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Fig. 1. Phenomena occurring at the macroscale
during SSF within bioreactors
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Fig. 3. The mass and heat transfer phenomena occurring in trays. Not all models consider all
steps. The assumption of a biofiim at the surface is more appropriate for the growth of
a unicellular microorganism than for a fungus.
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Fig. 4. The mass and heat transfer phenomena occurring in packed—-beds. Both ordinary and

zymotis packed—-beds are shown.
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Fig. 5. The mass and heat transfer phenomena occurring in rotating drum bioreactors. The
bioreactor can be rotated either continuously or intermittently. During the static periods,
the mass and heat transfer phenomena are similar to those shown for trays in Fig. 2.
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Fig. 6. Bioreactors with mixing and forced aeration : the rocking drum, the stirred bed
and the gas—solid fluidized bed. Within the substrate bed and the most important
processes in the energy balance are waste heat generation, convective heat
removal and evaporation of water into the flowing air stream. Perfect mixing of the
bed is usually assumed. Note that stirred—beds are often operated with only
intermittent mixing, and in this case they behave like packed-beds during the
static periods.
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Table 1. Application of solid state fermentation on natural substrates
Product Microorganisms Materials

Food Natto Bacillus natto Soybean

Tempeh Rhizopus oligosporus Soybean

Tape Amylomyces rouxii, Rhizobium chinensis Rice, cassava, maize

Ontjom Neurospora sitophila Peanut meal

Cheese Penicillium roqueforti Milk curd

Bread dough, Koji Sacchromyces cerevisiae, Lactobacillus sanfrancisco ~ Wheat powder

Sake, shochu A. oryzae, A. kawachii Rice, barley

Soy sauce Aspergillus sojae Soybean, wheat

Miso A. oryzae Soybean, rice

Shaohsing wine Rhizopus sp., Mucor sp. Wheat(rice)

Kaoliang liquor Rhizopus sp., Mucor sp. Sorghum

Ragi Rhizopus sp., Saccharomycopsis sp. Rice

SCP Many yeasts and molds Starchy or cellulosic biomass
Enzyme &- amylase Aspgrg///gs oryzae, Rh/zopus sp., Wheat bran, cassava

Bacillus licheniformis, Bacillus sp.

Glucoamylase Aspergillus niger, Aspergillus sp., Rhizopus sp. Cassava, wheat bran, corn

Cellulase Trichoderma reesei, A. niger, Penicillium sp., Beet pulp, cellulosic biomass

Xylanase Aspergillus fumigatus, Thermoascus lanuginos Wheat bran, jute fiber

Pectinase Talaromyces flavus, A. niger, A. carbanerius Fruit pomace, wheat bran,

Glucose oxidase Penicillium notatum, Penicillium sp.

8- Galactosidase Kluyveromyces latis Whey* corn or wheat bran

Protease Penicillium casg/co/um, Mortierella renispora, Whest bran, dried skim milk

A. oryzae, A. niger

Rennin Mucor pusillus, Mucor miehei Wheat bran
Organic  Citric acid A. niger Sugarcane bagasse, fruit pomace, wheat bran
acid Lactic acid Lactobacillus sp., Rhizopus oryzae Sweet sorghum, sugarcane bagasse* glucose
Antibiotics  Gibberellic acid Gibberella fujikuroi Wheat bran

Red pigment Monascus anka Rice, bread flake

Penicillin Penicillium chrysogenum Sugarcane bagasse

Tetracycline
Cephalosporins
[turin, surfactin

Streptomyces viridifaciens
Cepharlosporium acremonium
Bacillus subtilis

Sweet potato residue
Barley
Soybean curd residue
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Fig. 7. Mycelia growth of the fermented Korean ginseng with G.lucidum, H. erinaceum, P.
linteus. (a) No nutrient(no growth), (b) The fermented Korean ginseng with G. lucidum
mycelium, (c) The fermented Korean ginseng with H. erinaceum mycelium, (d) The
fermented Korean ginseng with P. linteus mycelium.
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