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Abstract

Actinobacteria are filamentous bacteria that exist independently in soil, oceans, and the
atmosphere, producing secondary metabolites with antioxidant and anti-cancer properties. Among
these, the SB: strain is a yellow-pigmented, gram-positive, coccus-shaped bacterium. Raman
spectroscopy of SB2 cultures revealed a wave number (cm™) of 1382.47, which indicates pigment
production and was further supported by UV-Vis spectral analysis at 450 nm that confirmed the
presence of carotenoid pigment in methanolic extracts of SBz2. For optimal pigment synthesis, SB2
required a pH of 7, a temperature of 30 °C, and a nutritional medium with 1% molasses, 1.2% olive
oil, and 1% peptone. The yellow pigment extracted from SB2 (500 ug ml?') demonstrated DPPH (2,2-
diphenyl-1-picrylhydrazyl) radical scavenging activity.
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Introduction

In the twentieth century, the term "pigment" referred to a compound composed of small particles
with unique properties, such as colorant properties, protective agents, antioxidants, and other features,
that are insoluble in water and are widely used across various industries [1]. Natural pigments have
been used for body ornamentations, cosmetics, and textile dyeing. Microorganisms were to determine
life and death on this planet, the most powerful creature. For centuries, natural sources were used as
substrates for producing organic pigments. Still, nowadays, most people are interested in using
synthetic organic or inorganic materials, which can cause carcinogenic reactions, induce allergic
reactions, induce hyperactivity, and are unsafe for the environment and human health, and are
manufactured from petroleum compounds and heavy metals [1]. Naturally occurring pigments range
from light yellow to orange and deep red, known as carotenoids (approximately 1158), sourced from
691 different organisms [2] and synthesized as hydrocarbons and their oxygenated derivatives [3]. The
global market for carotenoids was valued at $1577 million in 2017, driven by increased consumption of
carotenoid-containing products, and is anticipated to grow to $2 billion by 2026. The market for dyes
and pigments is projected to be worth between $33.2 and $49.1 billion by 2027 [4]. The yellow pigment
isolated from the Pseudomonas balearica strain U7, which controls phytopathogenic strains, was
identified as melanin [5]. The ability of microorganisms to synthesize pigments from inexpensive
culture media is an advantage for pigment production [6]. To meet market demand, statistical and
mathematical procedures must become more efficient, reliable, and economically viable through the
optimization of media for large-scale manufacturing [7]. The microbial fermentation of carotenoid
production may be used as an inexpensive medium, which is a byproduct of the beet sugar industry
[8]. Bacterial pigments can act as antimicrobials, anticancer agents, antioxidants, anti-inflammatories,
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and antiallergics, with significant economic potential. Astaxanthin binds to free radicals to form inert
compounds, quenches electrons from membranes, and prevents them from becoming pro-oxidant
molecules. It is also associated with immunity, inflammation, the antioxidant defense system, and the
mitigation of the negative effects of oxidative stress [9]. As harmful substances accumulated within the
bacteria, it was determined that terpenoids and carotenoids affected ATP hydrolysis and disrupted the
activation of the efflux pump [10,11]. Astaxanthin from H. pluvialis provides the greatest defense against
free radicals, followed by lutein and -carotene [12]. This study evaluated the pigments extracted from
the SB2 isolates and optimized them with various nutrients for antioxidant activities.

Materials and Methods
Isolation of pigment producing SB: isolate and SEM analysis

In our earlier work [13], we isolated the yellow-pigmented bacterial strain SB2 from marine water
collected at Marakanam (Tamil Nadu), India, to assess the optimization and effectiveness of carotenoid
pigments in antibacterial activity. The SB2 isolate was grown in TS (Tryptic Soy) broth, and the resulting
bacterial cells were used for scanning electron microscopy (SEM) analysis. The bacterial culture was
centrifuged, and the sample was fixed with 2% glutaraldehyde solution and left to alcoholic
dehydration for 6 to 12 h. The bacterial cells were then washed three times with saline phosphate buffer
(pH 7.0) to remove salts. The material was dehydrated and analyzed by SEM [14].

Raman Spectroscopy analysis for pigment production

To verify the pigment produced by the isolate's pure culture, the SB:2 strain was grown on sterilised
TS (Tryptic Soy) agar for 72 h to obtain pigmented pure cultures. This allowed the identification of the
strains by a strong Raman signal in Raman spectroscopy, measured in terms of wave number (cm)
[15].

