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pigment are called as Chromogenic bacteria [2]. The pig-
ments production in bacteria is important for protection 
against ultraviolet radiation, oxidantion stress, extreme 
temperature and desiccation. Pigments are also known 
to act as bacterial shields against some natural antimi-
crobial compounds produced by other microorganisms 
[3]. Some bacteria produce pigment as part of their nor-
mal metabolism with color of different shades. Bacteria 
are known to produce various pigments like Carotenoids 
and its derivatives (β-carotein, Astaxanthin, Canthax-
anthin, Zeaxanthin), Prodigiosin, Pyocyanin, Melanin, 
Violacein etc [4, 5]. Microbial pigments are the charac-
teristic feature of some bacteria which may be useful in 

Introduction
A pigment is a material that changes the color of 
reflected or transmitted light as the result of wavelength-
selective absorption. This physical process differs from 
fluorescence, phosphorescence, and other forms of 
luminescence, in which a material emits light [1]. Natu-
ral pigments are sourced from ores, insects, plants, ani-
mals and as well as from microbes. Bacteria that produce 
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Abstract
The purpose of this study was to evaluate antibacterial activity of pigment extracted from bacteria, isolated from 
soil samples. During the study, 20 soil samples were collected from different areas (forest, agriculture fields, river 
sides and dumping sites) of Kathmandu and Lalitpur districts which were processed for isolation of pigment 
producing bacteria by spread plate technique. The pigmented bacterial isolates were identified and enriched in 
nutrient broth. Then, pigment was extracted in 95% methanol as solvent, which was further characterized using 
UV-Vis Spectrophotometric and TLC analysis. The obtained crude pigment extract was processed to carry out the 
antimicrobial susceptibility assay using agar well diffusion method. Out of 13 total pigmented bacteria isolates, 
four different colored pigmented bacterial isolates (S4O, S11Y, S14P and S17G) which produced efficient pigment 
on nutrient agar were chosen and they were further processed. Among these isolates, S4O was identified as 
Staphylococcus aureus, S11Y was identified as Micrococcus luteus, S14P was identified as Micrococcus roseus and 
S17G was identified as Pseudomonas aeruginosa respectively. On characterization using UV-Vis Spectrophotometric 
and TLC analysis, the pigment extracted from isolates S4O, S11Y and S14P were found to be Carotenoids and 
from isolate S17G was found to be Pyocyanin in nature. The maximum antibacterial activity was shown against 
Staphylococcus aureus from all the four pigments extracts. The green color pigment extract from isolate S17G was 
found to be most effective against all the Gram-positive and Gram-negative test bacteria. This study suggests that 
these pigment extracts from pigmented bacteria may have beneficial antibacterial roles that can be exploited in 
controlling unwanted bacterial growth.
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identification as pigmented bacteria will form cultures 
that exhibited some color Production of pigments can 
be extracellular or intracellular depending on the micro-
organisms. Some pigments are water soluble they leak 
out of cells and diffuse through the water-based cul-
ture medium which causes the medium to change color. 
Other pigments are water insoluble they remain within 
the cells, so only the colony becomes colored. It has been 
proved that only aerobic and facultative anaerobic bacte-
ria are pigmented because molecular oxygen is essential 
for pigmentation [6].

The use of microorganisms for pigment production has 
several advantages including easy propagation and wide 
strain selection, availability of the cultivation technol-
ogy, easy downstream processing and more cost effective 
[7]. The extraction and characterization of microbial pig-
ments from pigmented microbes are easier than non-pig-
mented microbes, whose identification and compound 
characterization is hard and time-consuming. In addi-
tion, the collection of microorganisms is sustainable and 
has no negative impact on the environment [8].

Bacterial pigment production is now one of the emerg-
ing fields of research to demonstrate its potential for vari-
ous applications. These pigments are not only used for 
coloring agents in the cosmetic and food industry but 
have also been reported to possess biological properties 
such as antimicrobial, antiviral, antioxidant and antican-
cer activities. Out of all the secondary metabolites hav-
ing antimicrobial activity, pigments are the least studied 
group [9].

The exploitation of new antimicrobial agents from 
natural resources is considered as an important task 
particularly in developing countries where the threat of 
drug resistance in microorganism is more. Thus, the bac-
teria pigment as secondary metabolites are seen to be a 
promising agent in this regard. This study aimed at isola-
tion and identification of bacteria which are having pig-
ment producing ability from natural habitat like soil. The 
pigment from the isolates is processed for production, 
extraction, and evaluation of the antimicrobial activity.

