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Small Scale Liquid Fermentation
• They are simple to operate and inexpensive to conduct

hence most frequently used.
• Small scale has been interpreted as fermentation ranging

from microliter volume upto liter range.

What is the Purpose of Doing Small Scale
Fememtations
The primary aim of doing small scale fermentations
Small scale fermentation suggests ways of more effective use of
larger equipment and hence is essential before scale up.
Small scale fermentation process is divided into 3 primary
categories:
1. products associated with the growth of the cells
2. microbial products associated with the stationary phase ie.

Secondary metabolites.
3. For experimental data
Table  : Strength and weaknesses of  small scale liquid fermenta-
tion

Strengths
a. Potential for large number of parallel fermentations
b. Low cost vessels
c. Low operating costs
d. Vessels take little space and require little infrastructure
e. Easy to scale by increasing the number of identical vessels

Weaknesses
a. Effectively limited to batch fermentation processes
b. Limited maximum oxygen transfer rate
c. Discontinuous monitoring
d. No adaptive control of pH or substrate concentration

Design Parameters
Table 10.1: Components of  a Small fermentation system:
Parameter Selected Parameters affected
1.Vessel Culture volume, gas-liquid mass

transfer, mixing
2. Closure Gas transfer, evaporation
3. Medium composition Kinetics and extent of growth

and metabolism
4. Temperature Kinetics of growth and

metabolism, evaporation
5. Agitation rate Gas-liquid mass transfer, mixing

time

A. Fermentation Vessels

• Erlenmeyer flasks with cotton plug are the classical small
scale liquid fermentation system(Figure ). When the vessel is
round based and motion is orbital, mixing is poor.

• Some modifications in the basic shake flask system to
increase mixing and mass transfer with indentations
(baffles) and corners (Figure ). Baffles have been used
mainly to increase the turbulence of mixing to increase the
liquid surface area and therefore gas transfer

• Alternative closures have been selected because they allow
more gas transport in and out of the vessel

• Simple sparged and lightly stirred carboys are used for very
large volumes when vigorous shaking is deleterious to the
microbe (Figure )

• The volume of the vessel will be determined by
requirements for ease of reproducible and aseptic
operations and for reliable sampling and analysis method.

• The upper limit on the volume of small scale batch
fermentations is typically set by oxygen uptake requirements
of the culture to be fermented. Generally the gas transfer
rate at the gas liquid interface is less as the volume gets
larger.

• For microbes with low demand for gas exchange-carboys
with bubble sparger are used. Carboys are not shaken, but
are mixed with a magnetic coupled stirrer or simply by the
lift of the bubble column.

Figure 10.1: Schematic representation of small scale liquid
fermentation system

B. Vessel Closures

• The purpose of  the closure is to serve a selectively
permeable barrier.

• The closure must provide a sterile barrier to maintain an
axenic culture and to prevent aerosols from the culture from
escaping.

• It also allows the exchange of gases and simultaneously
limits evaporation

• Cotton plugs are known to severely limit gas transport in
and out of vessel.

• Foam plugs come in ready to insert form with no
preparation

• Solid caps are friction fit for ease of  handling. They allow
free air flow through a path between the cap and the neck of
the vessel. Since there is an open path with no sterile barrier
there is a risk of contamination.

LESSON 10:
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• Milk filter discs and specialized sterile barrier blue is a
substitute for cotton plug with the following advantages:
Cheap, improved gas transport rates, less prone to
contamination and decreased evaporation rate.

C. Shakers

• Shakers can be with or without environmental control.
• Water bath shakers have the advantages of  efficient heat

transfer and the potential of sampling without removing
the vessel from the bath. However the shaker speed in this
case is limited by splash outside of vessels.

• Air incubators are commonly used because of ease of
handling and higher shaking speed.

• Shaker motion is in two patterns- orbital or reciprocal.
Shaking vigor which determines gas liquid mass transfer
and shear is a function of the diameter of the orbit or
stroke of a reciprocal shaker and the cycle time.

• Reciprocal shaker gives better mixing but runs into problem
of severe splashing at higher agitation rate.

