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1. Name and Address of the        Prof. Ms. Varsha M. Chaudhari 

            Principal Investigator :             Dept. of Microbiology, P.S.G.V.P.Mandal’s SIP Arts,           

                                                            GBP Science & STSKVS Commerce College, Shahada,   

                                                             PIN- 425 409, Dist. Nandurbar , (Maharashtra). 

 

2. Name and Address of the        P.S.G.V.P.Mandal’s S. I.P. Arts,                                                                

Institution:   G.B.P. Science & S.T.K.V.S Commerce College,          

Shahada,PIN- 425 409, Dist. Nandurbar, (Maharashtra). 

 

3. UGC Approval No                   F. 47-964/09 ( WRO ) dated 01-10-2009 

        and Date:  

4. Date of Implementation: 01.10.2009 

5. Tenure of  project   01-10-09- 31-03-13 

6. Total grant allocated               Rs. 1,30,000/-  

7. Total Grant received               Rs. 1,24,500/- (1
st
 Install. -1,02,500/- & 2

nd
 In. 22,000/-) 

8. Final  expenditure  Rs. 1, 35,463/-  

9. Title of  the  Project               “Development of protocol for the production of  

                                                       bacterial  Pigments”.  

10.  Objectives of the project      Work was carried out on the basis of following   

objectives. (Annexure A) 

                              1)  Isolation and screening of the pigment producing bacteria from soil.  

                              2) Characterization of isolated organisms.  

                              3) Extraction  of pigments from isolates  by various methods. 

                              4) Study of the applicability of the pigments. 

      11   Whether the objectives were achieved-   Yes,    The objectives of the study has   

                                                                              been successfully completed.  (Annexure B) 

 

This study underlying the introduction of bacterial pigments was to find a suitable 

alternative for artificial synthetic colors, which could be used in pharmaceuticals, 

cosmetics or in food and textile manufacturing. In this study novel pigment producing 



bacteria was isolated from distillery effluent and soil sample.  The simplest method 

for bacterial pigment extraction was developed to overcome the higher price of 

natural pigments as compared to synthetic dyes. Applicability of pigments for growth 

promotion was studied which showed pigments can use as growth factors. 

12. Achievements from the projects-        The present study focuses on the microbial 

production of pigments- bio pigments as an eco-friendly alternative to the present day 

used environmentally hazardous synthetic colors. It is expected to contribute a lot to 

the field of environmental   microbiology as an alternative approach in microbial 

production of natural eco-friendly and nontoxic, safe colors. 

 13. Summary of the findings-   (Annexure C) 

The present work focuses on the development of food pigments from natural sources. 

Though many natural colors are available, Microbial colorant plays significant role as 

food coloring agents, because of its flexibility in production and easy recovery. The 

effect of the pigment on the growth and germination of seeds were   checked which 

revealed that as compared to control, germination was enhanced in the test where 

seeds coated with the pigment extract. This proved that the microbial pigment could 

exhibit growth stimulation in the germination of seeds. However, with development 

of a proper system and protocol this may reveal the expected details regarding the 

pigment and help in its identification.  In this work emphasis is given on the isolation 

of pigment producing bacteria from soil and effluent source. Then Morphological, 

biochemical characterization of isolates was carried out. Applicability of the pigment 

in the growth promotion of seeds were checked which shows the pigment enhances 

seed germination. This project introduces natural colors in the food or pharmaceutical 

industry. 





                                                                                                       Annexure A 

 Brief Objectives of the project     

Introduction  

         Color is associated with many aspects of our life. For example, the main factors 

to evaluate food quality are color, flavor, and texture, but color can be considered the most 

important of them, because if it is not appealing consumers will not enjoy the flavor and 

texture of any given food. Color is added in the food to make it more attractive, appetizing, 

presentable and informing quality of food. Synthetic colorants are used recently in vigorous 

amount but there are number of disadvantages of synthetic colors. They are carcinogenic, 

terratogenic, tumor forming, cancerous. Hence use of synthetic colorants was banned and 

biocolours are used in the food, pharmaceutical, cosmetics and textiles. 

            In nature, a variety of microorganisms has exhibited wide diversity in pigment 

production and has spectacular applications in food, pharmaceutical and textile industries. 

Some of the more important natural pigments were the carotenoids, flavonoids 

(anthocyanins) and some tetrapyrroles (chlorophylls, phycobiliproteins).  

Thus demand for natural color is increasing day by day as natural colors are better and 

safe for health when used in food products.  

APPLICATIONS OF MICROBIAL PIGMENTS 

  1. Carotenoids comprise a major class of pigments molecules synthesized in a wide range of 

organisms including photosynthetic bacteria,fungi unicellular alga .Microorganisms due to 

their ease of manipulations provide an excellent system for large scale production of 

carotenoids.  

 2. IN FOODS ORIENTALS AND BREWERIES 

  Monascus pigment have been extensively used in asia for centures and are generally 

regarded as safe (GARS) as food colorant.  

3. IN DYEING  

  Shirata et al (2000) found that the bluish purple pigment obtained from Janthinobacterium 

lividum was capable of dyeing not only natural fibers but also synthetic fibers.  

4.IN PHARMACEUTICALS  

Many caroenoids have been ascribed antioxidant roles (krensky 1993) in vitro it has been 

observed that canthaxanthin also has antioxidant capability (packer 1993).   

5. AS A VITAMIN 



 The red colored pigment produced by Dunaliella salina is the best source of beta carotene 

tested by National Institute of Oceanography,Israel (Parrys Delta carotene ).    

6. AS A SIDEROPHORE AND BICONTROL AGENT 

 Meyer and Abdallah (1978) isolated a green fluorescent pigment from Pseudomonas species 

and found to be a siderophore. Siderophore have the capacity to chelate iron.  

7. OTHER USES 

De vrije et al (1998) studied the Monascus pigment for their suitability in nonfood 

applications like biodegradable coatings and plastics textiles cosmetics and packaging 

materials. 

8. NOVEL APLICATIONS AND VALUE ADDITION TO PRODUCTS 

Zeaxanthin a pigment produced by Flavobacterium multivorum could be used for the 

coloring of legs beaks skin fat flesh and egg –yolk of poultry (US patent No 05308759, 1994) 

The feeding studies of known amount of pigment from F. multivorum to poutry showed that 

the pigment is stable, pigments faster and 2-3 times more potent on a pure pigment basis.  

