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Abstract: Natural products either synthesized or secreted by organisms represent one of the critical sources of
potential medicinal use. Both natural pigments and synthetic dyes have been widely used in different fields in on
a daily basis life such as foods or feeds, textiles, cosmetics, pharmaceuticals, paper printing inks, etc. Secondary
metabolites of bacterial origin include various enzymes, pigments, antibiotics etc, which could be of importance
to mankind in many ways. Prodigiosin pigment was produced by the bacterium Serratia marcescens, the
pigment production is highly uneven among numerous species and is dependent on several factors such as
species type and incubation time. Pigment producing microorganisms was isolated from soil samples. It was
biochemically characterized and identified as Serratia marcescens. Production of prodigiosin was optimized
with respect to different environmental parameters such as pH, temperature, incubation, different media,
nitrogen source, sugar substrates. Crude extract of pigment was further purified by thin layer chromatography.
Prodigiosin was tested for range of applications such as dyeing, antibacterial and antifungal activity. The dyed
in cotton cloth showed good colour tone therefore, the prodigiosin pigment can be suggested for dyeing the
textiles in the large scale production of the pigment will make it an alternate for the chemical dyes and future
study can be done on anti cancer activity of red pigment from Serratia marcescens in human cervix carcinoma
cells.
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l. Introduction

Natural products either synthesized or secreted by organisms represent one of the critical sources of
potential medicinal use. One of these less significant molecular weight natural products secreted by organisms
and are having no demonstrable function on the secreting cells are known as secondary metabolites that includes
pigments, steroids, enzymes and antibiotics. These products are widely used for therapeutic treatment. Bioactive
pigments are obtained from plants, microorganisms and many other sources [1]. Bioactive pigments produced
by microorganisms are mostly preferred when compared with plants because of their stability and availability
[2] [3] [4]. In daily life both natural pigments and synthetic dyes have been widely used in various fields such
as foods, feeds, textiles, paper, printing inks, cosmetics , pharmaceuticals, etc.[5]. Since colour is an important
aspect that determines the consumer acceptance in textiles, food and in many industries. Due to the toxicity of
several artificial colorants, the use of natural additives is increasing that put string importance on the production
of bio colours or natural colours extracted from fruits, vegetables and microorganisms [6]. The industrial
production of natural colorants is already well established and expending. Prodigiosin pigment is synthesized
from different bacteria that includes Actinomycetes, Streptomyces and Serratia marcescens and it also has more
therapeutic values.

Serratia marcescens is a Gram negative bacterium, classified in the large family of Enterobacteriaceae.
Serratia can be well-known from other genera by its production of three particular enzymes such as DNAase,
lipase and gelatinase. Another characteristic feature of this bacterium Serratia marcescens is the production of
cell associated red colour pigment. Serratia, grow well on ordinary media like other Enterobacteriaceae. They
also grow well on synthetic media under anaerobic and aerobic conditions using various compounds as a single
carbon source at pH 9 and at temperatures from 20-37 [ C. It mainly occurs in soil, water, plants, insects,
animals and also in man [7]. There are several species of the Genus Serratia such as Serratia pymuthica,
Serratia odorifera, Serratia ficaria, Serratia liquifaciens, Serratia rubidaea, and Serratia fonticola [8].

1.1 Prodigiosin structure

Secondary metabolites of bacterial origin include various enzymes, pigments, antibiotics etc which could be
of importance to mankind in many ways. Serratia marcescens produce a pigment known as prodigiosin, is
highly variable among species and is dependent on many factors such as species type and incubation time.
Prodigiosin have been revealed to be associated in extracellular vesicles, or in intracellular granules.
Prodigiosins, family of natural pigments, characterized by pyrrolyl pyrromethane common skeleton of low
molecular weight, appearing only in later stages of bacterial growth and called as prodigiosininde, which is
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common to all the members of this family such as cycloprodigiosin, metacycloprodigiosin, dipyrrolil
dipirromethane, all which have a common pyrrolyl dipyrrolylmethane skeleton and it comprise three rings
which form a pyrrolylmethane skeleton with the molecular formula C20H25N30 [9] Two of the rings are
directly linked to each other and the third one is attached through a methane bridge [10] [11]. Macrocylic
prodigiosins appear to be derived from undecycyl prodiginine by oxidative cyclisation [12]. Chromogenic
biotypes from the natural environment have rarely resulted in infections and the clinical isolates are rarely
pigmented. The function of the red pigment prodigiosin remains uncertain and no function has been clear for it
in the physiology of the producer strains [13].

