [72] in 

that a light shade was dyed onto cotton fabric (Figure 

5.7.3.1). However, contrary to what we observed with these 

natural fabrics, polyester, silk and nylon delivered a pink 

shade with nylon being the most dyeable (Figure 5.7.3.1) 

similar to what Shete et al., 2021 [73] report. The cationic 

dye nature of the prodigiosin molecule has been shown to 

relate to its ability to function as dye. Under acidic 

conditions the cationic dyes exhibit strong bonding 

properties by forming salt bonds within the fibers which 

help in efficient dyeing of fabrics like silk, nylon and 

polyester [65]. The hue of the dyed fabric was influenced by 

the pigment concentration in the broth and dependence of 

the dyeing process on the kind of fibers in the material [65] 

For both light and washing resistance, the color fastness 

properties of dyed fabrics were evaluated. Prodigiosin 

degrades quickly when exposed to sunlight (Figure 

3.3.3.1.a), indicating that the energy supplied by ultraviolet 

light is sufficient to break prodigiosin apart, while natural 

light does not break prodigiosin down very much. Testing of 

the dyed fabrics for washing fastness using Surf Excel 

shemes revealed that prodigiosin color retention is high. 

These findings are consistent with a previous study by 

Shalinimol, C. R. (2019), Venil et al. (2019), Chauhan et al. 

(2015) and Gong et al. (2017) [74-77]. Despite the potential 

for prodigiosin in textile dyeing, more work is needed to 

maximize dyeing performance and the scale up of the 

production, for the commercial use of prodigiosin in 

different sectors [78]. 
 

 
 

Fig 3.3.3.1 a: Fabrics dyed with Serratia rubidaea KAP prodigiosin 

  
 

Fig 3.3.3.1: Color fastness property w.r.t to light and washing. 
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Fig 3.3.3.1.c: Thermal stability of dyed cloths. 

 

4.4.3.2 Plastic dyeing 

The ability of the pigment from Serratia rubidaea KAP to 

dye plastic centrifuge tubes was also tested. They left the 

extracted pigment in suspension in the tubes for 24 hours, 

during which the plastic surfaces were successfully dyed 

with the extracted pigment (Figure 3.3.3.2). To check the 

fastness property, the dyed tubes were thoroughly washed 

up with detergent. However, the tubes still kept their colour 

even after being washed with extreme rigor. Shalinimol, C. 

R. (2019), Siva et al. (2012) [74, 79] have previously shown 

successful staining of plastics with prodigiosin. In addition, 

Mandal et al. (2017) [80] showed strong binding capabilities 

of the red pigment extracted from Serratia marcescens 

strains to plastic materials. 

 

 
 

Fig 3.3.3.2: Plastic centrifuged tubes dyed with pigment extracted from Serratia rubidaea KAP 

 

4.4.3.3 Dyeing of Paper 

Serratia species produces the red pigment prodigiosin, 

which has several applications, including the paper dyestuff 

industry. Pigment extracted from Serratia rubidaea KAP 

showed effective dyeing capability on paper in this study. 

Likewise, Krishna et al. (2013) [36] dyed paper and 

polymethyl methacrylate sheets using a marine strain, 

Serratia sp. BTWJ8. The authors also emphasized the 

possibility of using prodigiosin as an indicator in pH 

indicator strips on dyed paper. Shaikh, Z. (2016) and 

Stankovic et al. (2014) [38, 81] record additional research on 

using prodigiosin dyed paper as a pH indicator. 

 

    
 

Fig 3.3.3.3: Dyeing of paper with pigment extracted from Serratia rubidaeaKAP 
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3.3.3.4 Dyeing Candles 

Candles can be made more appealing and environmentally 

friendly by incorporating natural ingredients during 

production. One such ingredient is natural dyes derived 

from microbial sources. Prodigiosin is a well-known 

pigment recognized for its ability to produce various shades 

of red. It has been widely studied as a coloring agent for 

candles, paper, plastics, and textiles [82]. In this study, 

prodigiosin extracted from Serratia rubidaea KAP was 

tested for its effectiveness in coloring wax candles. The 

results showed that the pigment successfully dyed the 

candles (Figure 5.7.3.4). However, when the dyed candles 

were evaluated for color fastness under exposure to light, it 

was observed that the color faded completely within two 

days, indicating poor light fastness of the prodigiosin 

pigment. 

