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Production of potential pigments using the bacterial source can be an important area of research to disclose its possible value in
diverse industrial applications. Soil samples from various terrestrial, rhizosphere, and forest habitats were collected from
Karnataka, and pigment-producing actinomycetes were recovered. In the present investigation, 25 strains were isolated using
starch casein agar medium; further, phenotypic, biochemical, and morphological and the 16S rRNA gene sequence studies have
suggested that the strain belonged to the Streptomyces species, strain BJZ10, an actinomycetes. With higher production of
pigments, starch casein broth medium was used, and the extraction of actinobacterial pigments was done by exclusively using
methanol solvent. The pigment was characterized by UV-visible spectroscopy; absorption spectra range from 220 to 250 nm.
The FTIR characterization was carried out, and the spectrum obtained for the strain BJZ10 indicated alkane, alkyls, alkynes,
alcohols, esters, and sulfate functional groups. Antibacterial activity of the pigments was tested against Bacillus cereus
(Gram-positive) and Escherichia coli (Gram-negative), and significant results were compared. The present study revealed
the brown pigment synthesized by Streptomyces sp. strain BJZ10, known for its potential antimicrobial activity.

1. Introduction

Colour is as variable and evanescent in the form of pigment
as invisible nature. Pigments are the major sources of
colours and are also key components in manufacturing

paint; each thread of cloth, the core building of the phone
case, is a pigment. Pigments are restorative materials used
for various applications. Their main benefit is associated
with imparting colour. Amongst microorganisms, multiple
groups of bacterial species can produce a wide range of by-
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products, and one of the main by-products is pigment.
Various researchers have investigated the production and
application of bacterial pigments as natural colorants [1].
However, several pigment-producing industries practiced
the traditional methods in extracting pigments and thus later
translating them into clay. In modern days, pigments can be
synthesized under laboratory conditions. Colour plays a
crucial role in food. The freshness and safety of food can
only be determined by its colour. The colour of the food is
visually impactful and can stimulate people appetite.
Because of the consumer’s health concerns on using the
synthetic dyes, there is a huge scope in promoting natural
colours. Authorized, artificial colours are more popular due
to their lower cost, providing a strong and consistent colour
[2]. They can also blend easily to give a mixture of shade.
The utility of artificial food colours is slowly coming down
upon realizing their destructive effects on human health.
However, the shift from synthetic colours will be an
extremely slow process due to comparatively higher costs
of natural colours [3, 4].

Hence, switching to obtain biological colouring agents
from different sources like plants or microorganisms is an
hour long. Microbial pigments are of great interest consider-
ing the stability of obtained pigments, easy availability, and
easy cultivation and extraction methods [5, 6]. Microorgan-
isms produce many bioactive compounds such as caroten-
oids, melanins, flavins, and quinones. Filamentous fungi
such as actinomycetes are a well-known producers of many
pigments primarily used in the food and pharmaceutical
industry [7–9]. In our present investigation, we have
reported that actinomycetes are an economically and
biotechnologically potential producers of natural dyes and
pigments. Actinomycetes are prokaryotic organisms that
are generally rod-shaped and filamentous. They form long
branching hyphae and have some common characteristics
with fungi.

Actinomycetes are popularly known as the producers of
many bioactive molecules [10, 11]. Actinomycetes represent
around 7,000 of the metabolites which have been announced
in the Dictionary of Natural Products. Bacterial pigment
production is now one of the emerging research fields to
demonstrate its potential for various industrial applications
[3]. Recent studies have shown that microorganisms are a
promising source of natural colours. The significant charac-
teristics of actinomycetes were found to be pigment produc-
tion. Research on pigment production from natural sources
has grown due to its nontoxic nature. The FDA (Food and
Drug Administration) has permitted several biocolors and
presently endures in market; they are β-carotene, riboflavin,
ArpinkRed, astaxanthin, lycopene, and Monascus pigments
[3]. FDA and EFSA (European Food Safety Authority) tend
to evaluate the food safety of additives via specified interna-
tional guidelines and codes of practice. In the pharmaceuti-
cal industry, bacterially derived pigments have indicated
their prolific agents in treating numerous diseases, as they
possess the properties such as immunosuppressive, antican-
cer, and antimicrobial.

