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Abstract 

Background: Nowadays, there is increased interest in the biosynthesis of microbial melanin related to their numerous biological 
functions and applications in many fields, especially in medical fields, including immune-modulating, antimicrobial antibiotic, antiviral 
antivenin, anticancer, antitumor activity, and anti-biofilm activity. Pyomelanin is a hydrophobic macromolecule that is typically dark 
brown or black in color, formed by the oxidative polymerization of phenolic or indolic compounds. Pyomelanin is reported to be 
safe for consumption, thus providing a crucial strategy for biocontrol of biofilm. Furthermore, natural pyomelanin is known as a 
potent antioxidant, photoprotective, and free radical scavenging. Objective: This study focuses on the extraction and parametric 
optimization of melanin using Pseudomonas aeruginosa (P. aeruginosa) isolates. Materials and Methods: P. aeruginosa was isolated 
from various clinical sources, including urinary tract infections, burn patients, and wound infections. The isolate’s identification was 
done by biochemical, cultural, and VITEK-2 compact system. The isolates were subjected to pyomelanin production in nutrient 
agar supplemented with L-tyrosine, and the potential isolate was selected and employed for melanin production using nutrient broth 
supplemented with L-tyrosine. The pyomelanin-producing isolates were further identified through the PCR analysis technique. 
Different physical parameters were used for optimum pyomelanin yield. Results: The potential P. aeruginosa isolates were further 
identified using 16s rRNA. Pyomelanin production was better at 2.9 µg/mL at 100 rpm. The highest pyomelanin production was 
3.07 µg/mL after 72 h incubation. The optimum pH at 7 was 3.12 µg/mL. The highest pyomelanin yield at 40°C was 3.03 µg/mL, while 
the maximum pyomelanin was produced using 2 g/L tyrosine at 2.99 µg/mL. UV-visible (UV-Vis) spectroscopy analysis for pyomelanin 
pigment was at 273.5 nm. The infrared spectrum exhibited a broad absorption band around 3280.82 cm−1 which corresponds to the 
presence of -OH and N-H groups. Conclusion: This study provides knowledge on factors affecting pyomelanin production using 
bacteria in broth media supplemented with L-tyrosine. 

Keywords: FT-IR spectroscopy, optimization parameters, Pseudomonas aeruginosa, pyomelanin, UV-Vis spectroscopy

IntroductIon
Pseudomonas aeruginosa (P. aeruginosa) is a Gram-
negative bacterium, an environmental bacterium that can 
infect vulnerable patients with both acute and chronic 
infections.[1,2] This versatile organism is very versatile, 
has the capacity to build biofilms, exhibits a high level 
of inherent antibiotic resistance, and possesses variety of 
virulence factors.[3]

Also, P. aeruginosa bacterium is capable of producing 
different kinds of pigments, including pyomelanin 
pigment. Pyomelanin pigment is a natural black-brown, 

hydrophobic, and negatively charged macromolecule 
generated by the oxidative polymerization of phenolic 
or indolic compounds in bacteria, plants, animals, 
and fungi.[4-6] The production of pyomelanin involves 
many enzymatic and non-enzymatic steps, L-tyrosine 
is first converted by the tyrosinase catalyzer into L-3,4 
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dihydroxyphenylalanine (L-DOPA), and L-DOPA is then 
converted to dopachrome by the action of tyrosinase 
enzyme, which is finally converted to pyomelanin through 
several non-enzymatic oxidoreduction steps.[7,8]

Recent studies found that the function of pyomelanin 
in bacteria is connected to the defense against 
environmental stress, including UV light, free radicals, 
heavy metal toxicity, and hydrolytic enzymes.[9] Bacteria 
that produce pyomelanin are found to be more resistant 
to antibiotics.[10] These characteristics make pyomelanin 
a significant bioactive substance with numerous 
clinical, pharmaceutical, and agricultural applications, 
including the food industry for use as a natural food 
colorant.[5,11] Studies have also shown that pyomelanin has 
antimicrobial and antiviral effects, which open up new 
avenues for research.[7] Synthesis of pyomelanin pigment 
by microorganisms is eco-friendly and provides higher 
production outputs.[12]

Thus, the main aim of our study focuses on the optimal 
conditions of production, extraction, and partial 
purification of pyomelanin.