Prodigiosin
Fig 1.1. Prodigiosin structure [14]

Though, the interest of this prodigiosin pigment has been reported in different areas and it has great
potential for clinical and environmental applications like antibacterial, antifungal, anticancer, anti-neoplastic,
antioxidant, anti-diabetic, anti malarial, anti-tumour [15] [16], anti-protozoal [17], cytotoxic activities [18],
immune suppressive and as anti foulant [19]. Various prodigiosin differ primarily in the length of the alkylside
chain. cycloprodigiosin, meta cycloprodigiosin and nonylprodigiosin have a cyclic side chain. A novel n-
alkylated prodigiosin analogue 2, 2’-[3-methoxyl-1 amyl-5’-methyl-4-(1’pyrryl)] di pyrrylmethane
(MAMPDM) has been isolated from an organic solvent. Tolerant marine bacteria Serratia marcescens [20]
contains two pyrrole rings attached through the nitrogen atom and alkyl side chain attached to the nitrogen atom
of the third ring [21]. Since cell proliferation is a common occurrence between function of immune system and
the development of cancer cells, many anticancer agents are immune suppressive. The cell cycle inhibitory and
apoptosis inducing activity of prodigiosin makes an attractive candidate for anticancer therapy. The cytotoxic
potential of the pigment was observed in the 60 cell lines panels of human tumour cells derived from lung,
brain, ovarian, melanoma leukemia, renal and colon, [22]. The anti-proliferative activity and the cytotoxic
effects of prodigiosin were not only observed in cultured tumour cell lines but also in human primary cancer
cells taken from B-cell chronic lymphocytic leukaemia patients [23]. Prodigiosin pigment which are cytotoxic to
human small cell lung carcinoma cells that are resistant to doxorubicin and over expressing multi drug
resistance related protein [24]. The presence of prodigiosin and metacyclo prodigiosin in culture broth of
Serratia marcescens observed selective and inhibition of polyclonal proliferation of T-cells as compared to that
of B cells (Han et al., 2001). The immuuo suppressive activity has been was observed for other prodigiosin
analogue such as cyloprodigiosin , CprG, MAMPDM, nonylprodigiosin. Prodigiosin suppressed the
proliferation of lymphocytes stimulated with concanavalin A, phorbol myrisate acetate and ionomycin. These
prodigisin inhibit both T cell receptor dependent and independent proliferation of T cells [25].

Serratia marcescens secretes range of extracellular enzymes including chitinase [26]. The bacterium is one
of the most efficient in the degradation of chitin [27]. Serratia marcescens produce three chitinases such as chi
A, chi B, and chi C, chitobiase and chitin binding protein (CBP21) [28]. Serratia marcescens chinolytic
machinery is immense, because it is one of the bacterium with synergisistic inhibitory enzymes which was
against spore germination of botrytis cinerea. Serratia marcescens is identified as they produce more
concentration of prodigiosin [29]. The cell lines were cultured in the Dulbecco’s modified Eagle (DME)
medium along with various concentrations of prodigiosin. After 24 hrs the percentage of cell viability was
evaluated by 3-(4,5 dimethyl thiazol2yl) 2,5di phenyl tetrazolium bromide and neutral red. Prodigiosin showed
dose dependent inhibition of cell proliferation. These results from the study described that the prodigiosin
pigment has high anticancer and apoptosis activity against human cervical carcinoma cancer [30].

Microbial pigments is an alternative basis for the natural food grade pigments and has great potential in
food application owing to their natural colour, medicinal properties, production in independent of time, expected
yield and environmentally safe [31]. Production of microbial pigments is one of the emerging field and
microorganisms such as yeast, bacteria and fungi were rich in pigment [32]. Nowadays scope of commercial
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production of bio pigments like chlorophyll, melanin, monascins, flavins and prodigiosins are increasing [33].
The present study focuses on the importance of prodigosin pigment in their antimicrobial activity and
application in textile dyeing.