D. Media composition

• Medium composition is of two categories——i. Nutrient
balanced media used for biomass and primary metabolism;
ii. Unbalanced media that supports only low growth rates
but ongoing metabolism.
Hybrid media composition between these two is commonly
used.

• The strength of the media need to be adjusted to
commensurate with the oxygen transfer capability of the
fermentation system.

E. Gas Exchange

• The rate of diffusion of gases through the vessel closure
depends on the diameter of the vessel openning, the depth
of the closure, the nature of the closure, and the difference
in concentrates of the specific gas in the inside and outside
compartments.

• Gas transfer in and out of the flask closure is better if the
gas path has larger area. and if the thickness of the closure is
minimal.

• Decreasing the liquid volume relative to the vessel volume,
increasing shaker cycle rate, modifying the vessels such as
with baffles to increase turbulent flow and having a larger
diameter or stroke on the shaker will increase gas liquid
mass transfer.

 

Figure 10.1: Schematic representation of small scale liquid
fermentation system

Foam Control
• Many fermentation media or fermentation broths will

develop a foam head when mixed vigorously.
• A stable foam constitutes another potential barrier to gas

exchange be-tween the vessel’s headspace and the liquid
phase.

• Antifoams generally decrease gas-liquid mass transfer rates
under simple circumstances, but may either increase or de-
crease overall fermentation mass transfer rates depending on
where the limitation exists.

• Sparged and stirred fermen-tors do not depend primarily on
gas diffusion from the headspace to the liquid, hence are
more likely to lose mass transfer potential with antifoam
addition.

• Although stirred fermentors have the option of either
chemical or mechanical foam control, shaken vessels are
limited to chemical control with antifoams.

• There are many antifoams in use. Silicon-based antifoams
were reported most often, followed by those based on
polyglycols and oils.

• Common criteria for selection of an antifoam are (i) effect
ness in controlling foam, (ii) absence of toxicity to the
specific fermentation, (iii) com-patibility with scale-up or
harvest procedures, (iv) a min-imal negative effect or a
positive effect on gas-liquid oxygen transport, and (v) cost
of use.

• Silicon-based emulsions seem to be most effective on the
basis of final concentration of the active antifoam
component, but natural oils are often used to control foam
while serving as a carbon source to the microbe  the final
concentration can be allowed to decline to very low levels to
minimize impact on harvest.

Fermentation Sampling and Analyses
There are two critical components to effective fermenta-tion
analysis. First is sample preparation. A representative sample of
the culture must be taken and prepared appro-priately for the
specific analysis. Second, the specific anal-ysis must be proved
valid in the presence of the fermentation broth matrix; media
ingredients often inter-fere with chemical analyses.
It is best if small fermentations are sampled only once, at
harvest. Miniaturized on-line analysis is pos-sible but may not
be sensible since it invariably adds complexity to a system. (i)
sampling normally requires that the vessel be opened , exposing
the fermentation to additional risk of contamination; (ii) each
sample removed will lower the volume of the fermentation,
thus changing the mass trans-fer characteristics of the fermenta-
tion; (iii) interrupting shaking while sampling may induce a
stress response in the microbes (e.g., due to oxygen limitation
or temperature change during handling) that is not reproduc-
ible.
Whole fermentation broth samples often need to be further
processed prior to analysis. Most frequently, the cells (along with
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other particulates) and a clear liquid fraction are separated from
one another by centrifugation or filtra-tion for different
analyses.
Estimates of biomass are very useful when viewed tem-porally
because they allow inferences about growth phase (when
plotted versus fermentation time), cell yield on sub-strates (e.g.,
grams of cells per gram of glucose consumed) and specific
product yields (grams of product per gram of cells). The best
estimate of biomass would come from direct measurement of
the dry weight after harvesting cells by centrifugation or
filtration from a known volume of soluble broth, washing
those cells to remove residual soluble ma-terials, and weighing
the heat-dried cell pellet. For many unicellular microorganisms a
rapid turbidimetric determi-nation can substitute effectively for
dry weight determi-nations after establishing a standard curve
(e.g., relating optical density around 600 nm to dry cell weight).
In practice, industrial scientists often forgo estimates of bi-
omass until processes with insoluble media are scaled to stirred
tanks and then use exit-gas measurements (espe-cially CO2 and
O2) for data to infer the growth stage; yield calculations that
depend on biomass determination may still not be straightfor-
ward.
Determination of residual soluble components of the fermen-
tation, such as glucose, organic acids, ammonium, or phosphate
(present in a supernatant or filtrate fraction), constitutes the
other broad class of common analyses.

