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Abstract 

Serratia marcescens red pigment prodigiosin (PG) has been identified as a bioactive secondary metabolite that 

can be employed as a bioremediator. The prodigiosin red pigment was developed in several Serratia marcescens 

isolates from water. This pigment was extracted at higher quantities using a 1:2 (v/v) mixture of ethanol and 

methanol, yielding 53.8 mg/ml. The use of 100g/ml prodigiosin on contaminated soil improved the removal of 

hydrophobic pollutants (48%) from polluted soil more effectively than 150 mg/ml burned motor oil (32%. The 

proportion of hydrocarbon degradation was also increased by extending the incubation time, reaching 67 percent 

in polluted soils and 55 percent in burned motor oil after 96 hours, respectively. As a result, bioremediation with 

prodigiosin pigment has become a normal practice, as biological treatments are more efficient in eliminating 

waste and protecting natural resources, as well as being more cost-effective. 
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INTRODUCTION 

 As a cocluded of human revolution and advanced and industrial growth, large 

amounts of materils are constantly discharged into the environment. The main pollutants have 

a global attention in last decads were Petroleum and petrochemical pollution, such as 

petroleum hydrocarbons (PHCs). Contamination by these chemicals degrades the global 

ecology and reduces biodiversity significantly (1). 

 Environmental contamination caused by oil and PHCs is one of the most pressing 

issues today (2, 3). Bioremediation has been employed in the past to restore PHC-polluted 

settings (4, 5). Bioremediation has emerged as an alternative approach for cleaning up oil-

contaminated environments, in which microbial communities play a crucial part in the 

process, either by direct pollutant breakdown or through contact with other microorganisms 

(6, 7). 

 Bioremediation is a process that uses living organisms' ability to decrease, degrade, 

and/or eliminate toxins from marine and terrestrial ecosystems, reducing the risk to human 

health while returning the environment to its original state (7, 8). Reduced solubility, redox 
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reactions, and adsorption of pollutants from the damaged environment are the basic principles 

of bioremediation (9). 

 Serratia is a member of the Enterobacteriaceae family that is opportunistic to humans, 

plants, and insects, which is a broad and diverse collection of facultatively anaerobic, non-

spore-forming, Gram-negative, rod-shaped bacteria (10, 11). Prodigiosin is a red, non-

diffusible pigment produced by some Serratia strains (12). Prodigiosins are a class of drugs 

that have anticancer, antimalarial, antibacterial, antifungal, antiproliferative, and 

immunosuppressive properties. It also offers a lot of potential in the pharmaceutical, food, 

and textile industries. Purified, high yield, and cost-effective extraction of prodigiosin are 

critical from an industrial standpoint (13). Thus this research aimed to the purification of 

prodigiosin from Serratia marcescens and use it as an ecofriendly bioremediator for polluted 

soils with hydrocarbons and burned motor oil.  

MATERIALS AND METHODS 

Isolation and identification of Serratia marcescens  

 Water samples from al- Razaza Lake were collected, streaked on MacConkey agar, 

and incubated at 37°C. After an incubation period, the isolates of Serratia marcescens were 

identified using morphological and cultural properties of the colonies, such as form, texture, 

color, and edges, as assessed by bacterial growth on MacConkey agar (14). 

Primary detection of prodigiosin pigment 

 Prodigiosin production was measured on modified Luria Bertani (LB) agar plates 

using peptone instead of tryptone at 37°C (15). To identify pigment-producing strains, pink-

red growth was used. 

Secondary detection of prodigiosin pigment 

 Before being chosen for further research, the pigmented isolates were cultivated in 

Luria Bertani broth supplemented with peptone and cultured at 37°C for 24 hours. After 

centrifugation, the concentration of prodigiosin was measured using the colorimetric method 

described by (16), which involved mixing equal volumes of generated cell pellets with 

methanol. After that, the mixture was stirred for at least three hours. After centrifugation at 

10000 rpm for 20 minutes to remove cell debris, the supernatant's absorbance at 530 nm was 

measured. Then the following equation was applied:  

{𝑷𝒓𝒐𝒅𝒊𝒈𝒊𝒐𝒔𝒊𝒏
𝒈

𝑳
=

𝑶.𝑫.𝟓𝟑𝟎𝒙𝟑𝟐𝟑.𝟒

𝟕.𝟎𝟕𝒙𝟏𝟎𝟒
𝒙𝒅𝒊𝒍𝒍𝒖𝒕𝒆𝒅𝒇𝒂𝒄𝒕𝒐𝒓 } to calculate the concentration of 

prodigiosin. The dilution factor is equal to the final volume divided by the sample volume. 

Extraction of prodigiosin 

 To extract crude prodigiosin, different solvent ratios were utilized, such as (1:1, 1:2, 

1:3, 1:4 v/v) ethanol: methanol. To summarize, the culture was scraped from Petri plates and 

distilled water washed. After the cleaned pellet was dissolved in 4 ml of each of the solvents 
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provided, an absorbance value of 530 nm was recorded. The pigment extraction was higher 

when the absorbance value at 530 nm was higher. 