In the view of this project work is carried out with the aim of isolation and 

identification of pigment producing organisms and study of applicability of their 

pigments. 

The project work is done on the basis of the following points 

I)  Isolation and screening of the pigment producing bacteria from soil.  

II) Characterization of isolated organisms.  

III) Extraction of pigments from organisms. 

IV) Study of the applicability of the pigment                    

    

 

 

 

 

 

 

 

 

 

 

 

 



    

Annexure B 

Work done in the project and Objectives (results) achieved 

1)  Isolation of pigment producing organisms. 

 A) Soil sample collection- 

 Rhizospheric soil samples from different regions of Medicinal plant garden of PSGVPM’S 

Pharmacy college, soil from botanical plant garden of college, Soil from different fields of 

Shahada region located at Dongargaon region were collected in sterile polythene bags.  

 B) Effluent sample collection: - Effluent sample of Shri Satpuda Tapi Sahakari Sugar 

factory was collected in sterile screw cap bottle.                  

 Screening and isolation:- 

 1gm of soil from each of these samples was enriched for 48 hours in sterile 100 ml Nutrient 

Broth, in sterile 100 ml potato dextrose broth, in 100 ml Luria Bertani broth. Enriched broths 

samples were diluted up to 10
-5

 and 0.1 ml of dilution was plated on sterile nutrient agar 

plate, sterile starch casein agar plate, sterile potato dextrose agar plate, sterile skim milk agar 

plate, sterile Luria Bertani agar plate and sterile yeast extract mannitol agar plate. 

Simultaneously loopful of enriched samples were streaked on each of the sterile medium agar 

plates. All the plates were incubated at 37
0
 C up to 48 hrs. 

        Growth of organisms from each of the sterile nutrient agar plate, sterile starch casein 

agar plate, sterile potato dextrose agar plate, sterile skim milk agar plate and sterile Luria 

Bertani agar plates were observed and best pigment producing organisms were selected. 

These were further purified from mixed population. 

 Prominent pigment producing bacteria which showed growth on sterile nutrient agar as well 

as on sterile yeast extract mannitol agar were selected for further studies. 

 B) Effluent sample:- 

Sample of distillery effluent was collected in sterile screw-cap bottles. Sample was serially 

diluted up to 10
-6 

dilution. From each 10
-5 

and 10
-6 

dilution 0.1ml of sample was transferred 

aseptically on the sterile nutrient agar plate, starch casein agar plate, sterile potato dextrose 

agar plate, sterile skim milk agar plate and sterile Luria Bertani agar Plate. All plates were 

incubated at 37
0 

C for 48 hrs. Plates were observed after incubation and best pigment 

producing organisms were selected. Further purification was done on the same media. 

Purified organisms were maintained on sterile slants. 



Prominent pigment producing bacteria were isolated from soil and effluent sample. The 

colonies have orange, Dark red, Green and Yellow and Turmeric yellow pigmentation 

 

                  

 

 

 

 

                        Isolated bacteria obtained from soil and effluent sample. 



 Isolation of Pigment Producing Bacteria 

Sr. 

No. 

Isolate 

Number. 

Source Medium Color 

1 Isolate  1 Effluent sample Sterile Nutrient agar Orange 

2 Isolate  2 Soil sample Sterile Yeast extract mannitol agar Dark Red 

3 Isolate  3 Soil sample Sterile Nutrient agar Green 

4 Isolate  4 Soil sample Sterile Nutrient agar Orange 

5 Isolate  5 Effluent sample Sterile Nutrient agar Yellow 

6 Isolate  6 Soil sample Sterile Nutrient agar Turmeric 

Yellow. 

Table 1:- Isolation of pigment producing bacteria. 

Most prominent pigment producing two isolates were selected for further use. 

2. Characterization of Isolated organism 

Colony characteristics of isolate were studied and recorded. 

S.

N. 

Size Shape Color Margin Opacity Consist Gm 

stain 

Motility 

1 .5 mm Round Orange Uneven Opaque Moist Gm+ 

cocci 

Non m. 

2 1.5 

mm 

Round Orange Irregular Opaque Moist Gm - 

rods 

Motile 

Table 2:- Colony characteristics of different isolates. 

 Biochemical characteristics of isolates. 

Isolates were identified on the basis of Biochemical characteristics from MTCC Chandigarh. 

Biochemical characteristics of isolates were as follows. 

Sr.No  Tests Isolate      1 Isolate    2 

1  ONPG - - 

2 Lysine decarboxylase + + 

3 Ornithine Decarboxylase + + 

4 Urease + + 

5 Phenylalanine Deamination - - 

6 Nitrate reduction - - 

7 H2s production - - 

8 Citrate utilization + + 

9 Voges Proskauer’s - - 

10 Methyl red + + 



11 Indole + + 

12 Malonate - - 

13 Esculin - - 

14 Arabinose - - 

15 Adonitol  - - 

16 Rhamnose - - 

17 Cellobiose - - 

18 Melibiose - - 

19 Saccharose - - 

20 Raffinose - - 

21 Trehalose - - 

22 Glucose + + 

23 Lactose + + 

24 Oxidase - + 

                Table 3:- biochemical characteristics of isolates.   

 On the basis of biochemical characteristics isolate was identified as a Planococcus 

maritimus and Rhodococcus kropenstedii. 

  

Molecular identification of bacterial isolates based upon 16S rRNA sequence 

16SrRNA sequences obtained from NCCS were submitted to GenBank and are available as 

GenBank Accession Numbers JN873343.1 Planococcus maritimus strain  

(www.ncbi.nlm.nih.gov/ Blast). The sequences were blasted into Nucleotide Blast Tool’ of 

‘National Center for Biotechnology Information’ (available at www.ncbi.nlm.nih.gov/ Blast) 

for nucleotide homology. The maximum homology report (Taxonomy Blast Report) 

identified a high nucleotide homology of the 16SrRNA (99% maximum identity in 100 % 

query coverage) with 16SrDNA/ 16SrRNA. From the analysis of the generated taxonomy 

report of the 16SrDNA gene sequence, this bacterial strain with highest score of (2628), and 

lowest E-value (0.0) was identified to be Planococcus maritimus . However the bacterial 

strain under study showed a maximum of 99 per cent homology with the previously reported 

sequences. This established that the bacterial isolate was identified as Planococcus maritimus  

is a novel strain that has not been reported earlier. 



