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Abstract— Natural colorants like microbial pigment are gaining worldwide attention due to their strong colour and 
nutraceutical properties. The current study focuses on the extraction of pigment produced by a newly identified bacterium 
followed by characterization of the pigment by TLC and HPLC. The isolate was identified as Microbacterium pumilum. 
Growth pattern of the bacterium was studied in BHI medium at 30°C, initial pH 7.2 and 120 rpm. UV-Vis 
Spectrophotometry of the extracted pigment (in methanol) showed three distinct peaks at 428, 450 and 476nm which is an 
inevitably characteristic of a carotenoid i.e. zeaxanthin. Different solvent system was used to screen the favorable running 
phase for TLC with suitable resolution of the pigment. Both TLC and HPLC analysis showed the extracted pigment similar 
with standard zeaxanthin. Bacteria often produce a cocktail of polar and nonpolar carotenoids limiting their industrial 
applications. This study revealed that M. pumilum NITD produces zeaxanthin as a major carotenoid in its stationary phase 
and could be used as a potent zeaxanthin producer for future applications. 
 
Index Terms— Carotenoids, Zeaxanthin, Microbacterium pumilum, HPLC. 
 
I. INTRODUCTION 

 
The modern growing interest in edible colouring 
agents is a response to the harmful effects of 
synthetic colouring agents to human health. 
Carotenoids are naturally occurring organic pigments 
present mostly in different fruits and vegetables. In 
mammals, eye is the foremost store keeping organ for 
carotenoids eg. Canthaxanthin, zeaxanthin etc. [1] 
However, with ageing it is getting degenerated. Green 
leafy vegetables and fruits that are consumed through 
the regular diet can help avoid this degeneration. 
Microbial pigments are advantageous in terms of 
production, when compared to similar pigments 
extracted from vegetables or animals. Therefore, the 
production of the pigments by bioprocesses involving 
microorganisms, with high growth rate, is expected to 
be more competitive in industrial productivity [2].  
Zeaxanthin (C40H56O2), an important xanthophyll 
carotenoid reported for its multiple applications in 
food and feed industry due to its potential 
antioxidant, immune modulating and anticancer 
capabilities [3,4,5]. Hence, there is an increasing 
demand for zeaxanthin in pharmaceutical, cosmetics, 
and functional food industries [6]. 
The potential of microbial pigments including 
independence from weather conditions, fast growth 
and cost effectiveness can be further enhanced by 
growing on low-cost substrates [1,5]. Still, there are 
few reports for bacterial zeaxanthin production with 
high yield and industrial scale up possibilities .Hence, 
the main challenge is to find out new sources of 
bacterial pigments beneficial for mankind, which can 
be used in large scale pigment production reducing 
the cost and sustain the environments energy [5]. 
In the present work, one such source was identified. 
A new golden yellow coloured isolate was identified 
as Microbacterium pumilum-NITD. Extraction and 

pigment characterization revealed that the bioactive 
molecule is a carotenoid i.e. zeaxanthin.  
 
II. PROCEDURE 
 

A. Material and Methods 
Chemicals and Reagents 
BHI medium (Brain Heart Infusion) and agar-agar 
were purchased from Hi-media Laboratories and 
Merck, India respectively. Methanol, petroleum 
benzene, dichloromethane, ethyl acetate, benzene, 
hexane, acetone and propanol were HPLC grade and 
purchased from Merck, India. TLC Silica gel 60 F254 
pre-coated plated were supplied by Merck, India. 
 

B. Organism and culture condition 
The strain was first isolated during routine culture 
from kitchen waste in our laboratory. It was 
maintained on Brain Heart Infusion Agar (BHIA). 
The media was first autoclaved at 15psi, 121°C for 
about 15minutes. The pure culture was grown in 
250mL Erlenmeyer flask, containing 50mL of 
medium (g/L : Beef extract -10.0, Protease peptone- 
10.0,   NaCl- 5.0, Disodium Phosphate- 2.5, 
Dextrose- 2). The pH was adjusted to 6.7 and the 
experimental flasks were incubated at 30°C on a 
rotary speed of 120rpm (New Brunswick 
Innova®incubator shaker; NJ, USA).  

 
C. Inoculum Preparation 

Inoculum was prepared by inoculating the pure 
culture of bacterium in 50mL broth from BHIA 
plates. 48hours incubation was done in 120rpm at 
30°C (New Brunswick Innova®incubator shaker; NJ, 
USA). 1mL of broth from inoculum (OD540 of 0.2-
0.25) was then added to a 50mL broth and further 
growth of the bacteria [7].  
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D. Isolation and Identification of the pigment 
Cells were harvested by centrifugation at 4000 rpm 
for 20 minutes and washed twice with Milli-Q water. 
Methanol was added to the harvested cells and 
vortexed thoroughly. Centrifugation was done at 
speed of 4000 rpm for 20 minutes and the supernatant 
was collected. The pigment obtained in methanol was 
analyzed spectrophotometrically (300-800nm; U 
2800, Hitachi). Equal volume of petroleum benzene 
and 25% NaCl was added to the collected 
supernatant. Vertical shaking of the mixture was done 
and then the top layer of the mixture was collected. 
Lyophilization was done for 3 hours, and then the 
sample was re-dissolved with methanol and vortexed. 
The sample was taken in 1.5mL eppendorfs and 
vortexed again. Centrifugation was done for 10 
minutes in a speed of 6000 rpm and supernatant was 
collected. This supernatant collected was used for 
chromatographic separations by TLC (Thin Layer 
Chromatography) and HPLC (High Performance 
Liquid Chromatography). 
Five different solvents were used as mobile phase: 
Dichloromethane: Ethylacetate (4:1) [v/v], Benzene: 
Ethylacetate: Methanol (75:20:5) [v/v], Hexane: 
Acetone (3:2) [v/v], Petroleum Ether: Acetone: 
Distilled water (100:11:5) [v/v], Petroleum: Acetone: 
Propanol (90:10:0.25) [v/v][5,8]. Pigment was 
identified based on its absorption in the silica gel 
plates, retention time and with reference to standard 
Zeaxanthin, beta-carotene, beta-cryptoxanthin and 
canthaxanthin standard (Sigma Aldrich, USA). 
   

