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The chapter describes the importandé,ahenthiran R
history, uses, stages, process and equipméisistant Professor
used for fermentation. Fermentation whidRepartment of Microbiology
was previously an art has gained importane¥ N.G.P. Arts and Science College
as a science and its horizons are expandfagimbatore, Tamil Nadu, India.
over the years. A substrate is inoculated withahenthiran.r@gmail.com
the desired microorganisms to start
fermentation. Because there are so mafiyunavarsini K
different substrates, microbes, and possitit&@.D Scholar
products. Fermentation is inevitable since epartment of Microbiology
has a vital role to play in the food industry?r N.G.P. Arts and Science College
production of life saving vaccines and drug§oimbatore, Tamil Nadu, India.
in the agricultural sector, de-composting @runvarsini@gmail.com
biomass aiding in compost making, sewage
treatment, environmental management eteurgadevi L
The knowledge of the history, processeB8h. D Scholar
types and stages of fermentation are importégpartment of Microbiology
to expand and explore options where thiy N.G.P. Arts and Science College
technology can be used accordingly arePimbatore, Tamil Nadu, India.
precisely in future. The study about th@eeptisuren@gmail.com
fomenters, the concept of working, parts of
the fermented and design facilitates in
selecting the appropriate fermented based on
the inoculums wused and end products
obtained.
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Objective of The Study

* To have a knowledge about expanding use
of fermentation technology.

» To study about the various types involved in
fermentation technology.

 To know about the techniques which are
used to develop products in large scale
level.

* To learn about the equipments used for
fermentation and their functions.
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. INTRODUCTION

The metabolic process of fermentation transfosongar into compounds like acid,
gas, and alcohol. The Latin word for "bofffevered) is where the word "ferment" first
appeared. The boiling look is caused by the anaercdtalysis of carbohydrates, which
generates carbon dioxide bubbles. Yeasts, moldk,banteria—beneficial microorganisms
that receive their energy throughout the processwels as anaerobic circumstances are
ideal for fermentation to occur. There are manyed#nt substrates, bacteria, and products
that can be used in the countless different ferat@mt processes.

By inoculating a substrate with the necessary obies under optimum environmental
conditions, fermentation is started and helps peedihe intended product. The produced
crude product can either be used directly or psEmdo separate out specific molecular
components. Fermentation is used in many aspedailyf life, including the production of
industrial goods, the treatment of sewage, andrenwiental management. Bread, cheese,
wine, beer, coffee, industrial and medicinal enzymeaccines, therapeutic proteins, bio
polymers, and other goods are all products of fetat®n. Energy sustainability may be
facilitated by the fermentation-based productionfuls like bio-ethanol. Additionally, it
helps with digestion and immune improvement, amotingr health advantages. Probiotics,
which are good to the immune system, are abundéetinented meals.

II. REVIEW OF LITERATURE

About 12000 years ago, the history of fermentabegan, although at that time, no

one was aware of the underlying science. They weraware of either the connection
between fermentation and microorganisms or the esaud fermentation. Simple oral
tradition and practices were used to transmit thlesr and guidelines. Louis Pasteur, a
French microbiologist, was the first scientistésearch fermentation in 1854, and he showed
that living organisms, particularly yeasts, starnientation.
The German scientist Eduard Buchner won the Nobkeépn 1907 for demonstrating that
fermentation is caused by yeast cell enzymes. BO1@rthorn Harden and Hans Euler-
Chelpin, two scientists, received the Noble Priae their work in which they precisely
defined how enzymes are produced during fermetemtafntibiotics were created utilizing
this method by the 1940s.

[11.STAGESOF FERMENTATION

Generally two stages are involved in fermentation converting raw material /
untreated product into a final product. They aresttgam Processing and Downstream
Processing.

1. Upstream Processing: In fermentation, the upstream processing phase hieravthe
microbes or cells are cultivated and the targetipco gets produced. The amount and
quality of the product produced during the fermgata process are determined by
upstream processing, which is a crucial step irptioeess. To guarantee that the required
product is generated in a secure and effective sranh is important to carefully
supervise every step of upstream procesdupstream processing includes three main
areas. They are
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* Producing Microorganisms: It involves choosing an appropriate microbe, ewcheay
the strain's productivity and yield, and maintagnithe purity and sterility of the
strain. A suitable inoculums is created by allowinogosen strains to develop
repeatedly.

