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Introduction 

Melanins are pigments that are negatively charged, 

hydrophobic, and ubiquitous in nature (Butler et al., 1998). 

Organisms synthesize melanins by hydroxylation and 

polymerization of organic compounds. Production of melanin 

is observed in all taxa from both Prokaryota and Eukaryota 

(Smith et al., 2006). Melanins are grouped into three 

divisions namely eumelanin, brown to black pigment which 

springs by oxidative polymerization of tyrosine, 

dihydroxyphenylalanine (DOPA), dopamine and tyramine; 

pheomelanin, yellow to red pigment which has similar 

biosynthetic pathway as eumelanin; allomelanins, brown to 

black pigment formed by the polymerization of di or 

tetrahydrofolate via pentaketide pathway (Nicolaus, 1968). 

Fungal strains that produce melanin include Cryptococcus 

neoformans, Sporothrix schenckii, Sepia officinalis, 

Aspergillus niger, Penicillium marneffei, Paracoccidioides 

brasiliensis, Histoplasma capsulatum, C.neoformans  

(Youngchim et al., 2004) and therefore the bacterial strains 

are known to turn out melanin include Aeromonas 

salmonicida, Azotobacter sp., Mycobacterium sp., 

Micrococcus sp., Bacillus sp., Legionella sp., Streptomyces 

sp., Rhizobium sp., Vibrio sp., Proteus sp., Azospirillum sp., 

Pseudomonas aeruginosa, Hypomonas sp., Burkholderia 

cepacia, E.coli, Bordetella pertusis, Campylobacter jejuni, 

Yersinia pestis etc (Geng et al., 2010; Coyne et al., 1992) . 

Microbial melanins have applications in various fields such 

as agriculture, cosmetic and pharmaceutical industries 

(Dastager et al., 2006).  

Oxidative stress due to UV radiation had diminution in 

the antioxidant defense system which correlates with 

melanogenesis (Hu et al., 2009). Free radicals are known to 

be highly unstable, reactive species that contain one or more 

unpaired electrons. The reactive oxygen species (ROS) 

includes oxygen radicals like superoxide (O
-
 2), hydroxyl 

(OH
-
), peroxyl (RO2), hydroperoxyl (HO2.) and some non-

radical oxidizing agents like hydrogen peroxide (H2O2), 

hypochlorous acid (HCIO) and ozone (Babior, 2004). ROS 

are involved in the etiology of many diseases such as aging, 

cancer, neurodegenerative disorders, coronary heart disease, 

Alzheimer's disease and inflammation as indicated by the 
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ABSTRACT 

The present work was delineated to formulate and evaluate antioxidant and 

photoprotective properties of melanin produced by Pseudomonas mosselii strain 

STSGRDS1 against the purchased fungal melanin STSGRDM1 as standard. Initially, 

antioxidant assay was examined for the isolated bacterial melanin STSGRDS1 

against the standard melanin STSGRDM1 that already have substantiated to have the 

antioxidant ability by DPPH and ABTS, following with the detailed screening of 

radical scavenging activity were performed which includes the valuation of 

peroxides, hydroxyl radicals, reduction potential, and phosphomolybdenum method. 

This report depicts the antioxidant potential of the extracted melanin that could be 

further used as a potent antioxidant on scientific basis, as the percentage of free 

radical scavenging increased with increasing concentration of melanin. The study 

also signifies that bacterial melanin formulated creams had the potency to protect 

against ultraviolet (UV) rays with sun protection factor (SPF) enhancement ranging 

from 1.95 to 26.06 and transmission spectroscopy revealed that the formulations 

have satisfied protection against UV A and UV B rays with good average UV A 

protection factor indicating sunscreen activity of the pigment. As a result, the 

isolated bacterial strain has immense photoprotection potential and radical 

scavenging activity that can be resorted to in cosmetic formulations, UV protection 

devices, etc. 

 

Key words:  Melanin, Pseudomonas sp, antioxidant, SPF, Transmission 

spectroscopy 
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manifestation of oxidative stress (Kar et al., 2012). 

Antioxidants play an acute role in acting as physical barriers 

that prevent ROS generation or ROS access to important 

biological sites, scavenge ROS, neutralize catalytic systems 

or ROS diversion, prevention of generation of ROS by 

binding/inactivation of metal ions and antioxidants that break 

the chain which plays an important role in scavenging 

destroying ROS (Karadag et al., 2009). The incompetent 

natural defense of organisms against the free radicals steers 

the development of synthetic antioxidants for scavenging 

purposes. Whereas, the adverse carcinogenicity of synthetic 

antioxidants, making it a need to search for effective natural 

antioxidants. Fungal melanins such as Aspergillus fumigatus 

(Raman et al., 2015), Lachnum singerianum (Ye et al., 2012), 

Cryptococcus neoformans (Casadevall et al., 2012) has been 

validating to be an effective natural antioxidant. 

The most commercial application in the field of cosmetics 

includes sunscreen lotions, which performs as 

photoprotective component due to its ability to protect 

against the UV damage and free radical scavenging capacity 

(Riley, 1997). Major factor in the etiology of unwanted 

changes in skin appearance is due to the exposure to sunlight. 

The harmful effects of solar radiation is mainly caused by the 

ultraviolet (UV) region of electromagnetic spectrum that is 

categorized into 3 regions: UV A from 320nm to 400nm; UV 

B from 290nm to 320nm; UV C from 200nm to 290nm. UV 

C radiations get filtered by atmosphere before reaching earth. 