 

Figure 1: Neighbour-joining tree based on 16S rRNA gene sequences, showing 

phylogenetic relationships between sequences of the phylum Firmicutes 

 

Production of Pigment- 

Pigment production was carried out in 500ml Erlenmeyer flask containing 100ml of nutrient 

medium. 0.1 ml of inoculums was added in the broth and flask was incubated at rotary shaker 

at 120 rpm for 48 hrs. 

In order to determine the Resistance or Sensitivity to particular antibiotics, 

 Antibiotic Sensitivity Test 

Antimicrobial Susceptibility test of isolates was performed. Sterile Muller Hinton Agar 

(M173) plates were inoculated with 0.1ml of freshly prepared culture suspension of isolate 1 

and isolate 2.Using aseptic techniques antibiotic discs were applied .Plates were incubated at 

37°c for 2-3 days. Zones showing the complete inhibition was measured and the diameter of 

the zone were recorded. 

 

     

                Antimicrobial tests of planococcus maritimus 

 Extraction of pigment- 

Protocol was design for the maximum extraction of pigments. 



This is very important objective as it is necessary that maximum amount of pigment should 

be extracted and recovered during the process. Numbers of references were collected for the 

extraction of pigments from bacteria, yeasts and fungi. These methods are as follows. 

3. Extraction of pigments by various methods 

1. 1gm of cells pellet was taken and washed three times with sterile saline and centrifuged. 

Cell pellet after centrifugation was suspended in 3 ml of pure ethanol. Mixture was vortex for 

5min and centrifuge to extract the pigments. Procedure was repeated three times. Residual 

pigment was extracted using water bath at 45°C. After centrifugation supernatant was 

collected and analyzed by scanning absorption specifically at 800-190nm. Maximum 

absorption was measured. Solvent is allowed to evaporate and dry weight of pigment is 

determined. 

 

2.1 gm of cells was rinsed from the surface of agar with distilled water. Washed 3 times with 

distilled water and washed cells were extracted with 50 ml absolute methanol. Suspension 

agitated at R.T. for 30 min the cell pellet remains after second extraction was colorless. 

Pooled methanol saponified for 30 min at 65°C with 6% w/v KOH. Absorption was 

measured. Solvent is allowed to evaporate and dry weight of pigment is determined. 

 

3. In the next procedure 1gm of freeze dried culture hydrolyzed with 1N HCl in a water bath 

at 70°C for 1 and half hour The acid free cells were soaked overnight in acetone: methanol 

(1:1) solution .then pigment extracted with acetone and transferred to light petroleum (40-

60°C) in a separating funnel and washed twice thoroughly with distilled water. Absorption of 

light petroleum was measured. Solvent is allowed to evaporate and dry weight of pigment is 

determined. Solvent is allowed to evaporate and dry weight of pigment is determined.  

                                                                      

4. In the 1gm of dry cells 10 ml of Dichloromethane: methanol 50:50v/w was added. Mixture 

was vortex vigorously for 1 min and homogenized then centrifuged pellet re-extracted until 

complete extraction. Absorption was measured. Solvent is allowed to evaporate and dry 

weight of pigment is determined. 

 

5. In the 1gm of cells 2ml of Dimethyl sulfoxide was added and cell mass stored for 30 min. 

Then 6ml of acetone was added homogenized and centrifuged for 3500rpm for 5min .The 



pellet re-extracted until complete pigment extracts. Absorption was measured. Solvent is 

allowed to evaporate and dry weight of pigment is determined. 

 

6.1gm of cells were harvested and the pigment were hydrolyzed overnight in a98% ethanol-

60% KOH mixture (10:1) Finally the pigments were extracted in ether and identified by their 

absorption maxima Spectra were recorded on spectrophotometer. Solvent is allowed to 

evaporate and dry weight of pigment is determined. 

 

7. In one method of extraction 50 ml of methanol was added to a 1 gram of moist bacterial 

cells and the placing of the containers in hot water to bring the methanol to the boiling point 

quickly. The pigments were extracted in few minutes. The solution was then cooled and the 

cells removed by centrifugation. Absorption was measured on spectrophotometer. Solvent is 

allowed to evaporate and dry weight of pigment is determined. 

From the various methods most suitable method of methanol extraction with HPLC 

grade was found out. 

 

Results of extraction of pigment. 

 

S.N. Methods    λ 

max 

 

Abs. Total 

pigment 

yield. 

Mg\gm 

Mean Amount 

of 

residual 

colored 

biomass 

  (mg) 

Efficiency of 

Method 

1 Method 1            

 I  466 0.600 300  150  

II  465 0.623 325 314.0 100 Less efficient 

III  466 0.602 315  190  

2 Method   2       

I  465 1.564 665  -----  

II  466 1.574 700 663.0 ----- Efficient 

III  466 1.570 625  -----  

3 Method   3       

I  463 0.433 150  500  

II  

 

464 0.432 110 146.6 435 Less efficient 

III  465 0.434 180  400  

4 Method   4       

I  465 0.325 90  690  

II  466 0.327 120 103.3 565 Less Efficient 

III  462 0.322 100  545  

5 Method    5       



I  461 0.328 0.15  700  

II  462 0.327 0.35 0.266 550 Less efficient 

III  462 0.328 0.30  582  

6 Method    6       

I  460 0.430 190  500  

II  447 0.400 220 205.0 450 Less efficient 

III  462 0.430 205  480  

7 Method     7       

I  465 1.599 715  -------  

II  466 1.580 702 702.3 -------- Most efficient 

III  465 1.570 690  ------  

Table 5:- Extraction of pigment by various methods in planococcus 

 

                   Table 6:- Exraction of pigment in Rhodococcus 

 

                 

                                    Extract of pigment in  methanol 

 

                 

                                      Drying of the pigment. 

 



4. Applicability of the pigments. 

 
 Seed germination assay 

In order to check the applicability of the pigment with respect to effect on the germination of 

seeds, seed germination assay was performed. Mung, math, gram and jowar seeds were taken 

in order to check the effect of pigment on the growth and germination (these being the 

common productions in this area). 

Method 

The effect of pigment on the seed germination was checked. Surface sterilization of healthy 

seeds was carried out. Seeds of jowar, mung, gram and math were treated with 1% CuSO4 

solution. Then treated seeds were washed 3-4 times with sterile distilled water. After 

disinfection the seeds were dipped in 15% sucrose solution for 1 hour and soaked in 1 mgL
-1

 

of pigment solution. Soaked seeds were dried in laminar air flow. These seeds were placed in 

sterile plate with moistened blotting paper. Un-soaked seeds were subjected for germination. 

