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What Is “Solid-State Fermentation”?

• Solid-state fermentation (SSF) involves the 
growth of microorganisms on moist solid 
particles, in situations in which the spaces 
between the particles contain a continuous 
gas phase and a minimum of visible water
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SSF

• The majority of SSF processes involve filamentous 
fungi, although some involve bacteria and some 
involve yeasts.

• SSF processes may involve the pure culture of 
organisms, or the culture of several pure strains 
inoculated simultaneously or sequentially, while 
in some processes a “self-selected” microflora
arises from the original microflora (e.g., in 
composting) or from a specially prepared 
traditional inoculum.
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SSF

• The majority of SSF processes involve aerobic 
organisms. 

• The substrates used in SSF processes are often 
products or byproducts of agriculture, forestry 
or food processing.

the environment in SSF

• fungal hyphae are exposed to an air phase 
that can desiccate them

• temperatures can rise to values that are well 
above the optimum for growth due to the 
inadequate removal of waste metabolic heat. 
In other words, the temperature to which the 
organism is exposed can vary during the 
growth cycle
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the environment in SSF

• O2 is typically freely available at the surface of the 
particle, however, there may be severe restrictions in 
the supply of O2 to a significant proportion of the 
biomass that is within a biofilm at the surface or 
penetrating into the particle

• the availability of nutrients to the organism may be 
poor, even when the average nutrient concentration 
within the substrate particle, determined after 
homogenizing a sample of fermenting solid particles, is 
high. In other words, there tend to be large 
concentration gradients of nutrients within the 
particles

the environment in SSF

• movement of the particles of the solid 
substrate can cause impact and shear damage. 
In the case of fungal processes the hyphae can 
suffer severe damage

• it may be difficult to provide pH control
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SSF may be appropriate

• when the product needs to be in a solid form 
(e.g., fermented foods)

• when a particular product is only produced under 
the conditions of SSF or, if produced in both SLF 
and SSF, is produced in much higher levels in SSF 
(enzyme)

• when the product is produced in both SLF and 
SSF, but the yield is much higher in SSF. For 
example, Monascus pigment and many fungal 
spores

SSF may be appropriate

• when socio-economic conditions mean that the 
fermentation process must be carried out by 
relatively unskilled workers. Some SSF processes 
can be relatively resistant to being overtaken by 
contaminants.

• when the product is produced in both SSF and 
SLF, but the product produced in SSF has 
desirable properties which the product produced 
in SLF lacks. For example, spore-based fungal 
biopesticides
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What Are the Current and Potential 
Applications of SSF?

• tempe, which involves the cultivation of the 
fungus Rhizopus oligosporus on cooked 
soybeans

• the koji step of soy sauce manufacture, which 
involves the cultivation of the fungus 
Aspergillus oryzae on cooked soybeans

• ang-kak, or “red rice”, which involves the 
cultivation of the fungus Monascus purpureus
on cooked rice.

interest in SSF technology

• enzymes such as amylases, proteases, lipases, 
pectinases, tannases, cellulases, and rennet

• Pigments

• aromas and flavor compounds

• “small organics” such as ethanol, oxalic acid, citric 
acid, and lactic acid

• gibberellic acid (a plant growth hormone)

• protein-enriched agricultural residues for use as 
animal feeds
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interest in SSF technology

• animal feeds with reduced levels of toxins or 
with improved digestibility

• antibiotics, such as penicillin and 
oxytetracycline

• biological control agents, including 
bioinsecticides and bioherbicides

• spore inocula

research into the use of 
microorganisms growing in SSF 

conditions
• decolorization of dyes

• Biobleaching

• Biopulping

• Bioremediation
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