Pigment extraction from SB: isolate

The yellow-pigmented SB: isolate was inoculated into sterile Tryptic Soy (TS) broth and incubated
at 30 °C with shaking at 160 rpm for one week. After centrifugation at 8000 rpm for 15 min, the
supernatant was discarded, and the pellet was washed with 5 ml of sterile distilled water and
centrifuged again at 4000 rpm. Then, 5 ml of methanol was added to the pellet, and the mixture was
sonicated for 2 h to extract the pigments. The supernatant was filtered through Whatman No. 1 filter
paper, yielding the crude yellow pigment, which was dried and analyzed by UV-visible
spectrophotometry over 200-800 nm [16].

Different concentrations of molasses used for biomass production

Molasses concentrations of 0.2%, 0.4%, 0.6%, 0.8%, and 1.0% were prepared in Tryptic Soy (TS) broth
in conical flasks and sterilized at 121 °C for 15 min. The log-phase culture of the SB2 strain was inoculated
into each flask and incubated for 7 days at 30 °C, shaking at 160 rpm. The biomass (g/l) was estimated
based on molasses concentration [17].

Effect of pigment production utilized in various concentrations of olive oil

To examine the impact of olive oil on cell pigment production, varying concentrations (0.2% to 1.2%)
were added to sterilize Tryptic Soy (TS) broth in conical flasks. A log-phase culture of SB2 was inoculated
and incubated for one week at 30 °C, shaking at 160 rpm. To effectively measure the production of cell
pigment (expressed in mg/l) in relation to the different concentrations of olive oil, demonstrating the
potential influence of olive oil on pigment synthesis in the isolated culture [18].

Growth of isolated strain on the effect of pH

We investigated the impact of pH levels (4 to 12) on a nutritional broth by inoculating a pigmented
SB: culture into Tryptic Soy (TS) broth at various pH values (4 to 12). After incubating for 7 days at 30
°C, shaking at 160 rpm, we measured cell pigment production (mg/l), revealing important insights into
the relationship between pH and pigment synthesis [19].
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Effect on temperature

The TS broth was prepared and sterilized in seven different conical flasks. The pigmented culture
was inoculated into TS broth and incubated at 20, 25, 30, 35, 40, 45, and 50 °C, shaking at 160 rpm. After
one week, the growth in the culture broth for carotenoid production (mg/l) and biomass (g/l) was
determined [20].

The SB: isolate grown on various concentrations of peptone in carotenoid production

The concentration of peptone (0.2, 0.4, 0.6, 0.8 and 1.0 %) was added into Tryptic Soy (TS) broth
sterilized at 121 °C for 15 min. The pigmented culture was inoculated and incubated at 30 °C shaking at
160 rpm for seven days. The yield of biomass (g/l) and carotenoids (mg/l) was recorded in each broth
[21].

Determination of DPPH scavenging assay for extracted carotenoid pigment

After preparing a 2.5 ml 0.5 mM DPPH methanolic solution, add 0.5 ml of the extracted pigment,
shake the mixture briskly, and let it sit for 30 minutes at room temperature in the dark. The mixture was
measured at 517 nm [22]. Ascorbic acid was used as a control. The formula for calculating the percentage
of scavenging was: % of inhibition = (absorbance of control - absorbance of sample)/ absorbance of
control x 100. The antioxidant activity of the pigment extracted from the isolate was evaluated by
measuring the scavenging (%) at different pigment concentrations (ug/ml).

Statistical analysis

The experiments in this study were conducted in triplicate, and the results were analysed using
OriginPro 2022b. The average of the three replicate data was analysed, and a one-way ANOVA was
performed.

Results

Colony characteristics of SB2 isolate

The growth characteristics of the SB: strain have gram-positive bacteria with coccus by SEM image,
the ability to grow 0-15% salt, yellow-
pigmented, and non-spore-forming, result was
presented in Figure 1.

Figure 1. Yellow pigmentation on Zobell’s marine agar and SEM image of the
isolate SB..

