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Haematococcus pluvialis is a green freshwater microalgae species, well known for its ability for 

astaxanthin accumulation. Astaxanthin is a high-value red carotenoid pigment commonly used 

in the food, feed and cosmetics industries due to its well-known antioxidant, anti-inflammatory 

and antitumour properties. In the present study, the impact of pH, various concentrations of, 

NaCl, and different media were analysed on the vegetative cells of Haematococcus pluvialis.  

The experiment was conducted for 18 days and data were analyzed at the interval of 2 days, 
-1maximum concentration of total carotenoid were 4.133 µg ml  at pH 7.0, 20mM and 40mM NaCl 

-1 -17.407 µg ml respectively. The organism had highest content of carotenoid of 4.056 µg ml  in 
thBold Basal Medium as against other medium on 14  day. 

1. Introduction

Recent research into functional food ingredients has shown 

an interest in the development of foods containing seaweed or 

algal materials (Alves et al., 2016) (Kadam et al., 2015). These 

materials have been part of the human diet since 600 BC (Aguilera 

et al., 2005) and they have a role of diet in sustaining human due to 

their diverse range of nutrients and bioactive compounds; such as 

polysaccharides, proteins, polyunsaturated fatty acids, minerals 

and significant amounts of antioxidants (Lordan et al., 2011) 

(Plaza et al., 2008).One such material is Haematococcus pluvialis, 

a single-cell microalgal strain, which is rich source of astaxanthin 

(10,000–40,000 mg/kg) and associated bioactive ingredients 

including dietary fibre (Wu et al., 2014). Astaxanthin is a high 

value keto-carotenoid synthesised from ß-carotene by the 

introduction of hydroxyl and keto-moieties at the 3, 3' and 4, 4' 

positions of the ß-ionone rings. Astaxanthin production is a cell 

protective mechanism against long-term oxidative stress in the 

encysted stage of H. pluvialis (Lemoine, Y. and Schoefs, B. 2010). 

The major function of astaxanthin is the neutralizing effect against 

singlet oxygen and exhibits a powerful scavenging ability for free 

radicals (Dose et al., 2016). Due to its powerful antioxidative 

ability, astaxanthin is applied as a nutraceutical and 

pharmaceutical agent in commercial applications, for treating 

diseases, such as cardiovascular diseases such as atherosclerosis, 

degenerative diseases such as metabolic syndrome and eye 

diseases such as cataract (Fassett et al., 2009) (Nasri et al.,2014).

Currently over 95% of astaxanthin utilised for these applications 

is chemically synthesised, with <1% derived from H. pluvialis 

(Koller et al., 2014). To a large extent this is due to the cost of 

production, as synthetic astaxanthin is around $1000/kg, 

c o m p a re d  t o  H .  p l uv i a l i s  d e r ive d  a s t a xa n t h i n  a t  

~$3000–$3600/kg (Milledge et al., 2011) . However, concerns 

have been raised linked to the sustainability of synthetic 

astaxanthin production as it is derived from petrochemicals (Li et 

al., 2011). Also, the stereochemistry differs between the synthetic 

and H. pluvialis derived forms with the (3S, 3'S) form 

predominant in H. pluvialis and a mixture of the three 

stereoisomers (3R, 3'R), (3R, 3'S) and (3S, 3'S) in ratios of 1:2:1 in 

synthetically synthesised material (Yuan et al., 1997). There are 

also concerns about efficacy and human health benefits as it has 

been reported that the isomer found in H. pluvialis has a higher 

bioactivity, compared to synthetic astaxanthin (Guerin et al., 

2003) (Capelli et al., 2013). Additionally, this pigment is accepted 

as a natural product, has been approved as a colour additive for 

salmon feeds and as a nutraceutical for human use in the USA, 

Japan and several European countries (Yuan et al., 2011).

BioMedSciDirect
Publications

Int J Biol Med Res.2020 ;11(2):7023-7028

Contents lists available at BioMedSciDirect Publications

Journal homepage: www.biomedscidirect.com

International Journal of Biological & Medical Research

International Journal of
BIOLOGICAL AND MEDICAL RESEARCH

www.biomedscidirect.comInt J Biol Med Res
Volume 11, Issue 2, APRIL 2020

Copyright 2010 BioMedSciDirect Publications IJBMR -  ISSN:  0976:6685.  All rights reserved.
c

Surendra Singh and NishaTiwari*

Algal Biotechnology Laboratory, Department of Post Graduate Studies and Research in Biological Science, Rani Durgawati University, 
Jabalpur-482001, (M.P.), India.