The bacterial-originated pigments can be helpful in clin-
ical practices in diagnosing various kinds of cancers, diabetes

mellitus, leukemia [12], etc. The naturally derived colorant is
scanty in the market and can intensify its production in the
food industry. The present requirement of natural pigments
can foster researchers in discovering novel natural colouring
agents [13]. The bioactive compounds such as violacein
(violet), prodigiosin (red), pyocyanin (blue green), flexirubin
(yellowish orange), and carotenoids (yellow-orange) from
the wide variety of bacterial strains can serve as potential
sources for antiviral, anticancer, antitumor, antioxidant,
and antimicrobial activities and other biological activities.
Bacterial pigment synthesis is currently among an emerging
research field and can contribute massively to various indus-
trial applications [14]. The present investigation reveals the
production of potential pigment production and characteri-
zation of the pigments using UV-visible spectroscopy and
FTIR analysis data. Thus, by using the produced pigments,
antimicrobial activities were represented and are promising
in biomedical applications.

2. Materials and Methods

2.1. Collection of Samples. Overall, three samples (Raynal
village in Dharwad district, one each from forest, lake soil,
and rhizosphere of cornfield) were collected. Further, the
collected samples from different sampling plots were added
to the zip lock covers and stored under the refrigerator until
they were used and later processed for isolating potential
pigment-producing actinomycetes.

2.2. Isolation of Actinomycetes. All three soil samples were
subjected to the preheat treatment process. This was done
by air drying the samples at about 55°C temperature for up
to 60 minutes. SCA (starch casein agar) media (g/l) consists
of 10 g of soluble starch, 0.3 g vitamin free casein, 2 g KNO3,
2 g of NaCl, 2 g of K2HPO4, 0.05 g of MgSO4.7H2O, 0.02 g of
CaCO3, and 0.01 g of FeSO4.7H2O, and the pH was adjusted
to 7:0 ± 0:2 and 15 g of agar used for isolation of actinobac-
teria [15]. Further, all these samples were serially diluted,
and the dilutions 10-2, 10-4, 10-6, 10-8, and 10-10 were spread
on the petri plates containing solid SCA medium. After the
inoculation, petri plates were kept at 28 ± 2°C, RT (room
temperature) for about 15 days. The petri plates were
observed for the growth and pigment production daily and
a peculiar range of colonies such as chalky to leathery
appearance. Different isolated colonies were randomly
picked from the petri plates, separately inoculated into the
casein broth, and kept at RT for 24 to 48 h afterward; the
individual colonies were subcultured and maintained on
the SCA slants.

2.3. Morphological Studies. Bergey’s systematic bacteriology
manual shows that each isolate’s colony morphology and
culture characteristics have been systematically studied. A
total of twenty-five strains were isolated; among them, six
were recovered from the forest soil, eight were isolated from
lakeshore soil, and six were from rhizosphere soil.

2.4. Identification of Pigment-Producing Actinomycetes. One
isolate was identified as Streptomyces sp. by 16S rRNA gene
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sequence analysis. The identified isolates BJZ10 were subcul-
tured in starch casein agar slants and preserved.

2.5. Production of Pigments. Starch casein broth has been
prepared and preincubated overnight; 2ml of 24 h old sus-
pension cultures of strain have been inoculated into 100ml
into starch casein broth and incubated at room temperature
in a rotary shaker at 120 rpm for one month; the produced
pigments were extracted by following steps.

2.6. Extraction of Pigments by Using Different Solvents. Equal
volume of different solvents ethanol, methanol, acetone,
propanol, hexane, water, and supernatant sample was taken
and mixed well. The mixture was centrifuged at 8,000 rpm
for 10 minutes; the supernatant was monitored at 540 nm
to check the optical density. The extract was lyophilized
and used for further characterization studies [7].

