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BROWN MACROALGAE BY THERMOPHILIC CLOSTRIDIA» 

 

Abstract: Brown macroalgae are rich in mannitol, a sugar alcohol that serves as 

a promising substrate for biofuel and bioproduct synthesis through microbial 

fermentation. Among potential fermentative microorganisms, thermophilic Clostridia 

are particularly effective due to their ability to thrive at high temperatures, robust 

enzymatic systems, and efficient metabolic pathways. This paper explores the 

fermentation of mannitol extracted from brown macroalgae (such as Laminaria spp. 

and Sargassum spp.) using thermophilic Clostridia species, particularly Clostridium 

thermocellum and Clostridium beijerinckii. The study discusses mannitol metabolism, 

fermentation conditions, optimization strategies, and potential applications in biofuels, 

organic acids, and bioplastics production. Advances in metabolic engineering and 

process optimization are also reviewed to enhance product yields and industrial 

viability. 

Keywords: Mannitol, brown macroalgae, thermophilic Clostridia, fermentation, 

biofuels, metabolic engineering, Clostridium thermocellum, bioproducts. 

1. Introduction 

Mannitol is a naturally occurring sugar alcohol found in large quantities in 

brown macroalgae such as Laminaria, Sargassum, and Ascophyllum nodosum. Due 

to its high solubility, low glycemic index, and ability to act as a carbon source, 

mannitol is widely used in food, pharmaceuticals, and biotechnological 

applications. 
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The microbial fermentation of mannitol using thermophilic Clostridia 

presents an efficient approach to convert this renewable biomass into valuable 

bioproducts such as bioethanol, butanol, hydrogen, and organic acids. 

Thermophilic Clostridia species, such as Clostridium thermocellum and Clostridium 

beijerinckii, have robust enzymatic systems, making them highly suitable for the 

breakdown of mannitol and other polysaccharides present in brown algae. 

This study explores the fermentation pathways of mannitol, the role of 

thermophilic Clostridia, process optimization, and industrial applications of the 

fermentation products. 

2. Mannitol Extraction from Brown Macroalgae 

2.1 Brown Macroalgae as a Renewable Biomass 

Brown algae (Phaeophyceae) are abundant in coastal waters and serve as a 

promising non-lignocellulosic biomass source for bio-based products. Their high 

carbohydrate content (up to 50% dry weight), including alginate, fucoidan, and 

mannitol, makes them ideal for bioconversion. 

2.2 Mannitol Extraction Process 

Mannitol is extracted using: 

1. Hot water extraction (HWE)  Brown algae are subjected to hot water 

treatment (80 100°C) to release mannitol. 

2. Enzymatic hydrolysis  Alginate lyases and laminarinases break down 

polysaccharides, releasing free mannitol. 

3. Membrane filtration and precipitation  Extracted mannitol is purified 

through ultrafiltration and crystallization. 

Once extracted, mannitol-rich solutions serve as substrates for fermentation. 

3. Thermophilic Clostridia in Mannitol Fermentation 

3.1 Thermophilic Clostridia as Fermentative Microorganisms 

Thermophilic Clostridia species are obligate anaerobic bacteria capable of 

converting carbohydrates into biofuels and organic acids under high-temperature 

conditions (50 70°C). Their advantages include: 

 Efficient sugar metabolism 
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 Resistance to contamination due to high-temperature tolerance 

 High enzyme activity for complex carbohydrate degradation 

Key species used for mannitol fermentation include: 

 Clostridium thermocellum  Specializes in cellulose and sugar alcohol 

metabolism, producing ethanol and hydrogen. 

 Clostridium beijerinckii  Ferments sugars into butanol, acetone, and 

organic acids. 

 Clostridium saccharoperbutylacetonicum  Produces butanol, 

acetone, and hydrogen. 

3.2 Mannitol Metabolism in Clostridia 

Mannitol is converted into fructose-6-phosphate (F6P) through mannitol 

dehydrogenase (MTD), entering the Embden-Meyerhof-Parnas (EMP) pathway 

for fermentation into various metabolites. The key fermentation products include: 

 Ethanol  Renewable biofuel. 

 Butanol  Used as an industrial solvent and alternative fuel. 

 Acetic acid  Used in food and chemical industries. 

 Lactic acid  A precursor for biodegradable plastics. 

 Hydrogen  A clean energy source. 

4. Fermentation Process Optimization 

4.1 Culture Conditions 

Optimizing fermentation conditions enhances mannitol utilization and 

product yields: 

 Temperature: 55 65°C (thermophilic range). 

 pH: 6.0 7.0 for optimal enzyme activity. 

 Substrate concentration: 20 50 g/L mannitol for efficient metabolism. 

 Anaerobic conditions: Strict oxygen exclusion for Clostridia growth. 

4.2 Genetic and Metabolic Engineering 

Genetic modifications can enhance fermentation efficiency: 

 Overexpression of mannitol dehydrogenase (MTD) genes for increased 

mannitol uptake. 
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 Knockout of competing pathways to direct metabolism toward biofuel 

production. 

 CRISPR-based modifications to improve strain robustness. 

4.3 Bioreactor Strategies 

 Batch fermentation  Simple and cost-effective. 

 Fed-batch fermentation  Enhances yield by maintaining substrate 

levels. 

 Continuous fermentation  Increases productivity for industrial 

applications. 

5. Industrial Applications of Mannitol Fermentation 

5.1 Biofuels Production 

Mannitol-derived ethanol and butanol serve as sustainable biofuels, reducing 

reliance on fossil fuels. Butanol has superior energy density and can replace 

gasoline in internal combustion engines. 

5.2 Bioplastics and Organic Acids 

 Lactic acid  Used in the production of biodegradable plastics (PLA). 

 Succinic acid  A key precursor for green chemicals and biopolymers. 

5.3 Hydrogen Production 

Thermophilic Clostridia ferment mannitol into hydrogen gas, a clean energy 

source for fuel cells and renewable energy systems. 

6. Challenges and Future Prospects 

6.1 Scale-Up Challenges 

 High production costs due to low fermentation efficiency. 

 Need for advanced bioreactor designs to enhance yield. 

 Difficulty in genetically modifying Clostridia compared to other 

microbes. 

6.2 Future Research Directions 

 Metabolic engineering of Clostridia for improved mannitol utilization. 

 Integration of algal biorefineries for cost-effective biomass processing. 
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 Exploration of co-fermentation with other microbes to boost 

productivity. 

7. Conclusion 

The fermentation of mannitol from brown macroalgae using thermophilic 

Clostridia is a promising approach for biofuel and bioproduct synthesis. By 

leveraging metabolic engineering, process optimization, and innovative bioreactor 

designs, industrial-scale production of ethanol, butanol, organic acids, and 

hydrogen from mannitol-rich algae biomass can be achieved. Future advancements in 

synthetic biology and bioprocess engineering will further enhance yields, cost-

effectiveness, and sustainability of this bioconversion process. 
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