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ABSTRACT 
The primary objective of the study is to isolate pigment producing marine bacteria from seawater. Conventional 
enrichment isolation was used. The antioxidant by DPPH, anti-inflammatory by HRBC, albumin denaturation and 
antibacterial was performed followed by pigment production. The selective enrichment isolation has one salt tolerant 
pigmented producing colony have been selected and identified by biochemical characters. The pigment producer 
identified as gram-negative rod, salt tolerant, Indole, MR and catalase positive. Pigmentation on Chemically defined 
media reveal that tryptic soy agar and nutrient agar influenced significant growth and intracellular pigment higher 
yield. Under submerged TS broth the pH 5-6 supports the growth and synthesis of pigments on liquid medium. Strain 
grown on tryptic soy agar had maximum intracellular pigment. Extracellular pigment production is influenced by pH of 
medium. Among the different pH, production of pigment found between 5 and 6 has concentrated pigmentation. 
Concentration dependent antibacterial, antioxidant, anti-inflammatory activity of pigment was recorded. The pigment 
FTIR reflects predigosin like characters. The pigment had significant free radical scavenging and anti-inflammatory 
effect equal to standard drugs. The findings conclude that the Halobacterium sp produced pigment have potent 
medicinal value used as antibacterial, antioxidant and anti-inflammatory agent followed by toxicity evaluation.  
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INTRODUCTION 
Research on extremophiles are particularly crucial for enhancing the extraction of novel chemicals and 
their potential uses in biomedicine. The halophilic bacteria are thought to produce hydrolytic substances, 
carotenoids, retina protein molecules, and viable solutes as stabilizers of macromolecules, biological 
polymers, and fertilizer (4).  In general, halophilic microorganisms thrive in varying NaCl centralizations 
ranging from 2 to 30%. With 129 animal species, Halobacteriaceae is the largest category of halophilic 
Archaea and contains the strains that require the most salt. The distinctive feature of a hypersaline 
atmosphere is that, aside from high salt concentrations, it allows for an exceptional variety of 
microorganisms to live there (21). Halobacteriaceae helps produce certain carotenoid colors that aid in 
light absorption and increasing disappearing in saltern crystallizer ponds (7). Bacteriorhodopsin, a vital 
film protein produced by Halobacterium salinarum, is used as holographic stockpile material in PC 
memory and preparation units. A vast variety of halophiles have been employed and studied for their 
distinct biotechnological uses in the food sector as compounds of coloring and cryoprotectants. At the 
industrial level, halophilic microorganisms have successfully provided salt-tolerant exoenzymes, such as 
lipases, amylases, and proteases, to numerous compounds used in the restorative industry (9). The 
minimal natural impact caused by microbial pigment during synthesis is one of its main advantages. 
Additionally, normal colors enhance an item's aesthetic appeal and provide extra advantages including 
cellular strengthening and antibacterial, antioxidant qualities (20). In order to prevent oxidative damage 
in stomach ulcers, Pseudoaltero monas and Chromobacter violaceum produce Violacein , an incredible cell 
reinforcement that animates mucosal defense components. Lutein, a substance that prevents cancer, is 
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produced by Spongiococcum excentricum. Monascus sp. demonstrated the production of 
monascorubramin (red) and antibacterial anthraquinoid. Many studies have taken into account the 
antioxidant riboflavin produced by Ashbya gossypii and the antibacterial lycopene (red) Blakesle atrispora 
(22). Micrococcus luteus -derived pigments demonstrated encouraging antibacterial efficacy towards 
organisms responsible for wounds (23). Pseudoalteromonas sp. produce prodigiosin is one kind of  
pigment that is lethal to  leukemia cells (25).Many microorganisms provide various hues that eventually 
satisfy the demands of contemporary applications. The goal of this study is to identify and assess the 
potential of extremophilic pigment-producing microorganisms.  
 