UV B radiations are partially filtered that in turn is 

responsible for damages in skin due to sun burn. UV A 

radiations penetrates to deep layers of epidermis and dermis, 

which induces premature aging of the skin. UV radiations are 

the causative factor for skin cancer (Dutra et al., 2004). 

Melanin acts as a reliable UV protective agent in 

bioinsecticide preparation like Bacillus thuringenesis (Bt) 

insecticidal crystals (Wan et al., 2007, Zhang et al., 2007).  

Due to profused application possibilities, the applications 

of melanin are unrestrained to one particular field and 

henceforth the demand of the hour. In this study, the melanin-

producing Pseudomonas sp STSGRDS1 was screened and 

various biological properties of antioxidant and 

cosmetological importance were explored. 

Materials and Methods 

Screening of melanin producing bacteria 

The garden soil samples were collected from Tirupur, 

Tamilnadu, India. 0.1ml of diluted samples in Nutrient broth 

(from 10
-7

 dilution) was individually spread on to tyrosine 

basal agar plates with pH 7.0. The media and glasswares 

were autoclaved at 15 psi (121˚C) for 20 minutes prior to the 

experiment; these agar plates with media and inoculum were 

incubated at 37˚C for 48h. Microorganisms producing 

melanin were identified by the presence of pigmented 

colonies with zone formation. Colonies were selected out for 

subculturing and characterization. The isolate STSGRDS1 

was identified hinged on morphological and biochemical 

characterization which is predicted on Bergey's Manual of 

Systematic Bacteriology and  16S rRNA gene sequencing 

were done using primers  27f (5'- AGA GTT TGA TCC TGG 

CTC AG-3') and reverse primer 1492r (5'- TAC CTT GTT 

ACG ACT-3'). The strain STSGRDS1 was sequenced and it 

had been deposited in the National Centre for Biotechnology 

Information (NCBI) database under the Gene Bank accession 

no.MN967075. The strain STSGRDS1 16S rRNA gene 

sequence was searched in nucleotide sequence databases of 

the National Centre for Biotechnology Information (NCBI) 

by running the BLASTN program (Altschul et al., 1990). 

Production, extraction and purification of melanin 

Tyrosine basal broth (Yabuuchi & Ohyama, 1972) 

containing 0.2% tyrosine was used for the production of 

melanin. 5ml of culture suspension were taken as primary 

inoculum for 50ml of production medium and kept in an 

environmental shaker at 140rpm at 37˚± 2˚C for 180h. After 

180h of incubation, the cell-free supernatant was further 

acidified to pH 2 using 1N HCL. Visualization of black 

precipitation of melanin was observed at the bottom of the 

flask at lower pH. Further treatment with acid, water and 

ethanol helped to render purified melanin (Sajjan et al., 

2013). 

Antioxidant assays (Raman et al., 2013) 

DPPH radical scavenging assay 

The radical scavenging activity by melanin (i.e) its 

antioxidant property was investigated by using DPPH assay. 

1mg/ml of the melanin extract was added to 2 ml of DPPH 

solution and absorbance was read spectrophotometrically 

using colorimeter at 500 nm before and after incubation at 

37˚C for 30 mins. DPPH inhibition percentage had been 

calculated using the formula. 

DPPH inhibition (%) = [ Control absorbance – Test 

absorbance ] x 100 

ABTS radical scavenging assay 

The solution containing 2-2'-azinobis-3-

ethylbenzothiazoline-6-sulphonic acid (ABTS),(2.45mM 

ammonium persulfate in 7mM ABTS solution) was kept in 

dark for 12-16h at room temperature. 50µl of STSGRDM1 

and STSGRDS1 were added to 300µl ABTS solution and 

therefore the final volume was made up to 1ml using ethanol. 

After 5 minutes the absorbance was read at 745nm. 

Hydroxyl radical scavenging assay 

The reaction mixture contained 100µl each of 2.8mM 

deoxyribose, 0.1mM EDTA, 1.0M H2O2, 0.1mM ascorbate 

and 20mM KH2PO4-KOH buffer of pH 7.4. 50µl of 
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STSGRDM1 and STSGRDS1 were respectively added such 

that the overall volume was made up to 1ml. The reaction 

mixture was incubated for an hour at 37˚C after which 500µl 

each of 70% ethanol and 1% thiobarbituric acid was added. 

The mixture was kept in a boiling water bath for 20min and 

cooled. The pink color developed was measured at 535nm. 

Nitric oxide method 

The reaction mixture of 300µl of 100mM sodium 

nitroprusside,  20µl  of  STSGRDM1,  STSGRDS1 was 

added to PBS (pH 7.2) and made it up to 1ml. This was 

further incubated at 25˚C for 150 min. After incubation 500µl 

of the reaction mixture was taken and added to equal volume 

of Griess reagent (1% sulphanilamide, 2% orthophosphoric 

acid, 0.1% N-(1-naphthyl)-ethylene diamine hydrochloride). 

The absorbance was checked at 546nm. 

Phosphomolybdenum method 

The tubes containing 50µl of STSGRDM1 & 

STSGRDM1 melanin at different concentrations and 2ml 

each of reagent (0.6M  H2SO4,  28mM  Na2PO4 and, 4mM  

ammonium  molybdate) and distilled water were incubated at 

95˚C for 90 min. After the mixture is cooled to room 

temperature, the absorbance of each solution was measured at 

695nm against blank and the scavenging activity was 

determined. 

