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 ARTICLE INFO   ABSTRACT 
 

 

The investigation deals with the production and characterisation of β carotene using microalgae 
Chlorella vulgaris AS-3 strain isolated from fresh water lake. High light intensity and nutrient 
starvation results in synthesis of beta carotene through several interdependent stages. Chlorella vulgaris 
AS-3 was isolated and selected for higher yield of carotenoids and wide range of growth in 
phototrophic conditions (200 lux) in BG-11 medium supplemented with NPK (nitrogen, phosphours 
and potassium) for 14 days and the pigment production was facilitated by adding 1% NaCl. When the 
cell count reached at 500,000 cells/ml centrifuged and pigment was extracted with 80% acetone. The 
amount of dry weight was 4g/L of which 3-6% was β carotene, using optimised media. The biomass 
can be increased by supplementation of pure CO2. Both paper and TLC were conducted for separation 
of pigments. Isolated Pigments were then analysed by FTIR. IR spectrum resulted showed positive 
qualitative identification of β carotene and confirmations of its amines and aromatic compounds. Pilot 
scale investigations has to be carried out for the production and commercialisation of nutraceuticals and 
their supplements.  
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INTRODUCTION 
 

Microalgae are green, unicellular, eukaryotic, photosynthetic 
microorganisms dwelling in fresh as well as marine water 
ecosystems, rich in essential amino acids, proteins essential 
antioxidants, amino acids, vitamins, fatty acids and other 
bioactive molecules used in pharmaceuticals, nutraceuticals, 
cosmetics and biofuel industry (Pulz and Gross, 2004; Oncel, 
2013). They got wide range of valuable components including 
carbohydrates, essential fatty acids and diversified pigments 
such as chlorophylls, carotenoids and phyco-bili- proteins 
(Valdes et al., 2016). Chlorophyceae are biotechnologically 
most relevant and widely commercialized for nutritional 
supplements (Khan et al., 2005). Genus Chlorella vulgaris are 
characterized by their ease of cultivation rate and product yield 
such as protein, chlorophyll, lutein and other important 
essential micro-nutrients (Buono et al., 2014; Jeon et 
al., 2012). Recently, numerous epidemiological studies in 
relation to health point of view, especially foods have proven 
that the increased intake of green and yellow vegetable and 
fruits are associated significantly with decreased risks such as 
affecting chronic diseases (Heiner et al., 2012). These finds 
reveals Phytochemicals, carotenoids and other antioxidants are 
found to be the efficient substances among others. Against this 
background, media optimization and FTIR studies conducted 
reveals changes in cellular components during the course of 
cell cycling in obtaining the synchronous culture.  
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Another objective was to standardize the methods of 
producing phytochemical rich organisms using phototrophic 
synchronous culture (PSC) at higher cell density levels. 
Finally, the productivity and the quality of the cells obtained in 
the PSC systems are also discussed.  
  

MATERIALS AND METHODS 
 
Microalgae cultivation: A fresh water microalgae Chlorella 
vulgaris AS-3 was previously isolated, characterized and 
maintained in our laboratory using BG-11 media (Shakeel et 
al., 2015). In the present investigation, we aimed to synthesize 
carotenoid pigments from the isolated algae. Phototrophic 
cultivation was carried out using BG-11 media, at temperature 
25 ºC, pH 6.8, light intensity 2000 lux, then incubated to 
obtain biomass.  
 
Media optimization and biomass harvesting: Media 
optimization was aimed for selection of potent Chlorella 
vulgaris AS-3 strain producing high concentration of 
carotenoids using cost effective media components under 
phototrophic conditions. The culture media was supplemented 
with NPK as nutrients, 1% NaCl was added to the culture 
media after 14 days of incubation and continued to be added 
for every 5 days’ time interval for 21 days. After 21 days 
biomass was harvested by flocculation, filtration and 
centrifugation methods. Centrifuged biomass was shade dried 
and used for further work. Culture density and dry weight were 
estimated to quantify carotenoids obtained. 
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Pigment extraction: Pigments were extracted using an 
organic solvent chilled 80 % acetone, followed by 10 minutes 
centrifugation at 1000 rpm. Thus extracted pigments were 
analyzed using both Paper as well as TLC methods.  
 
