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Figure 1 Major milestones following 60 years of microalgal industrial development in China due to biotechnological research (color online)
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Table 1 List of main industrial microalgal species and products in China
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Table 2 The main microalgal species and biotechnological breakthroughs
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Figure 2 Microalgae large-scale cultivation. A: Chlorella cultivation in circular pond in Taiwan, China; B: raceway pond for Spirulina production in
Sanya; raceway pond in greenhouse in Inner Mongolia greenhouse interior (C) and exterior (D); E: anti-leakage equipment for CO, supplementation;
F: Haematococcus pluvialis production in tubular photobioreactor in Yunan, China (color online)
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Table 3 Examples of microalgal biomass production outside China
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Figure 3 Diagram of raceway pond in greenhouse (color online)
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Table 4 Techniques for improving astaxanthin content
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Figure 4 Diagram of water quality improvement using microalgae (color online)
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Development of microalgal industries in the past 60 years due to
biotechnological research in China: a review
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Microalgae are unicellular photosynthetic microorganisms. About 1500 years ago, at the Jin Dynasty, the Chinese consumed
microalgae as food and tried its use as traditional medicines. During the “three-year period of famine” from 1959 to 1962, the central
Chinese government encouraged scientists to conduct research on the cultivation of Chlorella as a food substitute, thus initiating the
early developmental stage of microalgal biotechnology. A newer biotechnological innovation was conceived in the 1980s, when the
national strategy which states that “Spirulina should be taken as a protein supplement by the Chinese” was instituted. Since then
several key biotechnological innovations have been developed over the past 60 years, which are related to the breeding of microalgal
species, raceway pond and tubular photobioreactor technology and “from 0—1” originality of microalgal cultivation modes. In China,
a series of breakthroughs as regards the biomass scaling-up of Spirulina, Chlorella, Haematococcus pluvialis, and Euglena gracilis
have been achieved; this has therefore made China the largest producer of microalgal biomass globally. The core missions of the
research and development of microalgal biotechnology in China are to reduce production cost, and develop new bio-economy modes
for both precise application and environmental governance through microalgal biomass usage.
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