*  Corresponding Author : 

Copyright 2011. CurrentSciDirect Publications.  - All rights reserved.  IJBMRc

     NishaTiwari

E-maill: nishatiwari11153@gmail.com



Materials and Methods

Procurement of strain

The green microalga Haematococcus pluvialis UTEX -2505 used 

in the present investigation was provided by Algal Biotechnology 

Lab., Department of P.G. Studies and Research in Biological Science, 

R. D. University, Jabalpur (M.P.). 

Studies of different growth parameters and their 

Carotenoids synethsis:- The microalga Haematococcus pluvialis 

was grown at various pH 5, 6, 7, 8, 9 and (control pH-6.8), different 

concentration of NaCl 20,40,60, 80mM and (control 4.0mM), 

different Medium Bold Basal Media (BBM), BG11, Modified BG11, 

and (Rudic's Medium) RM. Further the 7 days old culture was 

inoculated into 100 ml sterilized fresh medium in 250 ml conical 

flask. The flasks were incubated in controlled air condition under 
016:8 h (Light/Dark) period and Maintained at temperature 25±2 C 

for 18 days. The cultures were shaken twice a day with rotary flask 

shaker. This experiment was carried out in triplicates and 2 days of 

interval with following parameter:

Estimation of the cell number: Growth was monitored by 

taking 1ml of culture in haematocytometer using cell count method.

Estimation of the Chlorophyll (a, b) and Carotenoid 

content:  A known amount of the cells was extracted in methanol, 

chlorophyll (a, b) and Carotenoid content was estimated 

spectrophotometrically (SYSTRONICS VISIBLE SPECTRO 105 

Mumbai India) by taking absorbance at 665nm, 652nm and 470 nm 

respectively using the method of Lichtenthaler (1987).

Results: 

Two stages of green alga Haematococcus pluvialis grown under 

the laboratory conditions.

Impact of different pH

Haematococcus pluvialis survived in different pH chosen in the 
4Bold Basal Medium. The maximum cell number of 14×10  cell 

-1 thnumber/mL  was found in pH 7.0 on 14  day. The increase of cell 

number in this condition was more than 7.6 % in that of control. 
-1Further the higher concentration of Chl a 2.305 µg ml  and Chl b 

-1 th th5.565 µg ml  was recorded at pH 7.0 on 10  and 12  day, were more 

than 5.7% and 7.3% respectively, when compared with control. 

Haematococcus pluvialis showed maximum total carotenoids 
-1 thcontent of 4.133 µg mL  recorded at pH 7.0 on 14  day, was more 

than 3.27%, when compared with control. Therefore, pH 7.0 was 

included in the following experiment.

Fig 1:-Changes in growth (cell number) of Haematococcus 

pluvialis in different pH

Fig.2: –Changes in chlorophyll a pigment of Haematococcus 

pluvialis in different pH

Green Stage of 

Haematococcus pluvialis

Red stage of Haematococcus 

pluvialis                                                                      
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Fig.3: –Changes in chlorophyll b pigment of Haematococcus 

pluvialis in different pH

The green microalga Haematococcus pluvialis grew well in the 

medium amended concentration of NaCl. The number of cells 
thincreased steadily up to 14  day. On this day maximum number of 

4 -1cells of 12.5×10 cell number /mL  was recorded at 40mM NaCl. The 

increment in cell number was more than 30.2% when compared 
-1with control. The maximum concentration of Chl a 2.990 µg ml  and 

-1Chl b 7.959 µg ml  were found in Haematococcus pluvialis at 40mM 
th thNaCl on 12  and 10  day, respectively. The increment of Chl a and Chl 

b were more than 27.4% and 28.5% to that of control. A highest 
-1concentration carotenoids content of 7.407 µg ml  recorded at 

th40mM NaCl on 16  day was more than 80.4% when compared with 

control. Therefore, above concentration was taken in the following 

experiment.

Fig.4: – Changes in Carotenoids  pigment of Haematococcus 

pluvialis in different pH

Impact of different concentration of NaCl

Fig.9: - Changes in growth (cell number) of Haematococcus 

pluvialis  in different Concentration of NaCl

Fig.10: –Changes in chlorophyll a pigment of Haematococcus 

pluvialis  in different concentration of NaCl

Fig.11: –Changes in chlorophyll b pigment of Haematococcus 

pluvialis  in different concentration of NaCl
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Fig.12: – Changes in Carotenoids pigment of Haematococcus 

pluvialis  in different concentration of NaCl

Fig.14: –Changes in chlorophyll a pigment of Haematococcus 

pluvialis in different Medium

Comparative study of Haematococcus pluvialis grown in 

different medium

Fig 13:-Changes in growth (cell number) of Haematococcus 

pluvialis in different medium

The green alga Haematococcus pluvialis grew in the different 
4 -1medium. Maximum cell number of 12 × 10  cell number/mL  was 

threcorded at Bold Basal medium on 14  day. Similarly the higher 
-1 -1concentration of Chl a 2.052 µg ml  and Chl b 5.994 µg ml  was 

th threcorded at BBM on 10  and 12  day. H. pluvialis showed maximum 
-1 thcarotenoids content of 4.056 µg ml  recorded at BBM on 14 day.