 The Fermentation Medium: By removing particulates and inhibiting compounds
from the media, the desired medium is createds Itritical to choose a reliable,
affordable source of carbon and energy as well it mutrients. For maximum
production and profit, media optimization is esgd@ntThe media can also be
categorized as a technical, specified, or sophigtct medium. Chemically determined
substrates make up the defined medium. Substratesdmplex media can be
inexpensive waste product extracts or hydrolysatesh an undetermined
composition. For complicated medium, expensive sates including yeast extract,
brain-heart infusion, peptone, and tryptone argueatly utilized. Technical media
are more widely utilized and less expensive in gtdu

* The Fermentation Process. Microorganisms are multiplied during the ferméiauta
process, which results in the creation of the dédsproduct. To maximize the growth
of microorganisms, it is typically done in contedl environments. It can either be
anaerobic fermentation, which occurs when theraocisoxygen present or aerobic
fermentation, which occurs when there is oxygersgmé While much industrial
fermentation take place in aerobic environmentspesgrocesses, like yeast-based
ethanol generation, are absolutely anaerobic-enwiemt-required.

Media Production

Working Isolation preparation Reactor (10-100L) Reactor (100+ L)

Cell Bank || from tissue l Reactor (5-10L)
Eﬁ—»ﬂ—» —
Plate culture
Shake Flask

Inoculation (Introducing cells to
culture Cell Expansion

[

Figure 1. Upstream processing
Image reference: http://surl.li/kfsmi

* Depending on how much free water is present imtbdium, the process can also be
classified as Solid State Fermentation (SSF) ornfumged Fermentation (SmF).
Because there is no free-flowing water in SSF, migyas are developed on wet solid
substrate. In submerged fermentation, the bactigelop immersed in a liquid
media that contains a lot of free water. Large ametrs called fermenters, frequently
with capacities of several thousand liters, areduB® industrial fermentations.
Depending on how the culture and media are fedtimtdfermenter, the fermentation
process can be batch, fed-batch, or continuous. né&hods used to scale up the
process include aeration or system agitation wiseessary.

Copyright © 2024 Authors Pagy |



Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-520-8
lIP Series, Volume 3, Book 16, Part 2, Chapter 1
FERMENTATION TECHNOLOGY

2. Downstream Processing: It includes all actions taken after fermentatioarvesting,
purification, and final processing of fermentatimoducts into dosage forms suitable for
the use for which they were intended. Along witlcr@asing product recovery,
downstream processing's primary goal is to cutyetdn costs. To turn the final product
created or processed in a fermenter into a usefotlyet, it must be used in the
downstream stage. Downstream processing includesegures such as physical
separation, which includes adsorption, liquid-ldjwextraction, solid-liquid separation,
distillation, drying, etc. The downstream procegginocess consists of three phases.

Harvesting of Cells: Utilizing techniques like flotation, sedimentatiofilteration,
centrifugation, coagulation/flocculation, etc., thelids/cells and insoluble products
are harvested and separated from the culture by@hien gas is added to a liquid,
bubbles form in the process of flotation. On the fabbles that ascend to the foam
layer, where they are gathered, the cells and atbkd particles are adsorbed. By
introducing flocculating agents such inorganic ,satganic polyelectrolyte, mineral
hydrocolloid, etc., flocculation is accomplished make it easier to remove the cells,
they aggregate into enormous masses. The most ggofmdhnique for separating
culture filtrate from biomass is filtering. Densitijfferences between the particles to
be separated on the medium are what allow for #marstion of particles by
centrifugation. It is employed to separate liquighii solid particles.

Disruption of cells. Because of their small size, tough cell walls, aigh internal
osmotic pressure, microbial cell s are typicalhaltgnging to disrupt. Cells can be
disturbed by specific physical treatments to redeastercellular products. They
include high pressure homogenization, ultrasorecatithermal shocks, osmotic
shocks, chemical extraction, and enzymatic extacti

Purification of cells: The product is to be recovered with a high levgduwrity. After
concentration, the crude product is purified ugeghniques like precipitation, liquid
extraction, chromatography (adsorption, ion exclkeanggel affinity), and
electrophoresis. Membrane techniques like ultriafibn and reverse osmosis are
also used. The product is finally dried and cryiiadi.