MaterIals and Methods

Identification of isolates
One hundred clinical specimens were isolated from 
different clinical sources from Iraqi patients’ hospitals, 
including 45 specimens (45%) from burns patients, 40 
specimens (40%) from UTI patients, and 15 specimens from 
wound infections. The statistical analysis system (SAS) 
program was used to detect the effect of different sources 
of Pseudomonas infection in this study.[13] All specimens 
were swabbed, inoculated, and incubated for 24 h at 37°C 
on MacConkey agar as a selective and differential media; 
for further identification, the isolates were recultured on 
cetrimide agar, selective, and differential media for P. 
aeruginosa, isolates were initially identified by cultural 
characteristics, biochemical tests, and VITEK-2 compact 
system (BioMerieux, France) was used in this present 
study.

The identification of  pyomelanin producer 
isolates was confirmed by amplifying a fragment 
of  16S rRNA gene (1400 bp) using 16S Pseud-F 
(5ʹ-AGGCCTAACACATGCAAGTCGA-3ʹ) and 16S 
Pseud-R (5ʹ-GGTTAGACTAGCTACTTCTGGAGC-3ʹ). 
A total of 0.5 μL of each primer was added to 25 μL of Go 
Taq G2 Green Master Mix. Then, 1 μL of boiled bacterial 
extract as a DNA template was added,[14] and the volume of 
the PCR mixture was completed with nuclease-free water 
to 50 μL. The thermocycling was performed as follows: 
1 cycle of 95°C for 5 min, followed by 30 cycles of 95°C 
for 30 s, 55°C for 30 s, 72°C for 1 min, and a final cycle of 
72°C for 5 min. Electrophoresis was conducted at 100 V 
for 50 min using an agarose gel (1%) containing ethidium 
bromide (0.5 µg/mL) and 1X TBE buffer. UV light was 

used in a GelDoc-UV-Transilluminator to visualize PCR 
product bands (1400 bp), 100 pb DNA marker.

Screening for pyomelanin-producing Pseudomonas 
aeruginosa
All P. aeruginosa isolates were tested for pyomelanin 
production by inoculating a fresh Pseudomonas colony 
on a nutrient agar medium supplemented with 2% 
L-tyrosine.[15] Plates were then incubated for 3–4 days at 
37°C and observed the brown–black color of pyomelanin. 
To choose the highest pyomelanin-producing isolates, all 
pyomelanin-producing isolates were inoculated in brain 
heart infusion broth and incubated at 37°C for 24 h. The 
optical density was measured at 600 nm to normalize the 
cell number, then 1 mL of overnight bacterial culture was 
inoculated in 100 mL flasks containing 20 mL of nutrient 
broth supplemented with 2% L-tyrosine (pyomelanin 
production broth media). Pyomelanin production broth 
media without tyrosine was used. The flasks were then 
incubated at 37°C for 3–4 days in a shaking incubator 
at 120 rpm until the color of the media turned brown. 
Subsequently, the media were centrifuged at 8000 rpm 
for 20 min and the supernatant. The concentration of 
pyomelanin in the supernatants was measured using an 
enzyme-linked immunosorbent assay (ELISA), (ELISA 
microplate reader, BioTek, USA) at 450 nm and was 
calculated by comparing the OD of unknown samples 
with a standard curve prepared according to Zhu et al. 
and Makpol et al.[16,17]

Optimization of agitation rate (rpm) for pyomelanin 
production
Various agitation speeds were tested for improved growth 
and optimal pyomelanin production. Four individual 
100 mL conical flasks with 20 mL pyomelanin production 
broth media were inoculated with an overnight bacterial 
culture and incubated in a shaker incubator at 37°C for 
72 h at 80, 100, 120, and 140 rpm. The fifth flask was 
incubated under static conditions.[18]

Optimization of different temperatures for pyomelanin 
production
This experiment has been conducted to determine the 
optimal incubation temperature for maximum pyomelanin 
production. Four different 100 mL conical flasks with 
20 mL pyomelanin-producing broth medium were 
inoculated with 1 mL of activated bacteria and incubated 
at different temperatures: 25, 30, 35, 40, and 45°C, and the 
initial pH of each flask was adjusted to 7.0 with a shaking 
speed of 120 rpm for up to 72 h.[19]

Optimization of different initial pH for pyomelanin 
production
Pyomelanin-producing broth media with various initial 
pH levels were used to identify the optimal pH for 
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pyomelanin. The initial pH values of the media were 
adjusted to 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, and 8.5 using 0.5 
M NaOH and 0.5 M HCl.[20] The production broth was 
incubated as described above.

