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Progress on regulation of pigment biosynthesis in microalgae via stress

cultivation

TAN Weiwei, LI Xiaoyi, JIANG Minwen, XIAO Luwen, ZHOU Jiajing '
(College of Biomass Science and Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: The global food industry is undergoing a structural transformation centered on replacing synthetic pig-
ments with natural pigments. The rising health awareness and stringent global regulatory policies have provided rigid mar-
ket demand and development opportunities for the natural pigment industry. As photosynthetic microorganisms with high
photosynthetic efficiency, short growth cycles and rich pigment diversity, microalgae have become the core cell factories
for large-scale production of natural pigments. However, the industrial bottlenecks of low pigment yield and high produc-
tion cost persist under conventional cultivation modes. Stress cultivation, which regulates the growth environment of mi-
croalgae to trigger cellular oxidative stress and secondary metabolic reprogramming, is a key technical approach to achieve
targeted and efficient accumulation of pigments, and has become a research hotspot in the field of microalgal biotechnolo-
gy. This paper systematically reviews the regulatory effects and action mechanisms of four core stress conditions: light,
salinity, nutrient deficiency and phytohormones. It specifically summarizes the research progress and application status of
stress cultivation in the biosynthesis of five major microalgal pigments: B-carotene, astaxanthin, lutein, fucoxanthin and
phycobiliproteins. Furthermore, it analyzes the key challenges existing in this field and prospects the future development

directions, aiming to provide theoretical references and technical support for the research and development of efficient syn-
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thesis technologies for microalgal pigments.
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Figure 1 Classification of microalgal pigments and their applications
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Figure 2 Main mechanisms of pigment accumulation in microalgae under stress cultivation
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Table 1 Astaxanthin production of Haematococcus pluvialis and Chromochloris zofingiensis under stress conditions
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Table 2 Lutein production of microalgae under stress conditions
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