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ARTICLE INFO                                                ABSTRACT 

 
Various food samples procured from local markets of Kashmir were used in this studyto 
isolate pigment producing bacteria. Two bacteria,one with orange andthe other with yellow 
pigmentation,were isolated and developed into axenic cultures. Morphological observations 
revealed that both the bacteria isolated were Gram positive, cocci and non-motile. 
Taxonomic characterization was carried out and isolates were identified as Micrococcus 
nishinomiyaensis and Micrococcus luteus. Maximum production of pigments was observed 
at 35°C, pH 9 and at 4% (W/V) NaCl concentration. 
 
 

 
 

 
INTRODUCTION 
 

Many artificial synthetic colorants which have widely been used 
in foodstuff, dyestuff, cosmetic and pharmaceutical 
manufacturing processes pose various hazardous effects. To 
counterill effect of synthetic colorants, there is a worldwide 
interest in process development for production of pigments from 
natural sources. The utilization of natural pigments in foodstuff, 
dyestuff, cosmetic and pharmaceutical manufacturing processes 
has got increased in recent years (Unagal et al., 2005). Natural 
pigments can be obtained from two major sources- plants 
(Mizukami et al., 1978) and microorganisms (Ryu et al., 1989). 
The accessible authorized natural pigments from plants have 
numerous drawbacks such as instability against light, heat or 
adverse pH, low water solubility and are often not available 
throughout the year. The natural pigments of microbial origin are 
of great interest owing to the stability of the pigments produced 
(Raisainen et al., 2002) and the availability of cultivation 
technology (Kim et al., 1998). Microbial pigments are of 
industrial interest because they are often more stable and soluble 
than those from plant or animal sources (Gunasekaran and 
Poorniammal, 2008). Microorganisms can grow rapidly which 
can lead to high productivity and can produce a product 
throughout the year (Jiang et al., 2005).Microorganisms have 
been used for a long time for production of molecules like 
antibiotics, enzymes, vitamins, texturizing agents and so on. There 
is a growing interest in the food industry in the use of natural 
ingredients. Ingredients such as colorants are considered natural 
when derived from biological sources like plants or 
microorganisms. Some natural colorants have commercial 
potential for use as antioxidants. The microbial pigments are 
produced for applications in food, cosmetics or textiles (Yusof, 
2006). Microorganisms produce various pigments like 
carotenoids, melanins, flavones, quinones, and more specifically 
monascins, violacein or indigo (Dufosse, 2006). The pigments 
produced by higher organisms, animals, plants and fungi may be 

less accessible for exploitation because of the structural 
complexity of pigment-bearing tissue or because the pigment is 
formed only at critical points of development within a complex 
life cycle. The advantages of pigment production from bacteria 
include easy and fast growth in cheap culture medium, 
independence from weather conditions and colours of different 
shades. Hence microbial pigment production is one of the 
emerging fields of research to demonstrate its potential for various 
industrial applications.  
 

MATERIALS AND METHODS 
 

Unless, otherwise mentioned, all the experiments were conducted 
under aseptic conditions. Various food samples like samosa, 
bread, soup and juice were procured from local market of 
Srinagar, Kashmir, India.1g of each sample was mixed with 9ml 
of saline (0.85%NaCl w/v). The mixture was vortexed till a 
uniform suspension was made. 100 µl of this suspension was 
inoculated on nutrient agar (Himedia) plates using spread plate 
inoculation technique. The inoculated plates were incubated at 
37ºC for 24 hours. Colonies producing pigments were selected for 
further studies. All the colonies that showed bright pigmentation 
were selected and repeatedly sub cultured to develop them into 
axenic cultures. 
 

Taxonomic Identification 
 

Taxonomic identification of the bacterial isolates was done by 
carrying out by following the Bergy’s manual (key given below). 
 

Morphological Characterization 
 

The bacterial isolates were analyzed at macroscopic level by 
general morphological description of the colony such as elevation, 
form, and margin (Harley and Prescott, 2007). 
 

Biochemical Characterization 
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In order to determine the biochemical characterization of the 
bacterial isolates, a series of biochemical tests were performed. 
The bacterial cultures were subjected to Gram staining followed 
by different biochemical tests: 
 

Catalase Test 
 

This test was performed by adding 1 drop of 3% hydrogen 
peroxide and the effervescence was noted (Bailey and Scott, 
1994). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Coagulase Test 
 

This test was done by inoculating the pigmented bacteria in tube 
containing 0.5 % plasma and looking for coagulation (Bailey and 
Scott, 1994). 
 