Optimization of different incubation periods for 
pyomelanin production
The effect of the incubation period on pyomelanin 
production was investigated. Four different 250 mL 
volume flasks with 50 mL pyomelanin production broth 
media were inoculated with 1 mL of overnight bacterial 
culture and incubated at 37°C and 120 rpm for 24, 48, 
72, and 96 h to determine the optimal incubation period 
for pigment production. At intervals of 24 h, one flask is 
removed and evaluated for pyomelanin production.[19]

Optimization of different L-tyrosine concentrations on 
pyomelanin production
Different concentrations of L-tyrosine (0,1, 1.5, 2, 2.5, and 
3 g/L) were tested for optimal pyomelanin production. 
Four flasks with pyomelanin production broth media 
were inoculated with an overnight bacterial culture. All 
the flasks were incubated at 37°C for 72 h in a shaking 
incubator with a speed 120 rpm; the fifth flask lacked 
L-tyrosine.[18]

Production of pyomelanin pigment
Production of pyomelanin by P. aeruginosa was employed 
in pyomelanin production broth medium. Then, 1 mL of 
an overnight P. aeruginosa culture was added to 500 mL 
volumetric flask containing 100 mL of pyomelanin 
production broth medium and incubated in a shaker 
incubator with a shaking speed of 120 rpm at 37°C for 
72 h until the broth color turned dark brown.[15]

Extraction and partial purification of pyomelanin
The isolate with the maximum pyomelanin production 
underwent the following procedures to extract and 
purification of pyomelanin according to Zhang et al.[21]

Solubility of partially purified pyomelanin
Pyomelanin solubility was examined by dissolving a small 
amount of the partially purified pigment in a variety of 
organic and inorganic solutions to assess the solubility 
of the pigment in different solvents. The solubility of 
the pyomelanin in distilled deionized water, ethyl acetate, 
chloroform, methanol 100%, ethanol 70%, chloroform, 
dimethyl sulfoxide (DMSO), (0.5 and 0.1 M) HCL, and 
(0.5 and 0.1 M) NaOH was tested.

UV-visible spectroscopy
Small amounts of pyomelanin pigment were dissolved 
in 0.1 M NaOH, and the alkalized pigment solution was 

scanned with a UV-Vis spectrophotometer (Shimadzu 
UV-2550, Japan) at wavelengths of 200–800 nm.

Fourier transform infrared (FT-IR) Spectroscopy analysis
The partially purified pyomelanin was mixed with 
potassium bromide (KBr) at a ratio 1:10, and pressed into 
disks under vacuum using a pellet maker, then recorded 
in the range of 4000–400 cm−1 using Thermo Fisher 
Scientific, USA.

Ethical approval
According to the form provided for this purpose by the 
Iraqi Ministry of Health, this research was subjected to 
ethical evaluation and was approved by the Committee of 
Ethical Standards in the College of Science, University of 
Baghdad, CSEC/1022/0129, 2022

results

Isolation and identification of Pseudomonas aeruginosa
The statistical analysis of specimens shows that only 47 
specimens (47%) were identified as P. aeruginosa obtained 
from 100 clinical specimens, while the other 53 specimens 
(53%) represented non-Pseudomonas genera, as shown in 
Table 1.

The early identification of  Pseudomonas bacteria was 
done on MacConkey agar. Pseudomonas colonies 
appeared pale. On cetrimide agar, isolates are able 
to grow at 42°C and produce a sweet grape-like odor. 
Additionally, colonies appeared mucoid and could 
produce different pigments when they grew, and 
biochemical tests showed positive results for catalase 
and oxidase.

Screening for pyomelanin production by Pseudomonas 
aeruginosa isolates
From all P. aeruginosa isolates, only two isolates had the 
ability to produce a brown–black pigment of pyomelanin 
in agar media. Pyomelanin non-producing isolates 
appeared yellow or green, as shown in Figure 1.