Reduction potential 

Different concentrations of the sample of 100µl 

(STSGRDM1 and STSGRDS1) was mixed with 2.5ml of 1% 

potassium ferricyanide and 2.5ml of phosphate buffer (pH 

6.6). The mixture was made up to 6ml by using distilled 

water and incubated at 50˚C for 20min. After incubation, 

2.5ml of 10% trichloroacetic acid was added and mixed 

thoroughly. To 2.5ml of this reaction mixture equal amount 

of water was added and 0.5ml of 0.1% ferric chloride was 

added to it. The absorbance of the colour was measured 

spectrophotometrically at 700nm. 

Statistical analysis 

All the statistical analysis such as the mean and standard 

deviation of the experiments were done by Microsoft Excel. 

Sun Protection Factor (SPF) 

Determination of SPF (Suryawanshi et al., 2015; Sayre et 

al., 1979; Mansur et al., 1986) 

The in-vitro determination of SPF was estimated 

according to the modified protocol. 0.5ml and1ml of bacterial 

melanin of 5% and 10% formulated cream respectively was 

weighed and transferred to a 50ml volumetric flask which is 

kept as a stock solution. The working stock was prepared by 

adding 10mg in 10ml ethanol to give 1000µg/ml and further 

serially diluted to other tubes to give different concentrations 

such as 5ml from the working stock was transferred to 5ml of 

ethanol to give 500µg/ml, 250µg/ml,125µg/ml. The 

absorption of each concentration prepared was determined 

from 290-320 nm, taking ethanol as a blank. The absorption 

data were obtained in the range of 290 to 320, every 5 nm 

followed by the application of the Mansur equation. 

SPF (spectrophotometric) = CF × ∑ 𝐸𝐸(𝜆) × 𝐼 (𝜆)  ×320
290

𝐴𝑏𝑠 (𝜆) 

Where, CF is correction factor (=10); EE (λ) - erythemal 

effect of radiation with wavelength λ; I(λ) -solar intensity 

spectrum; Abs(λ)-Absorbance of a sunscreen product. The 

values of EE (λ) ×I (λ) are constant. The obtained absorbance 

values Abs (λ) were multiplied with the respective EE (λ) ×I 

(λ) values and then summation was taken and multiplied with 

the correction factor 10. 

SPF determination by transmission spectrum (More et al., 

2013) 

Sunscreen activity was evaluated by the in-vitro method 

through recording the transmission spectrum of formulations 

in the range 290-400nm. The sample was applied on 

polyvinyl chloride (PVC) sheet strip, spread uniformly with 

the help of capillary to form a thin film. The strip was then 

placed inside UV-Vis cuvette in such a way that the 

formulation touches the transparent side of the cuvette. It was 

allowed to equilibrate for 15 mins to ensure levelling of the 

formulation between PVC and the wall of the cuvette. The 

cuvette was placed inside a UV spectrophotometer 

(Shimadzu) and a transmission spectrum was recorded from 

290-400 nm, using air as reference. The data was 

appropriately processed to calculate UVA and UVB 

protection factors using the following formulas: 

1) Average transmittance spectrum of sunscreen in either 

region is averaged in sequence to produce one value, which 

describes UV A, or UVB blocking.  
                                       400

Σ320 T λ X Δ 

T (UVA) avg =                                      
                                       400

Σ320 Δλ 

 
                                     320

Σ290 T λ X Δλ 

 T (UVB) avg= 
 

                                     320
Σ290 Δλ 

100-T(UVA) or T(UVB) gives % blocking or % protection 

against the UVA or UVB. 

2) Average UVA protection factor (PF) 

Arithmetic mean of monochromatic protection factor (MPF) 

calculated between 320-400nm. 
                              400

Σ320 MPF  λ X Δλ 

   PF Am=
 

                               400
Σ320 Δλ 

Where, A(λ) is absorbance at λ T(λ) is transmittance at λ 
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MPF is monochromatic protection factor i.e 1/T ΔA is 

measured wavelength interval (5nm). 

Results and Discussion 

Strain characterization 

The melanin-producing strain STSGRDS1 was isolated 

from garden soil and observed on tyrosine basal agar 

medium. As shown in Figure 1, the isolate showed dark-

colored colonies as L-tyrosine is sparingly soluble in the 

medium. 

  
Figure 1. Primary screening for melanin producing bacteria 

showing formation of colonies of very dark brown colour (a) 

and Melanin producing isolate streaked in tyrosine basal 

agar medium showing utilization of tyrosine (b). 

In earlier reports, the dark color colonies showing dark 

pigment-producing strains were picked and characterized as 

melanin producers. (Santhanalakshmi et al., 2017) isolated 

organisms producing melanin from garden soil that showed 

the formation of pigmented colonies by Streptomyces sp. in 

starch casein agar. (Korumilli et al., 2014) isolated 

Pseudomonas sp. from seawater samples in marine agar 

showing dominant dark black colour in agar plates. (Hiren et 

al., 2017) isolated 25 bacterial isolates from the rice field, 

sugarcane industry, and garden soil producing dark brown 

melanin pigment in tyrosine casein agar medium. (Shoumita 

et al., 2018) isolated two melanin-producing isolates from 

marine water on the L-tyrosine agar medium. (Kshitija et al., 

2016) isolated bacterium producing melanin from a borewell 

water sample using nutrient agar medium enriched with L-

tyrosine amino acid. (Santhanalakshmi et al., 2018) isolated 

from soil producing melanin pigment in tyrosine medium 

identified as Pseudomonas sp. bacteria producing melanin 

showing dark pigment colonies on tyrosine basal agar. 