TLC (Thin Layer Chromatography): TLC was performed 
using silica gel glass plates, as stationary phase. Extracted 
sample was loaded on the gel allowed to move through 
stationary phase using petroleum ether: acetone mixture (7:1) 
as mobile phase. After progression of the sample 
chromatographic plate was sun dried and sprayed Ninhydrine 
to observe the pigments. Pigments separated on silica gel plate 
were eluted in 70 % methanol and used for further analysis.  
 
FTIR analysis : Thus eluted pigments from TLC were further 
analyzed and characterized using Fourier transfer infrared 
spectroscopy [NICOLET 6700 (USA 2013)] in USIC, 
Karnatak University, Dharwad. In this test, extract was 
converted to gaseous state and numbers of ions are counted.  
 

RESULTS AND DISCUSSION 
 
Vitamin A deficiency is the leading cause of blindness in 
children and rises the risk of diseases and death from severe 
infections in pregnant women. Vitamin A deficiency causes 
night blindness and may increase the risk of maternal 
mortality. In order to meet the demand of vitamin A, apart 
from administration, vitamin A palmitate is a supplement of 
carotenoids.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In general β carotene is particularly used widely. In this 
concern carotenoids are gaining more and more attention in the 
direction of searching newer sources and renewable production 
system. Biotechnology is the tool to enrich carotenoid 
production and is receiving attention as evident from the 
interest generated in golden rice. Several studies have 
demonstrated that seaweeds are an excellent source of 
components such as polysaccharides, tannins, flavonoids, 
phenolic acids, bromophenols and carotenoids have exhibited 
different biological activities (Rodriguez et al., 2010). 
Microalgae are also rich source of carotenoids and are known 

to accumulate high quality of β carotene under certain parts of 
the world (Shinichi Takaichi, 2011). Recently, microalgae 
have attracted increased attention in the field of biomass 
production and biosynthesis of feed stock components or high 
valuable products like polyunsaturated fatty acids, 
antioxidants, pigments like carotenoids which can be used for 
food colorants, etc. (Wagner et al., 2014). The most 
challenging approach to increase the productivity is not only to 
develop photo-bioreactors which offer optimal conditions for 
algae growth, but also to increase the yield of a special product 
(Olivieri et al., 2014). Present investigation revealed that 
Chlorella vulgaris AS-3, a fast growing freshwater microalgal 
strain, which was previously isolated, characterised and 
maintained in our laboratory (Shakeel et al., 2015). 
Phototrophic cultivation, which is a promising strategy for 
obtaining valuable natural products in cost effective way, was 
adopted and the growth studies revealed that Chlorella 
vulgaris showed increased β carotene production in BG-11 
media supplemented with NPK and 1% NaCl in presence of 
light of 2000 lux and aeration supplemented externally through 
air pump (Fig 1). Culture conditions are optimized for large 
scale production and also aimed for biomass production. After 
21 days, harvested biomass was characterized for presence of 
β carotene using chromatography technique where samples 
were run on silica gel along with standard β carotene. Orange 
colored pigment was separated on TLC plate. Carotenoid 
pigments along with chlorophylls were separated based on 
TLC (Fig 4). Downstream process plays a crucial role in 
effective extraction of carotenoids from cell and storage of the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

biomass extracts without degrading them, as they are sensitive 
to the factors like light, oxygen and temperature to the extent 
(Woutersen et al., 1999). Attention was also focused on 
identifying the carotenoids. Eluted samples were taken for 
FTIR analysis along with standard β carotene as a reference 
for comparison (Fig 5 and 6). Seyfabadi et al., (2011) studied 
the effects of irradiance and photoperiod on growth rate, 
chlorophyll a, β carotene, total protein and fatty acid content of 
C. vulgaris. Our results show the amount of dry weight was 4 
g/L of which 3-6% was β carotene. Media optimization 
facilitated the production of β carotene. Process parameters 

