
Astaxanthin from Haeamatococcus 

“The long way to glory” 

 

Sammy Boussiba 

Microlagal Biotechnology Laboratory 

Ben Gurion University of the Negev 

 Sede Boker Campus, 84990 

Israel 

 

 

It all started for me in when I was listening 

to a lecture of Paul Bubrick from Microbio USA California   

about a wonderful green alga 

which produces the lucrative red ketocarotenoid Astaxanthin 

 

The work was presented at the 5th International Conference of the Society of Applied 

Algology: Recent Advances in Algal Biotechnology, 1990, Tiberias Israel. 

 

 

Scientific Background 

A major endeavour of modern society is to produce essential goods to mankind in a 

sustainable manner. Microalgae are recognised as a proficient natural source for various 

valuable products. Their mass cultivation is in good measure a function of available solar 

radiation, and hence is sustainable at almost no environmental cost. This is especially suited to 

semiarid and arid regions, where very limited other opportunities exist. Despite its enormous 

potential, microalgal production is centered today on biomass production of natural strains and 

still relies on traditional technologies. Many valuable algal products are stress-induced 

secondary metabolites accumulated by organisms in stationary phase or slow growing 

cultures. In this situation, the commercial productivity is significantly reduced by competition 

or grazing, in addition to their slow rate of proliferation.  

The intensive exploitation of biocompounds production by microalgae, founded on 

solid basic science  represents an important development goal of the Microalgal 

Biotechnology Laboratory (MBL). The application-oriented research spans various fields such 

as physiology, biochemistry and basic molecular biology, although it relies primarily on 

robust, but classical methodology. The MBL has promoted commercial-scale growth of 

microalgae and exhaustively developed conditions for mass production of bioactive pigments 

such as carotenoids and lipids at relatively high cellular yields. However, improving resistance 

to contamination and promoting more efficient utilisation of resources for both general growth 

and specific productivity remain high priority aims to significantly enhance algal natural 

productivity.  

 

 Carotenoids production 

    Carotenoids are accessory pigments in the photosynthetic apparatus with a primary role of 

light harvesting. As evident in H. pluvialis, they may also accumulate as secondary metabolites under 

stress to play a photoprotective role. Carotenoids are potent antioxidants and free radical 

quenchers, with demonstrated biomedical applications; they may also play a role in regulating 



gene expression. Due to their intensive color and antioxidant properties, several carotenoids are in 

high demand for various applications in animal feed and aquaculture, cosmetics, food coloring, and 

nutraceuticals. 

Carotenoids were the first commercially successful industrial high-value products from microalgae. 

-carotene from D. salina is produced in several countries, including Israel and Australia. 

Recent research indicates that only the natural Dunaliella isomeric composition displays the 

required health benefits, in contrast to the isomerically pure synthetic product. Astaxanthin 

from H. pluvialis is today a popular, high-price nutraceutical antioxidant ($15,000/kg pigment) 

that has been intensively studied. It is being successfully produced by various companies 

worldwide (e.g., in USA , Chile and China), among others also in Israel at Kibbutz Qetura by Alga 

Technologies using BGU’s proprietary technology. The unicellular green alga H. pluvialis is 

regarded as the best natural source of this high-value red pigment, accumulating up to 5% on a dry 

weight basis in cytoplasmic oil globules under various stress conditions. 

 

The organism - Heamatococcus  pluvialis 

            Algae are a very heterogeneous group of photoautotrophic organisms, which, unlike 

higher plants (Streptophyta), do not develop an embryo. This definition allows several very 

heterogenic organisms to be grouped together, namely prokaryotes and eukaryotes, as well as 

microalgae and seaweeds. Haematococcus pluvialis is a green unicellular microalga (class 

Chlorophyceae, order Volvocales). It is common in small transient freshwater bodies. Four 

major cell types are distinct, according to their maturity and the environmental conditions: 

motile zoospores, immotile aplanospores and mother cells, and resting cysts. Except of the 

latter, these cell types can occur either in a green (chlorophyll-rich) or a red (carotenoid-rich) 

form under unstressed or stressed conditions, respectively. Stress conditions such as nutrient 

deficiency, high light or desiccation trigger the transformation of green zoospores into red 

aplanospores. Under enduring stress these red aplanospores develop further into thick-walled 

red resting spores. The red pigment astaxanthin, synthesized by these stressed aplanospores, is 

accumulating  in algae-grazers and their predators such as shrimps, salmon and flamingos, 

giving them their pink coloration. In human nutrition astaxanthin is biotechnologically utilized 

for the nutraceutical market. 

