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ABSTRACT 

The present study was made an attempt to optimize the growth parameters of the halobacteria for 

the mass scale production of carotenoids. The results suggested that, the pigmented KP2 showed 

maximum carotenoids production at 40ºC, 20% NaCl, pH 7, 1.5% sucrose, 1% beef extract, 

1.5% manganese chloride and 1.5% proline. The KT2 showed maximum carotenoids production 

at 30ºC, 20% NaCl, pH 7, 0.5% glucose, 1.5% beef extract, 0.5% manganese chloride and 1% 

proline. Moreover, the KT3 showed maximum carotenoids production at 20ºC, 20% NaCl, pH 7, 

1.5% sucrose, 0.5% beef extract, 1.5% copper sulphate and 0.5% proline. The identification of 

individual carotenoids was done by using thin layer chromatography through standard Rf value 

and the results suggested that, all the pigmented halobacteria contains three different carotenoids 

viz., bacterioruberin, mono-anhydrobacterioruberin and squalene. It is concluded from the 

present study that, the optimization of the microbial growth parameters of the halobacteria 

isolated from the saltpan of Kanyakumari district could be used for the mass scale production of 

pigmented carotenoids.   
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INTRODUCTION  

Carotenoids are natural pigments that are structurally very diverse in nature. They are typically 

consists of C40 hydrocarbon with yellow and orange pigments in bacteria, algae, plants and 

animals. About 750 naturally occurring carotenoids pigments have been identified 
1
. Carotenoids 

are essential for the microorganisms with oxygenic photosynthesis due to their protective role of 

both depleting the energy from chlorophyll and accept the energy from reactive forms of oxygen. 

The red colour of many haloarchaea is mainly due to the presence of carotenoid pigments. Their 

function is to act as a sunscreen and to prevent the cell damage caused by UV radiation 
2-3

. They 

are recognized to play several important physiological roles including antenna function and 

photo protection in photosynthetic apparatus
 4

 and scavenging active oxygen species
 5
. Moreover, 

the maximum carotenoids were obtained at the optimized condition from several microbes 

including yeast- Rhodotorula glutinis 
6-7

; red yeast-Sporobolomyces pararoseus 
8
; Grape berries- 

Vitis vinifera.
9
 However, studies related with the carotenoids extraction from halobacteria in 

Kanyakumari district is still lacking. In this connection, the present study made an attempt to 

extract the maximum carotenoids from the pigmented halobacteria under the optimized 

condition.    

MATERIALS AND METHOD 

Isolation of halobacteria  

Sediment samples were collected from Thamaraikulam (Lat. 8°10’N and Long. 77° 26’E) and 

Puthalam saltpans (Lat. 8°06’N and Long. 77° 28’E) Kanyakumari district, Tamil Nadu, India. 

About 1g of collected sediment sample was transferred into 100 ml of sterilized 50% sea water 

and kept for shaking at 150 rpm for 30 min. About 100 µl of diluted sample was spreaded over 

the halophilic agar medium (g.l
-1

) [Sodium chloride- 222; Magnesium sulphate.7H2O- 10; Casein 

hydrolysate- 5; Potassium chloride-5; Disodium citrate-3; Potassium nitrate-1; Yeast extract-1; 

Calcium choride.6H2O-0.2; Agar-10; pH-7.2±0.2] and incubated for 2-4 weeks at 37°C. After 

incubation, morphologically different colonies were re-streaked on the appropriate agar medium 

for further use. Morphologically different halobacterial strains isolated from Puthalam salt pan is 

marked as KP and the strains isolated from Thamaraikulam saltpan is marked as KT. 

Extraction of Carotenoids 

The carotenoids were extracted from the pigmented cells by following the method of 
10

. Briefly, 

the dried pellets were mixed with methanol and vortexed until the methanol layer turned into red. 

Further, the methanol layer was mixed with hexane and distilled water (1:1) in a separating 
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funnel and shaken well for complete recovery of carotenoids. Then the carotenoids were washed 

thrice by centrifugation (1000×g) for 10 minutes. After that, the polar lipids were precipitated by 

adding equal volume of acetone. The precipitate was discarded and the supernatant was washed 

and dried under rotary flash evaporator. The individual carotenoids were identified by Thin 

Layer Chromatography (TLC). 

Quantification of carotenoids  

The total carotenoids were calculated by using the following formula: 

C = D.V.F / 2500 

Where, C=Total carotenoids in milligram; D = Optical density at 550 nm; V=Total volume in 

milliliter; F=Dilution factor if any; 2500=Average extinction co-efficient for carotenoids. 