Oxidative-Fermentative Test 
 

Two tubes of oxidative-fermentative mediumwere inoculated by 
stabbing half way to the bottom with the test organism. One of the 
two tubes was covered with 1 cm of mineral oil (Winn et al., 
2006). 
 

Bacitracin Susceptibility 
 

Bacitracin susceptibility was checked by placing an antibiotic-
impregnated disc containing bacitracin in the centre of the agar 
surface inoculated with the bacterial isolate (Falk and Guering, 
1983). 
 

Furozolinidone Test 
 

This test was performed by inoculating the suspension evenly 
onto a Mueller-Hinton agar plate followed by applying the 
furazolidone disc and incubating at 35-37°C for 18-24 hours 
(Baker, 1984). 
 

Modified Oxidase Test 
 

This test was performed by streaking a loopful of bacteria onto the 
top of the Microdase disc placed on the petriplate and the change 
in colour was noted.  
 

Strategic Manipulations of the Growth Media for Maximum 
Pigment Production by Bacterial Isolates 
 

Effect of Temperature on the Pigment Production by Bacterial 
Isolates 
 

Petriplates containing Nutrient Agar (Himedia) were prepared in 
four sets (I, II, III &IV). Each set was prepared in triplicates. The 
nutrient agar containing petriplates were inoculated with bacterial 
isolates and each set was incubated at different temperature. The 
petriplates belonging to set I, II, III and IV were incubated 25oC, 
30oC, 35oC, and 40oC, respectively, for 24 hours, to study the 
effect of temperature on the pigment production.  
 

Effect of pH on the Pigment Production by Bacterial Isolates 
 

Petriplates containing Nutrient Agar (Himedia) were prepared in 
four sets (I, II, III &IV). Each set was prepared in triplicates. Prior 
to autoclaving the pH for each set of petriplates i.e. for I, II, III 
and IV was adjusted to 6, 7, 8, and 9, respectively. The nutrient 
agar containing petriplates from each set were inoculated with 
bacterial isolates and were incubated at 37ºC for 24 hours to study 
the effect of pH on the pigment production.  
 

Effect of Nacl Concentration on the Pigment Production by 
Bacterial Isolates 
 

Nutrient agar (Himedia) was supplemented with NaCl to make 
various salt concentrations to study the effect of various 
concentrations of NaCl on pigment production by the selected 
bacteria. The different salt concentrations that were used are 2%, 
4%, 6% and 8%. The petriplates containing the above stated salt 
concentrations in triplicates were inoculated with the bacterial 
isolates and were incubated at 37°C for 48 hours. 
 

RESULTS AND DISCUSSIONS 
 

Various food samples like samosa, bread, soup and juice were 
procured from local market of Srinagar, Kashmir, India and used 
for the isolation of bacteria. Among the colonies of bacteria that 
were formed on nutrient agar, two colonies were found to produce 
pigments. One of the colonies produced orange coloured pigment 
and the other one produced yellow coloured pigment, hence were 
arbitrarily named as MJ-O and MJ-Y, respectively. These bacteria 
were selected for further studies and developed into axenic 
cultures by repeated subculturing on nutrient agar containing 
petriplates. The pictures of axenic cultures thus developed are 
presented as Fig 1 (a) and 1 (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Key 4 Key for Identification of bacteria 

 
Figure 1(a) Axenic culture of MJ-O  

 
Figure 1 (b) Axenic culture MJ-Y 
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Taxonomic Identification 
 

Morphological Characterization 
 

For both the bacterial isolates, the colony shape,edge and surface 
was found to be round and smooth. However, the size of colonies 
varied. Colonies of MJ-O and MJ-Y showed diameters of 0.00015 
cm and 0.0003cm, respectively. The morphological characteristics 
of the MJ-O and MJ-Y are shown in table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Biochemical Characteristics 
 

The results of biochemical characterization carried out are 
presented in Table. 2 . Catalase test was the first biochemical test 
to be done according to the key for identification of Gram positive 
cocci (Bergey’s manual). Catalase is an enzyme that decomposes 
hydrogen peroxide into oxygen and water. The principle involves 
the breakdown of hydrogen peroxide into oxygen and water 
mediated by the enzyme, catalase.When microorganism, that 
produces catalase, is introduced into hydrogen peroxide, rapid 
elaboration of bubbles of oxygen, the gaseous product of the 
enzyme's activity is produced. The oxidative-fermentative (OF) 
testis used to determine if bacteria metabolize carbohydrates 
oxidatively by fermentation, or are non-saccharolytic and 
therefore have no ability to use the carbohydrate in the media. The 
oxidative-fermentative test determines if certain Gram-negative 
rods metabolize glucose by fermentation or aerobic respiration 
(MacFaddin, 2000). During the anaerobic process of fermentation, 
pyruvate is converted to a variety of mixed acids depending on the 
type of fermentation.Results of the OF test is recorded as 
fermentative (F), oxidative (O), or negative (-).  
 
