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ABSTRACT

The use of synthetic dyes is used to revolutionize the activities in food industries as well as the textile
industries and pharmaceutical industries. The production of synthetic dyes requires harsh chemicals
in addition to energy consuming processes that further increase their adverse effects to the
environment. Staphylococcus aureus and Pseudomonas aeruginosa were the bacteria strains that were
used in this study because they produce pigments. The isolates were determined by using the
biochemical tests and purified their pigments using the appropriate solvents. When using methanol, a
pale golden pigment was obtained when using S. aureus and a blue-green pigment when using P.
aeruginosa and a chloroform and hydrochloric acid and sodium hydroxide sequence of treatment
followed by Thin Layer Chromatography (TLC) purity analysis was done. This natural pigment has
potential, according to the laboratory results, as an alternative to the traditional synthetic dyes. The
attractive characteristics of these pigments are that they have bright colors as also they can be found
in the natural sources and that they can be degraded naturally making them applicable in many
applications. Pigment durability in the face of environmental conditions is dependent on economic
reliance on scalability tests and pigment performance of lightfastness tests. This proves that bacterial
pigments are potentially viable alternatives to dyes as they can be used successfully in extracting P.
aeruginosa in conjunction with S. aureus. Potentially, these promising research findings, further steps
are required to translate them into commercial applications.

Introduction

bacteria and chronic infections [6]. Synthesis of the
microorganisms generates several pigmentation products.
Carotenoids, flavins, prodigiosins and violaceins along with

Although synthetic colors are more affordable and consistent
compared to natural ones, their possible disadvantages, such as
reduced color intensity and stability and reported allergenic and

carcinogenic effects and the world is turning to natural colorants
as a substitute of synthetic ones because of health issues [1].
Natural pigments traditionally have been used on a wide scale
and they tend to make the products more marketable since they
are inherently bio-functional such as antibacterial, antioxidant,
anticancer and antiviral. Nevertheless, their extensive use is
dampened by the toxicity issues [2]. The fact that pigment is
produced aids bacteria to sustain life in their habitat in a variety
of industrial opportunities. The carotenoids and melanin are the
two major pigment groups produced by bacteria although there
are two less popular groups: phycobilin and flavonoids [3]. The
microorganisms will be able to grow in simple and low-cost
growing solutions which will enhance their economic
sustainability. According to Numan et al., bacteria synthesize
pigment in processes that are simple and involve simple culture
and extraction methods in addition to being highly scalable and
growing rapidly [4]. Current studies shift their focus to the idea
of bacterial carotenoid production as the plant-derived
carotenoids keep the manufacturing cost very high [5]. There are
a few bacterial pigments that exhibit significant antibacterial
effects that offer effective therapy to multidrug-resistant

zeaxanthins are some of the known microbial pigments [7].
Production of pigments by the microorganisms not only have
advantages in terms of stability but also biodiversity protection
and removal of the risks of pollution by synthetic dyes during the
production process (Figure 1).

/ )

Figure 1. Pigmented microorganisms grown on nutrient agar showing
diverse natural pigment production by different microbial colonies.

Microorganisms contain pigment compounds that preserve
UV radiation damage and regulate oxidative stress besides
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enabling survival in the heat and dry environments and genetic
control mechanisms and iron absorption and photosynthesis
[8]. Bacterial pigments are available in different forms that are
of practical uses as discussed below. Prodigiosin is the
tripyrrole pigment that is produced by Serratia marcescens,
which is red, but is notable in its antibacterial effect especially
against Gram-positive bacteria like MRSA and S. aureus [9].
Pyocyanin is a blue-green phenazine enzyme synthesized by P.
aeruginosa which possesses high antibacterial and antifungal
effects. It can prevent the development of biofilm on medical
devices and thereby decrease nosocomial infections [10]. Also,
pyocyanin is antioxidant and was investigated in terms of its
application as a green textile dye [11].

Bacterial pigments e.g. carotenoids, melanin, violacein are
being increasingly used as food colorants and additives [12]. A
large number of bacterial pigments have excellent antioxidant
properties, and hence can serve as useful functional food
ingredients. Mangrove rhizosphere bacteria pigments have
been shown to contain high levels of polyphenols and act as
antioxidants. 5-Deinococcus radiodurans pigments such as
astaxanthin, myxol, and saproxanthin have been shown to
protect against UV damage by marine bacteria [13]. The
antimicrobial property and coloration of bacterial pigments are
especially useful in textiles. In order to bring further industrial
use of bacterial pigments, the studies ought to be directed at
discovering economic growth media and streamlining the
production processes, in metabolic engineering and synthetic
biology provide opportunities to maximize the vyield of
pigments [14,15].