Table 1: Number and percentage of Pseudomonas aeruginosa 
isolates based on the source of the specimens

Source of 
specimens

No. of 
specimens

No. of P. 
aeruginosa

%

Wound infection 15 7 46.66%

Burns 45 25 55.55%

UTI 40 15 37.5%

Total 100 47 47%

Chi-square-χ2 (P 
value)

– – 5.0281* 
(0.03982)

*(P ≤ 0.05)
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The PCR technique analysis based on a part of the P. 
aeruginosa 16S rRNA gene (1400 pb) indicated that two 
P. aeruginosa pyomelanin producer isolates have this gene, 
as shown in Figure 2.

The concentration of  pyomelanin produced by both 
Ps m and Ps 81 isolates in the production broth was 
2.15 and 2.76 µg/mL, respectively. Also, the results 
showed that there is no pyomelanin production in 
the production broth without tyrosine, as shown in 
Figure 3.

Optimization of different agitation rates on pyomelanin 
production
The relationship between agitation speed and pyomelanin 
pigment concentration is shown in Figure 4.

Optimization of different incubation temperatures on 
pyomelanin production
Each bacterial species has its own characteristic range 
of temperature values in which it grows and reproduces. 
The effect of cultivation temperature on pyomelanin 
production is mentioned in Figure 5.

Optimization of different pH values on melanin production
pH values were tested to identify the optimal PH for 
pyomelanin production by Ps 81, as shown in Figure 6.

Optimization of incubation period on pyomelanin pigment 
production
Investigating the impact of incubation time involves estimating 
pyomelanin content every 24 h, as shown in Figure 7.

Figure 1: Screening for melanin production in agar media, (a) melanin-producing isolate, (b and c) melanin non-producing isolates

Figure 2: Gel electrophoresis of 16S rRNA gene amplification by PCR. Gel electrophoresis of PCR product showing 16S rRNA gene (1400 bp), Ps 
corresponds to P. aeruginosa isolates. M corresponds to DNA marker (100 bp)

Figure 3: Screening for highest melanin-producing isolates. (a) Inoculated melanin-producing broth without tyrosine (b) Melanin-producing broth with 
tyrosine (c) Melanin production in Ps m isolate (d) Melanin production in Ps 81 isolate
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Optimization of different L-tyrosine concentrations on 
pyomelanin production
The results of optimizing L-tyrosine concentration on 
pyomelanin synthesis by Ps 81 isolate are shown in Figure 8.

Extraction and partial purification of pyomelanin
The extraction steps were performed as described by Zhang 
et al.[21] with slight modifications in the time and speed of 
the centrifugation process. The cultures of pyomelanin-
producing broth medium were centrifuged at 8000 rpm 
for 15 min at 4°C to eliminate cells and other debris. After 
many steps of alkaline dissolving, acid precipitation, 
and washing by organic solvent, the partially purified 
pyomelanin was allowed to air dry.

Chemical and physical analysis of purified pyomelanin 
extract
Purified pyomelanin extracted from Ps 81 has a distinct 
solubility characterization, as shown in Table 2 and Figure 9.

UV-visible spectroscopic analysis of purified pyomelanin
In the UV region, alkaline pyomelanin solution shows 
a significant optimal absorption peak at 273.5 nm that 
gradually fades as longer wavelengths are approached, as 
shown in Figure 10.

Fourier transform infrared (FT-IR) spectroscopy analysis
FT-IR analysis shows 17 peaks, as depicted in Figures 11 
and 12.

dIscussIon
The results in Table 1 show a statistical analysis using the 
Chi-square test, revealing that burn wounds account for 
the highest rate of Pseudomonas infection at (55.55%), 
while UTIs and wounds account for 37.5 and 46.6%, 
respectively. The difference between the percentages was 
significant at P < 0.05. Burn wounds account for the high 

0

1.79

2.9

2.54

2.08

0

0.5

1

1.5

2

2.5

3

3.5

0 8 0 1 0 0 1 2 0 1 4 0

)l
m/gµ(

noitartnecnoc
ninale

M

Agita�on speed (rpm)

Figure 4: Effect of agitation rates on pyomelanin production

1.05
1.51

1.79

3.03

2.12

1.05
1.51

1.79

3.03

2.12

0
0.5

1
1.5

2
2.5

3
3.5

25 30 35 40 45M
el

an
in

 co
nc

en
tr

a�
on

 (µ
g/

m
l)