IV.TYPESOF FERMENTATION
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Figure 2: Types of fermentation
Image referencehttp://surl.li/kfsnr
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1. Batch fermentation: In batch fermentation, all of the substrate and ienis are
provided at the initial stage of the fermentationgess, and the fermentation continue
until the required product concentration has ba&ired. Contrast this with continuous
fermentation, where nutrients are continuously dddead products are continuously
eliminated. Alcoholic beverages, prescription aotibs, digestive enzymes, and
biopolymers can all be produced using a straigithod and adaptable batch
fermentation technique. It is appealing for sma#ie production because it is also a
relatively affordable method. Batch fermentationalves four stages, which are:

* Lag phase: It describes the first stage of fermentation, wielis are adjusting to
their new surroundings. During this stage, thescalé not dividing or expanding.

* Exponential phase: The exponential phase, in which cells divide glyicls the stage
of growth that is at a rapid pace. During this ghdmoth the cell concentration and the
product concentration exponentially grow.

» Stationary phase: Cell growth and cell death rates are identicalrduthe stationary
phase. During this phase, both the cell concentratnd the product concentration are
constant.

» Death phase: Death phase: During this stage, cells dies angithéuct concentration
falls.

Stationary
Phase

Lag :
Phase :

Figure3: Growth curve
Image referencéhttp://surl.li/kfsuh

A stirred tank fermentor is primarily used to contlbatch fermentation. A stirrer
and a temperature controller are both includedhi& ¢losed container known as a
fermentor, which also has a stirrer to mix the eotg of the vessel. To track the
fermentation process, the fermentor has pH andldisd oxygen sensors.

Batch fermentation is a flexible and reasonablggdimethod that may be used to
make a wide range of goods. It is a straightforwardcedure that is suited for both
small-scale and large-scale production becausessily scaled up or down.

2. Continuous Fermentation: The idea behind continuous fermentation is thatv ne
medium is continuously introduced, and both usedliiome and harvested cells. The
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frequent supply of nutrients can prolong the baateexponential growth rate.
Additionally, the harmful metabolites are elimirctieom the culture while the deficient
nutrients are replenished. Due to the equal rataddition and withdrawal, the culture
volume is constant.
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| T —
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Sensor Probes

Thermal Jacket
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Figure 4: Continuous fermentation
Image reference: http://surl.li/kfsvf:

The process involves adding fresh medium or fedwtiea to the culture, which
has no bearing on the fermenter's maximum operabhgne. To reach a stable state, the
rate of medium exchange can be changed. In a s&ath;, environmental factors like
metabolite concentration and cell growth rate renwainstant. Long periods of time can
be spent maintaining the culture in its currentestBy minimizing downtime, it helps to
make this strategy profitable. In this method efrfentation, there are tools to capture the
fermenter overflow. Utilizing downstream processinthe fermentation products,
including metabolites, are separated from the ¢twerf

3. Fed-Batch Fermentation: A variant of batch fermentation, it involves aseglily adding
nutrients. It is a semi-open fermentation systemd as culture is introduced
incrementally, the volume of liquid culture in tlFermented grows. For a set amount of
time, the inoculated microorganisms are culturedbatch mode, and for the remaining
time, nutrients are supplied gradually. At the ewoid each run, the entire culture
suspension is withdrawn. The broth's substratedimn often determines when to begin
feeding, and the feeding profile should be creadedthat the substrate stays non-
excessive while microbial growth is completely soped. The log and stationary phase
of the microorganisms in the fermented are proldngbken the substrate is intermittently
introduced. In the exponential growth phase, elltbanass accumulates as a result of the
addition of new nutrients.
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Figure5: Process of fed- batch fermentation
Image reference: http://surl.li/kfsvr

For bioprocesses aiming for high biomass densityigh product output, fed-
batch fermentation is highly helpful when the irded product has a favorable correlation
with microbial growth. Due to the process's lack aferfeeding the substrate, the
accumulation of byproducts is kept to a minimume Tbenefits of fed batch culture
include increased productivity and greater yieldsnf the addition of nutrients in small
amounts. In this approach, the resultant cell diesssiare likewise very high. When
compared to batch fermentation, the product syrghecess can be extended. As a
result, it promotes greater output throughout théanary phase.