MATERIAL AND METHODS 
Isolation of bacteria: Bacterial strains are isolated by enrichment method. Double strength of tryptic soy 
(TS) broth enriched with 10% of sodium chloride was prepared and autoclaved. Sterile broth inoculated 
with 1mL of red sea water sample, Saudi Arabia and kept incubation for 24-48 h. enriched sample diluted 
up to 107 and one ml of final dilution is plated on modified nutrient agar. TSA with 10 % NaCl was 
prepared and used for pour plate technique. Plates were incubated for 24 h. pigment producing bacteria 
grown on the medium selected and characterized. Biochemical characters like Gram’s staining, IMViC, 
catalase and oxidase were performed. 
Solid state pigment production: Nutrient agar, minimal agar, tryptic soy agar plates were prepared and 
lawn culture of strain were prepared. Followed by 48h incubation 25 ml of ethanol was added and 
pigment was excluded .weight of cells calculated followed by taken of pre weight agar plate. The mixture 
was vigorously vortexed for 2 min. The solution was then centrifuged for 10 min at 6000 rpm and eluted 
with silica 120 mesh column. The OD of eluted pigment taken at 600 nm. 

OD x (dilution factor) x (total volume of pigment) / Weight of cell 
Effect of medium pH on pigment production (18) 
TS broth was prepared at different pH (2-10) by adjusting medium pH with 1N HCL and 1N NaOH then 
autoclaved at 121ºC for 15 min, cooled, inoculated with 1 mL of culture of bacterium and incubated at 
37°C for 48h.pigment were extracted broth after centrifugation at 7,000 rpm with ethanol and vaccum 
dried. The dried pigment redissolved in 10 ml ethanol. The OD of eluted pigment taken at 600 nm. 

OD x (dilution factor) x (total volume of pigment) / Weight of pigment extracted 
Characterization of pigment 
Extracted pigment purified with silica column with ethanol-acetone solvent and purity detected by TLC 
using chloroform acetone and methanol as mobile phase (5:2:1). The nature of pigment subjected to FTIR 
characterization 
Antibacterial activity  
Screening of antimicrobial activity of crude pigment was determined by disc diffusion method at 25-100 
μg/disc. 24h old P.aeruginosa bacterium was spread over on MH Petri agar plate under aseptic conditions. 
Known concentration of crude pigment loaded on sterile disc at different concentration. All the 
concentration was kept in triplicate manner. Acetone and ethanol alone is applied as negative control. 
Ofloxacin used as positive control. The entire disc placed over agar preloaded with test pathogen. The 
plates are kept incubation at 37°C for 24 hours. After incubation for 24 hours at 37°C the zone of 
inhibition was measured with the help of standard scale. 
Synergy test 
The stock solutions and twofold serial dilutions of each drug to at least double the MIC were prepared 
according to NCCLS. Columns 1 to 7 contain 2-fold serial dilutions of ofloxacin, and rows A to G contain 2-
fold serial dilutions of pigment. One column contains a serial dilution of pigment alone, while one row 
contains a serial dilution of ofloxacin alone. about 200 μl of Mueller-Hinton broth, ofloxacin 200ul 
(200µG) was serially diluted to get 100, 50, 25, 12.5, 6.25, 3.125 and 1.5µg, while the second drug pigment 
was added at different concentration to the rows. An inoculum equal to a 0.5 McFarland turbidity 
standard was prepared from P.aeruginosa. plates was inoculated with 100 μl of a bacterial inoculum of 5 
× 105 CFU/ml, and the plates were incubated at 35°C for 48 h under aerobic conditions. The resulting 
checkerboard contains each combination of two drugs antibiotic and pigment, contain the highest 
concentration of each antibiotic at opposite corners. Synergy is more likely to be expressed when the 
ratio of the concentration of each antibiotic to the MIC of that antibiotic was same for all components of 
the mixture. The combination is considered synergistic when the ΣFIC is ≤0.5, indifferent when the ΣFIC is 
>0.5 to <2, and antagonistic when the ΣFIC is ≥2. 

 The ΣFICs were calculated as follows: ΣFIC = FIC A + FIC B,  
 where FIC A is the MIC of drug A in the combination/MIC of drug A alone, 
 and FIC B is the MIC of drug B in the combination/MIC of drug B alone.  
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Antioxidant activity 
1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay on intra and extracellular pigment at 5mg/ mL was taken to 
determine antioxidant activity. The standards used in this test were ascorbic acid at 100 µg 
concentration. The final concentration pigment used in the study was 50 and 100 µg/ml. 2 mL of ethanol 
solution was taken in a test tube and 0.2 ml of DPPH reagent was mixed. Sample/standard 0.2mL was 
added.  Then, the tube was wrapped in aluminum foil and incubated on the shaker at room temperature 
for 20 minutes. The absorbance of control(C) and test(T) was recorded at 517 nm.  