Fig.15: –Changes in chlorophyll b pigment of Haematococcus 

pluvialis  in different Medium

Fig.16: – Changes in Carotenoids pigment of Haematococcus 

pluvialis  in different Medium

Discussions:

pH is one of major factors of  surpass cell growth and maximum 

production of  carotenoids (Lee and Zang 1999). In the 

photosynthesis reaction (equation 1) (Taiz and Zeiger 2004), the use 

of carbon dioxide result in a shift in the balance of the dissolution of 

this gas in water (equation 2), favoring a reaction in protons H+ in 

the Medium.

The evaluation and control of pH in the culture medium is of 

great importance because the concentration of hydrogen ions is one 

of most important factors that can affect the algae cells the 

concentration of hydrogen ion influences the metabolism of the 

micro-organism and thus determines the biosynthesis of secondary 

metabolites such as the astaxanthin. In the present attempt, the 

different pH chosen in the Bold Basal Medium viz. 5.0, 6.0, (control 

6.8) 7.0,8.0,and 9.0. The alga showed a gradual increase in cell 
4number at pH ranging from 5.0 and 7.0. Maximum growth by 14×10  

-1Cell number /mL  of cells was found in pH 7.0 on14th day, which was 

more than 7.6% to compared with control (pH-6.8). Similarly, the 

microalga Haematococcus  pluvialis grew well at pH 7.0 had 
-1maximum concentration of Chl a and Chl b of  5.565 µg mL  and 

-1 th th2.305  µg mL  on 12  and 10  day, respectively, and total carotenoids 
-1 thcomes to 4.133 µg mL  on  14  day. These results were considered
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carotenoids production under stress conditions proceeds extreme 

chlorophyll degradation. It is also evident from the pH 7.0 was best 

for growth and total carotenoids synthesis. While encysted cells or 

cells grown for 14-16day periods are good for carotenoids yields 

under salinity stress. Carotenoids productivity and yields can be 

increased by optimizing the concentration of pH, salinity and 

suitable culture medium and a model experiment in the regard is 

under process.
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considered with the observation of (Nagaraj et al., 2012), the 

organism kept in alkaline conditions showed poor growth and less 

accumulation of total carotenoids.

The production of astaxanthin in cysts cells under stress 

condition has been reported both in the dark (Kobayashi et al., 

1997b) and in the light condition (Borowitzka et al.,1991, Haker et 

al., 1996, Haker et al., 1995) reported the addition of sodium 

chloride to H. Pluvialis culture improved the astaxanthin yield. 

Mortality of H. Pluvialis cells increasing substantially with the 

increasing salt concentration and only 55% of cells survived at 

0.8% NaCl (138mM) (Harker et al., 1996 a, b). In spite of this high 

mortality, an increase in red coloration of the surviving cells at 

higher salinity was reported (Sarada et al., 2002). In the present 

experiment, the algal cell number 14th day and a highest number 
-1of 12.5×104 cell number /mL  was found at 40mM. The maximum 

cell number was more than 30.2% when compared with control. 

Similarly, 40mM NaCl, maximum concentration of chl a 2.990 
-1 -1µgmL  and chl b 7.954 µgmL , which was higher than 43.4% and 

27.4% that of control. The highest amount of total carotenoids 
-17.407µgmL  was recorded 16th day 40mM.Our results are 

accordance to the observations of (Haker et al., 1995) and (Haker 

et al., 1996 b).

In developing an optimal process for microalgal products, two 

major aspects are usually considered for improvement one is the 

effect of environmental factors such as temperature, Light, pH, 

aeration and agitation, while another is the selection of suitable 

nutrient medium (Sarra et al., 1993) (Gong et al., 1997). It is well 

known that the culture medium not only affects the cell 

productivity but also affects cell composition and yield of specific 

products (Shay et al., 1987). In the present attempt, the different 

media choosen in the Bold Basal Medium (BBM), BG11, Rudic's 

Medium (RM) and Modified BG 11 Medium. The green alga H. 
-1pluvialis showed maximum growth 11.2 × 104cell number/mL  

-1and total carotenoids content of 4.056µgmL  was recorded in the 

formulated BBM as against in other medium on 14th day. These 

results were  considered with the observation of ( Dominguez-

Bocanegra et al., 2004), Maximum growth of H. pluvialis (green 
-1cells) was obtained  3.5×105 cells ml  in the BBM medium under 

-1continuous illumination (177 µmol photons m-2 s ) with 

continuous aeration (1.5vvm). 

Conclusion: - 

The conclusion declared in the present attempt clearly 

indicated that stress is a cumulative factor of the physiological 

state of the culture and the culture condition. Enhanced 
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