Solid State Fermentation
Solid-state fermentation (SSF) is a microbial process in which a
solid material is used as the substrate or the inert support of
microorganisms growing on it.

Characteristics
The basic differences between SSF and submerged fermentation
are summarized as follows:
1. In SSF, the microbial distribution occurs on the solid

surface, and microbial growth and product formation also
occur mainly on the surface. The substrate is not uniform
and not easily agitated. The culture environment is therefore
heterogeneous.

2. The moisture content of a solid structure substrate is
normally low, depending on the physical or chemical
characteristics of the substrate. For media with high
moisture content, steady aeration throughout the substrate
bed is difficult, and channeling of airflow often occurs.

3. Heat derived from the metabolism and growth of the
microorganism raises the temperature of the solid substrate
bed and causes the loss of moisture. The phenomenon
creates challenges for the control of the SSF process.

4. SSF substrates are usually natural materials, e.g., cereals,
soybeans, agricultural biomass, and solid waste. Sometimes
the product is the entire fermented substrate, as in the case
of  traditional foods, e.g. miso, natto, and tempeh.

5. The microorganisms generally used in SSF are molds that
can produce amylases to degrade starch and penetrate into
the solid substrate.

6. Since agitation of the substrate bed is very difficult and
some activities are sensitive to shear stress, cultivation is
normally stationary, except for the rotating drum and
fluidized-bed fermentors.

Advantages and Disadvantages of SSF
In the industrial production of extracellular enzymes such as
amylase, cellulase, and pectinase, both SSF and sub-merged
fermentation are used. The decision is likely based on the cost
and efficiency of the process. It is therefore important to know
the advantages and disadvantages of SSF as compared with
submerged fermentation.

Advantages
1. SSF is relatively resistant to bacterial contamination. Since

bacterial growth is restricted by low water activity, serious
contamination on a solid medium rarely occurs.

2. Fermentors or the fermentative facilities are com-pact. The
volumetric loading of the substrate is much higher in SSF
than in submerged fermentation because the moisture
content of the solid substrate is lower.

3. If  extraction of  the product from SSF is necessary, it
requires much less solvent and lower recovery cost than
from submerged fermentation.

4. Treatment of  the fermented residue is very simple. Since the
moisture content of  the fermented residue is very low, it can
be dried and used as animal feed or fertilizer.

5. Microbial utilization of gaseous oxygen reduces the energy
cost of aeration. The air supply and temperature of the
solid substrate bed can be controlled by forced aeration, in
which the large surface area of the solid substrate pro-motes
heat transfer and gas exchange of oxygen and carbon
dioxide.

Disadvantages
1. Agitation of the substrate bed is difficult. Hence, un-even

distribution of the cell mass, nutrients, temperature,
moisture content, etc., occurs, resulting in a heterogene-
ously physiological, physical, and chemical environment in
the substrate bed. This complexity makes process control
very difficult.

2. Temperature control of the heat evolved by micro-bial
respiration or metabolism is very difficult because the solid
substrate bed has a low thermal conductivity. Usually, forced
aeration is the only means of controlling cultivation
temperature.

3. Rapid determination of microbial growth and other
fermentative parameters is very difficult. There is no avail-
able sensor to measure them directly.

4. The microflora is limited on media with low moisture
content. Molds or other filamentous fungi are suitable, but
bacterial growth is rare, except for xerophiles.

5. Usually, temperature is the only means of  controlling
microbial growth or product formation in SSE Since there is
no feasible means of analyzing the fermentation
conditions, continuous operation and automation are
difficult.
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Process Control
Among the process variables, the temperature and moisture
content of the substrate are the most important for the control
of  SSF. However, there is always an uneven distri-bution of
these physical and chemical conditions in the solid substrate
bed, and the problem is that temperature is the only parameter
that can be monitored rapidly. Control of  the SSF process is
therefore difficult and requires an empirical approach. Kinetic
analyses of the thermal and mass (water) transfer processes are
needed to improve pro-cess control of  SSF.

