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Abstract

Global shifts in industrial biotechnology have redirected the production of
bioactive compounds from chemical synthesis toward green microbial processes.
Among these, beta-carotene ($\beta$-carotene)—a natural orange-red pigment and
potent antioxidant—holds extensive applications in the food (natural coloring),
pharmaceutical (Vitamin A precursor), and cosmetic industries. Numerous studies
have demonstrated that halophilic microorganisms, particularly species such as
Halobacterium salinarum and members of the Halomonas genus, exhibit a
remarkable ability to accumulate $\beta$-carotene within their cell membranes
under oxidative stress and high salinity conditions. This characteristic renders them
ideal production platforms for Iran's arid and semi-arid climates. The present
project aims to design and simulate a knowledge-based industrial production line in
Bushehr Province for the high-purity powdered beta-carotene production using
native halophiles from this region. The production pathway comprises three main
stages: 1) Primary cultivation and biomass scaling in CSTR bioreactors with a
working volume of $5\text{ m}"3$; 2) Induction of $\beta$-carotene production
via light stress and salinity levels of 15-20%; and 3) Extraction and purification
using green solvents (edible oils and ethanol) followed by spray drying.
Preliminary results based on laboratory data indicate that industrial-scale yields can
reach 1.2 to 2 g/L, ensuring economic viability. This project represents a
significant step toward a resilient economy, aiming to reduce the import of
synthetic beta-carotene—valued at approximately \$12 million annually (Iranian
Customs statistics, 2023/2024)—and generate direct employment for 35
individuals in the Bushehr Special Economic Zone.
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