Table 1. Paper and TLC analysis 
 

Method Sample fractioned Standard Sample Rf value 

Paper chromatography Solvent moved  5.5 cm 5.0 cm 4.8÷5.0=0.96 cm 
β carotene   3.7 cm 4.8 cm  

Thin layer 
chromatography 

Solvent moved  5.7 cm 7.6 cm 6.2÷7.6=0.81 cm 
β carotene  5.6 cm 6.2 cm 5.4÷7.6=0.71 cm 
Chlorophyll  5.1cm 5.4 cm  

 
Table 2. Peak description by FTIR of standard β Carotene 

 

Frequency/cm Bond Functional group Bond Strength 

3436.84 O-H stretch, H bonded Alcohols, phenols Strong, Broad 
2966.80 C-H stretch Alkanes Strong 
2924.71 C-H stretch Alkanes Strong 
2854.58 C=N stretch Nitriles Weak 
1748.16 C=O stretch Esters, saturated aliphatic Strong 
1618.51 N-H bend 1* amines Medium 
1459.69 C-H bend Alkanes Medium 
1409.30 C-C stretch (in ring) Aromatics Medium 
1330.17 N-O symmetric stretch Nitro compounds Medium 
1259.21 C-N stretch Aromatic amines Strong 
1112.35 C-N stretch Aliphatic amines Medium 
1023.66 C-N stretch Aliphatic amines Medium 
603.27 C-Cl stretch Alkyl halides Medium 
592.44 C-Br stretch Alkyl halides Medium 
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were optimized, which are suitable for large scale production 
of β carotene. FTIR analysis of both standard carotene and β 
carotene Chlorella vulgaris samples confirmed the presence of 
functional groups like Alkanes, amides, alkyl halides, alcohols, 
phenols, aromatic amines, aliphatic amines. Amines at CH 
bond stretch at 1646.87 and aromatics C-C stretch at 1411.87 
in standard β carotene, in sample CH bond stretch at 1618.51 
and aromatics C-C stretch at 145.60 confirmations of the 
functional groups (Fig 5).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It was reported that spectrophotometric method enables to 
estimate the only total and approximate amount of carotenoids, 
but not the amounts of individual carotenoids (Mantoura and 

Llewellyn, 1983). Chilled acetone was found to be the best 
solvent for pigment extraction, similar findings were also 
reported by Strickland and Parsons (1972) in which they 
extracted chlorophyll a and carotenoids in cold 90% acetone, 
in darkness, at -20°C for 4 h. Latała and Misiewicz, (2000) 
also determined photosynthetic pigments in cyanobacterium G. 
Amphibium by spectrophotometric and chromatographic 
methods. Wright et al., (1991) determined these pigments in 
Dunaliella tertiolecta-CCMP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Similar finding were observed during the culture of H. 
pluvialis where high light levels accelerated the growth 
process, increasing the rate of nutrient depletion and providing 

Table 3. Peak description of FTIR analysis of Algal β Carotene 
 

Frequency/cm Bond Functional group Bond nature 

3428.31 O-H stretch ,H-bonded Alcohol, phenol Strong, Broad 
2923.95 C-H stretch Alkanes Strong 
2854.95 C-H stretch Alkanes Medium 
1646.47 N-H bond 1* amines Medium 
1542.11 N-O symmetric stretch Nitro compounds Strong 
1459.69 C-H bend Alkanes Medium 
1411.87 C-C stretch (in ring) Aromatics Medium 
1260.40 N-O symmetric stretch Nitro compounds Medium 
1162.39 C-H wag (-CH2X) Alkyl halide Medium 
1024.18 C-N stretch Aliphatic amines Strong 
559.87 C-Cl stretch Alkyl halides Medium 

 

    
 