 
 
 
 
 
 
 

 Negative indicates no fermentative or oxidative metabolism of 
the carbohydrate in the media. Since the bacterium was found as 
oxidative, as the bacteria was oxidative and formed yellow 
colored colonies, hence was Micrococcus luteus. But still for 
further confirmation, other tests such as coagulase test, bacitracin, 
furazolidone tests and modified oxidase test were done. Coagulase 
catalyzes the conversion of fibrinogen to fibrin in blood plasma.  
The network of fibrin formed in host tissue infected 
with coagulase producing organisms serves to protect the 
bacterium from the defenses of the host (Isenberg, 1992). This 
characteristic is a primary indicator of virulence among 
Staphylococci. The bacteria that were isolated in this study 
werecoagulase negative, hence non-pathogenic. The bacitracin 

susceptibility test is used to distinguish Group A streptococci, 
which cause 90% of acute streptococcal infections in humans, 
from other streptococci. When grown on blood agar, Group A 
streptococci are sensitive to (killed by) the antibiotic (Baron and 
Fineland, 1990).  
 
 
 
 
 
 
 
 
 

A sterile disc impregnated with bacitracin is placed on the first 
sector of an isolation plate before incubation. A zone of inhibition 
(area with no growth) will be seen around the disc after incubation 
if the organism is a Group A β-hemolytic Streptococcus. Other β-
hemolytic streptococci are resistant to (not killed by) bacitracin. 
Their colonies grow right up to the disc of bacitracin. The pigment 
producing bacteria was bracitracin susceptible. Furazolidone 
susceptibility testing is a reliable method for the differentiation of 
micrococci (which are resistant giving little or no zone of 
inhibition around the disc) and staphylococci (which are sensitive) 
(Leboffe and Pierce, 2006). 
 
 
 
 
 
 
 
 
 
 
 

Modified oxidase test was used for Gram positive, catalase 
positive cocci only. A 6% solution of tetra-methyl-phenylene-
diamine in dimethyl sulphoxide may be used to differentiate 
micrococci from most staphylococci. A blue or purple-blue color 
change within 2 minutes indicates a positive result. No change in 
color indicates negative result. The results obtained from 
morphological and biochemical characterization were correlated 
with the key (Bergey’s manual of determinative bacteriology). 
Both the pigment producing bacteria MJ-O and MJ-Y were thus 
identified as Micrococcusspecies.  
 
 
 
 
 
 
 
 
 

Furthermore, the identification of species was done using 
Bergey’s manual of Determinative Bacteriology. There are three 
species of Micrococcus which produce yellow pigments; these 
species are M. luteus, M. sedeutarius and M.varians. However, 
among these three species only M.luteus is oxidase +ve. Hence 
the bacteria isolated with yellow pigmentation and named as MJ-
Y was identified as Micrococcus luteus. Among the Micrococcus 
species producing orange pigmentation (M. kristnae, M. 
nishinomiyaensis, M. roseus), M. kristnae produces pale orange 
colour, however the bacteria that was isolated in this study (MJ-O) 

Table 1. Morphological characteristics of isolated bacteria 
 

 Characteristics 
MJ-O MJ-Y 

Colony Characteristics 
Colony shape 
Colony size 

Edge 
Surface 
Colour 

 

 
Round 

0.00015cm 
Smooth 
Smooth 
Orange 

 

Round 
0.0003 cm 

Smooth 
Smooth 
Yellow 

Cell morphology 
Cell shape 

 
Cocci 

 
Cocci 

Motility Non motile Non motile 
Gram Staining G +ve G +ve 

   Microscopic observation showed that both the bacteria were  
        cocci, non-motile, and Gram positive. 

