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Phenolic acid compounds: extraction from plants to biosynthesis
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Abstract: Phenolic acid compounds are a class of secondary metabolites that are widely distributed in the plant
kingdom, where they play essential roles in plant growth, development, and defense mechanisms. These compounds
are known for their diverse bioactivities, including antioxidants, anti-inflammatory, anticancer, and antimicrobial
properties, making them valuable natural products with significant therapeutic potential. In recent years, as
understanding of their biological functions has deepened through advanced analytical techniques and molecular biology
studies, phenolic acid compounds have shown increasingly promising potential for the applications in the fields of food

preservation, nutraceuticals, pharmaceuticals, and cosmetics, particularly as natural alternatives to synthetic additives.
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However, the traditional method of obtaining these compounds through plant extraction is often limited by factors such
as extraction efficiency, purity, and scalability, which are influenced by seasonal variations, plant species differences,
and extraction methods. Recently, biosynthesis has emerged as a novel and promising approach to produce phenolic
acid compounds in a more sustainable and controllable manner, addressing many of the limitations associated with
conventional extraction methods. This review summarizes the application of biosynthesis in phenolic acid compounds
production, focusing on recent advances in microbial fermentation and plant cell culture technologies. By employing
genetic engineering and metabolic engineering techniques, including gene knockout, overexpression, and pathway
optimization strategies, it is possible to significantly enhance the yield and purity of these compounds in various
biological systems. For example, the overexpression of key enzymes involved in the phenylpropanoid pathway, such as
phenylalanine ammonia-lyase (PAL) and cinnamate-4-hydroxylase (C4H), can lead to increased production of phenolic
acids in both microbial and plant hosts. However, there are still many unknowns regarding the biosynthetic
mechanisms of phenolic acids that require further investigation, particularly the pathway regulation and metabolic flux
control. The regulatory mechanisms of different biosynthetic pathways and their expression variations among various
plant species remain to be fully elucidated through comprehensive omics studies and comparative genomics
approaches. In addition to biosynthesis challenges, the bioavailability and stability of phenolic acid compounds remain
critical challenges that need to be addressed for their practical applications in commercial products. Phenolic acids are
often prone to be degradative under certain conditions such as high temperature, extreme pH, or prolonged storage,
which can limit their effectiveness and shelf-life in final formulations. Therefore, future research should focus on
exploring the biosynthetic pathways of phenolic acid compounds in greater details using systems biology approaches,
optimizing extraction and purification techniques to improve efficiency and purity through innovative separation
technologies, and developing efficient biosynthetic systems using synthetic biology tools and high-throughput
screening methods. These efforts will be crucial in realizing the widespread application of phenolic acid compounds
across multiple fields including medicine, agriculture, food industry, and personal care products, ultimately

contributing to the development of sustainable bioprocesses and value-added natural products.
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Table 3 The difference between the shikimiate pathway and the phenylpropanoid pathway
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Table 4 Comparison of advantages and disadvantages of three representative host cells
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