Raman spectroscopy analysis for SBz isolate

The results for the SB2 strain are shown in Figure 2, and
pigment production was analyzed by Raman spectroscopy.
The strain revealed a maximum peak at a wave number (cm-
1) in the Raman intensity (1382.47). In this analysis, the pure
culture of the isolate was used to authenticate the colour-
producing organisms, which is an advantage of the isolate
screening technique, as it allows the pigment to be produced
and separated from the UV-VIS analysis.
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Figure 2. The pigment production of isolate SB: in
Ramen spectroscopy.
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Yellow pigment extraction from a bacterial isolate

The production of carotenoid pigment by the SB: isolates supports the finding that the yellow
pigment in the crude extract had a maximum peak at 450 nm in the UV-VIS spectrum. The outcome is
shown in Figure 3.

The growth of SB: isolate on molasses as a nutrient

Molasses is a readily available substrate for microorganisms. The strain was evaluated differently in
the concentration of nutrient medium, in which 1% concentration was recorded as the maximum

biomass production (2.57 gm/l) (F = 13.90361, P = 0.005798), followed by 0.8 and 0.6%. The results are
shown in Figure 4.
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Figure 3. The UV range of the extracted yellow pigment from Figure 4. The isolate utilize various concentration of molasses.
the strain SBe.

Effect of olive oil as a nutrient source

Higher carotenoid production was observed when increased salt concentration enhanced the uptake
of nitrogen and organic carbon sources. The results in Figure 5 showed that the strain utilizes readily
available olive oil nutrients for growth, and the 1.2% concentration resulted in higher pigment
production (0.179 mg/l) (F = 20.37104, P = 0.001967), followed by the 1% concentration.

The SB: strain grows in response to pH

The growth of bacteria and the synthesis of pigment depend on a variety of environmental parameters
and nutrient sources. The pH range of 4 to 12 was used to test the SB2 pigmented isolate. The results
shown (Figure 6) indicate that the highest pigment synthesis (1.65 mg/1) (F = 62.78536, P = 6.2779) occurred
atpH?7.
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Figure 5. Utilization of olive oil concentration of the isolate. Figure 6. Growth of the isolate at various pH.

Effect on temperature

The isolate SB2 was grown from 20 to 50 °C on a selective medium, and the higher pigment production
(0.97 mg/1) (F =71.08805, P = 2.18741) and biomass (2.42 g/1) (F = 66.68988, P = 3.04354) were recorded at
30 °C. The result was shown in Figure 7.
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Figure 7. Growth of the isolate occurs at different temperature.

Effect of different concentrations of peptone in carotenoid production

The isolates were grown at different peptone concentrations, and the results are shown in Figure 8,
which shows that pigment production and cell biomass gradually increased from 0.2 to 1.0%. The highest
pigment production was observed at 1% (2.12 mg/1) (F = 14.20176, P = 0.005477) and biomass (3.49 g/1) (F
=56.68156, P = 6.7422), and the lowest was at a 0.2% peptone concentration.

Determination of DPPH scavenging assay for extracted carotenoid pigment

The antioxidant properties of the pigment extracted from the SB: strain were assessed at a
concentration of 500 pg/ml, which showed 65.74 % scavenging activity (F = 2.439963, P = 0.156904) with
an ICso value of 3.265 + 15. In contrast, ascorbic acid, used as the control, exhibited a scavenging activity
of 75.64% (F = 2.642329, P = 0.155176) with an ICso value of 2.658 + 19. These results are shown in Figure
9.
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Figure 8. Effect of growth of isolate on peptone. Figure 9. Antioxidant activity of the pigmented SB: isolates.

Discussion
Characteristics of SB:z colonies

The isolated strain SB2 was observed as yellow-coloured colonies with smooth margins, in gram
reaction exhibits gram-positive, may be thick and rigid cell wall which is aerobic in nature and inability
to produce endospore, round or coccus shapes, and non-motile were observed in a microscope. Similar
characteristics were studied by colonies grown on Tryptic Soy Agar (TSA) medium for 48 h at 28 °C
[23], whereas some colonies grown on TSA, preferably 48 h at 30 °C, exhibit the same morphological
characteristics [24].
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Raman spectroscopy study of extracted yellow pigment characterization