In a 2024 study concerning Deinococcus bacteria, it was
found that their carotenoid pigments that are unique to them
and especially, play an important role in the membrane stability
of the bacteria under extreme conditions, such as high
radiation and low temperatures [16]. Their microbial diversity
has attracted clinical isolates, which are adapted to the
complex human environment, with the demonstration of the
possibility to synthesize pigments. P. aeruginosa expresses
pyocyanin, a water-soluble blue-green pigment of phenazine
color, the characteristic absorption spectrum of which is pH-
sensitive. Recent research revealed that pyocyanin has a high
antimicrobial effect on clinically relevant microorganisms that
include S. aureus, Salmonella typhi and Candida albicans [6].

Methodology

The isolates were collected from clinical laboratories in
Karachi. P. aeruginosa and S. aureus isolates were cultured on
Nutrient agar and Cetrimide agar at 37°C for 24 hrs. Further,
microscopic studies were done to determine gram reaction,
shape and arrangement of the cells and motility [17].
Biochemical tests were performed including oxidase test
identified the existence of the catalase enzyme that is usually
found in aerobes and facultative anaerobes for P. aeruginosa
[18]. S. aureus is identified through the coagulase test whereby
the coagulase enzyme responsible is detected, causing the
coagulation of the plasma. A positive result is formed when a
clot is formed and negative is formed when there is no clotting.
IMViC was done for the gram negatives [19]. In addition, nitrate
reduction test identifies and citrate utilization test [20,21].
Finally, fermentation test of carbohydrates was conducted [22].
These biochemical tests are important in identification of
bacteria as species are differentiated according to their
metabolic characteristics.

Extraction and purification of pigment

Bacterial pigments were extracted by growing the bacterial
strains in nutrient broth at a temperature of 37°C for 96 hrs.
The broth was centrifuged at 4000 rpm and made enriched
with pigment (20min). The following pellet was disposed of and
the supernatant was then filtered with a Millipore filter
assembly. Chloroform was added to the filtrate in the same
volume in order to extract the pyocyanin. One minute later
vortex mixing of the mixture was done. It was followed by
another Millipore filing yielding the pyocyanin layer (blue color)
[23]. Pigment production was done by incubating the chosen
strains of S. aureus in Tryptic soy broth 37°C for 48 hours. The
broth containing pigment was then centrifuged at 4,000 rpm,
20 minutes after incubation. The cell suspension was resettled
in distiled water and put under strong vortex mixing.
Centrifugation was repeated at 4,000 rpm in 20minutes.
Methanol (5 ml) was added to the cell pellet, after washing. The
suspension was vortexed and incubated in a 55°C water bath
during 5 minutes and centrifuged a second time at 4,000 rpm
during 15 minutes. The pigmented supernatant was taken.
Pigment extracts were obtained, put in aluminum foil, and
stored at -20°C for subsequent use [16]. Pigment acidification
was done by the addition of the same quantity of 0.2 N HCI,
and the excess pyocyanin was purified by 30 seconds of
vigorous vortexing. This was neutralized by the dropwise
addition of 0.2 N NaOH. The molecular solution of the pigment
was filtered once again with a Millipore filter assembly that was
physically covered with aluminum foil to block light and then
stored in -20°C [23].

Thin-Layer Chromatography (TLC)

TLC served as the technique for testing the purity levels of
pyocyanin solution samples. The preparation started by mixing
3.5 g silica gel with 15 ml distilled water until they formed a
stable homogenous slurry in a clean beaker (Figure 2). A stroke
of pre-cleaned glass slides received the slurry mixture after
which it was gently tapped to create a uniform coating. The
activated TLC plates underwent heating at 110°C in the oven for
a duration of 30 minutes. A combination of 1:1 (v/v) methanol to
chloroform mixture was used as the developing solvent system.
Commencing from the baselines of the TLC plates a
micropipette applied tiny drops of the pyocyanin solution
several times. The developed TLC plates needed removal before
air-drying took place. The Retention factor (Rf) calculation for
the pigment spots happened through use of the following
formula:

R; = distance traveled by the pigment/distance traveled by the
solvent

¢

,

o J
Figure 2. Preparation of silica gel slurry in distilled water for TLC plate
preparation.
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Results