As shown in Figure 2, the isolate selected after primary 

screening were further checked for their ability to produce 

melanin in tyrosine basal broth.  

 

Figure 2. Secondary screening of STSGRDS1. 

 

Comparing with earlier reports (Turick et al., 2002; 

Surwase et al., 2013; Kiran et al., 2014) indicates that the 

melanin production could be increased with optimization of 

culture conditions. The white colored medium turned from 

white to dark brown in color after complete melanin 

production. The brown pigment-producing strain was 

identified to be Pseudomonas sp. STSGRDS1, based on the 

morphological characterization, molecular characterization 

such as 16S rDNA sequence and biochemical characteristics 

as shown in Table 1. 

Table 1. Pseudomonas sp. STSGRDS1 morphological and 

biochemical characterization studies 

Characteristic Result 

Colony morphology circular, entire, raised, 

slimy, opaque 

Gram's reaction Rods 

Biochemical tests catalase, oxidase, citrate, 

nitrate 

Positive 

 

The strain showed 100% homology with Pseudomonas 

mosselii. (Altschul et al., 1990) reported that the 16S rRNA 

gene was amplified using specific primers and amplified 

products were visualized by agarose gel electrophoresis. The 

amplicons were sequenced using 16S rDNA sequencing and 

the identity of the sequences was determined using NCBI 

blast where the sequences were searched against the 

GenBank database. The obtained sequences were further 

submitted to obtain accession numbers. 

Antioxidant assays 

In this study, radical scavenging activity of the purified 

melanin STSGRDS1 was compared with the standard 

purchased fungal melanin (Mykoteck, Goa, India). As shown 

in Figure 3, melanins showed immense radical scavenging 

activity compared to the standard fungal melanin. (Sajjan et 

A B 
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al., 2013) showed melanin produced from Klebesiella sp. 

showed 70% radical scavenging activity. 

Manivasagan et al., 2013 reported 90% free radical 

scavenging activity for melanin 3.5 mg/ml from 

Actinoalloteichus sp. Wang et al., 2007 reported the 

significant decrease in singlet oxygen production observed in 

the presence of eumelanin extracted from pig retinal pigment 

epithelium cells. 

Tarangini et al., 2014 showed effective radical scavenging 

activity of a model DPPH radical. El-Naggar et al., 2017 

showed melanin pigment of Streptomyces glaucescens 

NEAE-H proved good antioxidant activity of a model ABTS. 

Tu et al., 2009 reported that melanin extracted from the 

muscle of silky fowl add the same ability of scavenging 

superoxide anion with the same effectiveness. Many reports 

had indicated the superior ability of melanin to scavenge free 

radicals and our experimental reports indicated the same. 
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Figure 3. A, B, C, D, E, F, G, denote the graphical 

representations of DPPH, ABTS, Hydrogen peroxide radical 

scavenging and Hydroxyl radical scavenging assay,Nitric 

oxide scavenging, Reducing Power Assesment, 

Phosphomolybdenum method, Reduction potential method 

respectively 

Table 2. Antioxidant activity of standard melanin 

STSGRDM1 and sample melanin STSGRDS1. 
 

S.No 

 

Antioxidant activity 

 

Concentrations 

 

% of inhihbition 

 

M1 

 

S1 

1.  

 

 

 

DPPH 

 

25µg/mL 

26.72 

± 0.17 

31.04 

± 1.74 

 

 

50µg/mL 

41.89 

± 5.80 

50.61 

± 2.91 

 

100µg/mL 

 
66.96 

± 0.66 

65.97 

± 3.32 

 

 

2. 

 

 

 

ABTS 

 

25µg/mL 

22.35 

± 2.35 

13.77 

± 2.01 

 

50µg/mL 

53.75 

± 2.05 

51.7 ± 

4.94 

 

100µg/mL 

84.375 

± 2.67 

82.3 ± 

1.69 

 

 

3. 

 

 

Hydrogen peroxide 

radical scavenging 

 

25µg/mL 

26.13 

± 0.60 

18.17 

± 5.78 

 

50µg/mL 

48.62 

± 0.82 

40.81 

± 1.93 

 

100µg/mL 

68.15 

± 3.60 

68.94 

± 2.48 

 

 

4. 

 

 

Hydroxyl radical 

scavenging assay 

 

25µg/mL 

25.8 ± 

5.93 

20.8 ± 

8.20 

 

50µg/mL 

48.3 ± 

9.47 

42.5 ± 

3.53 

 

100µg/mL 

64.96 

± 4.75 

60.8 ± 

8.20 

 

 

5. 

 

 

Nitric oxide 

scavenging  

 

25µg/mL 

84.75 

± 0.77 

36.5 ± 

13.57 

 

50µg/mL 

88.95 

± 1.90 

81.725 

± 0.81 

 

100µg/mL 

96.305 

± 4.02 

83.45 

± 2.19 

 

 

6. 

 

 

 

Phosphomolybdenum 

method 

 

25µg/mL 

55.47 

± 1.16 

51.15 

± 1.62 

 

50µg/mL 

64.95 

± 5.16 

71.45 

± 3.32 

 

100µg/mL 

 

73.25 

± 2.47 

83.05 

± 2.47 

 

 

7. 