One of the most advanced tools used in microbiological research recently to characterise microbial
pigments is Raman spectroscopy. In this analysis, the pure culture of the isolate was used to authenticate
the colour-producing organisms, which is an advantage of the isolate screening technique, as it allows
the pigment to be produced and separated from the UV-VIS analysis. Using Raman spectroscopy, the
pure culture SB: strain was examined for pigment production. The isolate revealed a peak at 1382.47
wave number cm? in Raman intensity, which was also confirmed by distinctive changes in the
carotenoid bands at 1527 and 1158 cm™, indicating the presence of a complex mixture of carotenoids
[25]. The movement of atoms in the chromophore during vibrations is reflected in the activation of
electronic absorption within the spectrum. This leads to a specific increase in certain Raman intensities
(bands), corresponding to the part of the molecule where the electronic transition takes place [26]. This
approach uses qualitative and quantitative analysis to investigate microorganisms, focusing on their
pigments and biomolecules. Strong Raman signals facilitate an in-depth exploration of microbial
pigments, including pure cultures and extracted samples, enhancing our understanding of their
significance [27,28]. It has been used to monitor pure cultures of microorganisms and environmental
samples to authenticate various natural pigments [15].

Identification of carotenoid pigment from a bacterial isolate

The spectral absorption of [3-carotene is around 450 nm, according to Kaiser and group similar results
were obtained by the extraction of yellow pigment from the SB2 isolate [29]. Carotenoid pigments are
produced by bacteria, specifically Exiguobacterium sp. and Staphylococcus aureus, and range in colour
from yellow to orange [30].

Cultivation of the SB2isolates using molasses as the substrate

The production medium recorded the highest pigment production using molasses [18]. The SB2
strain also exhibited a 1% concentration in the medium for maximum biomass production. The
sugarcane molasses had the highest carotenoid content among Rhodotorula glutinis NRRL Y-842 [31].
Higher biomass and beta-carotene can be obtained by optimizing the fermentation process with
Exiguobacterium acetylicum S01 [32].

Olive oil effect as a source of nutrients

Using corn cob, sugarcane bagasse, and corn steep liquor as economically viable substrates for the
manufacture of carotenoid pigments determines the bioprocess's cost [33,34]. The substrate olive oil
induces increased pigment production in the culture medium using a 1.2% concentration from the
isolate SB2. Olive oil utilized by the Micrococcus sp. for pigment production was observed at 0.8 gm/1
[18].

Influence of pH on an SB: strain growth

However, this organism grows over a pH range of 6.5 to 7.5. Certain environmental conditions affect
pigment stability [6,35]. After incubating at pH 7 for 24 and 36 h, the pH optimization revealed the
highest growth and pigment production [36]. The SB2 pigmented isolate also exhibited the highest
pigment production at pH 7; a similar result was found at neutral or alkaline pH [37]. Optimum
production for most increased at pH 7, where Micrococcus flavus ranged from 6.5 to 7.5. The pH favours
the formation of lycopene and -carotene from neutral to slightly alkaline, and from neutral to acidic
[38]. Micrococcus roseus was reported at pH 8.0 and 37 °C. Constant growth was observed for Micrococcus
luteus at 35 °C and pH 7.0 [39]. Growth occurs at constant pH ranges of 6-8 and at a constant pH of 7.0-
8.0 [23]. The pigmented strain grows at pH 5-12 [27]. The maximum growth and pigment formation
were observed at pH 8 and pH 7 in Micrococcus luteus (B1) and Micrococcus varians (B2), respectively
[19]. Higher levels of beta-carotene production were observed as the salt concentration increased.
Simultaneously, lutein and xanthin production were shown to be declining [40].
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Effect of temperature on pigment production

Microbial growth occurs at temperatures of 4-45 °C [24]. The temperature range for growth tolerance
is 4-45 °C, and optimal growth occurs at 28 °C [23]. The Micrococcus grows at various temperatures, from
29 to 37 °C. Ibrahim (2008) reported that carotenoid production and the growth of marine Micrococcus
sp. depend on the optimal temperature of the growth medium [41]. The optimal temperature range for
our isolate was 29 to 35 °C, with peak pigment production of the SB: culture observed at 30 °C. Both
Micrococcus luteus (B1) and Micrococcus varians (B2) thrived at this temperature, indicating it is the
optimal condition for maximizing their growth and pigment formation [19]. The pigment-producing
bacteria Serratia sp. and Micrococcus sp. were grown at various temperatures, and higher pigment
production was noticed at 30 °C [42]. The high-temperature denaturation of the enzyme may occur in
microorganisms because cell biomass increases at 36 °C and decreases at 45 °C. In contrast, the growth
and pigment production of Pseudomonas sp. require 35-36 °C [43].