Preparation of Materials and Inoculation

Preparation of Materials
Many kinds of natural solid materials are used as the sub-strate
in SSF. These materials are usually pretreated before inoculation
to facilitate mycelial penetration or to provide some chemical
constituents for growth and product for-mation.
Simply scattering spores uniformly on the solid substrate do
inoculation. If an adhesive substrate is used, it is important to
mix the solid substrate, preferably immediately after inocula-
tion, to prevent lumping. The solid substrate should continue
to be mixed at certain intervals to obtain uniform mold
growth.

Temperature and Moisture Control
The evolved metabolic heat from SSF raises the temperature of
the solid substrate and creates temperature gradients across the
substrate bed vertically and horizontally, especially with forced
aeration in which the circulated air usually flows upward from
the bottom of the packed bed. The temperature gradients
depend mainly on the thickness of the bed and the airflow rate.
The evolved heat reduces the moisture content of the solid
substrate by evaporation. In the case of aerobic microorgan-
isms, the catabolic heat evolution rate is regarded to be
proportional to the consumption rate of oxygen. If the transfer
ratio of latent heat of vaporization is constant, the change of
moisture content can be calculated by monitoring the oxygen
consumption.

Fermentor Design
Fermentors used in industrial SSF are classified into several
groups. Generally, the only means for heat removal from the
substrate bed in these fermentors is forced aeration. However,
for small-scale uses, especially for manufacturing foods and
alcoholic beverages, simple trays with no forced aeration are
sometimes used.

Tray Fermentors
Tray fermentors, usually using wooden, plastic, or metal trays,
are simple and widely used in traditional SSF. The cultivation is
done in stationary trays with no mechanical agitation. Much
labor is required for handling the trays. Since the efficiency of
the heat exchange between substrate and air is not so high in
this fermentor, the solid substrate cannot be highly heaped.

 

Figure 10.4: Tray Fermenter

Rotary Drum Fermentors
Figure 9 shows a rotary drum fermentor, in which the drum
rotates intermittently during cultivation to agitate and mix the
substrate. Since this rotation is designed to work simulta-
neously with aeration, contact between the substrate and the
fresh air supply is accelerated, facilitating rapid heat removal and
oxygen supply. Air is circulated, with the airflow varied by a
damper in the air duct.
Accurate control of temperature is difficult in the rotary drum
fermentor. All operations, i.e., washing, steeping, draining,
steaming, and inoculation, are done in this fermentor. The raw
substrate is fed into the drum with water and then steamed.
Inoculation is done pneumatically, and the cultivation is started
with forced aeration.

 

Figure 10.4: Rotary Drum Fermenter

Fluidized-Bed Fermentor
In the fluidized-bed fermentor, the solid substrate is fluidized
by upward airflow. The operative condition of the fermentor is
estimated theoretically as follows:
Umf / ut = 0.02 ~ 0.10
Where umf and ut are the minimum fluidization velocity and
terminal velocity of the substrate pellet in air (meters per
second), respectively. Actually the substrates tend to make
lumps, which adhere to the inner wall of the fermentor. This
phenomenon causes an increase in the value of umf. Thus umf /
ut is actually estimated to be 0.2 ~ 0.5.
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Figure 10. 5: Fluidized bed Fermenter
Fluidization of  the substrate offers some advantages for SSF, as
follows:
1. The effective surface area of the substrate powder is large for

the microbial growth.
2. The entire bed of solid substrate is kept under uniform

conditions.
3. Supplying water, nutrients, acid, and alkali and pH control

are simple.
4. The removal of evolved heat and gas exchange of oxygen

and carbon dioxide are easy.
These characteristics significantly enhance productivity in
fluidized-bed fermentors.

Review Questions
1. Assess with suitable examples the efficiency of different

types of fermenters
2. Discuss the role of temperature and moisture in solid state

and submerged fermentations

Notes