Il.  Materials and Methods

2.1 Collection of Soil Samples

Rhizosphere soil samples were collected from the depth of 10 -15cms at different sites in Salem and
Namakkal districts using sterile glass containers.
2.2 lIsolation and Identification of Bacteria

The soil samples were serially diluted and 0.1ml of diluted samples from each dilution was spread over
the Nutrient agar surface. Then the plates were incubated at 37 O C. After 24 hrs, morphologically distinct
colonies were taken and identified by biochemical characterization using Bergey’s manual of systematic
bacteriology. The identified bacterial isolates were used for further studies.
2.3 Presumptive test for prodigiosin pigment

The isolated organism was inoculated in the nutrient broth and incubated for the observation of
pigment production. The culture broth was centrifuged at 10,000 rpm for 10 minutes. The supernatant was
discarded and the pellet was suspended in 95% methanol to extract the pigment from the cells. The suspended
pellet was centrifuged at 10,000 rpm for 10 minutes. Debris was removed and the supernatant was taken in two
tubes. The content of the first tube was acidified with a drop of concentrated hydrochloric acid and the second
tube was alkalinized with a drop of concentrated ammonia solution. Then the colour change was observed and
the results were interpreted.
2.4 Optimization for enhancing prodigiosin production
2.4.1. Different media

Powdered sesame, peanut and groundnut seed were mixed in distilled water and sterilized. The pH of
all the media was maintained at 7.0. Then the fresh culture was inoculated separately in each sterilized media.
The prodigiosin production was estimated at time intervals of 24, 48, 72 and 96 hours.
2.4.2. Effect of incubation period

From the overnight culture of the isolates, 1ml was inoculated in nutrient broth and incubated in a
shaker incubator at room temperature. The pigment production was estimated at time intervals of 24, 48, 72 and
96 hours.
2.4.3. Effect of sugar substrates

The carbon sources such as dextrose, fructose, mannitol, lactose, sucrose were supplemented at 1% w/v
concentration in nutrient broth at room temperature. Overnight culture of the isolates was inoculated into the
media supplemented with different carbon source. The pigment production was estimated at time intervals of 24,
48, 72, and 96 hours.
2.5 Effect of physico — chemical factors on prodigiosin production
2.5.1. Effect of pH

1ml of overnight culture of the isolates was inoculated in to nutrient broth maintained at pH 6, 7, 8, 9
and 10 .The flasks were incubated at room temperature. Prodigiosin production was estimated after 10, 24, 48,
72 and 96 hours of incubation period from each flask.
2.5.2. Effect of temperature

The effect of temperature on prodigiosin production was observed by inoculating the bacteria in
isolates in nutrient broth and incubated at different temperatures suchas 28 (1 C,30 1 C, 37 1 C,39 1 C,40 [J
C.
2.5.3.  Effect of nitrogen source

1ml of the overnight culture was inoculated in nutrient broth. The broth was supplemented with
0.5%w/v of nitrogen sources like urea, tryptone, peptone, beef extract powder, yeast extract powder and
incubated at room temperature. After 10, 24, 48, 72 and 96 hours of incubation prodigiosin production was
estimated.
2.6 Extraction of the prodigiosin pigment

Bacterial cultures from the liquid broth were centrifuged at 10,000 rpm for 15 minutes. The supernatant
and cell pellet were extracted with acetone and ethyl acetate. Then the cell pellet was repeatedly centrifuged to
obtain white pellet. The pigment extracts of ethyl acetate fraction and acetone fraction were evaporated
separately in evaporating dishes at room temperature till the powder appears.
2.7 Estimation of prodigiosin pigment

The absorption pattern was chiefly checked with different wavelengths and found that the absorption
was maximum at 499nm as well as prodigiosin pigment was also absorbs at the maximum wavelength. At this
wavelength the absorptions were recorded using the formula
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Prodigiosin unit/cell = [OD —(1.381x OD)] x1000
oD

OD-= optical density; OD=Pigment absorbance; OD =Bacterial cell absorbance; 1.381 =constant [34].
2.8 Purification of prodigiosin pigment
2.8.1. Thin Layer Chromatography

Thin layer chromatography is a technique used to separate non volatile mixtures. The prodigiosin
pigment was separated using TLC plate coated with silica gel. In the chromatographic tank the developing
solvent such as chloroform, methanol and acetone (4:2:4v/v) was standardized and poured, then it was saturated
with a filter paper soaking in the mobile phase. Then the Rf value of the chromatogram was observed in the
TLC plates.
2.9 Applications of prodigiosin pigment
2.9.1. Antibacterial activity

Antibacterial activity of prodigiosin pigment was studied against different species of Gram positive
bacteria such as Staphylococcus aureus, Bacillus spp. and Gram negative bacteria such as Escherichia coli,
Klebsiella pneumonia and Proteus spp. The test cultures were swabbed on Muller Hinton agar plates and
activity of prodigiosin was studied using well diffusion method.
2.9.2. Antifungal activity

