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E@ RECENT ADVANCEMENTS IN FERMENTATION

Subedar Yadav'*

Abstract- Conversation of sugars into organic acid or alcohol depending upon an aerobic and anaerobic
process. Naturally, it occurs in many food items and Humans. On increasing the demand for different food
products in society, different microorganisms such as bacteria, yeast, and fungi are being used to produce
different beneficial products for humans on an Industrial Scale!. Different processes, source materials, and
different species of fungi and other microorganisms are nowadays being used to produce the desired fermented
product.
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Recent Advancements In Fermentation

Introduction: Although fermentation may be
defined in many ways broadly it is a process to
produce specific products like food products,
vaccines, antibodies, etc. with bulk growth of
microorganisms. Louis Pasteur made a remarkable
contribution in the earlier stage of fermentation.
Zymology refers to the study of fermentation.

The history of fermentation starts from the
Neolithic era. In that era, people were using the
fermentation process to produce food and
beverages. The food preservation Industry has a
vast demand for lactic acid to preserve pickles,
cucumbers, and many other items. It is also used to
produce beverages having alcohol such as wine
and beers. The process of fermentation also occurs
in humans as well as animal’s stomach. Since
ancient times humans have known about
fermentation. They have used it to produce food
and beverages. The lactic acid is produced in
yogurt and sour food during preservation.

The main organic acid produced nowadays by the
fermentation process is citric acid. Although an
Islamic alchemist JJ Hayyan in the 8" century
discovered citric acid it was isolated and
crystallized in 1784 by C.W. Scheele from lemon
juice. Later in year 1890, the production of citric
acid began at the Industrial level. In 1893 C.
Wehmer worked on Penicillium mold and proved
that fungi can produce citric acid. Due to low
toxicity, it is used widely as an acidulant in food
and pharmaceutical industries. A study shows that
the industrial consumption of this acid in food,
pharmaceuticals, and other sectors is 70%, 12%,
and 18% respectively.?® It is used as a preservative,
flavor enhancement, antioxidant, etc. in food,
cosmetics, beverages, the pharma industry, and
chemical industries.* The flavor of food items and
drinks such as jams, candies, Jellies, etc. are also
enhanced with citric acid.> The best way to produce
citric acid nowadays is through the state
fermentation process.®

Citric acids are produced synthetically from
glycerol or acetone. Different workers ( Torres et
al’., 1998; Fernado et al®, 2000; Adachi et
al®.,2003; Haq et al'®., 2004) have worked on it.
Whereas Aspergillus niger is the main fungus used
for commercial production of citric acid by a
submerged fermentation process using sucrose and
molasses.

Different workers have worked with different
microorganisms ( Kapoor et al'*; 1983) with
bacteria Bacillus licheniformis, Corynebacterium
spp., and Bacillus subtilis. Maltey and Allan®?,
1990 and Kubicek®. 1998 worked with different
species of fungus Aspergillus such as awamori,
foetidus and Pencillium restrictum. Yeast such as
candida  lipolytica, C. intermedia  and
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Saccharomyces cerevisiae ( Crolla and Kennedy?,
2001., Archer et al*®., 2001; Kamzolova et al ',
2003). Out of these the best choice for the
production of citric acid is Aspergillus niger due to
its high yield and ability to ferment with various
cheap materials ( Schuster et al'’., 2002). Cost is
one of the factors for any product. To reduce the
cost Kiel et al'®,1981; Hang and Woodams'.,
1986; Khare et al®®., 1995; worked with different
agricultural waste such as orange peel, cotton
waste, apple, kiwi fruit, etc.

Materials and Experimentation:-The general
experimental techniques involved Preparation,
inoculation, and incubation of different media. In
the present work, the analysis involves the
unfermented substrate i.e. molasses and citric acid
formed along with culture tubes seeding,
inoculation of production, and inoculum media,
incubation of production, inoculum media, and
culture tubes. The different media such as culture,
inoculum, and production are sterilized.

Although there are different factors responsible for
producing citric acid successfully at minimum cost
the most important ones are the selection of fungal
strain. The others are the selection of raw materials
and cultural conditions.

Fungal Strains- The present investigation
involves the selection of different fungal strains
because different fungal strains are used for
different products such as Aspergillus oryzae are
used to ferment soyabeans, rice, and potatoes to
produce different products. A distilled Japanese
alcoholic beverages called Koji for Sochu are
produced by Aspergillus foetidusis. In certain fruits
and vegetables, a disease is found called black
mold. This disease is produced by a fungus called
Aspergillus niger. This Aspergillus niger is very
efficient to ferment different materials such as
molasses to produce citric acid.

The different species of Aspergillus are used for
citric acid production but the best result were found
with Aspergillus niger both at laboratory and
Industrial scale. Some of the species of Aspergillus
used in citric acid production are Aspergillus
oryzae, Aspergillus flavus, Aspergillus wentii.
Aspergillus foetidus and Aspergillus niger belong
to NCIM-647, NCIM-650, NCIM-661, NCIM-
511, and NCIM-683 respectively.

In all the fungal strains the NCIM denotes the
National Collection of Industrial microbes. These
fungal strains may be obtained from the National
Chemical Laboratory in Pune, India. The yield
percentages for different species differ in the same
production medium.
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Fermentation Processes- There are two types of
fermentation processes, one is Submerged and
another is solid state fermentation. In the
submerged process at the Industrial scale, the
bioreactors are operated in batch, fed-batch, or
continuous mode to culture different types of
microorganisms producing a wide range of
products.

In batch cultivation, there is a closed system having
medium, nutrients, and Inoculum. At the initial
stage, the volume of culture broth remains
constant. This process involves several steps such
as medium formulation, filling and sterilization of
bioreactor, Inoculation, Cultivation, and product
harvesting.

Alcoholic beverages like wine, whisky, and rum
are widely produced by submerged batch process.
At a major scale, citric acids are also produced by
this process using molasses as raw material with
the help of Aspergillus niger.

Other than these there are fed-batch processes
which are open systems in which some of the
nutrients are gradually added to regulate the cell
metabolism. It has an advantage over batch
cultivation to regulate the cell metabolism by
sequential and precise feeding of nutrients.

The continuous process has an open system where
nutrients are continuously added and culture broth
is removed at the same time due to which the
volume of culture broth is constant. It has many
advantages such as there is possibility to set up
optimum conditions for maximum and long-term
product synthesis. Despite many advantages, there
are also certain limitations such as there are
possibility of contamination.

In the solid-state fermentation process, the
microorganisms are cultured on the surface of the
water-insoluble substrate. This process has
limitations in the transfer of heat, oxygen, and
nutrients due to the growth of microorganisms on
the surface of the solid substrate. The heat is
generated by microbial metabolism and can reach
up to 3000 kcal from 1 kg of the assimilated
substrate ( Bellon- Murel et.al 2003)

Conclusion- Fermentation fulfills numerous needs
of society through the food Industry. There is
always a need to increase production and decrease
the formation of byproducts. The intensification of
bioprocess is possible by engineering aspects,
selection of microorganisms, and mutagenesis to
improve the production strains. The different
fermentation processes have different advantages
and limitations. Some of the mutagens of
Aspergillus species?? have exciting results in
certain conditions and incubation periods. In this
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way, there is still further scope to increase the
production.
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