2.7. Partial Characterization of Pigments

2.7.1. UV/Vis Spectrophotometer. UV-visible spectropho-
tometer assay was carried out to determine the range of
λmax; during the process, methanol was used to dissolve the
extracted pigment from the microbe. The sample was
measured in the range of 200-800nm, and the λmax of the
pigment was observed and determined [7].

2.7.2. FTIR Spectroscopy (Fourier Transform Infrared
Spectroscopy). Powdered form of the extract was used for
FTIR analysis to determine the number of functional groups
in the extract. The asymmetric, symmetric, and stretching
frequencies were analyzed for the important IR bands
(OH, N-H, C=C, C-H, C-N, C-H, and C-O) [16].

2.8. Biological Assay

2.8.1. Antimicrobial Activity. The antimicrobial activity of
dried methanol-extracted pigment against pathogenic bacte-
ria was performed using an agar well diffusion assay. Vari-
ous concentrations 50mg/ml, 25mg/ml, and 12.5mg/ml of
pigments were used. The Gram-negative bacteria, including
Escherichia coli, and Gram-positive bacteria Bacillus cereus

were used for antimicrobial activity assay. The selected
bacteria were allowed to grow on nutrient broth (NB)
medium at a temperature of 30°C for about 24h, and about
100μl of the bacterial culture was added to the prepared
petri plates. Four wells (measuring diameters of 6mm)
pierced on NB agar plates, with different concentrations,
12.5mg/ml, 25mg/ml, and 50mg/ml of dried methanol
extract, were used. 50μl of each sample was loaded into
the wells [17]. Further, the inoculated plates were allowed
to grow for 24h, and after that, the clear zone of inhibition
was determined around the inoculated well.

3. Results and Discussion

Overall, twenty-five isolates were isolated through serial
dilution technique by spread plate method on the SCA
(starch casein agar) medium. The colony characteristics
of each isolate have been studied and photographed
(Figures 1 and 2). Out of 25 isolates, only six isolates were
pigment-producing. Gram’s staining has been performed

(a) (b)

Figure 1: (a) Isolated colony and (b) pigment production using BJZ10 strain.

Figure 2: Microscopic observation of the BJZ cells.
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on all selected isolates (out of 25 isolates, 22 were Gram-
positive, and three were Gram-negative). BJZ10 strain
was selected for further studies; the colony was hard,
round-shaped, 3-4mm in size; the pigment was diffused into
the media. By Gram’s staining, the cells of the organism was
blue-coloured, rod-shaped, long-chain formation and in
cluster form. Among all isolates, a brown pigment-
produced organism was sent for 16S rRNA sequence analysis,
and the results indicated that the potential isolate was almost
similar to Streptomyces sp. strain RF-2. The synthesis of
diffusible dark brown pigments itself has long been con-
sidered a vital factor in description of the Streptomyces
species [18]. The Streptomyces species was cultured on a
yeast extract-malt extract medium at a temperature of
28°C for about 7–10 days of incubation. Afterward, spores
of freshly grown culture in slant were picked and inocu-
lated into seed medium which consisted of yeast extract
4 g/l, malt extract 10 g/l, dextrose 4 g/l, and tyrosine 1 g
per liter at 220 rpm for about 48 h. During extraction of
the pigment from the isolate, the strain was allowed to
grow on the solid-state fermentation, and wheat bran
was added to the production medium, showing promising
pigment production, where constituents for the production
of pigment consist of 50 g of sterilized wheat bran along
with starch (1%) as a carbon source and also peptone
(1%) as a nitrogen source. About 10% (w/v) of seed cul-
ture was supplemented to the production medium and
incubated at a temperature of 28°C for about 10–14 days.
As shown in Figure 3, a matured spore of aerial mycelium
that produced brown-coloured pigment extracted using the
ethyl acetate solvent (100ml) via solid-liquid extraction
methods was found to be different from the reports from
Jayanthi and Ritika [19]; they found red-coloured pigment.
Thus, the recovered extract was vacuum dried at a lower
pressure, and the sample was defatted with the cyclohexane.
The isolate can be classified and described under the genus
Streptomyces based on these morphological and sequence
results. In addition, microorganisms obtained from various
harsh regions have biotechnological applications [20–27].