Plates with the coated and uncoated seeds were incubated for 3-4 days. The effect of pigment 

on the germination was determined.   

Result . 

 

 

 
 Pigment coated seeds of mung and math (growth greatly enhanced with better germination of 

seeds observable with pigment coated concentrate in test as compared to control).      

 

T 
 

T 
 

C 
 

C 
 



 
Pigment coated seeds of jowar and gram (Growth quite stunted in test) 

Pigment promotes the growth and enhances seed germination. 

 

 Pot germination assay. 

 

 

 

 

T 
 

T 
 

C 
 

C 
 



 

 

        Pigment coated seeds shows increase in growth as compare to unpigmented seeds. 

       

 

 

 

 

 

 

 

 



 

Summary of the findings                                                   (Annexure C) 

           Most of the natural dyes are extracts from plants, plants products or produced by   

microorganisms, which are advantageous. Since the number of permitted synthetic colorants 

has decreased because of undesirable toxic effects including mutagen city and potential 

carcinogenicity interest focuses on the development of food pigments from natural sources.                                           

The present work focuses on the development of food pigments from natural sources. Though 

many natural colors are available, Microbial colorant plays significant role as food coloring 

agents, because of its flexibility in production and easy recovery. The effect of the pigment 

on the growth and germination of seeds were   checked which revealed that as compared to 

control, germination was enhanced in the test where seeds coated with the pigment extract. 

This proved that the microbial pigment could exhibit growth stimulation in the germination 

of seeds. However, with development of a proper system and protocol this may reveal the 

expected details regarding the pigment and help in its identification.  In this work emphasis is 

given on the isolation of pigment producing bacteria from soil and effluent source. Then 

Morphological, biochemical characterization of isolates was carried out. Applicability of the 

pigment in the growth promotion of seeds were checked which shows the pigment enhances 

seed germination. This project introduces natural colors in the food or pharmaceutical 

industry. 

Most of the natural dyes are extracts from plants, plants products or produced by 

microorganisms, which are advantageous. Since the number of permitted synthetic colorants 

has decreased because of undesirable toxic effects including mutagen city and potential 

carcinogenicity interest focuses on the development of food pigments from natural sources. 

Though many natural colors are available, Microbial colorant plays significant role as food 

coloring agents, because of its flexibility in production and easy recovery. 



In this work emphasis is given on the isolation of pigment producing bacteria from soil and 

effluent source. Then Morphological, biochemical characterization of isolates was carried 

out. Applicability of the pigment in the growth promotion of seeds were checked which 

shows the pigment enhances seed germination. This project introduces natural colors in the 

food or pharmaceutical industry. 

 Publications – Attached herewith PDF of Papers 

published. 
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Optimization of the extraction parameters for the 

production of biopigment from the new isolate of 

distillery effluent 

Varsha M.Chaudhari* 

Abstract 

The present study has been carried out to investigate the effects of single factors such as 

temperature, extraction time, nature of solvent, and concentration of solvent on the contents of 

biopigments from the newly isolated organism Planococcus maritimus AHJ_2 isolated from 

distillery spent wash. On this basis, an L16 orthogonal multiple factors design of experiment 

was performed to determine the optimal conditions for the extraction of biopigments. The 

amount of pigments extracted reached its maximum value when extracted at 80ºC for 10 min by 

using 80% methanol with 2 times of extraction. Spectrophotometric, TLC and FTIR performed 

for the optimized extracts proved the presence of carotenoids. 

Keywords: Carotenoids, Orthogonal experiments, Single-factor experiments, 

Planococcus maritimus AHJ_2. 

 

Introduction 

Pigments are colorants which have been widely used in food, cloth, painting, 

cosmetics, pharmaceuticals and plastics.
1
 The currently used colorants are almost 

exclusively made from nonrenewable resources such as fossil oil. The production of the 

synthetic colorants is economically efficient and technically advanced with colors 

covering the whole color spectrum. However, synthetic colorants are facing the 

following challenges: dependence on non-renewable oil resources and sustainability of 

current operation, environmental toxicity, and human health concerns of some 

synthetic dyes.
2
 In the food, cosmetics and pharmaceutical industries, due to the serious 

environment and safety problems caused by many artificial synthetic pigments research 

has focused on processes for the production of safe and natural pigments from natural 

resources. Thus, searching renewable and environmentally friendly resources for 

production of colorants is an urgent need.
3
 

Biological pigments are natural and a better substitute to chemical dyes used in the 

industries and laboratories.
4
 Nature produces many biocolorants from various resources 

including plants, animals, and microorganisms, which are possible alternatives to 

synthetic dyes and pigments currently employed.
5
 One promising method is to produce 

biopigments by microbes because of their fast growth rate and the feasibility of 

bioprocess development.
6
 Microorganisms produce a large variety of stable pigments 

such as carotenoids, flavonoids, quinones, and rubramines, and the fermentation has 

higher yields in pigments and lower residues compared to the use of plants & animals.
7
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Thus, biosynthesis of dyes and pigments via fermentation 

processes has attracted more attention in recent years.
8
 

Among the natural pigments produced by microbes 

reported so far, most research has focused on yellow and 

red pigment production, such as monascue produced by 

Meniscus sp.
9
, carotenoid from Phaffia rhodozyma

10
, 

Micrococcus roseus
11

, Brevibacterium linens
12

 and 

Bradyrhizobium sp. 
13

, and xanthomonadin from 

Xanthomonas campestris pv. 
14

 

Numbers of methods are available for extraction of 

pigments from various sources. Pigment extractions from 

microbial sources are generally carried out employing 

organic solvents. A wide range of polar and non-polar 

solvents either individually, sequentially or in combination 

have been employed for optimal extraction of pigments 

from algae, fungi and bacteria with and without 

pretreatment to biomass. Ultrasonic and hydrochloric acid 

assisted extractions, as well as supercritical CO2 extraction 

have also been attempted for carotenoids extraction from 

microbial source. These studies revealed that the method 

of extraction and solvent to be employed depends on the 

nature of pigment as well as biomass produced by the 

typical microbial source. But there is a need to develop a 

suitable extraction method with maximum pigment yield 

from microbial sources, which can be applied on a 

commercial scale.  Hence, present studies were conducted 

to determine the optimum conditions to extract pigment 

from Planococcus maritimus AHJ_2 in order to explore a 

proper process to utilize the pigment in the food as well as 

in pharmaceutical industry. 