On nutrient agar observed smooth, translucent, large low
convex colonies with irregular edges. In addition, the isolates
produced diffusible blue-green pigment on Nutrient agar and
Cetrimide agar at 37°C and on Mannitol salt agar, circular
shaped with a smooth, shiny surface and distinct golden-
yellow colonies appeared. By performing gram staining
observed gram-negative, rod-shaped, scattered cells and
gram-positive, cocci in clusters under a 100x oil immersion
lens. P. aeruginosa isolates demonstrated a positive oxidase
reaction. When a single colony was rubbed to an oxidase
reagent-impregnated filter paper, a rapid color change to deep
purple was observed within 10 seconds. Whereas, S. aureus
isolates demonstrated a positive oxidase reaction as no color
change was observed. A positive reaction is noticed when the S.
aureus cells are agglutinated by the addition of plasma. The
degradation of tryptophan by P. aeruginosa was not observed
due to the lack of pink or red color on the addition of the
reagent of Kovac's after incubation in tryptone broth. The
culture of P. aeruginosa that was inoculated with MR broth
turned yellow, which is a negative result in the Methyl Red test.
This finding indicates P. aeruginosa negative to glucose
fermentation. After the specie confirmation the pigment was
extracted following the acid/base extraction was filtered and
the measurements were recorded accordingly P1 (1.5 ml), P2
(4.5 ml), P3 (3.5 ml) and P4 (3.5 ml), and placed under the
aluminum foil and then stored at -20°C. All pyocyanin samples
displayed a single distinct blue-green spot. Retention factors
(Ry) were calculated for each spot. The calculated R; values for
all four samples were identical i.e. 0.8. This value matched the
standard R of pyocyanin, indicating the successful isolation of
pure pyocyanin from each isolate. Staphyloxanthin pigment
was successfully extracted and purified from all three S. aureus
samples using methanol and the quantity was measured for
each sample respectively: S1 (1.5 ml), S2 (4.5 ml) and S3 (3.5 ml),
wrapped in aluminum foil and subsequently stored at -20°C.

Discussion

Our laboratory work resulted in obtaining and purifying
pigments from both P. aeruginosa and S. aureus bacterial
strains by using the isolation, culture, and purification methods
[24]. Pyocyanin production through commercial synthesis
requires chemical reagents including phenazine methosulfate,
nitrogen, chloroform, hexane, methanol and hydrochloric acid
Tris-HCL and sodium hydroxide according to Cheluvappa et al.
[25]. This manufacturing process through chemicals takes up
too much time and money to produce. To overcome this issue,
in the present investigation the pyocyanin was naturally
produced from the P. aeruginosa strains within four days. In
our study, seven clinical isolates of P. aeruginosa were tested,
four isolates were pyocyanin producers while three isolates did
not produce pyocyanin. Our findings agreed with El-Fouly et
al, reported maximum pyocyanin production from P.
aeruginosa after the fourth day [26]. Although natural pigment
synthesis takes time, pyocyanin can be extracted quickly using
a microbiological source and simple basic materials. Our
results for pyocyanin pigment extraction correlate with_Feghali
and Nawas in 2018 for pigment extraction (Figure 3). Similarly,
TLC results correlate with the previous studies of Murat Ozdal,
analysis of purified pyocyanin showed one single spot with R; of
0.8. According to Feghali and Nawas, the established R; of

standard pyocyanin pigment is normally between 0.70 and 0.81
[23].

Hl

Figure 3. Isolation and purification of pyocyanin pigment from P. aeruginosa
using the acid /base extraction method.

Furthermore, our results agreed with Clauditz et al., and
Kwiecinski, that the optimum incubation time for
staphyloxanthin pigment production was 72 hrs., as the pigment
is a secondary metabolite that requires time to produce [27,28].
The extracted staphyloxanthin displayed a very light golden
color, however, the cell pellet was a dark golden color. Although
the reasons for the very light golden color of the extracted
pigment remain to be elucidated, our finding demonstrated that
staphyloxanthin might be degraded with the addition of
methanol or heating in a water bath. Moreover, TLC analysis for
staphyloxanthin was not carried out as S. aureus only produces a
single pigment i.e. staphyloxanthin. However, P. aeruginosa
produces pigments like pyocyanin (blue), pyoveridin (yellow-
green), pyorubin (red) and pyomelanin (brown). Therefore, by
comparing the migration distances of the spots with those of
known P. aeruginosa pigments we can confirm the identify their
specific types [29]. The successful extraction and purification of
bacterial pigments hold promising implications for various
fields. These pigments possess diverse properties with potential
applications in food coloring, textile dyeing, cosmetics, and
pharmaceuticals. Our study, while showcasing the feasibility of
pigment extraction and purification from clinical isolates, has
limitations.

Conclusion

We concluded that bacterial pigments represent important
natural compounds with significant potential for industrial and
biomedical development because of their diverse biological and
technological properties. In the present study, pyocyanin and
staphyloxanthin pigments were successfully isolated, extracted,
and purified from P. aeruginosa and S. aureus strains using
simple microbiological and purification techniques. The findings
demonstrated that natural pigment production can be achieved
within a shorter period and with lower cost compared to
chemical synthesis methods. The study also confirmed the
effectiveness of TLC in identifying purified pyocyanin pigment.
These bacterial pigments may have promising applications in
food coloring, textile dyeing, cosmetics, pharmaceuticals, and
biotechnology. Further exploration of bacterial secondary
metabolites and pigment-producing strains may contribute to
sustainable pigment production, eco-friendly industrial
processes, innovative biotechnological applications, and the
discovery of novel therapeutic agents for future biomedical
research.
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