C-T/C X 100 
HRBC anti-inflammatory activity  
1mL of blood was diluted with 20 ml of PBS solution. This HRBC suspension was used for the estimation 
of anti-inflammatory property. Different concentrations of pigment, standard Diclofenac and control were 
separately mixed with 1mL of phosphate buffer, 2 mL of hyposaline (0.36% NaCl) and 0.5 mL of HRBC 
suspension. All the assay mixtures were incubated at 37 °C for 30 minutes and centrifuged at 3000 rpm. 
The supernatant liquid was decanted and the hemoglobin content was estimated by a spectrophotometer 
at 560 nm. The percentage of membrane protection was estimated by assuming the hemolysis produced 
in the control as 100%. 

Percentage protection= 100- (OD sample/ OD control) × 100 
The anti-inflammatory protein denaturation 
Anti-inflammatory activity of pigment was studied by using inhibition of protein denaturation method. 
The reaction mixture (5ml) consist of 0.2 ml of egg albumin (hen’s egg), 2.8 ml phosphate buffered saline 
(pH: 6.4) and 2 ml of varying concentration of plant extracts. Similar volume of double distilled water 
served as control. Then the mixtures were incubated at 37±2 °C in an incubator for 15 minutes and then 
heated at 70 ºC for 5 minutes. After cooling, their absorbance was measured at 660nm by using vehicle as 
blank. Diclofenac standard was used as reference drug and treated similarly for determination of 
absorbance. The Percentage inhibition of protein denaturation was calculated as follows 