The antifungal activity of prodigiosin was checked against different species of fungal pathogens
including Aspergillus niger, Candia albicans. The cultures were swabbed on potato dextrose agar plates and the
activity of prodigiosin was checked by well diffusion method.
2.9.3. Potential effect of prodigiosin on dyeing cloth

For dyeing process, the cotton fabric was pre-treated by scouring (To increase the absorbency of the fabric

and also to leave the fabric in hydrophilic condition). The fabric was washed with commercial detergent at 50°C
for 25 minutes followed by water and dried [35]. Then 1g of dried fabric was immersed in 20 ml of bacterial
culture and heated up to 80-90°C for 1 h. After an hour, the fabric was allowed to cool and washed with cold
water [36]. The dyed fabric were immersed with 0.5 g/L mordant at 60°C for 20 min keeping the material to
liquid ratio (MLR) at 1:20 [35] [36] [37]. The mordants used are ferrous sulphate (FeSO4) and copper sulphate
(CuS0O4) as metal mordants, Sodium bicarbonate (NaHCO3) as an alkali mordant, also lemon as acidic natural
mordant. After mordating the dyed fabric was washed with tap water to remove excess mordants and dried.

I1l.  Results

3.1 Characteristics of the Soil Sample

This study revealed that ten Rhizosphere soil samples were analyzed with respect to bacteria, where as
Serratia marcescens was the most prevalent species. The physiochemical properties of soil play an important
role in the growth of microorganism. The Rhizosphere soil was slightly acidic. The humidity, moisture content,
and temperature were 35%, 45% and 25°C, respectively.
3.2 Isolation and Identification of Bacteria from soil samples

The collected soil samples consists large number of different groups of pigment producing bacteria, out
of this red colour pigment producing bacteria with different morphology and individual colonies were picked up
separately and purified by quadrant streaking in nutrient agar plates (Fig.3.2.1) for the isolation of bacterium
Serratia marcescens. The preliminary identification of the bacterial isolates revealed the presence of Serratia
marcescens and was further confirmed with the biochemical characterization (Fig.1.2.2) using Bergey’s manual
of systematic bacteriology (Table 3.2). Serratia marcescens was found to be red colour pigmented, yellow
coloured and bright red pigmented colonies on nutrient agar, macconkey agar and peanut medium respectively.
Non- lactose fermenting is the reason where Serratia marcescens appeared in yellow colour on the macconkey
agar.

Table 3.2. Identification of Serratia marcescens

Preliminary and Biochemical Tests Serratia marcescens
Gram Staining Gram negative rod
Motility Motile
Catalase Positive
Oxidase Negative
Indole _
Methyl red +_
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Voges-Proskauer +
Citrate utilization test +
Nitrate reduction test +
Triple sugar iron test AK/AH,S-

Glucose AG"
Sucrose AG*
Lactose AG-
Maltose AG"
Mannitol AG"

Fig 3.2.1. Serratia marcescens on nutrient agar Fig 3.2.2. Biochemical analysis of Serratia marcescens

3.3 Production of pigment in nutrient broth

In the present study nutrient broth was used for the production of the pigment, the yield of prodigiosin
pigment on nutrient agar is 1336.14 mg/L. It was observed only after 96 hours of incubation.
3.4 Presumptive test for prodigiosin pigment

The presumptive test results in a pink colour in the acidified solution of hydrochloric acid and orange
colour in the alkaline ammonia solution was observed. These colour changes indicate positive presumptive
result for prodigiosin pigment.
3.5 Optimization for enhancing prodigiosin production
3.5.1. Different media

Peanut medium was found to be suitable medium for prodigiosin production (2131.19ug/ml after 96
hours of incubation) followed by ground nut medium and sesame seed medium the rate of pigment production
increased after every 24 hours of incubation (Fig 3.5.1).
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Fig 3.5.1. Different media on prodigiosin pigment production
3.5.2. Effect of incubation period
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The OD value of the cultures was observed using spectrophotometer at different incubation period like
24, 48, 72 and 96 hours. The results showed maximum pigment production at the 96 hour of incubation.
Prodigiosin production was found to commence after 24 hours of incubation and its production increased with
the increase in the incubation period (Fig 3.5.2).