 

 
 

Fig 3.3.3.4: Dyed candles with pigment extracted from Serratia rubidaea KAP 

 

3.3.3.5 Prodigiosin as a colorant in paints: 

Additionally, studies of prodigiosin’s potent antibacterial 

properties have led to studies regarding its use as a dye as a 

paint formulation to combat biofouling [83]. The extracted 

prodigiosin was mixed with commercially available 

distemper until the hue became so noticeable that a pink 

color could be seen. When applied to a wall, the resulting 

bio-paint showed the pigment dissolved well in the 

distemper and created a pinkish color (Figure 3.3.3.5a).  

Later the paint's color fastness under different lighting 

conditions was assessed. The pigment had poor light 

fastness and changed color when exposed to sunlight and 

retained its color in the presence of indoor lighting (Figure 

3.3.3.5 b). The observation of this study is consistent with 

earlier work by [84] reporting on the light sensitivity of the 

prodigiosin pigment extracted from Serratia marcescens 

strain B2.

 
  

Fig 3.3.3.5 a): Pigment mixed with Distemper                  
Fig 3.3.3.5 b): Pigment applied on an indoor 

wall 
 

 

 

Fig 3.3.3.5 c): Paint applied on the outdoor wall and exposed to sunlight.  
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Summary and Conclusion 

This present work focused on the red pigment "prodigiosin," 

produced by Serratia rubidaea KAP, a bacterium isolated 

from oil-contaminated soil. The bacteria were grown on 

nutrient agar with glycerol, and ethanol was found to be the 

most efficient solvent for extracting the prodigiosin 

pigment. Furthermore, prodigiosin was identified using 

multiple characterization methods, including UV-Visible 

spectrophotometry, Thin-Layer Chromatography (TLC), 

Fourier Transform Infrared Spectroscopy (FTIR), High-

Performance Liquid Chromatography (HPLC), and Gas 

Chromatography-Mass Spectrometry (GC-MS). These 

techniques confirmed the presence of prodigiosin, with TLC 

showing a retention factor (Rf) of 0.79 and HPLC 

displaying a peak at a retention time of 2.128. 

The antimicrobial properties of the pigment demonstrated its 

capacity to inhibit Gram-positive bacteria including 

Streptococcus pyogenes yet it was ineffective against both 

Gram-negative bacteria and fungal species. The pigment 

demonstrated a substantial antioxidant potential because it 

scavenged 96% of the DPPH in the analysis exceeding the 

antioxidant action of vitamin C. 

The study further explored the potential of prodigiosin as a 

natural dye for textiles. Interestingly, nylon fabric showed 

the best color uptake, followed by polyester and silk. The 

dyed fabrics were resistant to sunlight but had lower wash 

fastness. The evaluation of prodigiosin as a component in 

biopaints revealed poor light-fastness properties of the 

painted surface. 

In conclusion, ethanol was identified as the best solvent for 

prodigiosin extraction, with optimal production achieved in 

nutrient broth at pH 8.0, 28°C, under static conditions after 

120 hours of incubation. This study successfully 

demonstrated the potential of prodigiosin for applications in 

antimicrobial, antioxidant, and dyeing industries. 