V. FERMENTOR

The fermentation process' fundamental componetiteidermenter. A closed vessel
with the proper setup for aeration, agitation, gteol, and temperature control is known as
a fermenter (bio-reactor). In order to remove thast® biomass of the cultured
microorganisms and their products, it is additignebuipped with a drain or overflow vent.
It is a containment system that offers bacteriagulated environment in which to grow. In a
liquid culture, the metabolites are created. Theiageis inevitable to cultivate desirable
microbes to produce the suitable product. It alsevents the entry and growth of
contaminating microbes from the outside environmdiie fermenter is the containment
system for cultivation of bacteria and fungi. Beactors are also fermenters which are used
to cultivate mammalian or insect cells. A fermensensed for commercial production where
living cells utilize low value substrates to generhigh value products. Fermenters are not
only used for fermentation but also for food pr@ieg and waste treatment.

1. History of Fermentor: De Beeze and Liebmann (1944) used the first lamgpes

fermenter above 20 litre capacity for productionyefist. The British Scientist, Chain
Weizmann (1914-1918) developed a fermenter for ycthdn of acetone during the first
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world war. Large scale aerobic fermenters were digethe first time in Central Europe
in 1930’s for the production of compressed yeast.

The fermenter comprised of a large cylindrical tamith air was introduced
through a series of pipes at the base. In latgrestanechanical impellers were used to
increase the rate of mixing in order to break ug disperse the air bubbles. This process
aided in compressed air requirements. Forming dexan the liquid was prevented by
baffles on the walls of the fermenter. Aerationgsilvith water and steam were used for
cleaning and sterilization and this system was mate by Strauch and Schmidt in
1934.Pencillin production by submerged culture mégphie in aseptic conditions with
good aeration and agitation was a very cruciabfagaving way for the development of a
carefully designed and purpose — built fermentat@ssel. In 1950, the first pilot
fermenter of India was erected at Hindustan Antibibimited, Pimpri, Pune.

2. Partsof Fermenter: A sizable container known as a fermenter is goostd of stainless
steel or another rust-free material. It has a mtitat is controlled automatically. Heaters
and a thermostat system can control and maintanemperature. Pipes are used to put
or take water and substrate out of the fermenteraton is delivered by a pipeline
system and gas sources. Aeration and pH regulat®both done via sensors.

3. Design of Fermenters. Depending on the type and fermentation it is useddifferent
fermenters have different designs. All varietiesferimenters work with heterogeneous
systems, or ones that have two or more of the thih@se states of liquid, gas, and solid.
For a fermentation to be successful, there musinbeffective transfer of mass, heat, and
momentum from one phase to another. The followimauil be provided by a fermenter.

» Agitation: The mixing of cells and medium is a requisitedptimum fermentation.

» Aeration:Aeration is required in aerobic fermenters to syppé oxygen for carrying
out the fermentation process.

* Regulation of Factors: The factors like temperature, pH, pressure, aaratiatrient
feeding and level of liquid is to be regulated éffiective fermentation.

o Sterilization: Sterility is to be maintained which ensures thetpwf the product.

* Withdrawal of Cells’Medium: Provision for harvesting of cells and medium isit

Typically, 20 to 25 percent of the fermenter's voduis left empty of medium
called "head space" to promote aeration, foamimgl splashing. The fermenters are
made in a way that they should support industriaignificant cultures' optimal
development and biosynthesis. Modern fermentersyareally coupled with a computer
for effective process monitoring and data collegtin

4. Size of Fermentor: Depending on the requirements, different sizeanémters are
available. The sizes range from laboratory ferntsnté 1-2 liters to ones of 5,000 liters
or even more. The process and mode of operationirdflsience the fermenter's size. The
production of diagnostic enzymes and molecules nMamiecular biology is done in
fermenters ranging in size from 1 to 20,000 litéiszymes and antibiotics are produced
in fermenters with capacities ranging from 40 tg080 liters. Wine, beer, amino acids,
amylases, and proteases are produced in fermeategsg in size from 100 to 1,50,000
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liters. Amino acids, wine, and beer are producedemmenters that range in size from
2,000 to 5,000.

5. Construction of Fermenters. The two types of fermentation are anaerobic amdbée
respectively. In anaerobic fermenters, just the oneah of heat produced during the
fermentation process is necessary. On the othed, learobic fermenters need the right
tools to guarantee effective mixing and adminigtrabf enough aeration. The majority of
industrial fermenters are built utilizing the follong materials and are aerobic.