Methods
Sampling sites
Total 20 soil samples were collected from different areas 
(forest, agriculture fields, river sides and dumping sites) 
of Kathmandu and Lalitpur districts which were pro-
cessed for isolation of pigment producing bacteria.

Sample processing
Bacteria present in the samples were isolated by spread 
plate technique on NA medium. The isolated pigment 
producing bacteria were streaked on sterile NA plate to 
obtain pure culture. The pure pigmented bacterial cul-
tures were grown on nutrient agar slant and maintained 

at 2–4  °C temperature in refrigerator. Out of total iso-
lates, different pigment producing bacteria which pro-
duced efficient pigment on NA agar were chosen and 
studied further.

Identification of pigmented isolates
Bacterial isolates were identified as described in the Ber-
gey’s manual of systemic bacteriology which involves 
colony characterization, cell morphology and biochemi-
cal tests.

Enrichment for pigment production
A pre-culture was developed in 5 ml of NB medium by 
inoculating the broth with one loop full of selected bac-
teria and incubated at room temperature for overnight. 
The pre-culture was then used to inoculate (1 ml) in NB 
production medium. The approximate cell concentra-
tion was observed using the McFarland standard graph. 
Production of pigment was carried out in 50 ml nutrient 
broth in 100 ml conical flask and incubated at 37 °C for 
48 h [10].

Extraction of pigment
For extraction of pigment, the bacterial cells were first 
grown for 48  h in nutrient broth followed by centrifu-
gation at 3000 rpm for 20 min. The pigment containing 
layer (pellet/ supernatant) was taken, mixed with 10  ml 
95% (v/v) methanol for extraction [11]. The colored 
methanolic supernatant extract was collected and filtered 
through Whatman No. 1 filter paper. The filtrate was 
poured in an evaporating dish and incubated at 50 °C in 
hot air oven for 30 min to obtain a dry pigment extract, 
free of solvent. The mass was stored at 4 °C until further 
use.

Spectrophotometric analysis
The pigment extract was then analyzed by scanning the 
absorbance in the wavelength region of 200–700  nm 
using UV-Vis spectrophotometer which helps to find out 
the maximum absorption spectra (ʎmax) by using 95% 
methanol as a blank [12].

TLC analysis
About, 50 µl of methanolic pigment extracts were spotted 
on the baseline of the TLC plate with the help of pipettes 
and then allowed to dry. The TLC plates were then placed 
in a pre-saturated TLC chamber containing the mobile 
phase (methanol: chloroform in the ratio of 6:4). The 
Retention factor (Rf ) values were determined using the 
formula mentioned below;

	
Rf =

Distance travelled by solute front (d)
Distance travelled by solvent front (D)
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Antimicrobial susceptibility assay
The agar well diffusion method was performed to ana-
lyze the antibacterial activity against the test organisms. 
All the test microorganisms were obtained from the 
Microbiology Laboratory of D.A.V. College, Lalitpur. The 
pigment extract was prepared by dissolving 1000  mg of 
pigment extract into 1  ml of 10% methanol. Each well 
was filled with 50  µl of methanolic extract of bacterial 
pigments and 10% methanol was used as a negative con-
trol. After proper incubation at 37  °C for 24 h., zone of 
inhibition (ZOI) surrounding each well was measured in 
millimeters and noted.

Data analysis
All the data were entered in Microsoft Excel and thus 
interpretation of the entered data was characterized in 
the form of diagram, graphs and tables for visual appre-
ciation of different analytical aspects.

Results
Isolation of pigment producing bacteria
From 20 soil samples processed, pigmented bacteria 
were isolated in 9 (45%) soil samples with total of 13 
isolates. Out of theses pigment producing bacterial iso-
lates, higher percentage i.e., 46% (6) were isolated from 
dumping sites where as the least percentage of pigment 
producing bacterial isolates were 8% (1) from agricultural 
fields (Fig. 1).

Isolated bacteria showed different pigmentation. Out of 
13 pigmented bacterial isolates, yellow pigment produc-
ers were highest i.e., 46% (6), followed by 38% (5) orange 
pigment producers. The least percentage was of pink and 

green pigment producer i.e., 8% (1) each among the iso-
lates (Fig. 2).