Materials and methods  

All chemicals and culture media used for the growth of 

pigment producing bacteria were purchased from Hi-

Media laboratories (Bombay, India). Double glass distilled 

water was used for the experimentation. Solvents used for 

the extraction of pigments were of HPLC grade and 

purchased from S.D Fine chemicals (Bombay, India). 

Instruments 

The instruments used in this study were UV/Visible 

spectrophotometer (UV Mini 1240 Shimadzu, Japan), 

commercial heavy duty shaker (REMI), cyclomixer and 

water bath (REMI). 

Collection of distillery spent wash 

Distillery spent wash from Shri Satpuda Tapi Sahakari 

sugar factory and distillery section, Purushottamnagar, 

Shahada was collected in sterile 500 ml Erlenmeyer flasks. 

Analysis of the sample was carried out in the research 

laboratory of Department of Microbiology, PSGVPM’S 

‘ASC’ College, Shahada. 

Microorganism 

Culture of Planococcus maritimus AHJ_2 was isolated on 

Luria- Bertani agar from distillery spent wash of Shri 

Satpuda Tapi Sahakari sugar factory and distillery section. 

Isolate was purified and identified from Institute of 

Microbial Technology (IMTECH), Chandigarh, India. It 

was maintained on slants of Luria- Bertani Agar (LB) 

medium at 40
0
 C and sub cultured after every 30 days. 

Preparation of inoculum 

Inoculum of Planococcus maritimus AHJ_2 was prepared 

from single colony of actively growing culture in sterile 

saline. 100 µl of suspension was inoculated in 500 ml 

Erlenmeyer flask containing 100 ml sterile Luria Bertani 

broth (casein enzyme hydrolysate 10gl
-l
; yeast extract, 5gl

-

l
; NaCl 10gl

-l
; pH 7±0.5) Flask was incubated on rotary 

shaker at 120 rpm for 48 h. 100 µl  of inoculum from this 

flask was used for further study. 

Extraction of biopigment 

The main factor that affects the extraction of pigments is 

the nature of the solvent, temperature, extraction time and 

amount of solvents. In the present study optimum 

extraction conditions were determined by orthogonal 

design of experiments i.e., three levels and four different 

parameters. R value (Range analysis) was carried out to 

investigate the effect of each factor in the extraction 

process of biopigments. Further as the carotenoids are 

thermolabile and sensitive to temperature; the extraction 

method was modified to obtain maximum yield. 

Spectrophotometric analysis 

Spectrophotometric analysis and estimation of the pigment 

was carried out at 466 nm by UV –VIS spectrophotometer. 

Experimental design 

Basically, experimental design used in the present study 

comprised of single-factor experimental design, which was 

used for screening of extraction process and orthogonal 

design that was as a multiple factors for the optimization of 

extraction process.
15

 

Single factor experiment 
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Preliminary experiment was carried out to determine the 

effect of different variables on the extraction of 

biopigments.  

1. Solvent Type 

Extractions of biopigment using various different types of 

solvents like acetone, methanol, ethanol, dichloromethane 

and dimethyl sulphoxide (DMSO) was carried out. Each 

solvent was used at fixed condition of temperature and a 

fixed extraction time of 10 min. The best solvent type was 

chosen based on the highest value of total pigment content 

express as a dry weight in mg /100 g cell mass.  

2. Solvent concentration 

The solvent concentration was investigated using the best 

solvent with concentration ranging from 60% to 100% 

(v/v). Various concentrations of solvent were prepared in 

the double distilled water ranges from 60% to 100% (v/v). 

The best solvent concentration was selected based on the 

highest value of total pigment present as a dry weight in 

mg/100 g cell mass. 

3. Extraction Temperature 

 In order to determine the effect of extraction temperature, 

extraction was executed by using the best solvent 

composition at fixed time, under various temperatures, 

which were 70, 80, 90 and 100
0
C. The extraction 

procedures were repeated. The best extraction temperature 

was chosen based on the highest value of pigment (mg/ 

100 g cell mass).  

4. Extraction Time 

The impact of extraction time on the yield of biopigment 

was varied from 5, 10, 15, 20, min. Extraction was 

accomplished by applying the best solvent composition at 

optimum temperature. The extraction procedures were 

repeated. The best extraction time was chosen according to 

the highest value of pigment (mg / 100 g cell mass).  

Multiple factor design 

Development and Optimization of pigment extraction 

using L16 orthogonal design 

The orthogonal experiment was designed based on the 

single factor experiment. The parameters and the 

orthogonal design of the experiment for the extraction of 

biopigment were given in the Table 1 and 2. The results 

were made in the form of range analysis. The results were 

shown in Table 3 & 4. 

 

Factors for the extraction of biopigment 

Table 1: Orthogonal Experiment of the extraction 

 A 

 

B C 

Levels Temperature (
0
 C) Extraction Time (min) Solvent (%) 

1 60 5 60 

2 70 10 70 

3 80 15 80 

4 90 20 90 

 

Table 2: L16 Orthogonal design of experiment 

No. A B C 

1 1 1 2  

2 1 2 3 

3 1 3 4 

4 1 4 1 

5 2 1 2 
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6 2 2 3 

7 2 3 4 

8 2 4 1 

9 3 1 2 

10 3 2 3 

11 3 3 4 

12 3 4 1 

13 4 1 2 

14 4 2 3 

15 4 3 4 

16 4 4 1 

 

Results and discussions 

Effect of different solvent type on the extraction of 

biopigment 

The result in Figure 1 revealed that the maximum amount 

of pigment content was observed when extracted in 

methanol. Considering one of the aims of this work is to 

propose a suitable solvent for extracting the pigment. 

Among various solvents like acetone, ethanol, methanol, 

dimethyl sulphoxide (DMSO), dichloromethane (DCM) 

etc., methanol and ethanol were selected as a right choice 

because it is environmentally benign and relatively safe to 

human health.  Methanol was found to be more effective 

solvent for the extraction; it interacts with the pigments 

probably through non-covalent interactions and promotes a 

rapid diffusion of the pigment into the solution. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Effect of different solvent type on the extraction of pigment 

 

Effect of concentration of solvent on the extraction of 

biopigment 

It observed from the Figure 2 that the content of pigment 

extracts, increases with the concentration of methanol i.e., 

60% to 100%. Various concentration of methanol prepared 

in distilled water used exhibited different effect in the 

content of pigment. Change in the fluid polarity had 

diverse effect on the solubility enhancement of the pigment 

but optimal methanol concentration for extraction of 

pigment was found to be 80 %.   
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Figure 2: Effect of the methanol concentration on the extraction of biopigment 

 

Effect of extraction time on the content of biopigment 

The results of the Figure 3 showed that the contents of 

pigment extracted for 10 min reached maxima and 

prolonged time for extraction may not yield an increased 

content. 