The pigments were extracted by using methanol sol-
vents, and further, the sample was dried under a freeze
dryer. BJZ10 isolate has produced the pigment of 300mg/
100ml of production broth.

Considering UV-visible (Figure 4) absorbance result,
peak ranging between 220 and 250nm describes the pres-
ence of highly polygene properties of the pigment extract.
In addition, similarities were observed in the UV spectrum
and absorbance maxima peaks. This promising result sup-
ports the potential ability of strain Streptomyces in the pro-
duction of antibiotics. Moreover, the highlighted spectral
data are most similar to the reports from Saadoun et al.
[28]. In other investigation, Slavica et al. [29] proposed that
the absorbance maxima of UV spectral data 215 and 270nm
from the Streptomyces strains recovered from the soil sam-
ples of South-Eastern Serbia, which is more or less similar
to the data presented in the current investigation. Therefore,
the present work would provide new avenues to produce
novel cost-effective antibacterial compounds that can be
produced on a large scale.

FTIR analysis: the FTIR characterization was carried
out, and the spectrum obtained for the strain BJZ10 has
indicated the presence of alkane, alkene, alkynes, alcohols,
esters, and sulfate functional groups (Figure 5). Especially,
the broadband at 3362 indicated the presence of O-H
stretching of alcohol; this indicates high-energy region that
could be likely the presence of the intermolecular bonding
[30]; peak observed at 2902 could be belonged to the C-H,
and this medium stretching indicated the presence of
alkane group and band 3000-3100 indicating the presence
of alkene. Peaks at 3267-3333 indicate the presence of
alkynes, 1310-1250 (1292) implies the presence of a strong
bond of aromatic ester, and band observed at 1388 indi-
cated the presence of S=O stretching that is sulfate group;
the band has shown that near 2902 indicated vibration
of the CH2 groups due to the fact of melanin in the
extracted pigment.

As the microbes are expected to perform in diverse
physiological conditions equally, these bacteria can also be

(a) (b)

Figure 3: (a) Crude pigment extract and (b) pigment extracted using methanol solvent.
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explored for the bionanotechnological applications, includ-
ing medical and environmental technology [31–38].

The intended antimicrobial analysis was aimed at testing
the growth inhibition potentials of the extracted pigment.
The selection of the Gram-positive B. cereus from intestinal
or nonintestinal is closely related to the synthesis of tissue-
destructive exoenzymes, and the strain is also known to
produce toxins such as three distinct phospholipases, an
emesis-inducing toxin, four hemolysins, and proteases. On
the other hand, the basis for the selection of Gram-
negative Escherichia coli was because they can cause septic
shock, serious food poisoning, meningitis, or urinary tract
infections in humans (see Figure 6). From Table 1, one can
conclude that the concentration of the pigment extracted

was the major factor that affects the inhibition activity
against various types of microorganisms, especially a con-
centration of 50mg/ml yielded the most promising 14mm
zone of inhibition against the Gram-positive, spore-forming,
and facultative anaerobic bacterium, this Bacillus cereus spe-
cies. The present investigation showed good results when it
was compared with Elbendary et al. [39], where their report
revealed a maximum of 10.2mm zone of inhibition against
the Bacillus cereus species. However, the pigment recovered
from the Streptomyces sp. has shown little or nil impact on
Escherichia coli, a Gram-negative bacteria, when the extract
was used at lower concentrations (12.5-25mg/ml), and is
effective if used in higher concentrations (50mg/ml and
above), and also, their strains have not showed any growth
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Figure 4: UV/vis spectroscopy: the UV absorption spectrum result of BJZ10 strain showed that the maximum peak range from 220 nm to
250 nm, with λmax at 247 nm.
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Figure 5: Fourier transform infrared (FTIR) peaks of the extracted pigment.
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inhibition against the E. coli species. It can be concluded that
the brown pigment of strain BJZ10 has been assessed against
Gram-positive and Gram-negative pathogenic bacteria. The
results obtained indicated that Escherichia coli has lower sus-
ceptibility than Bacillus cereus against the tested pigments.