6
4
0
n
0 v B concentration

24 hours 48 hours 72 hours 96 hours of pigment

N

— 2 = ~+~ 3 ® O 3 O O

Incubation period (hrs)

Fig 3.5.2. Effect of incubation period of prodigiosin production
3.5.3.  Effect of sugar substrates
Nutrient broth amended with mannitol favoured in the highest production of prodigiosin pigment that
increased every 24 hours of incubation. After 96 hours of incubation the concentration of prodigiosin was found
to be 1167.21 mg/ml spectrophotometrically followed by fructose lactose, dextrose and finally sucrose (Fig
3.5.3).
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Fig 3.5.3. Effect of sugar substrates on prodigiosin production
3.6 Effect of physico chemical factors on prodigiosin production
3.6.1. Effect of pH
The pH affects the production of prodigosin pigment. The maximum production of prodigiosin pigment
is at pH 7 (1332.82 mg/L). There was less prodigiosin pigment production at pH 6 followed by pH 8, PH 9, pH

10 (Fig 3.6.1).
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Fig 3.6.1. Effect of pH on prodigiosin production
3.6.2.  Effect of temperature

The highest yield of prodigiosin pigment production was observed at 28°C followed by 30 [J C, 37 [
C, 39 11 C, 40 11 C. The prodigiosin yield obtained was represented in pie chart (Fig 3.6.2)
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Fig 3.6.2. Effect of temperature on prodigiosin production
3.6.3.  Effect of nitrogen source
Peptone supported the maximum pigment production and the yield was 2006.04 mg/L at 96 hours of
incubation. The media supplemented with urea showed least prodigiosin production followed by yeast extract,
beef extract, tryptone (Fig 3.6.3).

¢ 10 A

0

: |

C =i — -

N ° “N"l‘\lllxd; " 24

t ¢ > T g " 48

r Q&oo S \,OQQI @é X

a & XK & & 72
N d I

t & <@ 9%

i i &

o )

n

Nitrogen Source

Fig 3.6.3. Effect of nitrogen source on prodigiosin production

3.7 Extraction of the prodigiosin pigment

The supernatant obtained from the repeated centrifugation of bacterial cultures was extracted with ethyl
acetate, petroleum ether and methanol. None of the extracts gave residual crude pigment. Then the pellet was
extracted with acetone which yielded a residual crude pigment. Thus acetone was found to be best for the
extraction of pigment from the pellet.
3.8 Estimation of prodigiosin pigment

The results were studied after 24, 48, 72 and 96 hours time intervals. The bacterial cell absorption prior
to pigment extraction as noted at every step. The prodigiosin pigment was estimated using the following formula
Prodigiosin unit/cell = [OD499 — (1.381x OD620)] x1000

OD 620

OD-= optical density; OD499=Pigment absorbance; OD 620=Bacterial cell absorbance; 1.381 =constant [34].
3.9 Purification of prodigiosin pigment
3.9.1. Thin Layer Chromatography

In the present study, the pigment purification was done by using thin layer chromatography. After
purification, the RF value of this pigment was 0.78.
3.10 Applications of prodigiosin
3.10.1. Antibacterial activity

Antibacterial activity of prodigiosin pigment extracted from Serratia marcescens was assayed against
five bacterial strains such as Staphylococcus aureus, Bacillus spp., Escherichia coli, Klebsiella pnemoniae,
Proteus spp., Pseudomonas aeruginosa and Vibrio spp. From this assay, Staphylococcus aureus and
Escherichia coli showed highest zone of inhibition (Table 3.10.1).
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Table 3.10.1. Antibacterial activity of prodigiosin pigment

S.No. Bacterial isolates Zone of inhibition (mm)
1. Staphylococcus aureus 12
2. Bacillus spp. 9
3. Escherichia coli 15
4. Klebsiella pnemoniae 9
5. Proteus spp. 6
6. Pseudomonas aeruginosa 8
7. Vibrio spp. -

3.10.2. Antifungal activity
Antifungal activity of the prodigiosin pigment was assayed against Aspergillus flavus, Goetrichum spp.
and Candia albicans. From these Aspergillus flavus showed highest zone of inhibition (Table 3.10.2).

Table 3.10.2. Antifungal activity of prodigiosin pigment

S.No. Fungal isolates Zone of inhibition (mm)
1. Aspergillus flavus 6
2. Candia albicans 2
3. Goetrichum spp. 3

3.10.3. Potential effect of prodigiosin on dyeing

Bio synthesis of colorants for textile applications attracted increased interest in recent years. Nature
produces many biocolorants from various resources including plants, animals and microorganisms, which are
possible alternatives to synthesis dyes and pigments some natural colorants , especially anthraquinone in
addition to providing bright colour Which could serve as functional dyes in producing coloured in textiles. The
red pigment prodigiosin extracted from the Serratia marcescens was applied on cotton cloth, which showed
good colour tone and the colour did not change while washing but it was sensitive to sunlight drying (Fig
3.10.3).

