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MICROBES IN DIFFERENT HABITATS

Table 2.1 Nutritional categories of microorganisms

Source of
Physiological type Energy Electrons Carbon
Chemotroph Chemical
Phototroph Light
Organotroph Organic compound
Lithotroph Inorganic molecule
Autotroph CO,
Heterotroph Organic compounds
Chemoorgano (hetero) troph Organic compound Organic compound Organic compound
(animals, fungl, protozoa, many bacteria)
Chemolitho (auto) troph Inorganic molecule Inorganic molecule coO,
(some bacteria)
Photolitho (auto) troph Light Inorganic molecule CO,
(plants, most algae, some bacteria)
Photoorgano (hetero) troph Light Organic compound Organic compound

(algae, some bacteria)




SOLID STATE
- FERMENTATION

Solid State fermentation

Food and Agro ::f::cs W—W@H
by-products . Solid substrate Functional Solid-substrate AR STEET &
I  fermentations involves the
growth of microorganisms
on solid, normally organic,
SRR . SN materials in the absence or
near absence of free water.
Selected

microbes

the process used in the
food, pharmaceutical,
Biodegradable plastics, Fuel, Chemicals, evc. COsmEtiC, fuel and textile
industries

Value added products:




Table 6.4 Advantages and disadvantages of solid-substrate

fermentations

Advantages

Disadvantages

Potentially provide superior
productivity

Low-cost media

Simple technology
Low capital costs
Reduced energy requirements

Low waste-water output

No problems with foaming

Slower microbial growth

Problems with heat buld-up

Bactenal contamination can
be problematic

Dhfficulties often encountered
on scale-up

Substrate moisture level
difficult to control




SOLID STATE FERMENTATION: FERMENTER TYPES
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SOLID STATE FERMENTATION: STEPS

Pretreatment of a substrate that often requires
mechanical, chemical or biological processing

hydrolysis of primarily polymeric substrates,
e.g.
polysaccharides and proteins

utilization of hydrolysis products

separation and purification of end-products
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LIQUID STATE
FERMENTATION
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Submerged liquid
fermentations are used for
the production of
microbially derived
enzymes.

In the submerged process,
the substrate used for
fermentation is always in
liquid state which contains
the nutrients needed for

osrowth.
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On the basis of mode
of operation, a
bioreactor may be
classified as batch,

fed batch or
continuous (e.g. a
continuous stirred-
tank reactor model).

sadA] 1010e34019g



BATCH FERMENTATION

In a batch process, all
nutrients are provided at
the beginning of the
cultivation, without adding
any more in the subsequent
bioprocess. During the
entire bioprocess, no
additional nutrients are
added — just control
elements such as gases,
acids and bases; it is a
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FED BATCH
FERMENTATION

One way of keeping nutrients | @ MATTT T 7X@
from becoming a limiting @'3‘]? aF BTN T 6THI
factor is to constantly supply | sy FoTsT® ©TMT ¥

them during cultivation. This | ) aF 9] IF (S O-T7[6
is called a fed-batch process, 'm qT 3$i§ IR ED
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system. The advantage of
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CONTINUOUS
FERMENTATION

After a batch growth phase, an
equilibrium is established with
respect to a particular component
(also called steady state). Under

these conditions, as much fresh
culture medium is added, as it is
removed (chemostat). These
bioprocesses are referred to as
continuous cultures, and are
particularly suitable when an excess
of nutrients would result in inhibition
due to e.g. toxin build up or excessive
heating.
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Bioreactor Types

e batch,
e fed batch or
e continuous
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Batch Continuous Fed-batch



Fermenter <

FERMENTER
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« A fermenter is basically a device in which the
substrate of low value is utilized by living cells or
enzymes to generate a product of higher value.

* |t Is a containment system designed to give right
environment for optimal growth and metabolic

activity of the organism.



COMPONENTS

AGITATOR

BAFFLES

SPARGERS

DIAGRAM OF A TYPICAL BIOREACTOR
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Agitation system

> .
= System monitor

Sensors probes

Thermal jacket

Effluent

CONTINUOUS STIRRED
TANK BIOREACTORS

A continuous stirred
tank bioreactor consists
of a cylindrical vessel
with motor driven
central shaft that
supports one or more
agitators (impellers).
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AIRLIFT BIOREACTORS

* In the airlift bioreactors, the medium of A vent air
the vessel is divided into two
interconnected zones by means of a baffle P three
7 3 h
or draft tube. Q/T 1\j otlier
: Y o
* In one of the two zones referred to a riser, -
the air/gas is pumped. The other zone | r !
that receives no gas is the down comer. riser -—-——|e o down
comer
* The dispersion flows up the riser zone t
: : ! }
while the down flow occurs in the down
comer.
L




Internal-loop split Internal-loop External-loop
ALR concentric ALR
tube reactor

Gas output Gas output Gas output

t |

Gas input Gas input Gas input

Figure 1. Different types of ALRs.



TYPES OF AIRLIFT FARMENTER
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USES OF AIRLIFT FERMENTER

Mammalian cell culture
FNAT (FF Culture

Waste water treatment

T 5-97 (o6

Biological Process involving
biocatalyst as solid
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Biocatalyst 9919 S (F

To produce biopharma proteins
etc. from fragile cell.
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TOWER FERMENTER

* A pressure-cycle fermenter with large L3 Air outlet
dimensions constitutes a tower bioreactor.

* A high hydrostatic pressure generated at the
bottom of the reactor increases the

solubility of O2 in the medium. \C 3/

* At the top of the riser, (with expanded top) +{Riser
reduces pressure and facilitates expulsion of 4—Downcomer
CO2. 14

* The medium flows back in the down comer T
and completes the cycle. |

* The advantage with tower bioreactor is that —

it has high aeration capacities without &{5

having moving parts. Air intet



FIXED BED BIOREACTORS

* A bed of solid particles, with biocatalysts
on or within the matrix of solids, packed
in a column constitutes a packed bed.

* The solids used may be porous or non- e ———
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porous gels, and they may be e
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* A nutrient broth flows continuously over | [~ support
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the immobilised biocatalyst. | BEESS
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products and
unreacted materials
to separation
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* The products obtained in the packed bed o

bioreactor are released into the fluid and o
removed.

* While the flow of the fluid can be upward
or downward, down flow under gravity is
preferred.

diffuser

reactants



FLUIDIZED BED BIOREACTORS

* Fluidized bed bioreactor is comparable to
bubble column bioreactor except the top [,W\,\l.. »Liquid out

position is expanded to reduce the :
velocity of the fluid. 47— Setlling zone

* The design of the fluidized bioreactors O od— Flidized biocatalyst
(expanded top and narrow reaction o500
column) is such that the solids are 5 O
retained in the reactor while the liquid
flows out.

* These bioreactors are suitable for use to
carry out reactions involving fluid
suspended biocatalysts such as
immobilized enzymes, immobilized cells,
and microbial flocs.