 

 

Reduction potential 

25µg/mL 

56.98 

± 6.95 

24.35 

± 6.43 

50µg/mL 

 

67.34 

± 2.91 

63.15 

± 1.76 

100µg/mL 

 

83.09 

± 6.37 

71.45 

± 2.89 

*All values were reported in the mean of two readings ± S.D 

 

Cosmetic formulations 

Determination of sun protection factor 

The formulated cream that is treated with the bacterial 

melanin was checked by absorption spectroscopy by the 

Mansur equation method. Formulations starting from the 

range of 290nm - 400nm were depicted as shown in Table 3. 

The bacterial melanin used in the study was observed to 

enhance the SPF values as shown in Table 3, thereby 

providing more protection against the harmful radiations such 

as UV radiation. Brenner et al., 2008 reported the efficacy of 

melanin as sunscreen was assumed to be about 1.5 to 2 Sun 

Protection Factor (SPF) possibly as high as 4 SPF, implying 

that melanin absorbs 50% to 75% of  UV rays and SPF of 2 

means doubling the protection of the skin against sunburn. 

Huang et al., 2012 reported the sun protection effect of 

melanin from Cinnamomum burmannii and Osmanthus 

fragrans. Tarangini et al., 2014 reported enhancement of SPF 

value by melanin produced by Bacillus safensis. Priyanka et 

al., 2017 reported the SPF values ranging from 0.4 to 23.5 

from plant extracts Datura metal, Loranthus, and Eucalyptus. 

These results collaborating previous reports and prove that 

bacterial melanins also enhance SPF values and are effective 

sunscreens, therefore makes it an essential ingredient in 

cosmetic formulations. More in vivo and clinical trials were 

required to confirm its utility. 
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Table 3. Normalized product function used in SPF calculation. 

 

Wavelength ((λ nm) 

 

EE(λ) x I(λ) (normalized) 

290 0.0150 

295 0.0817 

300 0.2874 

305 0.3278 

310 0.1864 

315 0.0839 

320 0.0180 

Total 1 

 

Table 3(a). Determination of SPF in standard STSGRDM1. 

 

 

Formulated 

 cream % 

 

Concentr-ation 

 (µg/ml) 

 

Wavelength 

 

290 

 

295 

 

300 

 

305 

 

310 

 

315 

 

320 

 

 

SPF 

EF X I 0.015 0.081 0.287 0.327 0.1864 0.083 0.018 

5% 125µg/ml A 0.236 0.197 0.196 0.200 0.201 0.169 0.162  

1.95 

EF x I x A 0.003 0.015 0.056 0.065 0.037 0.014 0.002 

250µg/ml A 0.443 0.337 0.423 0.370 0.343 0.341 0.339  

3.70 EF x I x A 0.006 0.027 0.121 0.120 0.063 0.028 0.006 

500µg/ml A 0.692 0.523 0.552 0.569 0.544 0.600 0.633  

5.30 EF x I x A 0.010 0.042 0.158 0.186 0.101 0.029 0.011 

1000µg/ml A 0.801 0.745 0.759 0.789 0.751 0.800 0.745  

7.66 EF x I x A 0.012 0.061 0.217 0.258 0.139 0.066 0.013 

    10% 125µg/ml A 0.423 0.364 0.355 0.439 0.359 0.379 0.341  

3.82 

EF x I x A 0.006 0.029 1.101 0.143 0.066 0.031 0.006 

250µg/ml A 1.722 0.578 1.884 1.563 1.571 1.577 1.600  

15.72 EF x I x A 0.025 0.046 0.540 0.511 0.292 0.130 0.028 

500µg/ml A 1.756 0.731 2.117 1.694 1.599 1.626 1.714  

17.07 EF x I x A 0.026 0.059 0.607 0.553 0.298 0.134 0.030 

1000µg/ml A 1.810 0.890 2.468 1.873 1.643 1.814 1.810  

19.07 EF x I x A 0.027 0.072 0.708 0.612 0.300 0.150 0.032 

 

Table 3(b). Determination of SPF in standard STSGRDS1. 

 

Formulated 

cream % 

 

Concentr-ation 

(µg/ml) 

 

Wavelength 

 

290 

 

295 

 

300 

 

305 

 

310 

 

315 

 

320 

 

SPF 

EF X I 0.015 0.081 0.287 0.327 0.1864 0.083 0.018 

5% 125µg/ml A 0.463 0.417 0.422 0.427 0.368 0.379 0.360 4.05 

EF x I x A 0.007 0.033 0.121 0.139 0.068 0.031 0.006 

250µg/ml A 0.856 0.718 0.739 0.744 0.659 0.735 0.767 7.22 

EF x I x A 0.013 0.058 0.212 0.243 0.122 0.061 0.013 

500µg/ml A 1.832 1.539 1.564 1.531 1.406 1.591 1.475 15.19 

EF x I x A 0.027 0.124 0.448 0.500 0.262 0.132 0.026 

1000µg/ml A 2.869 2.323 2.259 2.256 2.127 2.161 2.042 22.27 

EF x I x A 0.043 0.188 0.648 0.737 0.396 0.179 0.036 

10% 125µg/ml A 0.467 0.420 0.427 0.498 0.397 0.385 0.374 4.36 

EF x I x A 0.007 0.034 0.122 0.162 0.074 0.031 0.006 

250µg/ml A 0.952 0.793 0.804 0.889 0.811 0.833 0.786 8.32 

EF x I x A 0.014 0.064 0.230 0.290 0.151 0.069 0.014 
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Table 4 (a). In-Vitro determination of 5% and 10% cream by Transmission spectroscopy- Sample STSGRDM1. 