Fig 3.10.3. Prodigiosin pigment on cotton cloth

IV.  Discussion

In the present study, the pigment prodigiosin produced by the bacterium Serratia marcescens has many
applications such as dyeing, antibacterial and antifungal activity. Peptone glycerol broth containing 1.5 ml 87%
glycerol Serratia marcescens was found to produce higher amount of prodigiosin, the production was also high
in maltose containing medium [38]. Frequently Prodigiosin production was done in nutrient broth [39] and
peptone glycerol broth [40]. Protein was found to be highest in nutrient broth followed by powdered sesame
seed broth and peanut broth. Nutrient broth and peptone glycerol broth consists of peptone, meat and yeast
extract as the major components. Peptone is a commercially existing digest of plant or animal protein, made
accessible to organisms as peptides and amino acids to aid the requirements for sulphur, nitrogen, carbon and
energy [41]. Peptone does not contain some minerals and vitamins. Yeast and meat extracts contain eukaryotic
tissues which are extracted by boiling and then concerted to powdered form. Fastidious organisms often used
these extracts as a source of amino acids, vitamins and coenzymes as growth factors [42]. Glycerol was the
carbon source in peptone glycerol broth. Seeds consist of vitamins, saturated and unsaturated fatty acids and
these components differ from seed to seed. Nutrient broth is used for the pigment production as it is basically
devoid of carbon sources; it is also associated with yeast extract and maltose. The peanut medium is also used
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for the prodigiosin production. It serves as the best medium [43]. The chief producer of prodigiosin pigment is
Serratia marcescens and in this production carbon source may well play a critical role [44] [19]. There is a
proof representing that the bacterium Serratia marcescens grow well on artificial media using different
compounds as a sole carbon source [45]. It was reported that the bacterium produced higher amount of
prodigiosin at 30°C and at pH 7. It was found that the pH and temperature increases more than 30°C at pH 7 the
amount of pigment production was decreased [46] [19]. In the prodigiosin pigment production there is diversity
in Serratia marcescens strains and their optimal conditions. It was also found that most prodigiosin production
occurred at 27°C. When the cultures were incubated at 38°C prodigiosin pigment production was not observed
[11]. In another study, prodigiosin pigment production was found to be stopped up at 37° C [39]. Both organic
and inorganic nitrogen sources were used, from that yeast extract supported the growth and pigment production
resultant in the highest biomass of 3.4g/L and 31 mg/L of prodigiosin pigment. Hence, yeast extract is a good
choice for the biomass and the pigment production [47]. Cerdeno et al. (2001) and Furstner et al. (2003)
reported that prodigiosin pigment is a natural compound, it has antifungal, antibacterial, algicidal, antiprotozoal,
antimalarial, cytotoxic, anticancer and antiproliferative properties [48] [44]. Darah et al., 2014 suggested that the
bacterial cells need an alkaline condition to produce the antibacterial activity [49]. Prodigiosin has antibacterial
activity as it inhibits various species of gram positive and gram negative bacteria [50]. Mordants are applied on
the textile fabrics to gain altering colours and to enhance the dye uptake, to get better the colour fastness
performance of several natural dyes [51]. Many types of mordants used on the natural dye may darken, make
brighter, or significantly modify the colour of the dye mordant solution and control the darkness of the final
product which may be a required effect or an unwanted occurrence [52]. The fading of coloured textiles upon
exposure to light is a well-known phenomenon [53].

V.  Conclusion

The textiles are one amongst in the rapidly growing industries worldwide, which utilizes enormous
amounts of synthetic dyes. The effluent from these textile industries possess serious threat to the environment,
which is often very difficult to treat and dispose. Based on the study, an attempt was carried out to isolate the
pigment producing Serratia marcescens from the soil samples. The red pigment producing bacteria was isolated
and characterised using nutrient broth. The highest yield of the pigment was obtained from the nutrient broth,
but peanut seed medium was found to be the best and cheapest for the prodigiosin pigment production from
Serratia marcescens. The pigment was dyed on cotton cloth which exposed good colour tone. The pigment also
has antimicrobial activity. In large scale production, the pigment will make it an alternate to chemical dyes and
further study can carried out in anticancer activity in human cervix carcinoma cells.
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