                   Fig. 1. Chlorella vulgaris AS-3 strain cultivated in                                Fig. 2. Micro algal ce lls of Chlorella vulgaris 
                                             Phototrophic conditions 

 

   
 

                            Fig. 3. β Carotene dried powder                    Fig. 4. Standard on TLC plate, β-carotene separation extracted from  
                                                                                                                                      Chlorella vulgaris AS-3 on TLC plate 
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more energy for astaxanthin biosynthesis (Fabregas et al., 
1998). The same effect was observed in β carotene and 
phycocyanin production by Dunalliella salina and Spirulina 
platensis respectively. In some studies upon increasing light 
exposure the synthesis of these pigments also increased 
(Hejazi et al., 2004; Walter et al., 2011).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The major pigment of brown seaweeds is fucoxanthin, which 
is one of the most abundant carotenoids in nature (10% 
estimated total production of carotenoids) (Pangestuti & Kim, 
2011). It is an orange-coloured pigment, found in brown 
seaweeds along with chlorophyll, to give a brown or olive-
green colour (Chandini et al., 2008; Hosokawa et al., 2009). 
The wavelength range of 350 -750 nm was chosen as most 
carotenoids absorb lights in the region between 400 and 500 
nm and chlorophylls absorb light at 500 to 700 nm at room 
temperature (Dere et al., 1998, Mercadante 2008a and 
Marquez & Sinnecker 2008). According to Chandini et al., 
(2008) and Hosokawa et al., (2009), fucoxanthin is the major 
carotenoid found in brown seaweeds. According to 
Papagiannakis et al., (2005), the absorbance of fucoxanthin 
ranges from 420-470 nm. Carotenoids are relatively stable at 
alkaline condition. A study conducted by Chen et al., (1996) 
reported that the rate of degradation of carotenoids were 
significantly slower at alkaline pH than at acidic pH. Light is 

another factor which has the great influence on the stability of 
carotenoids (Chen et al., 1996; Hii et al., 2010; Mercadante, 
2008a; Rodriguez-Amaya, 2001; Ye & Eitenmiller 2006). 
Carotenoids undergo photodegradation and isomerization 
when exposed to light (Chen et al., 1996; Mercadante 2008b; 
Vásquez-Caicedo et al., 2007).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

High temperature may cause the breakage of double bonds in 
the carotenoid molecule and caused pigment degradation 
(Boon et al., 2010; Mercadante, 2008b). Therefore, 
fucoxanthin-rich extract is more suitable to be applied into 
food products that are kept at room temperature or lower. 
Carotenoid concentrations are often used to describe the 
composition of phytoplankton in water and to estimate their 
abundance in mixed populations (Wright et al., 1991; Millie et 
al., 1993; Andersen et al., 1996; Stoń and Kosakowska, 2002; 
Buchaca et al., 2005; Llewellyn et al., 2005; Wulff et al., 
2005; Schagerl and Kunzl, 2007). However, estimation of the 
ratio of carotenoids to chlorophyll a is useful to understand the 
reaction of organism to changing environmental light 
condition (Jodłowska and Latała, 2010). 
 

Conclusion 
 

Marine algae are the valuable sources of marine ecosystem. 
Marine algae act as the source of bioactive metabolites that 

 
 

Fig. 5. FTIR analysis of Standard carotene sample 
 

 
 

Fig. 6. FTIR analysis of β Carotene 
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produce a wide range of antimicrobial potentials. The 
phytochemical analysis of seaweeds evaluated the presence of 
various secondary metabolites such as phenols, terpenes, 
saponins, proteins, steroids, carbohydrates etc. The presence of 
various bioactive metabolites was detected by using UV, FTIR 
and HPLC analysis. From the study it is confirmed that the 
Valonopsis pachynema and Sargassum swartzii algae could be 
used for the development of drugs. Since carotenoids have 
beneficial function and values in food and pharmaceutical 
industries, hence further analysis in this research was focused 
on the carotenoid. 
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