 

 

Figure 3: Effect of extraction time on the production of biopigment 

 

Effect of temperature on the extraction of biopigment  

Figure 4 showed the contents of pigment tended to 

increase gradually with a rise in the temperature range 

from 70ºC to 100ºC. The contents of pigments gradually 

increased with a rise in the temperature in a range of 70ºC 

to 100ºC with a 10ºC temperature interval. It may be 

probable that at higher temperature causes the diffusion of 

pigment more quickly from cell to extracting agent. 

Temperature’s effect on extraction is dual. On one hand, 

higher temperature can accelerate the solvent flow and thus 

increase the increase the extraction of pigment. 
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Figure 4: Effect of extraction temperature on the production of biopigment 

 

Multiple factor experiment 

Optimization of biopigment extractions using L16 

orthogonal design 

The parameters and the orthogonal design of experiment 

for the extraction of pigments were given in the Table 3. 

The results were made in the form of range analysis. The 

order of the effect of factors on pigment extraction was 

A>C>B. The concentration and nature of the solvent had 

the greatest effect on the extraction procedure. An 

equivalent effect was observed in the temperature. The 

other factors such as time of extraction and number of 

extractions did not play a vital role in extracting the 

pigment to a higher yield. The optimum extraction 

conditions obtained from the range analysis were A3B2C3. 

It means that 80°C, 10 min of extraction duration, and 80% 

methanol concentration. 

Table 3: Yield of biopigment and range analysis 

No. A B C Pigment Yield mg\g 

1 1 1 2  1.92 

2 1 2 3 2.54 

3 1 3 4 3.10 

4 1 4 1 2.64 

5 2 1 2 3.84 

6 2 2 3 4.57 

7 2 3 4 3.21 

8 2 4 1 2.95 

9 3 1 2 3.05 

10 3 2 3 5.04 

11 3 3 4 3.74 

12 3 4 1 3.01 

13 4 1 2 2.36 

14 4 2 3 1.92 

15 4 3 4 2.60 

16 4 4 1 1.90 
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K1 2.55 2.79 2.63  

K2 3.64 3.51 2.8  

K3 3.71 3.16 3.52  

K4 2.19 2.62 3.16  

k1 0.63 0.69 0.65  

k2 0.91 0.87 0.69  

k3 0.92 0.79 0.88  

k4 0.54 0.65 0.79  

R 0.38 0.22 0.23  

 

TLC and Spectrophotometric results 

The results of TLC and Spectrophotometric revealed the 

presence of carotenoids by absorption at 466 nm by 

spectrophotometer UV mini Shimadzu. 

Conclusion 

In conclusion, the extraction conditions for biopigments 

were optimized to find that the extraction temperature 

80ºC, 10min of extraction duration, 80% methanol and 2 

times of extraction were the optimal conditions. Moreover, 

temperature was found to be a significant factor that 

affects the extraction procedure. The Spectrophotometric, 

TLC and HPLC results of the optimized extracts were 

found to contained carotenoids compounds. 
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ABSTRACT
An unidentified orange bacterial strain isolated from distillery spent wash
when characterized for morphological, microscopic, biochemical and
molecular features (16SrRNA sequencing) was identified as Planococcus
maritimus AHJ_2. Small orange colonies measuring 2-3 mm in diameter on
Luria Bertani agar medium was the striking feature noted in the organism.
The bacterium could grow over a wide range of media, pH (3.0-11.0) and
temperature (20-37°C) but optimal growth and pigmentation was observed

in LB medium at pH 7.0 at 37°C containing 0.5 percent NaCl.

Spectrophotometric, FTIR and HPLC analysis of pigments revealed the
presence of carotenoid type of pigment.
 2013 Trade Science Inc. - INDIA
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INTRODUCTION

As against widespread use of synthetic dyes not
known to be environment friendly, demand for natural
pigments for coloring fabrics, foods/feeds, cosmetics
and printing inks are increasing[1]. A number of natural
pigments produced by plants contribute to enhanced
immune system and reduced risk of degenerative dis-
eases, such as cancer, cardiovascular diseases, macu-
lar degeneration, cataract and acting as anti-aging
agents[2-5]. Of the various natural pigments, microbial
pigments prodigiosin and violacein are types of red and
violet bacterial pigments that have found application in
medical areas due to their activities as immunosuppres-
sive, anticancer, antibacterial and antifungal agents[6,7].
Carotenoids are currently produced for use as food

colorants, nutritional supplements, cosmetics or health
purposes[8]. In addition to their pigmenting abilities, caro-
tenoids may function as antioxidants by quenching pho-
tosensitizers, interacting with singlet oxygen, and scav-
enging peroxy radicals[9]. The species of the various
taxonomic groups� bacteria, fungi and yeasts are effi-

cient natural producers of carotenoids. Facing the grow-
ing economic significance of carotenoids, much interest
has been devoted to new supplies of this type of pig-
ment[10,11]. The fermentation conditions, such as culti-
vation temperature, NaCl, pH[12], play important roles
in the carotenoids forming activity of microorganisms
as well as composition ratio of carotenoids.

In the view of the significance of biopigments, the
present work in this paper deals with the characteriza-
tion of the orange pigmented bacteria both for its iden-
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tification and production of an intense orange carotenoid
pigment.

EXPERIMENTAL SECTION

Materials

All chemicals and culture media used for the growth
of pigment producing bacteria were purchased from
Hi-Media laboratories (Bombay, India). Double glass
distilled water was used for the experimentation. Sol-
vents used for the extraction of pigments were of HPLC
grade and purchased from Bombay, India.

Instruments

The instruments used in this study were UV/Visible
spectrophotometer (UV Mini 1240 Shimadzu, Japan),
commercial heavy duty shaker (REMI), cyclomixer and
water bath (REMI).

Collection of distillery spent wash

Distillery spent wash from Shri Satpuda Tapi
Sahakari sugar factory and distillery section,
Purushottamnagar, Shahada was collected in sterile 500
mL Erlenmeyer flasks. Analysis of the sample was car-
ried out in the research laboratory of Department of
Microbiology, PSGVPM�S ASC College, Shahada.