 

Conflict of Interest 
Not available  

 

Financial Support  
Not available 
 
References  
1. Bhatia D, Sharma NR, Singh J, Kanwar RS. Biological 

methods for textile dye removal from wastewater: A 
review. Crit Rev Environ Sci Technol. 2017;47:1836-
1876. DOI:10.1080/10643389.2017.1363153 

2. Nambela L, Haule LV, Mgani Q. A review on source, 
chemistry, green synthesis, and application of textile 
colorants. J Clean Prod. 2020;246:119036. 
DOI:10.1016/j.jclepro.2019.119036 

3. Tuli HS, Chaudhary P, Beniwal V, Sharma AK. 
Microbial pigments as natural color sources: current 
trends and future perspectives. J Food Sci Technol. 
2015;52:4669-4678. DOI:10.1007/s13197-014-1601-6 

4. Grimont F, Grimont PA. The genus Enterobacter. In: 
The Prokaryotes. Volume 6. New York, NY: Springer; 
2006:197-214. DOI:10.1007/0-387-30746-X_7 

5. Lazaro JE, Nitcheu J, Predicala RZ, Mangalindan GC, 
Nesslany F, Marzin D, et al. Heptyl prodigiosin, a 
bacterial metabolite, is antimalarial in vivo and non-
mutagenic in vitro. J Nat Toxins. 2002;11:367-377. 
DOI:10.1002/jnt.20012 

6. Cserháti T. Liquid Chromatography of Natural 
Pigments and Synthetic Dyes. Amsterdam: Elsevier; 

2006:1-634. DOI:10.1016/B978-044452110-9/50000-1 
7. Sundaramoorthy N, Yogesh P, Dhandapani R. 

Production of prodigiosin from Serratia marcescens 
isolated from soil. Indian J Sci Technol. 2009;2:32-34. 

8. Srimathi R, Priya R, Nirmala M, Malarvizhi A. 
Isolation, identification, optimization of prodigiosin 
pigment produced by Serratia marcescens and its 
applications. Int J Latest Eng Manag Res. 2017;2:11-
21. 

9. Gerber NN, Lechevalier MP. Prodiginine (prodigiosin-
like) pigments from Streptomyces and other aerobic 
actinomycetes. Can J Microbiol. 1976;22:658-667. 
DOI:10.1139/m76-096 

10. Maheswarappa G, Kavitha D, Vijayarani K, Kumanan 
K. Prodigiosin as anticancer drug produced from 
bacteria of termite gut. Indian J Basic Appl Med Res. 
2013;3:257-266. DOI:10.5958/j.2321-6182.3.1.050 

11. Samrot AV, Chandana K, Senthilkumar P, Narendra 
Kumar G. Optimization of prodigiosin production by 
Serratia marcescens SU-10 and evaluation of its 
bioactivity. Int Res J Biotechnol. 2011;2:128-133. 

12. Xia Y, Ai L. Determination of prodigiosin in 
fermentation broth by HPLC. Mod Food Sci Technol. 
2013;29:2772-2776.  
DOI:10.13982/j.mfst.1673-9078.2013.11.029 

13. Maurya KK, Kumar A, Kumar S, Bhatt S, Kumar V. 
Growth kinetics of prodigiosin (food color) produced 
by novel Serratia marcescens Bhu prodig; optimization 
and characterization. [Preprint]. 2022. 

14. Balasubramaniam B, Alexpandi R, Darjily DR. 
Exploration of the optimized parameters for bioactive 
prodigiosin mass production and its biomedical 
applications in vitro as well as in silico. Biocatal Agric 
Biotechnol. 2019;22:101385.  
DOI:10.1016/j.bcab.2019.101385 

15. Samrot AV, Chandana K, Senthilkumar P, Narendra 
Kumar G. Optimization of prodigiosin production by 
Serratia marcescens SU-10 and evaluation of its 
bioactivity. Int Res J Biotechnol. 2011;2:128-133. 

16. Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic 
susceptibility testing by a standardized single disc 
method. Am J Clin Pathol. 1966;45:493-496. 
DOI:10.1093/ajcp/45.4.493 

17. Umadevi K, Krishnaveni M. Antibacterial activity of 
pigment produced from Micrococcus luteus KF532949. 
Int J Chem Anal Sci. 2013;4:149-152. 
DOI:10.1016/j.jfca.2013.04.001 

18. Rashid MM, Fakruddin M, Mazumdar RM, Fatema K, 
Chowdhury MA. Anti-bacterial activity of pigments 
isolated from pigment-forming soil bacteria. Br J Pharm 
Res. 2014;4:880-894. DOI:10.9734/BJPR/2014/7632 

19. Gondil VS, Asif M, Bhalla TC. Optimization of 
physicochemical parameters influencing the production 
of prodigiosin from Serratia nematodiphila RL2 and 
exploring its antibacterial activity. J Appl Microbiol. 
2017;123:1041-1052. DOI:10.1111/jam.13547 

20. Lapenda JC, Silva PA, Vicalvi MC, Sena KXFR, 
Nascimento SC. Antimicrobial activity of prodigiosin 
isolated from Serratia marcescens UFPEDA 398. 
World J Microbiol Biotechnol. 2015;31:399-406. 
DOI:10.1007/s11274-014-1792-9 

21. Giri AV, Anandkumar N, Muthukumaran G, Pennathur 
G. A novel medium for the enhanced cell growth and 
production of prodigiosin from Serratia marcescens 
isolated from soil. BMC Microbiol. 2004;4:11. 
DOI:10.1186/1471-2180-4-11 

22. Mothana RA, Abdo SA, Hasson S, Althawab FM. 

https://www.microbiojournal.com/


Journal of Advances in Microbiology Research  https://www.microbiojournal.com 

~ 227 ~ 

Antimicrobial, antioxidant, and cytotoxic activities and 
phytochemical screening of some Yemeni medicinal 
plants. J Evid Based Complementary Altern Med. 
2018;23:199-212. DOI:10.1177/2156587217751153 

23. Vora JU, Jain NK, Modi HA. Extraction, 
characterization and application studies of red pigment 
of halophile Serratia marcescens KH1R KM035849 
isolated from Kharaghoda soil. Int J Pure Appl Biosci. 
2014;2:160-168. DOI:10.18782/2320-7051.1231 

24. Xu J, Chen S, Hu Q. Antioxidant activity of brown 
pigment and extracts from black sesame seed (Sesamum 
indicum L.). Food Chem. 2005;91:79-83. 
DOI:10.1016/j.foodchem.2004.05.051 

25. Gulani C, Bhattacharya S, Das A. Assessment of 
process parameters influencing the enhanced 
production of prodigiosin from Serratia marcescens 
and evaluation of its antimicrobial, antioxidant and 
dyeing potentials. Malays J Microbiol. 2012;8:116-122. 
DOI:10.21161/mjm.42212 

26. Nguyen VB, Nguyen DN, Nguyen AD, Ngo VA, Ton 
TQ, Doan CT, et al. Utilization of crab waste for cost-
effective bioproduction of prodigiosin. Mar Drugs. 
2020;18:523. DOI:10.3390/md18110523 

27. Jain A. Alternative to water-based fabric cleaner in 
textile and detergent processes. Adv Mater Sci Eng. 
2017;2017:3736175. DOI:10.1155/2017/3736175 

28. Morales-Oyervides L, Oliveira J, Sousa-Gallagher M, 
Méndez-Zavala A, Montañez JC. Assessment of the 
dyeing properties of the pigments produced by 
Talaromyces spp. J Fungi. 2017;3:38-46.  
DOI:10.3390/jof3030038 

29. Ren Y, Gong J, Fu R, Li Z, Li Q, Zhang J, et al. Dyeing 
and antibacterial properties of cotton dyed with 
prodigiosin's nanomicelles produced by microbial 
fermentation. Dyes Pigm. 2017;138:147-153.  
DOI:10.1016/j.dyepig.2017.02.024 

30. Ahmad WA, Ahmad WYW, Zakaria ZA, Yusof NZ. 
Application of bacterial pigments as colorant. In: 
Application of Bacterial Pigments as Colorant: The 
Malaysian Perspective. Berlin, Heidelberg: Springer; 
2012:57-74. DOI:10.1007/978-3-642-24520-6_4 