Identification of pigmented bacterial isolates
In this study, a total of four different color pigmented bac-
teria isolates which produced efficient pigment on nutri-
ent agar were chosen and they were further processed. 
Among these, isolate S4O was identified as Staphylococ-
cus aureus, isolate S11Y was identified as Micrococcus 
luteus, isolate S14P was identified as Micrococcus roseus 
and isolate S17G was identified as Pseudomonas aerugi-
nosa respectively.

Thin layer chromatography analysis
It is observed that tested pigments from isolates S4O, 
S11Y and S14P showed spot on TLC plates with Rf val-
ues 0.78, 0.88 and 0.65 respectively. These Rf value lies 
within standard carotenoids range i.e., 0.9 to 0.34 [13], 
therefore indicating the presence of carotenoids pigment. 
Likewise, the observed corresponding TLC Rf value was 
found to be 0.74 showing single blue color spot on TLC 
plates indicating the presence of pyocyanin pigment from 
isolate S17G.

Spectrophotometric analysis
As shown in Fig. 3, the green pigment from isolate S17G 
was found to be pyocyanin showing maximum absor-
bance at 276  nm. The extracted pigments from isolates 
S4O, S11Y and S14P were found to be carotenoids as they 
showed maximum absorbance in the range of 492  nm, 

Fig. 2  Percentage of different pigmented bacteria isolates from soil 
samples

 

Fig. 1  Distribution of pigment producing bacteria in different sampling 
sites
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470 nm and 386 nm respectively. Most of the carotenoids 
show peak between 400 and 500 nm ranges [14].

Antibacterial activity of extracted pigments
Among the four pigment extracts, the green color pig-
ment from isolate S17G was found to be most effec-
tive against all the Gram-positive and Gram-negative 
test bacteria showing highest ZOI of 34  mm against S. 
aureus. It had maximum ZOI of 24  mm against Bacil-
lus spp., 20  mm against E. coli and K. pneumonia each, 
26 mm against Proteus spp. and 16 mm against S. Typhi 
respectively.

The maximum antibacterial activity was shown against 
S. aureus with ZOI of 20  mm from orange pigment 
extract from isolate S4O, ZOI of 16 mm from yellow pig-
ment extract from isolate S11Y, ZOI of 18 mm from pink 
pigment extract from isolate S14Pand ZOI of 34  mm 
from green pigment extract from isolate S17G, respec-
tively (Table  1). These pigments also showed significant 
antibacterial activities against the other bacterial test 
pathogens as well.

Discussion
Pigmented bacteria were isolated in 9 (45%) soil samples 
with total of 13 isolates. Out of theses pigment producing 
bacteria isolates higher percentage i.e., 46% (6) were iso-
lated from dumping sites while least percentage of isolate 
was 8% (1) from agricultural fields. However, in terms of 

color of pigment, the yellow pigment producing colonies 
were found predominant i.e., 46% (6) of total isolates. 
Hereby, these results underscore that variability of pig-
mented bacteria is associated with the variable habitat of 
origin in the same geographical area.

For the extraction of crude microbial pigment from 
freshly grown bacterial culture various methods were 
used like centrifugation, vortexing, filtration and addition 
of 95% methanol so that cell gets lysed and pigment can 
be extracted. The methanol as solvent extracted most of 
the pigments from the cell and in addition coagulated the 
cellular debris to a sufficient degree that it enabled the 
recovery of pigment in clear filtrate.

The maximum absorbance of orange pigments from 
isolate S4O is at 492  nm, yellow pigment from S11Y is 
at 470  nm, and pink pigment from S14P is at 386  nm 
respectively. So on, the study of [15] characterized 
the yellow pigment synthesized by the Micrococcus 
luteus strain NCTC 2665 as carotenoid which showed 
maximum absorbance at 467  nm. A similar result was 
observed for carotenoid derivative canthaxanthin as the 
main pink pigment produced by Micrococcus roseus hav-
ing λmax measured by spectrophotometer at 372 and 
426  nm [16]. Based on the spectral analysis (λ-max) as 
the extracted pigment lies within the standard wave-
length peak of carotenoids pigments i.e. between 300 
and 500  nm [14] and comparison with similar findings, 
the pigments from isolates S4O, S11Y and S14P were 