Optimization of growth parameter 

The isolated halobacteria were grown individually in the halophilic broth (g.l
-1

) [Sodium 

chloride-222; Magnesium sulphate.7H2O-10; Casein hydrolysate-5; Potassium chloride-5; 

Disodium citrate-3; Potassium nitrate-1; Yeast extract-1; Calcium chloride.6H2O-0.2; Dis.H2O-

1000 ml; pH-7.2±0.2]. About 1 ml of overnight broth culture were inoculated separately in to the 

broth which was previously optimized with different concentrations of sodium chloride (10%, 

20% and 30%), pH (5, 6, 7, 8, 9 and 10), with different temperature (20°C, 30°C and 40°C) and 

different concentrations (0.5%, 1% and 1.5%) of carbon sources (glucose, sucrose, maltose and 

mannose), nitrogen sources (beef extract, sodium nitrate and ammonium nitrate), mineral sources 

(copper sulphate, ferric chloride and manganese chloride) and amino acid sources (glutamine, 

aspartic acid and proline) were added in the halophilic broth and incubated at 37ºC for 25 days. 

The individual carotenoids were identified to TLC (silica gel 60 F254 Merck) using the following 

solvent systems: The acetone-petroleum ether (20:80 v/v) for bacterioruberin and mono-

anhydrobacterioruberin. The petroleum ether-diethyl ether (99.5:0.5 v/v) solvent system was 

used for squalene. The Rf value was calculated by using the following formula: Rf value (cm) = 

Distance moved by the solute (cm)/Distance moved by the solvent (cm). 

RESULTS AND DISCUSSION 

The microbial growth optimization is a significant task to enhance the production of industrially 

important products as well as other economically viable compounds. Generally, the halobacteria 

are slow grower in either selective or enriched medium however, it has a numerous natural 

products including carotenoids. Due to the slow growth rate of halobacteria, the production level 

of other important products derived from the halobacteria are also decreased which leads to 
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economic loss in most of the industries. The industrial products mainly depends on the several 

factors viz., culture medium, carbon source, mineral source, amino acid sources and some of the 

physical parameters.
11 

The author’s
12

 optimized the culture media with different factors. 

Moreover, the halobacteria produced structurally unique diverse secondary metabolites during 

the log phase under the optimized condition
13

. In view of this, the present study made an attempt 

to optimize the growth parameters of the isolated halobacteria for the mass scale production of 

the carotenoids. A total of five morphologically different halobacteria was isolated. Of these, 

three strains viz., KP2, KT2 and KT3 was produced carotenoids pigments. The present study also 

optimize the growth parameters of halobacteria for the mass scale production of carotenoids and 

the results suggested that, the isolated KT2 showed the maximum (0.000316 mg) carotenoids 

production at 20% NaCl whereas the KP2 showed the maximum production at 10% NaCl. But, 

the production level of KP2 is very low when compared with the other strains. The author’s
14

 

reported that, the maximum carotenoids were extracted from the optimized condition at 20% 

NaCl. The author’s
15

 reported that, the concentration of NaCl below 15% induced the cell lysis. 

However, all the three isolates showed the minimum production at 30% NaCl (Figure 1). The 

KT2 showed the maximum carotenoids production at the temperature 30°C and pH 7. It could be 

confirmed that, the KT2 is mesophilic and neutrophilic in nature. Moreover, this optimized 

condition is useful for the easy maintenance and preservation and to evolve maximum amount of 

carotenoids. Similarly, the author’s
16

 optimized some physical factors for the production of β-

amylase. The pH optimization reveals that, the KT3 showed the maximum (0.000412 mg) 

carotenoids production followed by KT2 (0.000357 mg) at pH 7 (Figure 2). The temperature 

optimization reveals that, the KT2 strain showed maximum (0.00024 mg) carotenoids production 

at 30 ºC. However, the KP2 showed maximum (0.000196 mg) carotenoids production at 40ºC 

(Figure 3). Moreover, all the strains showed the minimum carotenoids production at 20ºC except 

KT3.  

The optimization of carbon source reveals that, the KT2 showed maximum (0.000238 mg) 

carotenoids production at 0.5% glucose. Moreover, the maximum production of carotenoids by 

KP2 (0.000231 mg) and KT3 (0.00018 mg) were observed at 1.5% sucrose (Figure 4). Carbon 

source is one of the main constituent of the cellular material. Among the several carbon sources 

tested, the maximum carotenoids production was obtained when glucose used as a carbon source. 