E. HPLC 
HPLC was carried out to confirm the pigments 
similarity with other standard carotenoids (Waters 
600, Milford, USA; equipped with reverse-phase C18 
column of 250×4.6 mm). Mixture of acetonitrile: 2-
propanol: ethyl acetate (40:40:20) as mobile phase at 
a flow rate of 1 mL/min for further confirmation. The 
pressure was 1.05 kpsi and the injection volume was 
20 µL. Peaks were monitored at 450nm [8]. 

 
F. Sttistical Analysis 

All the experiments were done in triplicates. The 
values represented are the mean ± SD of three 
replicates which was done using Microsoft Excel 
2010.  
 
III. RESULTS AND DISCUSSIONS 

A. Bacterial identification and its growth 
pattern 

Pure culture of the isolated bacterium was subjected 
to 16S rRNA gene analysis for species level 
identification [9].  Obtained contig sequence was 
analysed by nucleotide homology and phylogenetic 
analysis and submitted to GenBank. The strain was 
identified as Microbacterm pumilum. An accession 
number of KP876015 was 
obtained.(http://www.ncbi.nlm.nih.gov/nuccore/KP87
6015.1) Figure 1 showed a typical growth pattern of 

the isolated strain. Lag phase was 0-6h 
approximately. Log phase lasts up to 26h. A typical 
stationary phase was obtained after that. Carotenoids 
are secondary metabolite of any microbe [7].  
Absorbance vs Incubation Time(hr) 
 

                                
Figure 1 : Growth curve of the bacteria 

 
B. Spectrophotometric analysis of the pigment 

The spectrophotometric scanning results in (Figure 
2, Figure 3, and Figure 4) showed three distinct 
peaks at 428, 450 and 476nm which is a specific 
feature of a carotenoid [10].  
Table 1 showed the typical values of the three peaks 
which matched the values shown in (Figure2, 
Figure 3 and Figure 4).Hence, the pigment 
produced by M.pumilum NITD may be zeaxanthin 
[10].  
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Figure 2: Scanning: pigment in methanol (300-800nm) 
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Figure 3: Scanning: pigment in petroleum Benzene (300-

625nm) 
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Figure 4: Scanning: Pigment in Petroleum Benzene (300-
700nm) 

 
Table 1---Ultra-violet and visible absorption data of 

zeaxanthin [6, 10]. 

 
a Parentheses indicate a shoulder.  
b Ratio of the height of the longest-wavelength 
absorption peak, designated III, and that of the middle 
absorption peak, designated II, taking the minimum 
between the 2 peaks as baseline multiplied by 100 
(hni.ilsi.org/publications). 
 

C. Thin Layer Chromatography 
Different types of solvents were used as mobile phase 
to determine the optimized solvent system for 
zeaxanthin. 
 
Table 2: Five different solvents used as mobile phase 

in TLC 

 
 
In all the five cases, the retention factor for the 
extracted pigment showed similarity with the 
standard Zeaxanthin (Table 3). From the obtained 
TLC results we can conclude that zeaxanthin is the 
major carotenoid produced by our experimental 
organism i.e. Microbacterium pumilum NIT-D 
(accession number: KP876015). Solvent System 1 
showed the best results for the extracted Zeaxanthin 
and the standard Zeaxanthin. 
 

 
Figure 5: Plate showing beta-carotene, zeaxanthin, 

canthaxanthin, beta-cryptoxanthin standards and extracted 
pigment from left to right 

Table 3: Rf Values of different standards and 
extracted sample in different TLC solvent system 

 
 

D. High Performance Liquid Chromatography 
HPLC showed sharp peaks of the sample with 100% 
peak area (Figure 15). Extracted pigment from the 
isolate showed a peak with retention time of 2.940 
minute whereas standard zeaxanthin showed a 
retention time of 2.945 minute.  HPLC 
chromatograms thereby signifying the purity [8] and 
confirmed that zeaxanthin is the major carotenoid 
produced by our experimental organism i.e. 
Microbacterium pumilum NIT-D (accession number: 
KP876015). 
 

 
Figure 6: HPLC profile of extracted pigment and standard 

zeaxanthin. 
 

CONCLUSION 
 
Microbial source is being considered as an attractive 
source for the production of carotenoids rather than 
other natural sources. Zeaxanthin is well known for 
its antioxidant activity and nutraceutical properties. In 
the present study, a new potential source has been 
identified. Spectrophotometric analysis of pigment, 
TLC in different types of mobile phase solvent 
systems and HPLC results showed that the pigment 
produced from M pumilum NITD (Accession number: 
KP876015) is zeaxanthin.  
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