 

  

500µg/ml A 1.949 1.862 1.631 1.763 1.656 1.600 1.533 16.9 

EF x I x A 0.029 0.150 0.468 0.576 0.308 0.132 0.027 

1000µg/ml A 3.206 2.670 2.599 2.692 2.519 2.430 2.623 26.06 

EF x I x A 0.048 0.216 0.745 0.880 0.469 0.201 0.047 

5%  Cream STSGRDM1 10% Cream STSGRDM1 

Wavelength %T ± S.D MPF Wavelength %T ± S.D MPF 

290 7.7±1.060 14.2 290 4.1±0.141 25 

295 8.2±0.530 13.3 295 4.55±0.353 23.2 

300 8.7±0.742 12.1 300 4.9±0.424 21.7 

305 9.1±0.622 11.5 305 5.15±0.63 21.2 

310 9.4±0.544 11.1 310 5.5±0.42 19.2 

315 9.9±0.353 10.3 315 5.7±0.565 18.8 

320 10.2±0.353 10 320 6 ±0.65 17.8 

325 11.3±0.403 9 325 6.65±0.919 16.6 

330 13±0.141 7.7 330 7.55±077 14.2 

335 13.7±0.282 7.4 335 10.35 ±0.212 9.8 

340 14.1±0.282 7.1 340 10.75±0.2 9.4 

345 14.5±0.494 7 345 11.05±0.49 9.3 

350 15.9±0.424 6.4 350 11.5 ±0.42 12.5 

355 16.2±0.424 6.3 355 11.85± 0.49 11.7 

360 16.4±0.424 6.2 360 12.7±0.424 11.6 

365 16.6±0.424 6 365 13±0.46 11.6 

370 16.8±0.636 6.1 370 13.45±0.35 11.6 

375 17.1±0.636 5.9 375 14±0.56 11.6 

380 17.3±0.777 5.9 380 14.45±0.35 11.6 

385 17.6±1.060 5.9 385 14.85 ±0.353 11.5 

390 19.2±0.777 5.4 390 15.5± 0.49 11.5 

395 19.6±0.707 5.3 395 15.6±0.42 10 

400 19.9±0.565 5.2 400 15.85±0.35 9.3 
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Table 4 (b). In-Vitro determination of 5% and 10% cream by Transmission spectroscopy- Sample STSGRDS1.

 

Table 5. Determination of percent protection of formulated cream against UV rays and UVA analysis 

Sample  Formulation  % protection 

against UV A  

% protection 

against UV B  

Average UVA 

protection factor  

STSGRDM1   

5% 

84.65  91.13  15.84  

STSGRDS1  54.51  87.68  25.68  

STSGRDM1   

10% 

87.93  95.01  12.06  

STSGRDS1  82.97  88.9  17.02  

 

In-vitro sunscreen activity by transmission spectroscopy 

The in-vitro activity of the cream formulated with the 

bacterial melanin was checked by the transmission 

spectroscopy. By UV-vis spectrometer from the ranges 

290nm to 400nm, the transmission spectrum of the 

formulated cream was obtained as shown in Table 4.The 

values of transmission were further calculated to find out the 

percentage of protection against the UV-A and UV-B, further 

to calculate the average UVA protection factor shown in 

Table 5. More et al., 2013 formulated creams that have the 

potency to protect UV rays containing the leaves extract 

(0.5%, 1%, 1.5%) of Butea monosperma determined by 

transmission spectroscopy method showed the concentration 

of extract in formulation increases, UV rays protection and 

average UVA protection factor also increases. 

Conclusion 

The present study concluded that the isolate belongs to 

Pseudomonas sp.STSGRDS1 which observed to have dark 

brown pigment-producing ability. Further, the biological 

application of the strain was confirmed by antioxidant assay 

and Sun protection factor makes it potential strain to be used 

in the field of therapeutics and cosmetics. More in vivo and 

clinical trials were required to confirm its utility. 

  

5%  Cream (STSGRDS1) 10% Cream (STSGRDS1) 

 

Wavelength 

 

%T ± S.D 

 

MPF 

 

Wavelength 

 

%T ± S.D 

 