ODC-ODS/ODC X 100 
 
RESULTS AND DISCUSSION 
Isolation of pigment producing bacteria 
The organism under study was Pinkish orange pigmented salt loving bacterium which is gram negative, 
rod, catalyst positive, oxidase negative. Totally 13X 107 colonies forming unit were recorded on enriched 
agar plate method. majority of colonies are opaque white-coloured colonies and few are pigmented. 
colonies developed with, pigmented selected and subcultured on TS agar (Fig 1). The organism under 
study was Pinkish orange pigmented salt loving bacterium biochemically characterized and data given in 
table 1. The isolates was gram negative rod, indole, MR, catalase positive, negative on citrate, VP and 
oxidase. The biochemical features of isolates reveals that isolate belongs to Halobacterium sp. study based 
on extremely halophilic  capable of producing red pigments known as carotenoids which gives red, yellow 
and orange colour to the organism and also to compact the high salt and intense UV radiation by violacein 
producers (26). Previously Halobacterium salinarum from saline lakes, magrooves and salt sediments 
were  isolated are reported to produce pigments(11) 
Characterization of pigment 
 TLC analysis of pure pigments reveals presence of single fraction on both intra and extracellular The 
pigment of crude and purified reveals both crude and purified shows 0.38 Rf and no changes were 
observed in retention factor. The FTIR spectrum of column pured pigment is given in Figure 2. Data 
reveal that the extracted pigment have medium vibration at 3405 cm-1, 2,995 cm-1 related to N-H stretch 
and O-H stretch of carboxylic acid. A weak Peak at 2090 cm-1 related to C≡C alkyl. Absorption at 1770-
1759 and 1637 cm-1 corresponding to C=O stretching and C=C stretching of imine / oxime group. 
Furthermore the weak absorption at 1454 cm-1 indicated C-F stretching, and  1382-1357 cm-1 showed the 
S=O stretch, while the peak 930 and 711 cm-1 indicated the presence of C-O-C and C-H phenyl ring bend. 
All the N-H group and phenyl rings were recorded are fingerprint region, which was characterized by the 
weak intensity. Previous data on prodigiosin exhibits similar absorptions between 1600-800 cm-1 
reported by Lazović et al. (15).  Prodigiosin is a kind of pigment synthesized by different genera  including 
Bacillus sp, Streptomyces and Serratia marcescens. presence of COOH functional group in pigments 
reported earlier by Fengwei et al (8). Anticancer Prodigiosin pigment from S.marcescens have similar 
functional groups (14). Presence of C-O-C (900 cm-1) was correlate with the report of zeaxanthin as 
reported by Hizbullahi Usman et al. (12) 
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Extraction and quantification of pigment 
The pigment from isolate grown on nutrient agar, Minimal agar and TS agar were separated by solvent 
extraction and purified with column chromatography. The figure 3a represent the yield of intracellular 
pigment at unit level shows maximum pigmentation among three different medium. Maximum 
production 546±1.73 U in TS medium followed by nutrient agar (354.66± 3.05U). Less significant 
pigmentation 141±0.69 U was produced under minimal agar. Likewise the quantity of pigment from 
submerged broth was found best at neutral range and less significant among acidic pH and extreme 
alkaline pH (Figure 3B). at 5 and 6 pH the growth and pigmentation was not affected but showed 
variation on pigmentation. The unit of EC pigment was 4.7±0.1, 85.76±2.89, 92.46±0.41respectively at pH 
4, 5, 6 and no pigmentation was recorded at pH 2 and 8. Pigment producing bacteria capable to grow well 
on pH of neutral range was earlier reported in many studies (3). Further similar report on production of 
pigment on submerged sate was influenced by biomass of cells regulated by pH of medium (10).  
Antibacterial activity of pigment 
The results of pigment from intracellular and extracellular pigment against ofloxacin resistant 
P.aeruginosa implies that the higher concentration of intracellular pigment have had good antibacterial at 
100 µL. The antibacterial activity of Intracellular Pigment was found to be concentration dependent. The 
zone of inhibition were 12.66±1.15, 15.3±1.15, 16.33±0.57 and 18.3±0.57 mm respectively among 25, 
50,75 and 100µg. compare to intracellular the extracellular pigment activity was moderate and recorded 
as 7.33±1.15, 11.3±1.15, 14.66±0.57 and 16.3±0.57. The inhibition of ofloaxacin was less significant at 25 
to 50 compare to pigment but significant at 50-100ug. The zone size of standard among the tested 
concentration was 6±0, 10.6±1.15, 15.33±1.15 and 16±1 mm. The t-test of intracellular and standard 
reveals that the p<0.05 of pigment was significant at 25, 50 and 100µg and not significant at 
75µg(p>0.05). likewise extracellular pigment showed p>0.05 found to be not significant (table 2). In 
addition microbial pigment has synergy effect with amoxicillin and activity against MDR P.aeruginosa was 
given in table 3. Further the MIC of tested pigment is estimated as 100 µg and the MIC of amoxicillin was 
50µg against P.aeruginosa. The checkerboard assay reveals have given fractional inhibitory 0.25 and 
0.125 respectively for pigment and antibiotic have given 0.37 ΣFICs denotes that both having synergistic 
effect (Table 3). Activity of many pigments against gram-negative bacteria depends on yield of pigment 
due to the permeability of cells, whereas gram positive are does not require high concentration of 
prodigiosin. Pigments from bacteria proven to be good antifungal, antibacterial (2), antiprotozoal, 
antimalarial, cytotoxic and immunosuppressive activities (17). The pigment showed good antibacterial 
activity showed maximum zone of inhibition 16 mm against P.aeruginosa.  
Anti inflammatory assay  
In vitro anti-inflammatory activity of formulated pigment gel evaluated using albumin denaturation and 
membrane stabilization assay. Diclofenac was used as a standard drug for the study of anti-inflammatory 
activity. Pigment showed anti-inflammatory activity by inhibiting the temperature elevated albumin 
coagulation 95% at 500 µg/mL and minimum inhibition rate 47% at 62.5µg/ml (table 4). By increasing 
concentration of pigment from 62.5 to 500 the albumin denaturation was inhibited greatly. The 
concentration dependent percentage of inhibition of pigment were 47±1, 52.66±0.57, and 
71±195.33±0.57 percentage with IC50 of 281 and for standard were 84.33±0.57, 87.33±0.57, 89.33±0.57 
and 92.33±0.57% with IC50 of 178.25. The p value is significant (p<0.05) at 250 and 500µg and the data 
is not significant at 62.5 and 125µg. Likewise HRBC assay on red blood cells membrane stabilization of 
standard and sample given in Table 5. Data reveals that pigment have anti-inflammatory potential close 
to standard. Pigment based gel showed concentration dependent RBC membrane stabilization activity. At 
higher concentration hemolysis was increased in pigment. The percentage of membrane stabilization 
were 74.33±0.57, 79.33±0.57, 80.66±0.57 and 84.33±0.57 respectively at 500, 250,125 and 62.5 µg/mL. 
The activity of Diclofenac was 82.33±0.57,84.33±0.57,88.66±0.57, 92.66±0.57. The independent t test 
were significant at higher concentration 25-500 and not significant at 62.5-125µg. The HRBC data confirm 
increases in concentration decreases stabilization of RBC membrane in test as well as standard (table 3). 
Orange pigment derivatives from Monascus have reported as good  anti-inflammatory activities by Choe 
et al (6). Pigments like pink, yellow, orange, and brown from marine Brevibacterium sp with effective anti-
inflammatory activity was reported by Srilekha et al (18). Bacterial pigments are reported as alternative 
biomedicine can be used for may biomedical application (1) 
Antioxidant assay 
 DPPH antioxidant of extracellular, intracellular pigment and standard ascorbic acid have given promising 
antioxidant potential and the percentage free radical scavenging property was given in figure 4. LB broth 
extracted pigment showed LESS antioxidant activity than intracellular pigment. the activity IC pigment 
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was close to the activity of standard ascorbic acid. Percentage of IC pigment free radical inhibition was 
35.33±1.15 and 47.66±0.90. EC pigment have 54.66±1.15 and 68±1 percentage DPPH inhibition. Standard 
showed 47.333±2.081 and 70.66±1.15 respectively at 50 µg and 100 µg. In vitro study using carotenoid 
pigment extracted from the Sporobolomyces sp tested and exhibited antioxidant and antimicrobial 
property reported by Manimala and Murugesan (16). Kajal et al (13) evaluated microbial pigment 
antioxidant nature and reported concentration free radical scavenging activity. Another study conducted 
by Turki et al (22) reported antibacterial pigment from Bacillus strains have potent ABTS scavenging 
assay with low SC50 .  