Application of biosurfactant in the removal of hydrophobic pollutants in polluted soils 

and burned motor oil 

 Polluted soils and burned motor oil were used to test prodigiosin's capability for 

eliminating hydrophobic contaminants. Separately, 5 g of polluted soil samples and 5 ml of 

burned motor oil were given the following treatments: (A) 10 mL distilled water (control), 

(B) 10 mL purified prodigiosin solution at concentrations of 50,100, 200, and 400 mg/mL. 

The washing solution and sediment were separated by centrifugation at 5000g for 20 minutes 

after being exposed to 150 rpm for 24, 48, 72, and 96 hours at 30°C. When the same amounts 

of dirt or heavy precipitant were mixed with toluene, the amount of oil remaining in the 

treated samples was determined. The hydrocarbon-dissolved toluene was measured at 410 um 

absorbance after centrifugation (17). The following formula was used to calculate the 

percentage of hydrocarbon degradation { (optical density for control- optical density for 

test)/ optical density for control}x 100. 

RESULTS AND DISCUSSION 

Isolation and primary detection of Serratia marcescens producers for prodigiosin 

 Out of 11 gram-negative bacteria, 8 Serratia marcescens isolates were found after 

cultivating water samples on MacConkey agar. Only three of the eight isolates were able to 

develop the prodigiosin red pigment, as shown in figure (1), with a diameter ranging from 14 

to 23 mm, whereas the remaining isolates appeared as cream-white colonies. Serratia was 

recovered from drinking water systems as Gram-negative cells with motile, non-spore-

forming rods of around 1 mm wide and 2 mm long. Anaerobic facultatively, oxidase- and 

catalase-negative. On nutrient agar, brain heart infusion agar, TSA, R2A agar, and 

MacConkey agar at 28 C, good growth occurs after 24 hours (18,19) 

 
Figure 1: Primary detection of Serratia marcescens producers for prodigiosin 
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Secondary detection of Serratia marcescens producers for prodigiosin 

 In the secondary analysis, Serratia marcescens producers for prodigiosin were used, 

and the output of prodigiosin pigment appeared to be variable, ranging from 29 to 46 mg/ml 

(figure-2). A prodigiosin-like pigment was created using S. marcescens SS-1. The Luria-

Bertani (LB) broth was modified by increasing the amounts of tryptone and yeast extract 

while removing NaCl from the medium, which is commonly utilized for prodigiosin 

production with S. marcescens strains (20). 

 
Figure 2: Secondary analysis for determination of Serratia marcescens producers for prodigiosin 

Extraction of prodigiosin 

 With a constant volume of ethanol and different volumes of methanol, a mixture of 

two solvents was used to extract prodigiosin from Serratia marcescens 6 isolates, and the 

results showed that the 1:2 (v/v) combination of ethanol and methanol resulted in extracting 

this pigment at higher levels, reaching 53.8 mg/ml (figure 3). 

 To evaluate the efficiency of prodigiosin yield six distinct extraction procedures, like 

homogenization, ultrasonication, freezing and thawing, heat treatment, organic solvents, and 

inorganic acids, and found that, ultrasonication followed by organic solvents had the highest 

extraction rate (13).  

 
Figure 3: Combination of ethanol and methanol with different volumes to extract prodigiosin pigment 

from Serratia marcescens 

0 10 20 30 40 50

S. marcescens3

S. marcescens5

S. marcescens6

Conc. Of prodigiosin (mg/ml) 

Is
o

la
te

0

10

20

30

40

50

60

01:01 01:02 01:03 01:04

C
o

n
c.

 O
f 

p
ro

d
ig

io
si

n
(m

g/
m

l)
 

Ethanol: methanol(v/v)



 
 
 

66 

REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504 

Vol 24, No. 1 (2023) 

http://www.veterinaria.org 

Article Received: 30 October 2022; Revised: 27 December 2022; Accepted: 24 January 2023 

Application of biosurfactant in the removal of hydrophobic pollutants in polluted soils 

and burned motor oil 

 Figure (4) shows the results of varying concentrations of prodigiosin generated by 

Serratia marcescens on the rate of hydrophobic pollutant removal. After 24 hours, the data 

reveals that 100g/ml of prodigiosin increased the removal of hydrophobic pollutants (48%) 

from polluted soil more efficiently than burned motor oil (32%) at 150 mg/ml.  

 
Figure 4: Removal of hydrophobic pollutants in polluted soils and burned motor oil by different 

concentrations of prodigiosin produced by Serratia marcescens 

 The hydrocarbon degradation percentage was also raised by increasing the incubation 

duration, reaching 67 % and 55 % after 96 hours in the case of polluted soils and burned 

motor oil, respectively, as shown in figure (5). 

 
Figure 5: Removal of hydrophobic pollutants in polluted soils and burned motor oil by 100 mg/ml of 

prodigiosin at different incubation periods 
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 Due to the fact that prodigiosin binds to heavy metals to both detoxify and remove the 

lead, previous work by (21) focused on the removal of lead from polluted soil by different 

concentrations of prodigiosin, and the results suggested that the red pigment could be used as 

a detoxifier of soil polluted with lead at different concentrations. As a result, bioremediation 

has arisen as an alternate method for cleaning up oil-contaminated areas. 

CONCLUSION 

 Bioremediation with prodigiosin pigment has become a normal practice, as biological 

treatments are more efficient in eliminating pollutatns and protecting natural our resouurces.. 
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