Motor
H =pH controller
Steam =— L ;

Y o o T 1
feservoir and

pump

Sterile
seal
Viewing
port

;\ St i ti2s
c ;Exh.!u-.!
o e
-
Impeller
° Caaling
. z
- 1w.|tc-r
- o out
Cooling g
Jacket A Baffle
. o ’ Culture
- L brath
Caooling
water in bl Sparger
- = (high pressure

air)

c g Sterile alr
[L'.'If'r1 i

Valve

l

Harvaost

Figure 6: Structure of a fermentor
Image reference: http://surl.li/kfswp

* Cooling Jacket: Large-scale manufacturing fermenters are oftedena stainless
steel. The fermenter has a cylindrical shape, dasexd at the top and bottom, and is
equipped with various pipelines and valves. Ferateat in a fermenter must be
successfully completed by heating the nutrient omedand removing the heat that is
produced. As a result, a cooling jacket is instalexternally in a fermenter to
facilitate the passage of steam for sterilizingooling water. Large fermenters with
inadequate heat transfer through the jacket mayiatdude additional internal coils
for running cooling water or steam.

* Aeration System: The aeration system is a fermenter's most cruoiaponent.Due
to oxygen's poor solubility in water and slow raik transfer into the growing
medium, the bacteria in the fermenter have a greaied for oxygen, which increases
the demand for oxygen in the culture. To providecatite oxygen availability and
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aeration during the cultivation process, a goodtamr system must be provided. A
fermenter's adequate aeration is ensured by théogment of two aeration tools: the
impeller and sparger.

» Sparger: High pressure air that has been filtered, stedljzor oxygenated is forced
into the fermenter through a series of holes inegahring or nozzle. Air enters the
fermenter as microscopic bubbles, and oxygen daiffusto the culture media as a
result.

 Impéler: Effective fermentation requires stirring or agiigt the contents of the
fermenter. The culture medium is agitated withdlteof the impeller, also known as
an agitator. Stirring makes it possible to perfdira following. Both the microbial
cells and the gas bubbles are disseminated throtigihe liquid culture media,
ensuring that the microbial cells have uniform asc® the nutrients. The size of the
fermenter determines the size and placement ointipeller. Tall fermenters have
multiple impellers installed for sufficient aeratiand agitation. The impeller must be
installed above the fermenter's base and shoulddthe diameter of the fermenter.

» Baffles: Metal strips called baffles are radially affixem the fermenter walls. They
are used in all kinds of fermenters to increasataer effectiveness and prevent
vortices.Baffles are typically used in fermenters with aigita to enhance aeration
effectiveness and reduce vortex formation. Foufldmare typically utilized, however
bigger fermenters could include six or eight baffl&€o increase cooling, additional
cooling coils can be added to baffles. Additionatlye baffles may be set up so that
there is a space between them and the fermentér Byakcouring the area around
and behind the baffles, this would reduce the gnasitmicroorganisms on the baffles
and the fermenter wall.

 Temperature Control: The fermenter requires to have suitable temperatongrol
features. Heat will be produced by both microbhéty and agitation. It might not
be necessary to remove or add heat if this heategsea temperature that is ideal for
the fermentation process.

 Foam Regulator: Most microbial fermentations result in foam. Bothneedium
component, such as protein present in the mediuna, chemical generated by the
microbe can cause foaming. At the air-broth inte¥fahe proteins may denature and
form a protein film that is difficult to rupture h& elimination of cells by foaming will
result in those cells going through autolysis agléasing additional proteins into the
solution. This will further stabilize the foam asesult.

VI.GROWTH KINETICS

The autocatalytic reaction of growth kinetics irad&s that the rate of growth is
inversely proportional to the cell concentratiomtiBdirect and indirect methods are used to
determine the cell concentration. The dry weighthef cells, turbidity (optical density), plate
counts, and other direct methods are used to medhker cell number density and mass
concentration. The relationship between a micropatsicular growth rate and its substrate
concentration is explained by the concept of miablgrowth kinetics. The laboratory
culture conditions have a significant impact on kireetics of microbial growth. Because of
cost and local availability of specific growth coomgnts, it is important to optimize
microorganism growth in a given medium. Even Newadss, some bacteria have unique
needs and only grow in certain growth conditions.
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CONCLUSION OF THE STUDY

The study is about metabolic activity of organisthusing their growth, development,

reproduction, even senescence and death is referesifermentation. Utilizing microbes on

a large-scale industrial level to manufacture foogdications, and alcoholic beverages is
known as fermentation technology. The study inveliendamental idea behind industrial

fermentation technology is that by giving organisras resources that satisfy all of their

requirements, they can develop in the right envirents.
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