Temperature °C

Figure 5: Effect of temperature on pyomelanin production

1.87 1.92 1.99
2.3

3.12 3.1 3.04 2.95

0

0.5

1

1.5

2

2.5

3

3.5

5 5.5 6 6.5 7 7.5 8 8.5

M
el

an
in

 co
nc

en
tr

a�
on

 (µ
g/

m
l)

Op�miza�on of pH

Figure 6: Effect of different pH values on melanin production

0
0.35 0.51

3.07
2.84

0

0.5

1

1.5

2

2.5

3

3.5

0 24 48 72 96

M
el

an
in

 co
nc

en
tra

tio
n 

(µ
g/

m
l)

Incuba�on period (hrs)

Figure 7: Effect of different incubation periods (h) on melanin pigment 
production

0

1.97
2.3

2.99

3.5
3.82

0

0.5

1

1.5

2

2.5

3

3.5

4

0 1 1 . 5 2 2 . 5 3

M
el

an
in

 co
nc

en
tr

a�
on

 (µ
g/

m
l)

L-Tyrosine concentra�on (g/L)

Figure 8: Effect of L-tyrosine concentration (g/L) on melanin pigment 
production

Table 2: Solubility test for purified pyomelanin extracted 
from Ps 81 isolates

Solvent Results
5 and 0.5 M NaOH Soluble

Methanol 100% Soluble

Ethanol 70% Soluble

Chloroform Insoluble

Ethyl acetate Insoluble

5 and 0.5 M HCl Insoluble

Deionized Water Insoluble

DMSO Soluble
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rate of Pseudomonas infection (55.5%) which is due to that 
burn wounds are particularly susceptible sites for infection 
by opportunistic microorganisms such as P. aeruginosa, 
as well as the capacity of Pseudomonas to produce many 
virulence factors.[16,17] MacConkey agar, a selective and 
differential media, allows the growth of Gram-negative 
bacteria, including the genus Pseudomonas. Lactose and 
neutral red indicator are present in the media, as these 
bacteria are not capable of fermenting lactose and the pH 
of the media does not change, so the color of the colony 
appears pale. Similar results were obtained by Hossain et 
al. and Mahmood et al.[22,23]

Cetrimide agar, a selective and differential medium, 
contains dipotassium sulfate and magnesium chloride, 
which enhance the production of pyoverdine and 
pyocyanin pigments that work together to create 
distinctive green and yellow colonies of P. aeruginosa. 
It also contains quaternary ammonium, which has a 
bactericidal effect against Gram-positive and certain 
Gram-negative bacteria, including species other than P. 
aeruginosa. Colonies of P. aeruginosa appear colored and 
mucoid with a grape-like odor and are capable of growing 
at 42°C, with similar results reported by Kodake et al. and 
Peekate et al.[24,25]

Biochemical tests showed that all the Pseudomonas 
isolates were positive for the oxidase and catalase tests. 
The same results were obtained in a previous study.[26] 
Additionally, the isolates were identified by VITEK-2 
system.

The compact system was similar to that mentioned 
by Mohammed and Zgair.[27] Only two isolates could 
produce a brown color within 4 days. These colonies 
were picked up and coded as Ps 81 and Ps m, which were 
isolated from burn patients. Pyomelanin non-producing 
isolates appeared as yellow or green colonies, as shown 
in Figure 1. All the isolates were positive for the catalase 
and oxidase tests, with similar results obtained by Gheni 
and Odaa.[26]

The PCR technique analysis shown in Figure 2 indicated 
that the two P. aeruginosa pyomelanin producer isolates 
have P. aeruginosa 16s RNA gene. Based on these results, 
the two isolates belong to P. aeruginosa. The Ps 81 isolate 
was the highest pyomelanin-producing isolate with 
2.76 µg/mL, which has been selected for further steps in 
this study. Additionally, the results showed that there is 
no pyomelanin production in the broth without tyrosine, 
indicating that tyrosine was the substrate for pyomelanin 
synthesis, as shown in Figure 3A. The same result was 
obtained from a similar study.[4]