4. Conclusions and Future Scope

The actinobacteria that are recovered from harsh environ-
ments have an advantage over their terrestrial counterparts.
As they can tolerate and grow well, most adverse conditions
are more suitable for the enormous applications in bioreme-
diation, wastewater treatment, and production of the indus-
trial enzyme, antimicrobials, antioxidant, anti-inflammatory,
and anticancer metabolites [40–45]. The present investiga-
tion emphasized that the bioactive pigments recovered from
the strain BJZ10 can be employed as potential antimicrobial
agents against Gram-positive bacteria. Strain BJZ10 showed
higher antimicrobial activity against Bacillus cereus. Micro-
bial pigments have received a huge application in the food
and pharmaceutical industry. Further study involves identi-
fying pigment, statistical optimization, and anticancer stud-
ies of the brown pigment. The previous report claimed that
the melanin pigment produced by the strain of Streptomyces
glaucescens NEAE-H was found to be promising against the
lung fibroblast (WI-38) and human amnion (WISH). Their
results also revealed after treatment, IC50 on all cells ranged

from 37:05 ± 2:40 to 48:07 ± 2:76μg/ml. The antiprolifera-
tive activity of the purified melanin pigment of Streptomyces
glaucescens NEAE-H indicated potential cytotoxic activity
against the HFB4 skin cancer cell line [18]. Hence, there is
a huge scope for utilizing these actinobacterial species to
potentially treat cancer and other dreadful diseases. Actino-
mycetes, especially ant species belonging to the genera
Streptomyces, are versatile organisms; they carry important
metabolites that can be further explored for various biotech-
nological, agriculture and forestry, environmental, and other
industrial applications. There is huge scope for the explora-
tion of pigments produced by the Streptomyces sp. Since we
believe that the present results are even better significant,
when the extracted pigments are capped with the nanoparti-
cles, this process of capping nanoparticles may enhance the
efficacy of the antibiotics. Thus, these pigments capped with
nanoparticles can be used in the preparation of antimicro-
bials agent against the antibiotic-resistant pathogenic strains.

Data Availability

Data is available upon request.
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(a) Bacillus cereus (b) E. coli

Figure 6: The antimicrobial effects of the extracted pigments on Gram-positive (a) and Gram-negative (b) bacteria.

Table 1: Antagonistic effects of the extracted pigment against the Bacillus cereus and E. coli.

Sl. no Name of pathogen Concentration of sample Inhibition size of diameter in mm

1 Bacillus cereus

12.5mg/ml 0:00 ± 0:02
25mg/ml 8:0 ± 0:3
50mg/ml 14±

2 Escherichia coli

12.5mg/ml 0:00 ± 0:01
25mg/ml 0:00 ± 0:31
50mg/ml 4 ± 0:16

6 Journal of Nanomaterials



Acknowledgments

The authors extend their appreciation to the Deanship of
Scientific Research at King Khalid University for funding this
work through research group program R.G.P. 2/105/43. This
study was supported by the Taif University Researchers
Supporting Project Number (TURSP-2020/40), Taif Univer-
sity, Taif, Saudi Arabia. This study also was supported by the
KLE University, Karnataka, India. We thank Dr. A. M.
Sajjan, Asst. Professor, Dept. of Chemistry, KLE Technolog-
ical University, for the FTIR characterization under the
Vision Group on Science and Technology, Karnataka, India.

References

[1] P. N. Waithaka, F. B. Mwaura, J. M. Wagacha, and E. M.
Gathuru, “Isolation of actinomycetes from the soils of
Menengai crater in Kenya,” Greener Journal of Microbiology
and Antimicrobials, vol. 3, no. 2, pp. 008–017, 2017.