31. Gonga K, Pan Y, Rather LJ, Wang W, Zhou Q, Zhang 
T, et al. Natural pigment during flora leaf senescence 
and its application in dyeing and UV protection finish 
of silk and wool - a case study of Cinnamomum 
camphora. Dyes Pigm. 2019;166:114-121.  
DOI:10.1016/j.dyepig.2019.02.044 

32. Hinsch EM, Robinson SC. Comparing colorfastness to 
light of wood-staining fungal pigments and commercial 
dyes: An alternative light test method for color fastness. 
Coatings. 2018;8:189-200.  
DOI:10.3390/coatings8050189 

33. Siva R, Subha K, Bhakta D, Ghosh AR, Babu S. 
Characterization and enhanced production of 
prodigiosin from the spoiled coconut. Appl Biochem 
Biotechnol. 2011;166:187-196. DOI:10.1007/s12010-
011-9372-7 

34. Venil CK, Wahidin MAB, Aruldass CA, Ahmad WA. 
Production of bacterial pigments in low cost medium 
and formulation of biodegradable ink. J Environ Biol. 
2017;38:139-144. DOI:10.22438/jeb/38/1/MRN-120 

35. Brunet C, de la Sayette A. Natural pigments for (bio)-
plastics colouring. Acta Hortic. 2022;1361:149-162. 
DOI:10.17660/ActaHortic.2022.1361.21 

36. Krishna JG, Jacob A, Kurian P, Elyas KK, 
Chandrasekaran M. Marine bacterial prodigiosin as dye 
for rubber latex, polymethyl methacrylate sheets, and 

paper. Afr J Biotechnol. 2013;12:2184-2190. 
DOI:10.5897/AJB2013.12345 

37. Najafi M, Nakhaei Moghaddam M, Najafi M, Yousefi 
E. Application of phenazine pigment of Pseudomonas 
aeruginosa isolates to prepare colored paper and 
candle. New Cell Mol Biotechnol J. 2021;11:29-40. 
DOI:10.22034/jcmb.2021.351 

38. Shaikh Z. Biosynthesis of prodigiosin and its 
applications. IOSR J Pharm Biol Sci. 2016;11:1-28. 

39. Lagashetti AC, Singh SK, Dufossé L, Srivastava P, 
Singh PN. Antioxidant, antibacterial and dyeing 
potential of crude pigment extract of Gonatophragmium 
triuniae and its chemical characterization. Molecules. 
2022;27:393. DOI:10.3390/molecules27020393 

40. Narsing Rao MP, Xiao M, Li WJ. Fungal and bacterial 
pigments: secondary metabolites with wide 
applications. Front Microbiol. 2017;8:1113.  
DOI:10.3389/fmicb.2017.01113 

41. Tagg AS, Oberbeckmann S, Fischer D, Kreikemeyer B, 
Labrenz M. Paint particles are a distinct and variable 
substrate for marine bacteria. Mar Pollut Bull. 
2019;146:117-124. 
DOI:10.1016/j.marpolbul.2019.06.012 

42. Park SA, Ahn SY, Choi KY. Functional microbial 
pigments isolated from Chryseobacterium and 
Deinococcus species for bio-paint application. 
Biotechnol Bioprocess Eng. 2020;25:394-402. 
DOI:10.1007/s12257-020-00261-x 

43. Colorado Gómez VK, Ruiz‐Sánchez JP, 
Méndez‐Zavala A, Morales‐Oyervides L, Montañez J. 
Biotechnological production of microbial pigments: 
Recent findings. In: Handbook of Natural Colorants. 
Hoboken, NJ: Wiley; 2023:439-457.  
DOI:10.1002/9781119672934.ch22 

44. Pendse A, Aruna K. Optimisation of biosurfactant 
production by Serratia rubidaea Kap isolated from oil 
contaminated soil sample. Int J Res Eng Technol. 
2019;8:42-49. 

45. Othman MA, El-Zamik FI, Hegazy MI, Salama ASA. 
Isolation and identification of Egyptian strains of 
Serratia marcescens producing antibacterial and 
antioxidant prodigiosin pigment. Zagazig J Agric Res. 
2019;46:1573-1582. 