 

The Biology 

 

I - Astaxanthin synthesis and cell division 

• The duration of motility in the cell cycle is strain characteristic  

• Loss of motility generally precedes astaxanthin accumulation, bit this does not represent 

a necessary condition.  

• The portion of the cells which will undergo one event of division under stress 

conditions is determined by three parameters: 

  1. severity of the stress 

  2. position at the cell cycle 

  3. physiological status of every single cell 

• In asynchronous cultures, the degree of cell division under stress which leads to 

astaxanthin accumulation is marginal in all cases reported. 



 

II - Astaxanthin biosynthesis pathway 

Using  the carotenoid inhibitor DPA we were able to demonstrate that astaxanthin 

synthesis proceeds via cantaxanthin and that the hydroxylation of -carotene is prior to 

the ketolase activity, suggesting that both of these enzymes are present in the cytoplasm. 

 

III - Astaxanthin accumulation and TAG accumulation 

• We propose that astaxanthin accumulation in H. pluvialis is driven by TAG synthesis 

similarly to ß-carotene synthesis in Dunaliella bardawil 

• Under HL, astaxanthin accumulation in H. pluvialis depends on TAG accumulation, 

while TAG biosynthesis does not necessarily require pigment synthesis. 

 

IV - Role and function of astaxanthin in Haematococcus cells 

In response to exposure to environmental stresses, Haematococccus cells accumulate 

large amounts of carbohydrates and lipids and few percents of pigment. 

The production of astaxanthin in Haematococcus is a typical example  for the production 

of secondary metabolites when cells encounter unbalanced growth conditions 

uponexposure to environmental stresses. We have demonstrated that under high light 

irradiance the pigment synthesized is acting as a screen to protect the photosynthetic 

machinery from light damages. 

 

V - Product characteristic 

• High content in cell - not enough 

• Easy to extract - no, but cell wall is important in the biotechnology 

• Difficult to synthesize - no 

• High rate of production - not enough 

• High price - yes  

• High demand - yes 

 

VI - An insight into the future of astaxanthin from Haematococcus 

• Further study on cell physiology 

• Genetic engineering studies to facilitate production 

• Utilization of efficient and low cost photobioreactors 

 

The Technology  

 

The commercial production process is based on two distinct cultivation stages. The first is 

called the “Green Stage”, which starts indoors with a single colony of the microalga, and 

continues outdoors in solar-powered photobioreactors. The aim of this stage is to produce 

plenty of viable, unstressed “green” algal cells by  thenormal cell-division process. The “Green 

Stage” provides optimal growth conditions in order to achieve maximal biomass production 

rate. The second cultivation stage is the “Red Stage”, in which the algal cells synthesize and 

accumulate the pigment astaxanthin under stress conditions. Cultivating the algal culture in 

closed systems allows an environmentally controlled process with less biological and 



chemical contamination. The level of astaxanthin in the “red cells” may reach up to ~4% of their 

dry weight. In due time, the “red culture” is pumped to the down-processing area, where the 

cells are cracked (to render the pigment boiavailable), dried and vacuum-packed.  

 

 

Two-stage production system (Patent 1996) 

 

 
 

Scheme by Hu Qiang, 1995  Sede Boker Israel 

 

 

 

From Petri Dish to Salmon Fish  



 

Courtesy of Algatech, 2012 Ketura Israel 

 

Take home message: 

Biological aspects are the most critical issues when developing large-scale production systems 

for algal products or biomass. Reactor design and down-stream processing are important but 

not critical. They are tailor-made to the specific characteristics of the desired algal strains and 

products. 

 

Today Algatech runs one of the biggest tubular photobioreactors  and  is one of  the main 

producers of astaxanthin from Haematococcus. 

“It was worthwhile” 

 Sammy Boussiba, July 2014 

 