[2] H. S. Tuli, P. Chaudhary, V. Beniwal, and A. K. Sharma,
“Microbial pigments as natural color sources: current trends
and future perspectives,” Journal of Food Science and Technol-
ogy, vol. 52, no. 8, pp. 4669–4678, 2015.

[3] C. K. Venil, Z. A. Zakaria, and W. A. Ahmad, “Bacterial pig-
ments and their applications,” Process Biochemistry, vol. 48,
no. 7, pp. 1065–1079, 2013.

[4] L. Dufossé, “Microbial production of food grade pigments.
Food grade pigments,” Food Technology and Biotechnology,
vol. 44, no. 3, pp. 313–321, 2006.

[5] L. Selvameenal, M. Radhakrishnan, and R. Balagurunathan,
“Antibiotic pigment from desert soil actinomycetes; biological
activity, purification and chemical screening,” Indian Journal
of Pharmaceutical Sciences, vol. 71, no. 5, pp. 499–504, 2009.

[6] J. S. Yaradoddi, N. R. Banapurmath, M. H. Kontro et al.,
“Recent trends of actinomycetes in nanotechnology,” in Acti-
nobacteria, J. S. Yaradoddi, M. H. Kontro, and S. V. Ganachari,
Eds., pp. 199–212, Rhizosphere Biology. Springer, Singapore,
2021.

[7] R. S. Parmar and C. Singh, “A comprehensive study of eco-
friendly natural pigment and its applications,” Biochemistry
and Biophysics Reports, vol. 13, pp. 22–26, 2018.

[8] J. S. Yaradoddi, M. H. Kontro, S. V. Ganachari, N. R.
Banapurmath, M. E. M. Soudagar, and M. Divatar, “Scope of
actinobacteria in bioengineering,” in Actinobacteria. Rhizo-
sphere Biology, J. S. Yaradoddi, M. H. Kontro, and S. V.
Ganachari, Eds., pp. 181–198, Springer, Singapore, 2021.

[9] S. Urtgam and N. Thurnkul, “Application of the pigment of
actinobacteria isolated from the wasps-nest soil for dyeing silk
fibers,” Life Sciences and Environment Journal, vol. 22, no. 2,
pp. 166–177, 2021.

[10] J. Berdy, “Bioactive microbial metabolites,” The Journal of
Antibiotics, vol. 58, no. 1, pp. 1–26, 2014.

[11] A. T. Bull,Microbial Diversity and Bioprospecting, ASM Press,
Washington, DC, USA, 2005.

[12] A. Kumar, H. S. Vishwakarma, J. Singh, S. Dwivedi, and
M. Kumar, “Microbial pigments: production and their applica-
tions in various industries,” International Journal of Pharma-
ceutical, Chemical & Biological Sciences, vol. 5, no. 1, 2015.

[13] A. Aberoumand, “A review article on edible pigments proper-
ties and sources as natural colorants in foodstuff and food
industry,” WJDFS, vol. 6, no. 1, pp. 71–78, 2011.

[14] C. K. Venil and P. Lakshmanaperumalsamy, “An insightful
overview on microbial pigment, prodigiosin,” Electronic Jour-
nal of Biology, vol. 5, no. 3, pp. 49–61, 2009.

[15] M. Mohseni, H. Norouzi, J. Hamedi, and A. Roohi, “Screening
of antibacterial producing actinomycetes from sediments of
the Caspian Sea,” International Journal of Molecular and Cel-
lular Medicine, vol. 2, no. 2, pp. 64–71, 2013.

[16] J. V. Gopal, E. Subashini, and K. Kannabiran, “Extraction of
quinone derivative from Streptomyces sp. VITVSK1 isolated
from Cheyyur saltpan, Tamilnadu, India,” Biological Chemis-
try, vol. 56, no. 4, pp. 361–367, 2013.

[17] J. Abraham and R. Chauhan, “Profiling of red pigment pro-
duced by Streptomyces sp. JAR6 and its bioactivity. 3,” Biotech,
vol. 8, no. 1, pp. 1–9, 2018.