46. Sruthy PB, Anjana JC, Rathinamala J, Jayashree S. The 
role of red pigment prodigiosin from bacteria of 
earthworm gut as an anticancer agent. J Microbiol 
Biotechnol Food Sci. 2014;4:246-250. 

47. Dalili D, Fouladdel S, Rastkari N, Samadi N, 
Ahmadkhaniha R, Ardavan A, et al. Prodigiosin, the 
red pigment of Serratia marcescens, shows cytotoxic 
effects and apoptosis induction in HT-29 and T47D 
cancer cell lines. Nat Prod Res. 2012;26:2078-2083. 

48. Venil CK, Wahidin MAB, Aruldass CA, Ahmad WA. 
Production of bacterial pigments in low cost medium 
and formulation of biodegradable ink. J Environ Biol. 
2017;38:139-144. DOI:10.22438/jeb/38/1/MRN-120 

49. Seidel V. Initial and bulk extraction. In: Natural 
Products Isolation. Totowa, NJ: Humana Press; 
2005:27-46. 

50. Elkenawy NM, Yassin AS, Elhifnawy HN, Amin MA. 
Optimization of prodigiosin production by Serratia 
marcescens using crude glycerol and enhancing 
production using gamma radiation. Biotechnol Rep. 
2017;14:47-53. DOI:10.1016/j.btre.2017.03.001 

51. Song MJ, Bae J, Lee DS, Kim CH, Kim JS, Kim SW, et 
al. Purification and characterization of prodigiosin 
produced by integrated bioreactor from Serratia sp. 

https://www.microbiojournal.com/


Journal of Advances in Microbiology Research  https://www.microbiojournal.com 

~ 228 ~ 

KH-95. J Biosci Bioeng. 2006;101:157-161. 
DOI:10.1263/jbb.101.157 

52. Namazkar S, Ahmad WA. Spray-dried prodigiosin from 
Serratia marcescens as a colorant. Biosci Biotechnol 
Res Asia. 2013;10:101-108. 

53. Faraag AH, El-Batal AI, El-Hendawy HH. 
Characterization of prodigiosin produced by Serratia 
marcescens strain isolated from irrigation water in 
Egypt. Nat Sci. 2017;15:55-68.  
DOI:10.4236/ns.2017.15006 

54. Song MJ, Bae J, Lee DS, Kim CH, Kim JS, Kim SW, et 
al. Purification and characterization of prodigiosin 
produced by integrated bioreactor from Serratia sp. 
KH-95. J Biosci Bioeng. 2006;101:157-161. 
DOI:10.1263/jbb.101.157 

55. Sumathi C, MohanaPriya D, Swarnalatha S, Dinesh 
MG, Sekaran G. Production of prodigiosin using 
tannery fleshing and evaluating its pharmacological 
effects. ScientificWorldJournal. 2014;2014:290327. 
DOI:10.1155/2014/290327 

56. Jimtha John C, Bibishna AV, Mallikarjunaswamy GE. 
Antimycotic effects of a prodigiosin-producing Serratia 
marcescens rhizobacteria. Rhizosphere. 
2021;18:100336. DOI:10.1016/j.rhisph.2021.100336 

57. Jeong YJ, Kim HJ, Kim S, Park SY, Kim H, Jeong S, et 
al. Enhanced large-scale production of Hahella 
chejuensis-derived prodigiosin and evaluation of its 
bioactivity. J Microbiol Biotechnol. 2021;31:1624-
1632. DOI:10.4014/jmb.2109.09003 

58. Gohil N, Bhattacharjee G, Singh V. Synergistic 
bactericidal profiling of prodigiosin extracted from 
Serratia marcescens in combination with antibiotics 
against pathogenic bacteria. Microb Pathog. 
2020;149:104508. DOI:10.1016/j.micpath.2020.104508 