Table 1  Antimicrobial activity of 10% methanol extract of pigments against selected bacterial strains
Isolate Pigment

color
Zone of inhibition (mm) against test microorganisms
S. aureus Bacillusspp. E. coli K. pneumoniae Proteusspp. S.Typhi

S4O Orange 20 ND ND ND ND ND
S11Y Yellow 16 ND 6 ND 8 4
S14P Pink 18 ND 10 ND 8 8
S17G Green 34 24 20 20 26 16
Note: ND- Not detected

Fig. 3  UV -Vis spectrophotometric analysis of pigment extract showing maximum absorbance (λmax)
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identified as carotenoids. So on, the result of our study 
from isolate S17G with green pigment having maximum 
absorbance at 276  nm correlated with the work of [17] 
extracted blue-green pigment from Pseudomonas aeru-
ginosa which showed a maximum absorbance at 252 nm. 
This peak indicates the presence of pyocyanin compound.

Furthermore, the extracted blue-green pigment from 
Pseudomonas aeruginosa subjected to Thin Layer chro-
matography using silica gel as a stationary phase and 
chloroform as a mobile phase with corresponding TLC Rf 
value 0.71 indicates the presence of pyocyanin pigment 
[17], which was similar to the green pigment from isolate 
S17G having Rf value 0.74. TLC also showed the pres-
ence of a pigment which migrated as colored component 
in the sheet with Rf 0.78 from orange pigment extract of 
isolate S4O, yellow pigment extract of isolate S11Y with 
Rf 0.88 and pink pigment extract of isolate S14P with 
Rf 0.64 respectively. Similar findings were reported by 
many researchers, such as standard carotenoid pigment 
production from Micrococcus luteus is reported to have 
Rf value of 0.85 [12]. The Rf value from orange pigment 
of staphylococcus aureus was found to be 0.38, and 0.69, 
thus characterized as carotenoid pigment staphyloxan-
thin [18]. As, the results of extracted pigments lies within 
the standard range of Rf values of carotenoids i.e., 0.92 to 
0.34 [13], which indicates that these pigments are from 
carotenoid family.

In this study, the antimicrobial activity of extracted 
carotenoid pigment was found to be most effective 
against Gram-positive than Gram-negative bacteria. The 
reason behind this might be due to the difference in the 
cell structure as the Gram-negative bacteria possess outer 
membrane which can act as a barrier for antimicrobials 
to enter to the cells. However, the mode of action behind 
the antibacterial activity from these extracted bacterial 
carotenoids pigments is still unknown. The green color 
pigment from isolate S17G was found to be most effec-
tive against all the Gram- positive and Gram-negative 
test bacteria. Pyocyanin exhibits intracellular oxidant 
stress and initiates a redox cycle that results in produc-
tion of reactive oxygen species such as hydrogen peroxide 
and superoxide, these compounds inhibit the growth of 
pyocyanin sensitive microbes [19]. As well, the difference 
in lipid content of cell wall of Gram-negative and Gram-
positive bacteria might be associated with different level 
of sensitivity of test bacteria to pyocyanin [20]. The varia-
tion in antimicrobial activities might have been due to 
the differences in nature of pigment produced by isolated 
pigmented bacteria.

Conclusion
This study suggests that bacterial isolates from local 
soil samples could synthesize pigments. The pigment 
extracted from isolated pigmented bacteria showed 

comparable antibacterial activity against both the Gram-
positive as well as Gram-negative bacteria indicating 
antibacterial nature of the pigment. Thus, the pigment 
extracts can be used to control the growth of unwanted 
pathogens.

Acknowledgements
We would like to thank all faculty members of Department of Microbiology, 
D.A.V. College for providing all the essential facilities to carry out the work 
successfully.

Author contributions
All the authors have equal contribution in this manuscript. All authors read 
and approved the final manuscript.

Funding
No fund/grant was received for the research work.

Data availability
All the required data and material of research is given in the manuscript.

Declarations

Ethics approval and consent to participate
Research approval was taken from Department of Microbiology, DAV College, 
Lalitpur, Nepal.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 January 2023 / Accepted: 17 June 2024

References
1.	 Sharma D. Understanding Biocolour- A Review. Int J Sci Technol Res. 

2014;5:3–1.
2.	 Demain AL. Introduction of microbial secondary metabolism. J Int Microbiol. 