[18] N. E. El-Naggar and S. M. El-Ewasy, “Bioproduction,
characterization, anticancer and antioxidant activities of
extracellular melanin pigment produced by newly isolated
microbial cell factories Streptomyces glaucescens NEAE-H,”
Scientific Reports, vol. 7, no. 1, article 42129, 2017.

[19] J. Abraham and R. Chauhan, “Profling of red pigment pro-
duced by Streptomyces sp. JAR6 and its bioactivity,” Biotech,
vol. 8, p. 22, 2018.

[20] S. Yaradoddi Jayachandra, M. B. Sulochana, H. Kontro Merja,
A. B. Parameshwar, and A. Dayanand, “The occurrence of
potential and novel isolates of Oceanobacillus sp. JAS12 and
Salinicoccus sp. JS20 recovered from West Coast of Arabian
Sea, India,” Research Journal of Biotechnology, vol. 15, no. 9,
pp. 133–140, 2020.

[21] O. V. Golyshina and K. N. Timmis, “Ferroplasma and relatives,
recently discovered cell wall-lacking archaea making a living in
extremely acid, heavymetal-rich environments,” Environmental
Microbiology, vol. 7, no. 9, pp. 1277–1288, 2005.

[22] A. Shellikeri, V. Kaulgud, J. Yaradoddi, S. Ganachari,
N. Banapurmath, and A. Shettar, “Development of neem based
bioplastic for food packaging application,” IOP Conference
Series: Materials Science and Engineering, vol. 376, article
012052, 2018.

[23] S. Yaradoddi Jayachandra and M. B. Sulochana, “Screening
and characterization of bioactive compounds produced by
the moderate halophile Halobacillus sp. JS6,” Research Journal
of Biotechnology, vol. 15, no. 12, 2020.

[24] A. A. Gorbushina and W. J. Broughton, “Microbiology of the
atmosphere-rock interface: how biological interactions and
physical stresses modulate a sophisticated microbial ecosys-
tem,” Annual Review of Microbiology, vol. 63, no. 1, pp. 431–
450, 2009.

[25] J. Yaradoddi, S. Hugar, N. R. Banapurmath et al., Alternative
and Renewable Bio-based and Biodegradable Plastics, Springer,
2019.

[26] A. A. Gorbushina and W. E. Krumbein, “The poikilotrophic
micro-organism and its environment–microbial strategies of
establishment, growth and survival,” in Enigmatic Micro-620
Organisms and Life in Extreme Environments, J. Seckbach, Ed.,
pp. 175–185, Kluwer Academic, Dordrecht, Netherlands, 1999.

[27] E. García‐Fruitós, E. Rodríguez‐Carmona, C. Díez‐Gil et al.,
“Surface cell growth engineering assisted by a novel bacte-
rial nanomaterial,” Advanced Materials, vol. 21, no. 42,
pp. 4249–4253, 2009.

[28] I. Saadoun, K. M. Hameed, and A. Moussauui, “Characteriza-
tion and analysis of antibiotic activity of some aquatic actino-
mycetes,” Microbios, vol. 99, no. 394, pp. 173–179, 1999.

7Journal of Nanomaterials



[29] B. I. Slavica, S. K. Sandra, and B. T. Zoran, “UV/VIS analysis
and antimicrobial activity of streptomyces isolates,” Medicine
and Biology, vol. 12, pp. 44–46, 2005.

[30] A. A. Yusuf and F. L. Inambao, “Characterization of Ugandan
biomass wastes as the potential candidates towards bioenergy
production,” Renewable and Sustainable Energy Reviews,
vol. 117, article 109477, 2020.

[31] J. S. Yaradoddi, N. R. Banapurmath, M. H. Kontro et al.,
“Recent trends of actinomycetes in nanotechnology,” in Acti-
nobacteria, pp. 199–212, Springer, Singapore, 2021.

[32] C. Díez-Gil, S. Krabbenborg, E. García-Fruitós et al., “The
nanoscale properties of bacterial inclusion bodies and their
effect on mammalian cell proliferation,” Biomaterials, vol. 31,
no. 22, pp. 5805–5812, 2010.