59. Natarajan V, Kamath PK. UV stable pigment: 
prodigiosin. Paintindia. 1995;45:23-33. 

60. Wang X, Tao J, Wei D, Shen Y, Tong W. Development 
of an adsorption procedure for the direct separation and 
purification of prodigiosin from culture broth. 
Biotechnol Appl Biochem. 2004;40:277-280. 
DOI:10.1042/BA20040016 

61. Ramesh C, Vinithkumar NV, Kirubagaran R, Venil CK, 
Dufossé L. Applications of prodigiosin extracted from 
marine red pigmented bacteria Zooshikella sp. and 
actinomycete Streptomyces sp. Microorganisms. 
2020;8:556. DOI:10.3390/microorganisms8040556 

62. Suryawanshi RK, Patil CD, Borase HP, Salunke BK, 
Patil SV. Studies on production and biological potential 
of prodigiosin by Serratia marcescens. Appl Biochem 
Biotechnol. 2014;173:1209-1221.  
DOI:10.1007/s12010-014-0921-3 

63. Yip CH, Yarkoni O, Ajioka J, Wan KL, Nathan S. 
Recent advancements in high-level synthesis of the 
promising clinical drug, prodigiosin. Appl Microbiol 
Biotechnol. 2019;103:1667-1680.  
DOI:10.1007/s00253-018-09611-z 

64. Suryawanshi RK, Patil CD, Borase HP, Salunke BK, 
Patil SV. Prodigiosin: A potent bioactive pigment from 
Serratia marcescens and its potential applications. 
Indian J Exp Biol. 2016;54:787-793. 

65. Li D, Liu J, Wang X, Kong D, Du W, Li H, et al. 
Biological potential and mechanism of prodigiosin from 
Serratia marcescens subsp. lawsoniana in human 
choriocarcinoma and prostate cancer cell lines. Int J 
Mol Sci. 2018;19:3465. DOI:10.3390/ijms19113465 

66. Araújo RG, Zavala NR, Castillo-Zacarías C, Barocio 
ME, Hidalgo-Vázquez E, Parra-Arroyo L, et al. Recent 

advances in prodigiosin as a bioactive compound in 
nanocomposite applications. Molecules. 2022;27:4982. 
DOI:10.3390/molecules27154982 

67. Hazarika DJ, Kakoti M, Kalita R, Gautom T, Goswami 
G, Barooah M, et al. Prodigiosin from an endofungal 
bacterium Serratia marcescens D1 inhibits biofilm 
formation in gram-positive bacteria. Microbiology. 
2021;90:829-838. DOI:10.1134/S0026261721060071 

68. Mnif S, Jardak M, Bouizgarne B, Aifa S. Prodigiosin 
from Serratia: Synthesis and potential applications. 
Asian Pac J Trop Biomed. 2022;12:233-241. 
DOI:10.4103/2221-1691.332304 

69. Arivizhivendhan KV, Mahesh M, Boopathy R, 
Swarnalatha S, Regina Mary R, Sekaran G. Antioxidant 
and antimicrobial activity of bioactive prodigiosin 
produced from Serratia marcescens using agricultural 
waste as a substrate. J Food Sci Technol. 2018;55:2661-
2670. DOI:10.1007/s13197-018-3188-9 

70. Gulani C, Bhattacharya S, Das A. Assessment of 
process parameters influencing the enhanced 
production of prodigiosin from Serratia marcescens 
and evaluation of its antimicrobial, antioxidant and 
dyeing potentials. Malays J Microbiol. 2012;8:116-122. 
DOI:10.21161/mjm.42212 

71. Renukadevi KP, Vineeth M. Antimicrobial, antioxidant, 
and cytotoxicity activity of pigment produced from 
Serratia marcescens. Eur J Biomed Pharm Sci. 
2017;4:265-269. 

72. Farzaneh Alihosseini F, Karimi N, Simmons TJ. 
Antibacterial colorants: characterization of prodiginines 
and their applications on textile materials. Biotechnol 
Prog. 2008;24:1212-1218. DOI:10.1002/btpr.208 

73. Shete P, Sonawane S, Dhundhale V, Mulchandani S. 
Isolation of prodigiosin producing bacteria from marine 
ecosystem and exploration of its fabric dyeing potential. 
Int J Aquat Sci. 2021;12:5010-5020. 