The optimization study’s results of agitation rates are 
shown in Figure 4. The optimum rpm for maximum 
pyomelanin pigment production was at 100 rpm with 
2.9 µg/mL by Ps 81, while the lower 80 rpm and higher 
120 and 140 rpm resulted in 1.79, 2.54, and 2.08 µg/mL 
pyomelanin, respectively, because the oxygen transfer 
rate is directly proportional to the agitation speed.[28] 
Additionally, tyrosinase catalyzes the oxidation reactions, 
which require a certain oxygen concentration that can 
be maintained at 100 rpm. Different optimal agitation 
speeds for pyomelanin production were obtained for 
different microorganisms; the optimal agitation rate 
for Brevibacillus invocatus was 120 rpm, as found by 
Ammanagi.[19]

The maximum pyomelanin yield, 3.03 µg/mL, was 
obtained at 40°C, as mentioned in Figure 5. At lower 
and higher temperatures 25, 30, 35, and 45°C, less 
pyomelanin was produced, with a production of  1.05, 
1.51, 1.79, and 2.12 µg/mL, respectively. Pyomelanin 
output was decreased because lower and higher 
temperatures impeded bacterial growth and enzyme 
activity.[29] In a previous study, the optimal temperature 

Figure 9: The solubility test of extracted melanin from Ps81. (a) Insoluble in water (b) Insoluble in ethyl acetate (c) Soluble in methanol (d) Soluble in 
ethanol (e) Insoluble in chloroform (f) Insoluble in HCl (g) Soluble in NaOH

Figure 10: UV-visible absorption spectrum of partially purified extracted 
pyomelanin
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for pyomelanin pigment production was reported for 
Aspergillus oryzae and Klebsiella sp. GSK as 30°C and 
37°C, respectively.[18,30]

Based on the findings in Figure 6, it can be inferred that 
the values 7.0 and 7.5 were the ideal starting pH values 
for encouraging the production of pyomelanin pigment, 
with pyomelanin concentrations of 3.12 and 3.1 µg/mL, 
respectively. Since 7.5 is the ideal pH for P. aeruginosa 
growth, while 7.0 and 7.5 were the optimum pH values for 
the formation of secondary metabolites (pyomelanin),[20] 
it was mentioned that the maximum growth pH was7.5, 
and pH values lower than this showed a reduction in 
Pseudomonas growth. The maximum pyomelanin was 
obtained at 7.0 and 7.5. The same optimum pH value of 
7.0 was recorded for both actinomycetes and Pseudomonas 
stutzeri.[28]

According to the findings in Figure 7, the level of  the 
yields increased after 24 h at the stationary phase of 

the bacteria as secondary metabolites were produced it 
can be assumed that the maximum value of  pyomelanin 
pigment was in 72 h, with 3.07 µg/mL. Eventually, 
the pyomelanin productivity declines with a longer 
incubation period. Different bacterial species possess 
different stationaryphases ; in Aspergillus oryzae, the 
maximum pyomelanin production was at the 7-days of 
incubation.[18]

As shown in Figure 8, the maximum pyomelanin produced 
was at 3% g/L of  L-tyrosine with 3.82 µg/mL. The lowest 
pyomelanin yield was observed at tyrosine concentrations 
of  1 and 1.5 g/L, with 1.97 and 2.3 µg/mL, respectively. 
The moderate pyomelanin concentrations were observed 
at 2 and 2.5 g/L L-tyrosine concentrations, with 2.99 
and 3.5 µg/mL of pyomelanin pigment, respectively. No 
pyomelanin synthesis was observed in the flask lacking 
L-tyrosine, indicating that tyrosine was the substrate 
for pyomelanin synthesis. Furthermore, the findings 

Figure 11: FT-IR analysis of partially purified extracted pyomelanin

Figure 12: FT-IR spectroscopy for synthetic pyomelanin
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indicated that 2 g/L of  L-tyrosine was acceptable because 
it was proportional to both the amount of  pigment 
produced and the incubation period. On the other hand, 
an increase in tyrosine concentration of  more than 2 g/L 
led to the appearance of  crystal particles in the broth, 
which inversely affected the extraction process and 
became more complicated.[31] In a previous optimization 
study for Aspergillus oryzae, the maximum L-tyrosine 
concentration was at 0.25% with pyomelanin production 
at 4.974 µg/mL,[18] and it was at 2 g/L for Klebsiella 
pneumoniae.[31]

The amount of pyomelanin yielded from culturing 
pyomelanin-producing isolate Ps 81 in the production 
media under optimum conditions (2% L-tyrosine, initial 
pH 7.0, incubated at 40°C with an agitation rate of 
100 rpm, for 72 h) was 3.96 µg/mL.