[33] J. Yaradoddi, M. Kontro, S. Ganachari et al., “RNA nanotech-
nology,” in Handbook of Ecomaterials, L. M. Torres-Martinez,
O. V. Kharissova, and B. I. Kharisov, Eds., pp. 3587–3600,
Springer Nature Switzerland, Swizerland, 2019.

[34] L. M. T. Martínez, O. V. Kharissova, and B. I. Kharisov,Hand-
book of Ecomaterials, Springer International Publishing, 2019.

[35] J. Yaradoddi, M. Kontro, S. Ganachari et al., “DNA Nanotech-
nology,” in Handbook of Ecomaterials., B. I. Kharisov, Ed.,
Springer International Publishing AG, 2018.

[36] V. Sharanabasava, “Green nanotechnology for biomedical,
food, and agricultural applications,” inHandbook of Ecomater-
ials.pp. 2681–2698, Springer.

[37] T. J. Lee, C. Schwartz, and P. Guo, “Construction of bacterio-
phage phi29 DNA packaging motor and its applications in
nanotechnology and therapy,” Annals of Biomedical Engineer-
ing, vol. 37, no. 10, pp. 2064–2081, 2009.

[38] V. Saul-Tcherkas, A. Unc, and Y. Steinberger, “Soil microbial
diversity in the vicinity of desert shrubs,” Microbial Ecology,
vol. 65, no. 3, pp. 689–699, 2013.

[39] A. A. Elbendary, A. M. Hessain, M. D. El-Hariri et al.,
“Isolation of antimicrobial producing Actinobacteria from soil
samples,” Saudi Journal of Biological Sciences, vol. 25, no. 1,
pp. 44–46, 2018.

[40] V. V. Selyanin, G. V. Oborotov, G. M. Zenova, and D. G. Zvya-
gintsev, “Soil alkalophilic actinomycetes,” Mikrobiologiya,
vol. 74, no. 6, pp. 838–844, 2005.

[41] J. J. Smith, L. A. Tow, W. Stafford, C. Cary, and D. A. Cowan,
“Bacterial diversity in three different Antarctic cold desert
mineral soils,” Microbial Ecology, vol. 51, no. 4, pp. 413–421,
2006.

[42] J. Song, H. V. Weon, S. H. Yoon, D. S. Park, S. J. Go, and J. W.
Suh, “Polygenetic diversity of Thermophilic actinomycetes and
436 Thermoactinomyces spp. isolated from mushroom com-
posites in Korea based on 16 S rRNA 437 gene sequence anal-
ysis,” FEMS Microbiology Letters, vol. 202, no. 1, pp. 97–102,
2001.

[43] S. Basavaraj, “Terrestrial ecology of actinobacteria,” in Actino-
bacteria. Rhizosphere Biology, pp. 39–54, Springer, 2021.

[44] H. Merja, “Microbial ecology,” in Actinobacteria. Rhizosphere
Biology, pp. 1–19, Springer, 2021.

[45] S. Jayachandra, “Actinobacteria: basic adaptation to harsh envi-
ronments,” in Actinobacteria. Rhizosphere Biology, pp. 69–88,
Springer, 2021.

8 Journal of Nanomaterials


	Production, Characterization, and Antimicrobial Activity of Pigment from Streptomyces Species
	1. Introduction
	2. Materials and Methods
	2.1. Collection of Samples
	2.2. Isolation of Actinomycetes
	2.3. Morphological Studies
	2.4. Identification of Pigment-Producing Actinomycetes
	2.5. Production of Pigments
	2.6. Extraction of Pigments by Using Different Solvents
	2.7. Partial Characterization of Pigments
	2.7.1. UV/Vis Spectrophotometer
	2.7.2. FTIR Spectroscopy (Fourier Transform Infrared Spectroscopy)

	2.8. Biological Assay
	2.8.1. Antimicrobial Activity


	3. Results and Discussion
	4. Conclusions and Future Scope
	Data Availability
	Conflicts of Interest
	Acknowledgments