74. Shalinimol CR. Extraction of pink pigment 
(prodigiosin) from Serratia marcescens MTCC 10774 
bacteria and their application in industries. Think India 
J. 2019;22:4272-4282. 

75. Venil CK, Lakshmanaperumalsamy P. An insightful 
overview on microbial pigment, prodigiosin. Electron J 
Biol. 2009;5:49-61. DOI:10.1016/j.jfca.2013.04.001 

76. Chauhan K, Dalsaniya P, Pathak H. Optimization of 
prodigiosin-type biochrome production and effect of 
mordants on textile dyeing to improve dye fastness. 
Fibers Polym. 2015;16:802-808. DOI:10.1007/s12221-
015-0802-1 

77. Gong J, Ren Y, Fu R, Li Z, Zhang J. pH-mediated 
antibacterial dyeing of cotton with prodigiosins 
nanomicelles produced by microbial fermentation. 
Polymers. 2017;9:468. DOI:10.3390/polym9100468 

78. Ren Y, Fu R, Fang K, Xie R, Hao L, Chen W, et al. 
Clean dyeing of acrylic fabric by sustainable red 
bacterial pigment based on nano-suspension system. J 
Clean Prod. 2021;281:125295.  
DOI:10.1016/j.jclepro.2020.125295 

79. Siva R, Subha K, Bhakta D, Ghosh AR, Babu S. 
Characterization and enhanced production of 
prodigiosin from the spoiled coconut. Appl Biochem 
Biotechnol. 2011;166:187-196. DOI:10.1007/s12010-
011-9372-7 

80. Mandal R, Adhikari A, Rana G, Mandal T. Study of the 
useful characteristics of the red pigments of Serratia 
marcescens strains isolated from the soil. J Appl Pharm 
Sci. 2017;7:142-148. DOI:10.7324/JAPS.2017.7819 

81. Stanković N, Šenerović L, Ilić Tomić T, Vasiljević B, 

https://www.microbiojournal.com/


Journal of Advances in Microbiology Research  https://www.microbiojournal.com 

~ 229 ~ 

Nikodinović Runić J. Properties and applications of 
undecylprodigiosin and other bacterial prodigiosins. 
Appl Microbiol Biotechnol. 2014;98:3841-3858. 
DOI:10.1007/s00253-014-5590-1 

82. Mohammed HB, Naseer J, Aruna K. Study on 
optimization of prodigiosin production by Serratia 
marcescens MSK1 isolated from air. Int J Adv 
Biotechnol Res. 2012;2:671-680. 

83. Mousavi SM, Archangi B, Zolgharnein H, Zamani I. 
Biocolorant “prodigiosin” interferes with the growth of 
biofouling bacteria: an in vitro and in silico approach. 
Pigm Resin Technol. 2021;51:24-32. 
DOI:10.1108/PRT-02-2020-0177 

84. Someya N, Nakajima M, Hamamoto H, Yamaguchi I, 
Akutsu K. Effects of light conditions on prodigiosin 
stability in the biocontrol bacterium Serratia 
marcescens strain B2. J Gen Plant Pathol. 2004;70:367-
370. DOI:10.1007/s10270-004-0196-9 

 
How to Cite This Article 

Rane P, Pendse A. Characterization and application of prodigiosin 

produced by Serratia rubidaea KAP (LC201792). Journal of 

Advances in Microbiology Research. 2022;6(2):215-229.  
 

 

 

Creative Commons (CC) License 

This is an open access journal, and articles are distributed under the 

terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International (CC BY-NC-SA 4.0) License, which 

allows others to remix, tweak, and build upon the work non-

commercially, as long as appropriate credit is given and the new 
creations are licensed under the identical terms. 
 

 

 

https://www.microbiojournal.com/