Table 1. Biochemical characteristic of bacterial isolate 
TEST RESULT 

Grams stain - rod 

Oxidase Negative 

Catalase Positive 

Indole Positive 
MR Positive 
VP Negative 

Citrate Negative 

 
Table 2. Zone of inhibition mm in diameter  

SAMPLE  25µg P 50 µg P 75 µg P 100 µg P 
Intracellular  Pigment 12.6±1.15 0.0049 15.3±1.15 0.0099 16.33±0.57 0.11 18.3±0.57 0.036 

Extracellular  Pigment 7.33±1.15 0.0917 11.3±1.15 0.2113 14.66±0.57 0.264 16.3±0.57 0.333 

Oflaxacin 6±0 10.6±1.15 15.33±1.15 16±1 
 

Table 3  MIC and FIC of Intracellular pigment 
CONC. OF  
AMOXICILLIN  

                                                                               CON OF PIGMENT 
CONTROL 12.5 25 50 100 

+ + + - 
100 + - + - - 
50 - - + - - 
25 + + + - - 
12.5 + - + - - 

 
Table 4. Percentage of anti inflammatory activity of pigment 

Concentration of pigment  Inhibition of Albumin denaturation  P value 
62.5 47±1 2.47948E-05 
125 52.66±0.57 4.62214E-05 
250 71±1 0.000165207 
500 95.33±0.57 0.001562795 
IC50 281.6µG  
Concentration of Diclofenac   
62.5 84.33±0.57 - 
125 87.33±0.57 - 
250 89.33±0.57 - 
500 92.33±0.57 - 
IC50 178.25 µG  
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Table 5. Percentage of membrane stabilization on HRBC  
Concentration µg/mL Pigment  Diclofenac P value 
62.5 84.33±0.57 92.66±0.57 1.305 
125 80.66±0.57 88.66±0.57 1.919 
250 79.33±0.57 84.33±0.57 0.0007 
500 74.33±0.57 82.33±0.57 0.006 

 
 

  
Figure 1. Isolated halobacterium and pigment production 
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Figure 2.  FTIR spectrum of pure pigment 

  
Figure 3. Yield of pigment a) Intracellular  b)Extracellular 
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Figure 4. Antioxidant activity of pigment 

CONCLUSION 
The reddish pink pigment producing bacteria isolated from seawater identified as Hallobacterium sp. The 
intracellular and extracellular pigment extracted, column purified and found to be antibacterial, 
antioxidant and anti-inflammatory in nature. Besides antibacterial, it also showed synergistic properties. 
The antioxidant nature of pigment may help to inhibit the onset of cancer by prevent free radicals.  The 
significant influence genetics of isolated Halobacterium sp  should be investigated in future studies. 
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