MPF 

290 10.4±0.494 9.9 290 10.15±0.21 10 

295 11.45±0.353 8.9 295 10.45± 0.353 9.8 

300 11.6±0.424 8.8 300 10.65±0.355 9.6 

305 12.75±0.212 7.9 305 11±0.424 9.3 

310 13.3±0.282 7.6 310 11.6±0.141 8.6 

315 14.4±0.28 7 315 12.2±0.282 8.3 

320 21.25±0.49 4.7 320 12.55±0.35 4.6 

325 38.9±0.494 2.5 325 13.85±0.49 3.7 

330 44.9±0.424 2.2 330 14.25±0.494 3.5 

335 47.55±0.49 2.1 335 14.8±0.426 3.5 

340 47.9±0.422 2.1 340 15.1±0.424 3.5 

345 49.95±0.77 2 345 15.5±0.426 3.4 

350 50.4±0.56 2 350 16 ±0.565 3.1 

355 50.8±0.565 2 355 16.4±0.707 3.1 

360 51.05±0.63 1.9 360 16.9±0.568 3.1 

365 51.5±0.56 1.9 365 17.35±0.355 3.1 

370 52.25±0.77 1.9 370 17.95±0.353 2.6 

375 52.6 ± 0.848 1.9 375 18.55±0.212 2.2 

380 52.95 ±0.919 1.9 380 19.1±0.424 2.2 

385 53.3±0.84 1.9 385 19.65±494 2.1 

390 53.45±0.919 1.9 390 20±0.464 2 

395 53.8 ±1.272 1.9 395 20.5±0.426 2 

400 54.1 ±1.29 1.8 400 21.05± 0.777 2 



ISSN 1314-6246 Srimathi et al.  J. BioSci. Biotech. 2020, 9(1): 47-58 

RESEARCH ARTICLE 

 

57 
http://www.jbb.uni-plovdiv.bg 

References 

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. 

Basic local alignment search tool. J. Mol. Biol., 215(3): 403-

410. 

Babior BM. 2004. NADPH oxidase. Curr. Opin. Immunol., 16(1): 

42-47. 

Brenner M, Hearing VJ. 2008. The Protective Role of Melanin 

Against UV Damage in Human Skin. Photochem. Photobiol., 

84(3): 539-549. 

Butler MJ, Day AW. 1998. Fungal melanins: a review. Can. J. 

Microbiol., 44(12): 1115-1136. 

Casadevall A, Nakouzi A, Crippa PR, Eisner M. 2012. Fungal 

melanins differ in planar stacking distances. Plos ONE 

7:e30299. Doi: 10.1371/journal.pone.0030299. 

Chakrabarty S, Patel S. 2018. Isolation of Melanin Pigment 

Producing Bacteria from Marine Water and Study of 

Photoprotective Role of the Pigment. ISSN: 2319-8753. 

Coyne VE, Al-Harthi L. 1992. Induction of melaninbiosynthesis in 

Vibrio cholerae. Appl. Environ. Microbiol.,58(9): 2861-2865. 

Dastager SG, Li WJ, Dayanand A, Tang SK, Tian XP, Zhi XY, Xu 

LH, Jiang CL. 2006. Seperation, identification and analysis of 

pigment (melanin) production in Streptomyces. Afr. J 

Biotechnol., 5(8): 1131-1134. 

Deshmukh KR, Pethe AS. 2016. Extraction and analysis of melanin 

pigment produced by Clostridium tertium isolated from water 

sample of saline belt in west Vidardha region." Int. J. Sci. Res., 

5: 812-814. 

Dutra EA., Oliviera DAGDC, Kedor-Hackmann ERM, Santoro 

MIRM. 2004. Determination of sun protection factor (SPF) of 

sunscreens by ultraviolet spectrophotometry. Rev. Bras.Ciênc. 

Farm., 40(3): 381-385. 

El-Naggar NEA, El-Ewasy SM. 2017. Bioproduction, 

characterization, anticancer and antioxidant activities of 

extracellular melanin pigment produced by newly isolated 

microbial cell factories Streptomyces glaucescens NEAE-H. 

Scientific Report, 7, 42129, https://doi.org/10.1038/srep42129. 

Geng J, Yuan P, Shao C, Yu SB, Zhou B, Zhou P, Chen XD. 2010. 

Bacterial melanin interacts with double-stranded DNA with high 

affinity and may inhibit cell metabolism in vivo. Arch. 

Microbiol.,192: 321-329. 

Hu ZM, Zhou Q, Lei TC, Ding SF, Xu SZ. 2009. Effects of 

hydroquinone and its glucoside derivatives on melanogenesis 

and antioxidation: Biosafety as skin whitening agents. J. 

Dermatol. Sci., 55(3): 179-184. 

Huang HC, Chang T.M. 2012. Antioxidative properties and 

inhibitory effect of Bifidobacterium  adolescentis on 

melanogenesis. World J. Microbiol. Biotechnol., 28(9): 2903-

2912. 

Kar B, Kumar RS, Karmakar I, Dola N, Bala A, Mazumder UK, 

Hadar PK. 2012. Antioxidant and in vitro anti-inflammatory 

activities of Mimusops elengi leaves. Asian Pac. J. Trop. Bio., 

2(2): 976-980. 

Karadag A, Ozcelik B, Saner S. 2009. Review of methods to 

determine antioxidant capacities. Food Anal. Method., 2(1): 41-

60. 

Kiran GS, Dhasayan A, Lipton AN, Selvin J, Arasu MV, Al-Dhabi 

NA. 2014. Melanin-templated rapid synthesis of silver 

nanostructures. J. Nanobiotechnol., 12: 18. 

Krishnamoorthy S, Natarajan E, Muthukumar B, Govindaraju A. 

2017. Isolation, Separation and Production of Melanin Pigment 

in Streptomyces sp. from Garden Soil. Int. J. Curr. Biotechnol., 

5(4): 6-13. 

Krishnamoorthy S, Natarajan E, Muthukumar B, Govindaraju A. 

2018. Isolation, Physiochemical Characterization and biological 

applications of Melanin Pigment from Pseudomonas sp. from 

Garden soil. Int.J.Curr.Biotechnol., 5 (4): 6-13. 