1998;1:259–64.
3.	 Darshan N, Manonmani HK. Pigment prodigiosin and its potential applica-

tions. J Food Sci Technol. 2015;52:5393–407.
4.	 Narsing RMP, Xiao M, Li WJ. Fungal and bacterial pigments: secondary 

metabolites with wide applications. Front Microbiol. 2017;8:1113–8.
5.	 Malik K, Tokkas J, Goyal S. Microbial pigments: a review. Int J Microb Resource 

Technol. 2012;1:361–5.
6.	 Rokade MT, Pethe AS. Isolation and identification of chromogenic bacteria 

from various sources. Eur J Pharm Med Res. 2016;15:295–9.
7.	 Venil CK, Dufosse L, Devi P. Bacterial pigments: sustainable compounds with 

market potential for pharma and food industry. Front Sustainable Food Syst. 
2020;4:100.

8.	 Rashid MM, Mazumdar RM, Kaniz F, Chowdhury MA. Anti-bacterial activity 
of pigments isolated from pigment forming soil bacteria. J Pharm Res Int. 
2014;12:880–94.

9.	 Usman HM, Abdulkadir N, Gani M, Maiturare HM. Bacterial pigments and its 
significance. MOJ Bioequivalence Bioavailab. 2017;4:285–8.

10.	 Sinha S, Choubey S, Kumar A, Bhosale P. Identification, characterization of 
pigment producing bacteria from soil and water and testing of antimicrobial 
activity of bacterial pigments. Int J Pharm Sci Rev Res. 2017;42:119–24.

11.	 Hariyali H, Sorathiya D, Shah M. Production of biopigment from pigmented 
bacteria isolated from waste under optimized conditions. Int J Sci Res. 
2019;7:1793–8.

12.	 Mitali B, Gupta A, Ratna P. Isolation and characterization of pigment produc-
ing bacteria isolated from waste. Int J Appl Sci. 2020;6:252–60.



Page 6 of 6Chaturwedi et al. BMC Research Notes          (2024) 17:169 

13.	 Reddy SN, Vadivel P, Matsumoto G, Stackebrandt E. Kocuria polaris an orange 
pigmented psychrophilic bacterium isolated from an Antarctic. Int J Syst Evol 
MicroBiol. 2013;53:183–7.

14.	 Priya M, Selvi CS, Kousalya M. Screening for potential carotogenic producing 
bacteria from rhizospheric soil and it act as an antibacterial activity. World J 
Pharm Pharm Sci. 2017;6:1033–43.

15.	 Benjamin S, Dhanya P, Sarath MK. Micrococcus luteus strain BAA2, a novel 
isolate produces carotenoid pigment. Electron J Biology. 2016;12:83–9.

16.	 Hossein R, Mahmoud Y. Some biological activities of pigments extracted 
from Micrococcus roseus PTCC 1411 and Rhodotorula glutinis PTCC 5257. Int J 
ImmunoPathol Pharmacol. 2016;29:684–95.

17.	 Thakur S, Karn S, Sabapathy S. Analysis of Pyocyanin Compound and 
its antagonistic activity against Phytopathogens. Int J ChemTech Res. 
2013;5:1101–6.

18.	 Eman R, Kandela J. Extraction of Staphyloxanthin from Staphylococcus aureus 
isolated from clinical sources to determine its antibacterial activity against 
other Bacteria. Iraqi J Sci. 2014;55:1823–32.

19.	 Hamad FNM, Marrez AD, El-Sherbieny RMS. Toxicity evaluation and antimicro-
bial activity of purified pyocyanin from pseudomonas aeruginosa. Biointerna-
tional Res Appl Chem. 2020;10:6974–90.

20.	 Darwesh MO, Barakat MK, Mattar ZM, Sabae ZS, Hassan HS. Production of 
antimicrobial blue green pigment pyocyanin by marine pseudomonas aerugi-
nosa. Int Res Appl Chem. 2019;9:4334–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Antibacterial activity of pigment extracted from bacteria isolated from soil samples
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Sampling sites
	﻿Sample processing
	﻿Identification of pigmented isolates
	﻿Enrichment for pigment production
	﻿Extraction of pigment
	﻿Spectrophotometric analysis
	﻿TLC analysis
	﻿Antimicrobial susceptibility assay
	﻿Data analysis

	﻿Results
	﻿Isolation of pigment producing bacteria
	﻿Identification of pigmented bacterial isolates
	﻿Thin layer chromatography analysis