METHODS

Enrichment of sample

1 mL of effluent sample was enriched in sterile 100
mL Nutrient Broth, Potato Dextrose Broth, and Luria
Bertani broth each. All flasks were incubated for 48
hours on rotary shaker at 100 rpm (REMI, India Ltd.)

Screening and isolation

Enriched broth samples were diluted up to 10-5 and
0.1 ml of dilution was plated on sterile nutrient agar
plate, sterile starch casein agar plate, sterile potato dex-
trose agar plate and sterile Luria Bertani agar plate. All
the plates were incubated at 370 C up to 48 hours.
Growth of organisms from each of the sterile nutrient
agar plate, sterile starch casein agar plate, sterile po-
tato dextrose agar plate, sterile Luria Bertani agar plates
were observed and best pigment producing organisms
were selected. These were further purified from mixed

population. Six pigment producing bacteria were iso-
lated from effluent samples. Out of six isolates, most
prominent pigment producing bacteria grown on sterile
nutrient agar as well as on sterile Luria Bertani agar
were selected. A pure culture of the isolate was main-
tained on sterile LB agar (casein enzyme hydrolysate
10gL-l; yeast extract, 5gL-l; NaCl 10gL-l; pH 7) slants
followed by storage at 4°C as master culture and work-

ing stocks. When needed, culture was inconsistently
derived from a master culture by streaking on LB agar
in order to maintain its genetic stability. The bacterial
isolate when cultured on this medium at 37±0.5°C

formed intense orange colored colonies after incuba-
tion period of 3-4 days and used for further studies.

Identification of isolates

Colony morphology and cell characterization

The bacterial isolate was plated on Luria Bertani
agar, allowed to grow at 37±5°C for 3-5 days and

then studied for different cultural and cell morphologi-
cal parameters, such as colony size, elevations, margin
and colony pigmentation. Motility (hanging drop
method) and Gram�s reaction of the bacterial cells were

performed using standard methods.

Biochemical characterization

Identification of isolate was done on the basis of
morphological, cultural, biochemical and physiological
characteristics from MTCC-Chandigarh. The isolates
were cross identified on the basis of biochemical char-
acters conducted routinely according to the protocols
of �Bergey�s Manual� on 48 hours grown bacterial cul-

tures. The pre-sterilized Hi-carbohydrate biochemical
kit (KB 002 and KB 009, Hi Media, Mumbai, India)
was used for biochemical identification of the isolate.

Molecular identification of bacterial isolate based
upon 16SrRNA sequence

Molecular identification of the isolate by 16S rRNA
sequencing was done at �National Center for Cell Sci-

ence�, Ganeshkhind, Pune. The determined sequence

of this 16SrRNA fragment was submitted to GenBank
for GenBank Accession (www.ncbi.nlm.nih.gov/ Blast).
This sequence was blasted into Nucleotide Blast Tool�
of �National Center for Biotechnology Information�

(available at www.ncbi.nlm.nih.gov/ Blast) for nucle-

http://www.ncbi.nlm.nih.gov/
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otide homology. The maximum homology report (Tax-
onomy Blast Report) was identified.

Pigment production

Growth and pigment production was carried out in
500 mL Erlenmeyer flask containing 100 ml of Luria
Bertani broth inoculated with 1 mL of 24 hours culture
suspensions. Flasks were incubated on rotary shaker
at 120 rpm for 72 hours.

Extraction and spectrophotometric analysis of pig-
ment

For the extraction of the pigment a screening pro-
grams involving various methods were accomplished
and the method found most suitable was used further
for all the investigations. Culture samples from each flask
were centrifuged at 10000 X g for 15 minutes. In the
harvested cells 50 mL of HPLC grade methanol was
added to the moist cell mass. Mixture was vortex for 5
minutes and kept for incubation up to 6 hours. All the
pigments were extracted in methanol and colorless cell
debris were removed by centrifugation. UV visible scan-
ning spectra of the methanol extract containing pigment
were recorded between 200 and 800 nm on UV vis-
ible spectrophotometer (UV Mini 1240 Shimadzu, Ja-
pan). The absorption maxima were thus determined.

Fourier transforms infrared analysis (FTIR)

FTIR analysis was carried out to detect the pres-
ence of functional groups in the extracted pigment. For
pigment analysis, FTIR was considered as a comple-
mentary technique that could provide the molecular and
structural information of organic and inorganic molecules
present in the pigment.

Effect of medium pH on growth and pigmentation

In order to determine the optimum conditions for
growth and pigment production, optimization of pH and
salt concentrations were studied. In an experimental set
up 500 ml Erlenmeyer flasks containing 100 ml of the
growth medium LB broth was inoculated with a 100 µl

of the inoculum. The pH of the growth medium was
varied as 3, 5, 7, 9 and 11. The flasks were incubated
on rotary shakers for 72 hours at 37oC. After incuba-
tion, the relative growth and extent of pigmentation was
recorded spectrophotometrically. All the separate shake
flask experiments were performed in triplicates and re-
sults were expressed as mean±SD.

Biochemical characteristics

The intense orange pigment forming isolate was
identified on the basis of biochemical characters from
Microbial Type Culture Collection, Chandigarh. The
results of various biochemical tests are as depicted in
TABLE 1. On the basis of biochemical characteriza-
tions, isolate was identified from MTCC, Chandigarh
as a Planococcus maritimus.

Molecular identification of bacterial isolates based
upon 16S rRNA sequence

16S rRNA sequences obtained from NCCS were

Effect of incubation temperature

Effect of incubation temperature (20, 25, 30, 37,
45°C) on the bacterial cell growth and pigmentation

was observed after growing the inoculated LB broth
medium at different temperatures. After 72 hours of in-
cubation period, the growth and pigmentation of the
bacterial isolates was recorded spectrophotometrically.

RESULTS AND DISCUSSION

Colony morphology and cell characteristics

The colony morphology and cell characteristics of
the bacterial isolates in Luria Bertani agar showed that
within 3-5 days of incubation the bacterial isolate grew
to form intense orange colonies (2-3 mm in diameter)
having entire margin and smooth consistency (Photplate
1A). Gram staining of bacterial cells revealed the pres-
ence of Gram positive cocci.