Similarly, the maximum carotenoids extraction was obtained from the red yeast during glucose 

and fructose as a carbon sources.
6
 Moreover, all the halobacteria showed the maximum 

carotenoids production in the beef extract rather than the other nitrogen sources and this could be 
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due to the less complexity preferred for growth
17

. The optimization of nitrogen source suggests 

that, all the three strains showed maximum production of carotenoids in the beef extract as a 

nitrogen source with the different concentrations (Figure 5). The concentration of nitrogen 

sources in the optimized medium might also control the regulation of the pigment metabolism in 

microbes. Moreover, the pigment production is influenced not only by the stimulation of 

nitrogen compounds but it is influenced by the catabolism of the nitrogen compound
18

. The 

maximum carotenoids production with different mineral source reveals that, the KT3 showed the 

maximum (0.000186 mg) carotenoids production at 1.5% of CuSO4. Similarly, the maximum 

production of carotenoids was recorded by KP2 at 1.5% MnCl2 and KT2 at 1.5% FeCl2 (Figure 

6). Most of the important microbial process can be influenced by minerals including energy 

generation, nutrient acquisition, cell adhesion and biofilm formation
19

. In the present study, the 

maximum carotenoids production was observed in KT3 when CuSO4 used as a mineral source 

than the other mineral sources. The mineral sources are mainly involved in structural and 

functional role in the microbial cells.  

The amino acid optimization suggests that, all the strains showed maximum carotenoid 

production in proline supplementation. The KP2 showed the maximum (0.00032 mg) 

carotenoids production at 1.5% proline. Similarly, the KT2 showed the maximum (0.00032 mg) 

production at 1% proline (Figure 7). Supplementation of amino acids has been found beneficial 

for higher production of secondary metabolites including carotenoids. Generally, plants and 

microbes produced proline under the stress conditions. In the present study, the pigmented 

strains showed the maximum carotenoids production in all the tested levels of proline. It can be 

concluded from the amino acid optimization results that, all the tested strains could able to 

produce the maximum carotenoids under the optimized amino acid level. However, excess of 

intracellular proline accumulation suppressed the other amino acid synthesis, cell signaling, 

cellular death and finally decrease the product level
20

. The individual carotenoids of the 

halobacteria were identified by thin layer chromatography. The results suggested that, all the 

halobacteria contains three different carotenoids viz., bacterioruberin, mono-

anhydrobacterioruberin and squalene (Table 1). There are three different carotenoids viz., 

bacterioruberin, mono-anhydro bacterioruberin and squalene were identified from the 

halobacterial carotenoids. The author’s 
21

reported that, the bacterioruberin and its derivative 

mono-anhydrobacterioruberin are the major carotenoids of the halobacteria. Moreover, the 

bacterioruberin pigments of halobacteria and other members of the halobacteriaceae protected 
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against high intensities of visible and UV light 
22

. Moreover, the author’s 
[10]

 also identified the 

bacterioruberin, mono-anhydro bacterioruberin and squalene from Haloferax alexandrinus.  

 

Figure 1 Production of carotenoids by the pigmented halobacteria at different salinity 

levels 

 

Figure 2 Production of carotenoids by the pigmented halobacteria at different pH levels 

Table 1. Rf Value of the Identified Carotenoids 

S.No Carotenoids Standard Rf 

Value 

Rf value obtained 

KP2 KT2 KT3 

1 Bacterioruberin 0.62 0.4 0.42 0.58 

2 Mono – anhydrobacterioruberin 0.47 0.85 0.8 0.4 

3 Squalene 0.60 0.64 0.64 0.67 
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Figure 3 Production of carotenoids by the pigmented halobacteria at different temperature 

 

Figure 4 Production of carotenoids by the pigmented halobacteria at different carbon 

sources 

 

Figure 5 Production of carotenoids by the pigmented halobacteria at different nitrogen 

sources 

0

0.00005

0.0001

0.00015

0.0002

0.00025

0.0003

KP2 KT2 KT3

Pigmented strains

c
a

r
o

te
n

o
id

 c
o

n
c
. 

(m
g

)

20°C

30°C

40°C

0

0.00005

0.0001

0.00015

0.0002

0.00025

0.50% 1% 1.50% 0.50% 1% 1.50% 0.50% 1% 1.50%

KP2 KT2 KT3

Pigmented strains

c
a
r
o
te

n
o
id

 c
o
n

c
. 
(m

g
)

Glucose

Sucrose

Maltose

Mannose

0

0.00005

0.0001

0.00015

0.0002

0.00025

0.50% 1% 1.50% 0.50% 1% 1.50% 0.50% 1% 1.50%

KP2 KT2 KT3

Pigmented strains

ca
ro

te
n

o
id

 c
o

n
c.

 (
m

g
)

NH4NO 3

NaNO 3

Beef Extract

http://www.ajptr.com/


Ravikumar et. al.,  Am. J. PharmTech Res. 2014; 4(2)     ISSN: 2249-3387 

221 www.ajptr.com 

 

 

Figure 6 Production of carotenoids by the pigmented halobacteria at different mineral 

sources 

 

Figure 7 Production of carotenoids by the pigmented halobacteria at different amino acids 

sources 

CONCLUSION 

In conclusion, the halobacteria isolated from the saltpan sediments of Kanyakumari district could 

be used for the mass scale production of carotenoids under the optimized condition.  
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