After centrifuging the pyomelanin-producing cultured 
media, the pH of the supernatant was adjusted to 12 with 
10M NaOH to prevent the formation of melanoidins, 
then to pH 2 with 5 HCl to precipitate the pyomelanin and 
centrifuged to remove the supernatant. The pyomelanin 
was re-dissolved with 10 M NaOH and mixed with 0.2 mL 
of chloroform to deproteinize the pyomelanin pigment. 
The mixture was centrifuged again, and the supernatant 
was adjusted to pH 2 and centrifuged once more to obtain 
the pyomelanin, which was then washed with 100% and 
70% and allowed to air dry.

It is worth mentioning that the results of the solubility 
analysis, as shown in Table 2 and Figure 9, revealed that 
the extracted pigment is insoluble in water and some 
organic solvents such as chloroform and ethyl acetate, 
and precipitated by HCl. It was readily soluble in NaOH 
and some organic solvents, including 100% ethanol, 70% 
ethanol, and DMSO. These results were consistent with 
those of Noman et al. and Pralea et al.[32,33]

It is worth mentioning that the nature of the pyomelanin 
pigment was further confirmed by its specific UV-Vis 
spectral properties, as shown in Figure 10. The maximum 
absorption peak was at 273.5 nm in the UV region and 
decreased toward the visible and infrared regions. The 
UV-Vis spectrum ranged from 200 to 800 nm, with the 
absorption peak declining toward the visible region, which 
is a characteristic property of melanin.[34] The complex 
conjugated molecules in the pyomelanin structure, which 
absorb and scatter UV-light photons, are thought to be the 
cause of the pyomelanin strong UV-light absorption.[35] 
Natural pyomelanin from different sources possesses 
different maximum UV-Vis absorption peaks, such as 
in Bacillus safensis, the extracted pyomelanin peak was 
between 200 and 300 nm and diminished toward visible 
light,[36] whereas Pseudomonas otitidis had a maximum 
absorption peak in the range of 215–350 nm,[37] and 
purified pyomelanin extracted from Actinoalloteichus sp. 
MA-32 at 300 nm.[38]

The most effective use of Fourier transform infrared (FT-
IR) spectroscopy is for the interpretation of structurally 
unidentified compounds and for determining the 
functional groups in pyomelanin extracted from Ps 81. 
The infrared spectrum of partially purified pyomelanin 
extracted from Ps 81 and synthetic melanin showed a high 
degree of similarity, as depicted in Figure 11. Pyomelanin 
exhibited a broad absorption band around 3280.82 cm−1 
due to the presence of -OH group and N–H groups, 
with small bands at 2929.35 and 2960.12 cm−1 due to 
alkane group C–H stretching. Peaks at 1657.44 cm−1 and 
1614.64 cm−1 indicated aromatic C = C conjugation with 
either C = O or COO-groups, while peaks at 1515.70 cm−1 
and 1536.16 cm−1 were attributed to aromatic C = C 
bonds.

The peaks at 1446.12 cm−1 and 1403.12 cm−1 were due 
to C–H bending in the aliphatic group, while the peak at 
1233.61 cm−1 revealed an anhydride group C–O. The two 
peaks at 1173.22 cm−1 and 1105.79 cm−1 were assigned to 
aliphatic amine C–N. The peak at 1080 referred to C–O 
in phenols or carboxylic groups. Peaks at 837.87, 792.27, 
619.81, and 540.05 cm−1 were related to the aromatic C–H 
group. The extracted pigment showed a high degree of 
resemblance in major absorption peaks with synthetic 
pyomelanin, confirming that the produced pigment is 
pyomelanin. These outcomes correspond to the findings 
in previous studies.[4,6,32,38]

conclusIon
It is inferred from this study that P. aeruginosa Ps 81, isolated 
from burns, has the potential for pyomelanin production 
in the presence of  L-tyrosine as a precursor. Pyomelanin 
has been successfully extracted and characterized. 
Optimization parameters for cultural production observed 
in broth, aimed at increasing the yield of  pyomelanin 
pigment, were found to be in the enhanced presence 
of  2 g/L of  precursor and the pyomelanin production 
at an alkaline pH value of  the media in a shaking 
statement, and there was no pyomelanin production in  
static states.
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