Plate 1 : Growth and pigment production by the bacterial
isolates in LB agar medium
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maritimus strain AHJ_2 (www.ncbi.nlm.nih.gov/
Blast). The sequences were blasted into Nucleotide Blast
Tool� of �National Center for Biotechnology Informa-

tion� (available at www.ncbi.nlm.nih.gov/ Blast) for nucle-

otide homology. The maximum homology report (Tax-
onomy Blast Report) identified a high nucleotide homol-

submitted to GenBank and are available as GenBank
Accession Numbers JN873343.1 Planococcus

Sr. No Characteristics Isolate 1 

1 Configuration Circular 

2 Margin Entire 

3 Elevation Raised 

4 Surface Moist 

5 Pigment Orange �Yellow 

6 Opacity Opaque 

7 Gram�s Reaction +ve 

8 Cell Shape Coccus 

9 Size mm 0.5-1 

10 Spores � 

11 Endospores � 

12 Position � 

13 Shape � 

14 Sporangia � 

15 Motility Motile 

16 Anaerobic � 

17 Physiological tests  

18 Growth at temperature  

 4°C � 

 15°C + 

 25°C + 

 30°C + 

 37°C + 

 42°C + 

 55°C � 

19 Growth at pH  

 pH 5.0 + 

 pH 7.0 + 

 pH 8.0 + 

 pH 9.0 + 

 pH10.0 + 

 pH 11.0 + 

20 Growth on NaCl (%)  

 2.0 + 

 4.0 + 

 6.0 + 

 8.0 + 

 10.0 + 

 11.0 (+) 

 12.0 � 

21 Biochemical Tests  

 Methyl Red Test � 

Sr. No Characteristics Isolate 1 

 Voges Poskauer test - 

 Casein hydrolysis + 

 Citrate - 

 Nitrate - 

 Arginine - 

 Ornithine + 

 Indole - 

 Gelatin Hydrolysis - 

 Starch hydrolysis - 

 Esculin hydrolysis � 

 Catalase test + 

 Oxidase test � 

 Growth on Mac-Conkeys NLF 

 Tween-20 - 

 Tween-40 - 

 Tween-60 - 

 Tween-80 - 

 Urea production � 

19 TSI Results  

 Butt Yellow 

 Slant Yellow 

 H2S Production - 

20 Acid Production from  

 Trehalose � 

 Lactose - 

 Melibiose - 

 Adonitol - 

 Inositol - 

 Raffinose + 

 Cellobiose + 

 Maltose + 

 Xylose - 

 Sucrose + 

 Sorbitol - 

 Salicin + 

 Rhamnose - 

 Galactose - 

 Fructose + 

http://www.ncbi.nlm.nih.gov/
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type of pigment produced by the organism. Extraction
was achieved in the ether phase in the separatory fun-
nel. Presence of the pigment in the diethyl ether phase
exhibits the presence of carotenoids or carotenols.

UV-visible spectra absorption spectra of the pig-
ment

UV-visible absorption spectra of carotenoids pig-
ments are of immense importance, since they aid a great
deal in determining the structure of carotenoids. The
UV-visible absorption maxima were 466 nm in metha-
nol. This absorption spectrum of the pigment was char-
acteristic of carotenoids (Figure 2).

Identification of pigment by IR analysis

One of the main identification tests for pigment is
IR spectrum. Pigment exhibited bright spectral absorp-

ogy of the 16S rRNA (99% maximum identity in 100 %
query coverage) with 16S rDNA/ 16S rRNA. From the
analysis of the generated taxonomy report of the 16S
rDNA gene sequence, this bacterial strain with highest
score of (2628), and lowest E-value (0.0) was identified
to be Planococcus maritimus AHJ_2. However, the
bacterial strain under study showed a maximum of 99
per cent homology with the previously reported se-

quences. This established that the bacterial isolate identi-
fied as Planococcus maritimus AHJ_2 is a novel strain
that has not been reported earlier.

Separation and type determination of nature of the
pigment

The methanol extract of the pigment was subjected
to partition between immiscible solvents to separate the

Figure 1: Neighbour-joining tree based on 16S rRNA gene sequences, showing phylogenetic relationships between sequences
of the phylum firmicutes

Figure 2 : Absorption spectrum of the pigment from
Planococcus maritimus AHJ_2

tion lines, 466.79 cm-1 peak related to the hydroxy group
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(OH), 709.83-740.69 cm-1 attribute to the O-H bend
ing peaks, peak at 1265-1435 cm-1 related to the amino
second group (NH), 2305-3053.42 cm-1 peaks related
to amino group (NH) in pigment extracted from
Planococcus. The IR spectral analysis of the methanol
extracted pigment reveals the presence of carotenoids
(Figure 3).

Effect of medium pH and incubation temperature
on growth and pigmentation of the bacterial isolate

The effect of pH value of the growth medium on
growth and pigment production of Planococcus wad

Figure 3 : FTIR analysis spectrum of the methanol extracted pigment

studied. The isolate has shown remarkable ability to
grow at pH values (3.0, 5.0, 7.0, 9.0 and 11.0) and
produces orange and intense orange pigment over a
wide range of medium pH. However, it showed its
maximum growth and pigmentation efficiency at pH
value of 7.0. This suggested that pigmentation was di-
rectly related with growth and that in spite of its capac-
ity to grow over a wide pH range, the bacterial isolates
was neutrophilic in its nature (Figure 4).

Temperature

In order to determine the optimum temperature, for

the growth and pigmentation, the bacterial isolate was
grown in LB broth and growth was observed at five dif-

ferent incubation temperatures (20, 25, 30, 37 and 40°C).

All the incubation temperatures allowed the growth of

Figure 4 : Effect of pH on growth and pigment production
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biochemical and molecular parameters, an orange pig-
mented bacterial strain was isolated and identified as a
novel strain of Planococcus maritimus AHJ_2. This
strain could actively grow and was a potent producer
of orange pigment in medium containing 0.5-1.0% NaCl
and having initial pH of 6.0-7.0 and at an incubation
temperature of 37°C. Preliminary investigations of the

extracted pigment exhibited its close resemblance to
carotenoids. Thereby studies related to its further analy-
ses by sophisticated instrumentation and its applicabil-
ity as food grade pigment are underway and are likely
to yield encouraging results.
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the bacterial isolate indicating its temperature stability over
a mesophilic range. However, the optimum growth of
the bacterial isolate was observed in the cultures incu-
bated at 37°C, followed by 30°C (Figure 5).

CONCLUSIONS

Based upon various morphological, microscopic,

Figure 5 : Effect of temperature on growth and pigment production of Planococccus