 

Table 2 Results of Biochemical Characterization 
 

Catalase reaction + 
Coagulase test - 

Hugh leifson oxidative/ fermentative test Oxidative 
Bacitracin disc Susceptible 

Furazolidone disc Resistant 
Modified oxidase Positive 

 

Table 2 (a) Effect of temperature on growth of 
Micrococcus 

 

Temperature (oC) Micrococcus 
luteus 

Micrococcus 
nishinomiyaensis. 

25 + + 
30 ++ ++ 
35 +++ +++ 
40 _ _ 

     +++ (excellent); ++ (good); - (nil) 

 
Figure 2(a)  Increase in pigment production with 

different temperatures 
 

Table 2 (b) Effect of pH on growth of Micrococcus 
 

pH Micrococcus 
luteus 

Micrococcus 
nishinomiyaensis. 

6 _ _ 
7 + + 
8 ++ ++ 
9 +++ +++ 

             +++ (excellent); ++ (good); - (nil) 
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was having bright orange  pigmentation. M.roseus is oxidase -ve, 
and the isolate MJ-O was oxidase +ve. Hence MJ-O was 
identified as M. nishinomiyaensis. 
 
 
 
 
 
 
 
 
 
 
 
 

Strategic Manipulations of the Growth Media for Maximum 
Pigment Production by Bacterial Isolates 
 

Effect of Temperature on the Pigment Production by Bacterial 
Isolates 
 

Results in Table 2(a), Figure 2(a)show that the pigment 
production was found to be least at 25oC and maximum at 35oC. 
However, further increase in temperature showed a decrease in 
growth of bacteria and its pigment production capacity. The 
production of microbial pigments is greatly affected by the 
temperature of incubation depending upon the type of 
microorganism (Goswani et al., 1998). Among the studied range 
of temperatures on the pigment production by the selected 
bacteria, it was seen that there was a gradual increase in growth 
and pigment production with increase in temperature up to 35oC. 
Results (Table 2(a)) depicted that the pigment production was 
found to be least at 20oC and maximum at 35oC. However, further 
increase in temperature decreased the growth and pigment 
production. Similar results were reported by Attri and Joshi(2005) 
thatMicrococcus grew optimally at 35oC and produced highest 
yield of biomass and caroteniod. Ibrahim (2008) reported that the 
temperature of the growth medium had also a considerable effect 
on both the growth and carotenoid production of marine 
Micrococcus sp. The cell biomass increased notably with raising 
the temperature with up to 37°C and lessened sharply at 45°C due 
to the denaturation of the enzyme system of microorganism at 
higher temperatures.  
 
 
 
 
 
 
 
 
 

Effect of pH on the Pigment Production by Bacterial Isolates 
 

The results for the effect of pH on pigment production are 
presented in Table 2(b) and Figure 2(b). The pigment production 
was seen to increase with the increase in pH. Maximum pigment 
production was observed at pH 9. At pH 4, none of the cultures 
grew. The results indicated that neutral to alkaline pH favours 
pigment production. Similar results were found by Deb and 
Madhugiri (2012). They studied the effect of pH on pigment 
production by Micrococcus flavus with different pH ranges (6, 7 
and 7.5). It was observed that pH 7.5 was found to be optimum 
for maximum pigment production. 
 
 

 
 
 
 
 
 
 
 
 
 
 

Effect of Various Nacl Concentrations on the Pigment 
Production by Bacterial Isolates 
 

The results for the effect of various concentrations of NaCl are 
presented in Table 2(c) and Figure 2(c). There was a gradual 
decrease in pigment production with increase in salt concentration 
from 6% to 10%, however, maximum pigment production was 
observed at 4% salt concentration. Similarresults were obtained 
by Lewis (1971). He studied the effect of NaCl on the growth and 
pigment production of Micrococcus radioduransup to a 
concentration of 7%. The isolate grew well in media containing 
NaCl up to 3% and maximum pigment produced in media 
containing 5% NaCl. Considerable growth was observed at 
temperature 35°C and intense pigment produced under 
refrigerated conditions at pH 9 and at 4% salt concentration. Then 
according to these conditions bacteria was cultured in slants and 
nutrient broth with salt concentration up to 4% and maintained at 
pH 9 and incubated at 35oC. 
 

CONCLUSION 
 

The present study indicated that pigment production was 
influenced by physical factors such as temperature, pH and salt 
concentration of the culture medium. There may be many other 
factors affecting pigmentation by the bacterium. A thorough 
understanding of the effect of these factors and regulation of 
biosynthetic pathways for pigment production will help to 
develop a controlled bioprocess for the enhanced production of 
the desired pigment, thus opening the new avenues for further 
research in this field. 
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