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Abstract

The global food system faces increasing challenges due to fast population increase, climate change, environmental
degradation, and the heightened demand for sustainable protein sources. Traditional agricultural methods are becoming
progressively unsustainable due to their excessive consumption of land, energy, and water, underscoring the critical
necessity for innovative and resource-efficient food production approaches. Microbial food substitutes, derived from
bacteria, yeasts, fungi, and microalgae, have emerged as viable options, providing nutritionally dense, scalable, and
environmentally sustainable alternatives to conventional animal- and plant-based proteins.

This article provides a thorough examination of microbial food alternatives as viable contributors to sustainable
nutrition. It examines essential categories such as single-cell proteins, mycoproteins, microalgae-derived meals,
fermentation-based ingredients, and microbial lipids, highlighting their origins, classifications, and functional
characteristics. Progress in biotechnology—especially in metabolic engineering, synthetic biology, and precision
fermentation—has markedly enhanced product output, nutritional quality, and diversification. The review assesses
fermentation processes and substrate usage in relation to the circular bioeconomy, highlighting waste-to-food conversion
and resource recovery.

The discussion encompasses nutritional composition, safety, regulatory issues, allergenicity, consumer acceptance,
and environmental assessments. Life cycle evaluations demonstrate significant decreases in greenhouse gas emissions,
water usage, and land utilization relative to traditional agricultural systems. Notwithstanding these benefits, obstacles
persist concerning scalability, production expenses, regulatory frameworks, and public perception.

Microbial food alternatives present a significant opportunity to enhance global food security by fostering sustainable,
healthy, and resilient food systems for future generations.
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