Manivasagan P, Venkatesan J, Senthilkumar K, Sivakumar K, Kim 

SK. 2013. Isolation and characterization of biologically active 

melanin from Actinoalloteichus sp. MA-32. Int. J. Biol. 

Macromol., 58: 263-274. 

Mansur JS, Breder MNR, Mansur MCA, Azulay RD. 1986. 

Determinação Do Fator De Proteção Solar Por 

Espectrofotometria. An. Bras. Dermatol. Rio De Janeiro, 61: 

121-124.  

More BH, Sakharwade SN, Tembhurne SV, Sakarkar DM. 2013. 

Evaluation of Sunscreen activity of Cream containing Leaves 

Extract of Butea monosperma for Topical application. Int. J. 

Cosmet. Sci., 3(1), 1-6. 

Nicolaus RA. 1968. Melanins. Paris: Hermann. 

Prajapati H, Chauhan P, Gahlout M, Khoja P, Merai S. 2017. 

Isolation and Screening of Melanin Producing Microorganism. 

Department of Microbiology. ISSN: 2321-9653. 

Raman NM, Ramasamy S. 2013. Screening of radical scavenging 

efficacy of melanin isolated from Aspergillus fumigatus. Int. J. 

Pharma Biosci., 4: 312-318. 

Raman NM, Shah PH, Mohan M, Ramasamy S. 2015. Improved 

production of melanin from Aspergillus fumigatus AFGRD105 

by optimization of media factors. AMB Express, 5(1): 72. 

Riley PA. 1997. Melanin. Int. J. Biochem. Cell B., 29(11): 1235-

1239. 

Sajjan SS, Anjaneya O, Guruprasad BK, Anand SN, Suresh BM, 

Karegoudar TB. 2013. Properties and functions of melanin 

pigment from Klebsiella sp. GSK. Korean J. Microbiol. 

Biotechnol., 41(1): 60-69. 

Sayre RM, Agin PP, LeVee GJ, Marlowe E. 1979. A comparison of 

in vivo and in vitro testing of sunscreening formulas. 

Photochem. Photobiol., 29(3): 559-566. 

Smith RS, Guyomarch’h S, Mandel T, Reinhardt D, Kuhlemeier C, 

Prusinkiewicz P. 2006. A plausible model of phyllotaxis. Proc. 

Nat. Acad.Sci.,103(5): 1301-1306. 

Srinivasan P, Inala MS, Nandini Hs, Kutty Avm, Kiranmayee P. 

2017. A Pilot study on Sun Protection Factor of plant extracts: 

An Observational study. Asian J. Pharm. Clin. Res., 11(4): 67, 

doi:10.22159/ajpcr.2018.v11i4.23671. 

Surwase SN, Jadhav SB, Phugare SS, Jadhav JP. 2013. Optimization 

of melanin production by Brevundimonas sp. SGJ using 

response surface methodology.3 Biotech, 3(3): 187-194. 

Suryawanshi RK, Patil CD, Borase HP, Narkhede CP, Stevenson A, 

Hallsworth JE, Patil CV. 2015. Towards an understanding of 

bacterial metabolites prodigiosin and violacein and their 

potential for use in commercial sunscreens. Int. J. Cosmet. Sci., 

37(1): 98-107. 

Tarangini K, Mishra S. 2014. Production of Melanin by Soil 

Microbial Isolate on Fruit Waste Extract: Two Step 

Optimization of Key Parameters. Biotechnol. Rep., 4: 139-146. 

Tu YG, Sun Y, Tian YG, Xie MY, Chen J. 2009. Physicochemical 

characterisation and antioxidant activity of melanin from the 

muscles of Taihe Black-bone silky fowl (Gallus gallus 

domesticus Brisson). Food Chem., 114(4): 1345-1350. 

Turick CE, Tisa LS, Caccavo F. 2002. Melanin production and use 

as a soluble electron shuttle for Fe (III) oxide reduction and as a 

terminal electron acceptor by Shewanella algae bry. Appl. 

Environ. Microbiol., 68(5): 2436-2444. 

Wan X, Liu HM, Liao Y, Su Y, Geng J, Yang MY, Chen XD, Shen 

P. 2007. Isolation of a novel strain of Aeromonas media 

producing high levels of  DOPA‐melanin and assessment of the 

photoprotective role of the melanin in bioinsecticide 

applications. J. Appl. Microbiol., 103(6): 2533-2541. 

Yabuuchi E, Ohyama A. 1972. Characterization of Pyome1anin-

Producing Strains of Pseudomonas aeruginosa. Int. J. Syst. 

Bacteriol., 2: 53-64. 

Ye M, Wang Y, Guo GY, He YL, Lu Y, Ye YW, Yang PZ. 2012. 

Physicochemical characteristics and antioxidant activity of 



ISSN 1314-6246 Srimathi et al.  J. BioSci. Biotech. 2020, 9(1): 47-58 

RESEARCH ARTICLE 

 

58 
http://www.jbb.uni-plovdiv.bg 

arginine-modified melanin from Lachnum YM-346. Food 

Chem., 135(4): 2490-2497. 

Youngchim S, Morris-Jones R, Hay RJ, Hamilton AJ. 2004. 

Production of melanin by Aspergillus fumigatus. J. Med. 

Microbiol., 53(3): 175-181. 

Zhang J, Cai J, Deng Y, Chen Y, Ren G. 2007. Characterization of 

melanin produced by a wild-type strain of Bacillus cereus. 

Front. Biol.China, 2(1): 26-29. 

 