Effect of various peptone concentrations on the synthesis of carotenoid

Using 2% peptone from Serratia marcescens increases beta-carotene production [21]. The SB: isolate
was observed at a 1% peptone concentration to produce carotenoid pigment. A similar result was
recorded by Abdelaziz et al. (2023) [44]. Zobell and Upham reported in 1944 that seawater enriched with
neopeptone possibly increases pigment production by bacteria [45]. Several recent optimization studies
also identify peptone as one of the best nitrogen sources for enhancing carotenoid production [46].

Assessment of extracted carotenoid pigment’s DPPH scavenging assay

Human diseases can result from changes in DNA, proteins, and lipids caused by unpaired electrons
in the body. Consequently, Planococcus derived carotenoids have attracted growing interest for their
potential applications in the food, cosmetic, and pharmaceutical industries as natural antioxidants [47].
Stress-mediated cytotoxicity, by blocking apoptosis and activating the intracellular antioxidant defense
system, showed that carotenoids, such as neoxanthin [48]. DPPH is a stable radical, and similar
properties of natural colorant products were checked for the antioxidant activity of pigment extracted
from the SB: strain concentration (500 pg/ml), which showed the highest scavenging activity with an
(65.74%) (F = 2.439963, P = 0.156904) with an ICso value of 3.265+15. Carotenoids donate electrons to free
radicals and neutralise them; they are called antioxidants. When the carotenoid compound was
concentrated to 200 ug/ml and 40 pg/ml, its maximal scavenging capability, which is caused by
conjugated double bonds in its chemical structure, was 54.3% and 44.1%, respectively revealing that
lutein has potent antioxidant activity [49] which is also confirmed by Zhang et al. (2022) [50] using lutein
extracted from G. rubripertincta GH-1. Arthroxanthin with ICso values of 69.8 and 21.5 gm/ml exhibited
excellent radical scavenging properties of DPPH and ABTS (2,2-azino-bis-3-ethylbenzothiazoline-6-
sulphonic acid), respectively [51]. Strain QL17 produces pigment compounds that interact with free
radicals and singlet oxygen, conferring antioxidant activity [52]. M. roseus and M. luteus demonstrated
significant UV protection and antioxidant ICso values of carotenoid pigments of 3.5-4.5 mg/ml [39]. The
inhibitory concentration values may vary due to acyclic carotenoids compared to other pigments [53].
The cell death of a carotenoid extracted from Halobacterium halobium was caused by oxidative stress [54].
Carotenoids exhibit total antioxidant activity in the hydrogen peroxide scavenging assay [55]. The
presence of the polyene chain that possesses several conjugated double bonds confirmed that the
carotenoid pigment is an ideal antioxidant substance [56]. The percentage of free radical scavenging
activity in the crude extract of astaxanthin, as evaluated by the DPPH assay, yielded an ICso value of
(63.20 + 2.64 pg/ml) [57]. The antioxidant potential of the extracted carotenoid for DPPH and ABTS
inhibition was 65 +0.06% and 42 + 07%, respectively, at 20 ug/ml concentration [58]. Pigments such as
lycopene, carotenoids, flavonoids, anthocyanins, and chlorophylls are used to scavenge free radicals in
DPPH and ABTS assays [59].
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Conclusion

The SB: strain is a notable yellow-pigmented, gram-positive coccus. We confirmed pigment
synthesis by Raman spectroscopy, which showed a strong peak at 1382.47 cm™. We extracted a vibrant
yellow carotenoid pigment using methanol, evidenced by a UV-Vis peak at 450 nm. To optimize the SB2
culture, we assessed biomass production across various concentrations of olive oil and molasses,
achieving the highest yields at 1.2% olive oil and 1.0% molasses. The ideal pH for pigment production
was 7, with optimal results at 30 °C. We also noted increased pigment and biomass when supplementing
with 1% peptone nutrients. Importantly, the isolated carotenoid pigment exhibited significant
antioxidant qualities, highlighting its potential applications in health and nutrition. Our findings
showcase the remarkable capabilities of the SB2 strain and its promise for future exploration.
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