
















































































Pilot scale fermenter

A pilot scale fermenter is a small 
industrial system, which is operated to 
generate information about the 
behavior of the system for use 
in design of larger facilities. 

Pilot plant is a relative term in the sense 
that plants are typically smaller than 
full-scale production plants, but are built 
in a range of sizes.









Types of  Culture

Based on phase 
of  fermentation 

medium

Liquid Phase

Surface Liquid 
Culture

Submerged 
Culture

Solid Phase

Based on mode of  
operation of  fermentation 

process

Batch Continious

Chemostat Turbidostat

Fed -Batch



Liquid surface culture process: -Generally
preferred for fungus, especially mold based
production process. Alluminium or stainless
steel shallow pans (5-20 cms deep) or trays
are used. The sterilized medium usually
contains media and salts. The fermentation is
carried out by blowing the fungal spores of
production strain over the surface of the
solution. Surface culture is used for
production of citric acid and Penicillin. Spore
germination occurs within 24 hours and a
white mycelium grows over the surface of the
solution within 4 days. This process is carried
out to maximize the surface of substrate
exposed to the air. The liquid can be drained
off and any portion of mycelial mat left
becomes submerged and inactivated.
Required products are obtained by suitable
downstream processing of the media.

























































Fermentation media

• Most fermentations require

• 1-liquid media, often referred to as broth,

• 2-solid-substrate fermentations.

• In most industrial fermentation processes there are
several stages where media are required.

1- several inoculum (starter culture) propagation
steps,

2- pilot-scale fermentations

3-the main production fermentation.



• Where biomass or primary metabolites are the
target product, the objective is to provide a
production medium that allows optimal growth of
the microorganism.

• For secondary metabolite production, such as
antibiotics, their biosynthesis is not growth related.
For this purpose, media are designed to provide an
initial period of cell growth, followed by conditions
optimized for secondary metabolite production. At
this point the supply of one or more nutrients
(carbon, phosphorus or nitrogen source) may be
limited and rapid growth stopped



The main factors that affect the final 
choice of raw materials 

• 1 Cost and availability

• 2 Ease of handling in solid or liquid forms, along with associated 
transport and storage costs, e.g. requirements for temperature 
control.

• 3 Sterilization requirements and any potential denaturation 
problems.

• 4 Formulation, mixing, complexing and viscosity characteristics 
that may influence agitation, aeration and foaming during 
fermentation and downstream processing stages.

• 5 The concentration of target product , its rate of formation and 
yield per gram of substrate utilized.

• 6 The levels and range of impurities, and the potential for 
generating further undesired products during the process.

• 7 Overall health and safety implications.



Carbon sources

• A carbon source is required for all biosynthesis 
leading to reproduction, product formation and cell 
maintenance.

• In most fermentations it also serves as the energy 
source. 

• Carbon requirements may be determined from the 
biomass yield coefficient (Y), an index of the 
efficiency of conversion of a substrate into cellular 
material.



• Y carbon(g/g) = Biomass produced(g) / Carbon substrate
utilized (g)

• For commercial fermentations the determination of
yield coefficients for all other nutrients is usually
essential.

• Various organisms may exhibit different yield
coefficients for the same substrate due to the pathway
by which the compound is metabolized.

• For example, Saccharomyces cerevisiae grown on
glucose

• has biomass yield coefficients of 0.56 under aerobic
condition and 0.12 g/g under anaerobic conditions

• Carbohydrates are traditional carbon and energy sources for
microbial fermentations, although other sources may be
used, such as alcohols, alkanes and organic acids. Animal fats
and plant oils may also be incorporated into some media,
often as supplements to the main carbon source.









Disadvantages of Foaming: 
1. Reduce process productivity since bursting bubbles can 

damage proteins, 
2. Can result in loss of sterility if the foam escapes the 

bioreactor. 
3. Leads to over-pressure if a foam-out blocks an exit 

filter.














