


Submerged cultivation

Mycelium of Ganoderma lucidumproduced by submerged cultivation



The Art and Science of
Solid State Bioprocessing

Marin Berovic

Department of Chemical, Biochemical & Ecology Engineering,
Faculty of Chemistry and Chemical Engineering
University of Ljubljana,

Slovenia






Solid State Bioprocessing




World population is expected to reach six billion by the year
2000, and finally to the level of about 8 to 12 billion people
tin the 21st century.

1. Soy bean protein (above 90% purity) Is spun into fibres and
combined with meet flavours and fat to produce rikat
products,

2. Soy bean protein is combined with other cereal proteins, me:
flavours and fats and extruded to produce chgalymeatlike
nuggets that can be used to replace meat in many canned
products and

3. Edible mould micellium is grown on lewost starch
substrates,collected by filtration and formulated with meat
flavours and fats to yieltheatlike productsthe future



Traditional applications of SSF

A Fermented foods - tempe, koji step in soy sauce
production, cheeses, etc...

A Composting (a difference - in composting we desire a
temperature increase, in other SSF processes not)
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Recent research into applications of SSF:
Food and feed

Product/process Major microbe Substrate

Protein enrichment Neurospora sugar beet/citrus
sitophila

fermented food Aspergillus orzyae lupine

caffeine removal  Aspergillus tamarii impregnated bagasse

delignification white rot fungi wheat straw

Improved nutrition  Penicillium spp. bergamot fruit peel

phytic acid removal Lentinula edodes wheat bran



Recent research into applications of SSF:

Enzymes |
Enzyme Major microbe Substrate
proteases Rhizopus oligosporus rice bran
Aspergillus oryzae wheat bran
Aspergillus niger wheat bran
rennet Mucor meihei wheat bran
a-amylase Bacillus licheniformis wheat bran
Aspergillus oryzae wheat bran
glucoamylase Aspergillus niger tea waste
Aspergillus niger rice bran
Aspergillus sp. wheat bran
lipase Aspergillus niger gingelly oil cake
Candida rugosa coconut cake

Rhizomucor miehei wheat bran
Penicillium restrictum babassu oil cake



Recent research into applications of SSF:

Enzymes Il

Product Major microbe
Cellulase Bacillus subtilis

Trichoderma reesei
pectinases Talaromyces flavus

Aspergillus niger
xylanase Aspergillus tamarii

Bacillus sp.
lignolytic Phanerochaete
enzymes chrysosporium

hemicellulases Thermonospora

Substrate

banana fruit stalk
sugar cane bagasse
citrus wastes

soy & wheat brans

corn cob/bagasse
wheat bran
corncob

coffee waste



Recent research into applications of SSF:
Antibiotics

Product Major microorganism Substrate

oxytetracycline Streptomyces rimosus sweet potato residue

penicillin Penillium chrysogenum impregnated bagasse
pith

mycophenolic Penicillium wheat bran

acid brevicompactum

cephamycin C Streptomyces wheat rawa + cotton

clavuligerus seed cake



Recent research into applications of SSF:

Product
mycoherbicide

bloinsecticide
bioherbicide

bioinsecticide

bioinsecticide

Biopesticides

Major microbe Substrate
Colletotrichum Impregnated supports
truncatum

Beauveria bassiana impregnated clay
Trichoderma virens chicken manure

Colletotrichum rice flour
truncatum

Coniothyrium minitans impregnated hemp



Recent research into applications of SSF:
Bioremediation & biopulping

Product

Bioremediation

bioremediation

bioremediation

Biopulping
pretreatment

biopulping

Major microbe

Phanerochaete
chrysosporium

Lentinula edodes

Phlebia radiata &
others

Pleurotus sp.

Substrate

sugarcane
bagasse pith
pentachlorophenol

eucalypt wood

wheat straw



Recent research into applications of SSF:
Small organic compounds

Product Major microbe Substrate

ethanol Saccharomyces sweet sorghum or
cerevisiae sweet potato

citric acid Aspergillus niger sweet potato
Aspergillus niger carob pod
Aspergillus niger pineapple waste
Aspergillus niger corn cobs

lactic acid Lactobacillus casel sugar cane pressmud

gibberellic acid Fusarium monoliforme maize flour/bran



Recent research into applications of SSF:

Polymers
Product Major microorganism Substrate
succinoglycan Agrobacterium spent malt grains or
tumefaciens, Ivory nut shavings
Rhizobium hedysaris
xanthan gum Xanthomonas spent malt grains,

campestris citrus peels, others



What is solid-state fermentation (SSF) ?

A SSF involves the growth of microorganisms on moist
solid substrates with the minimum of free water in the
spaces between the particles

microbial biomass
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PhD thesis of Frank-Jan Nagel, 2001, Wageningen University, Holland



SLF (submerged liquid fermentation) and
SSF are physically different
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A typical SSF process
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Solid state fermentation Submerged fermentation

Some products are only produced well under A very wide range of products can be produ
moisture conditions. Cannot be used for organi from a wide range of micoorganismdMany
requiring free water products are produced best under SF.
The medium often contains more highly proces
ingredients and is therefore more expens
Unprocessed ingredients may need processin
Pretreatment can be as simple as coo extract and solubilize the nutrients. With defir
or grinding. However, the substrate can be variableedia good reproducibility is possible
The water activity is usually very high and me
contaminants can grow well

Media are dilute and therefore occupy lar
volumes, leading to lower volumetric productivities
(even when growth yields and growth rates

lower)
High substrate concentrations can enable | High substrate concentrations can cause rheolo
product concentrations problems. Substrate feeding systems may

required.



High air pressures can be required. Gas tre
from the gas to liquid phase is slow and ca

limiting
Mixing within particles is not possible and grow Vigorous mixing can be used and diffusior
can be limited by the diffusion of nutrients nutrients is usually not limiting

Ability to remove metabolic heat is restricte High water content and more dilute nature m
leading to overheating problems temperature control easier

Process control can be difficult due to difficulties Many on-line sensors are available and more
making on-line measurements, and in measu being developedAdditions of substances can
biomass. The addition of substances during made to control the process

process is difficult

Downstream processing requires removal of

However, extract: volumes of water and is expensive. However,
can be contaminated with substrate components.defined media, product purification may be easi
Large volumes of liquid waste are not produced Usually large volumes of liquid wastes are prod

Growth kinetics and transport phenomena h Much kinetic and transport information is avail:
received little attention and are poorly characterizeghich can guide reactor design and operation



Bacteria

- F
7




. |14*’#0 ‘J:.A“' A -
White rot fungl Brown rot fungl



Fungal growth on solid statesubstrate

P o
Cultivation of Ganoderma lucidunmycelium - growth on sawdust (40x)after 6 weeks



anoderma lucidunmycelial growth on solid
substrate after /7 days of cultivation (350x)




GROWTH IN SSF
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Ganoderma lucidummycelial growth on solid
substrate after 12 days of cultivation (350x)



Ganoderma lucidummycelial growth on solid
substrate after 14 days of cultivation (350x)



Grifola frondosa mycelial growth on solid substrate ( 200&)
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