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. INTRODUCTION

The fermentation technology defined as productibrta@npounds or enzymes that
have the wide application in energy production, enat production, pharmaceutical
industries, chemical, and food industries. It ccawaturally in various food products, even
humans are using from ancient period for the pweden, nutritional and organoleptic
properties of food. Now the technology is well é$ithed in food sector for manufacturiofy
bread beer, vinegar, yogurt, cheese, and wBlgh et al., 2017

In this technology the various microorganisms iyeast, bacteria, and fungi are
highly important for the conversion of various dwéte into simple products. The end
products of fermentation technology are generallyzyenes, metabolites, biomass,
recombinant product, and bio- transformed prodéechong the metabolites organic acids
and alcohols are the imperious products than therst(Motarjemi, 2002). However, the
products of antibiotics, enzymes, growth factord hioactive from secondary metabolites of
microbes is the other industrial products

The diverse produces from fermentation processesguslistinct type of
fermenter/bioreactor at industrial level. Generallje bioreactors classified as batch,
continuous, fed-batch, submerged fermenter (Ihal.e2010).

II. TYPESOF FERMENTATION

1. Solid-State Fermentation: Solid state fermentation (SSF) are stated asdimentation
that occurs in the solid matrix i.e., inert supfsubstrate without the presence of water.
Hence the substrate needs the moisture to sugpoigrowth and metabolic activity of
microorganisms (Thomas et al. 2013). The most itapbrphenomenon of SSF is the
resistance of microorganisms (bacterial and furogdls) to catabolic inhibition in the
presence of abundant substrates such as glycdtalpsg or other carbon sources
(Lizardi-Jiménez MA, Hernandez-Martinez R., 201The usage of low cost agro-
industrial residues from the industrial process@stifie production metabolite products
are other important factor.

2. Submerged Fermentation (SmF): In Submerged fermentation (SmF) the decomposition
of substrates under anaerobic or partially anaerotndition. The SmF accomplished by
microorganisms in the liquid medium (Mussatto amik@ira, 2010). The process needs
the controlled atmosphere condition for producihg guality end products with the
optimum productivity and yield. In industrially therocess achieved through batch, fed-
batch, or continuous modes. These different waysubimerged cultivation were using
microorganisms in bioreactors. By using continudoatch, and fed-batch cultivation
various industrial food products are produced hy thethod. (Panda, S. K., & Saranraj.,
2019).

IIl. APPLICATION OF FERMENTATION TECHNOLOGY
Production of high-value end products for varioongduistry such as pharmaceuticals,

chemical, food products, and agriculture are morgartant in current scenario. The impact
of fermentation in these industries is promisingl tor reducing the high cost of products,
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easy way of productiomninimize the energy, utilitiesproduction temperatu and special

chemicals. The main relevance of fermentation teldgy among the chemical, food a
agricultural were discussed in detail in this cea

Chemical production Indigenous food production
Ethanol
Lactic Kimchi
acid Sauerkraut

Fermentation
technology

Soil and agriculture Civil industry
Lithosph
eric nutrition Cement
Atmospheric Building
nutrition materials

1. Application of Fermentation in Chemical Production: Chemicals have a larger role
our daily lives and numerous chemical products geaerated from industry, whic
contributes significant role in our daily lifTo ensure a sustainable production, contir
access of chemical industry the essential chemiaald materials are assured fr
renewable resources. The consumption ol-renewable resources, such as fossil fu
for the production of chemicals needreplace by using renewable resourdndustry
can quickly transform renewable resources into shemicals and materials, and tf
can also be recycled or reu. Hence the loss of material in collection andycéiog
processes does not reach 100% ¢ency (Brouwer et al.,, 20)4In the chemical
production, the demand of raw material costs tyfyicoutweighsthan the amount ¢
material produced. Thefore recycling or reuse alone and other sources of rahka
starting materials, in particuly the urces of organic carbon, are required
sustainable productiorfinally, the sustainable production or conversion technek
needs extensive research in current decades tofactume the chemicals (Sheldc
2014).
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» Biobased Feedstock for Fermentation: Production of biobased chemicals and
materials starts from a biomass-derived feedstBakmass feedstocks are typically
complex, heterogeneous materials, containing arsiveange of compounds. The
compounds are carbohydrates, proteins, oils aisd dad lignin. Carbohydrates are
the most often used feedstocks for fermentatiomdbdsobased chemical synthesis.
Once a suitable feedstock has been obtained fromdss, fermentation technology
can quickly transform into a desired biobased clkami First generation biomass
feedstocks are sourced from sucrose, which inchudgmrcane and sugar beet, while
common sources of starch are, for example, cossasa and sorghum (Bertrand, et
al.,, 2016). Second generation biomass feedstocks ssigars from non-edible
lignocellulosic biomass residues, such as cornestasugarcane bagasse, non-food
crops such as silver grasdlicanthu$ or forest residues e.g. bark or wood chips
(Sigoillot et al., 2016).

» Chemical Products by Fermentation: As the demand for bio-based products is
increasing, and several attempts are preparedplaces more traditional chemical
processes with faster, cheaper, and better enaynmatifermentation methods.
Substantial progress is needed for the fermentapweduction of numerous
compounds such as ethanol, organic acids, calcilagnesium acetate, butanol,
amino acids, exopolysaccharides, surfactants, bradable polymers, antibiotics,
vitamins, carotenoids, industrial enzymes, biopedds, and biopharmaceuticals
(Saha, B. @2003). Cellulose, ethanol, lactic acid, and acaticl are a few examples
of compounds produced by microbial fermentatione Tianufactured chemical
products via fermentation were listed in Table dbr Fhe manufacturing of bulk
chemicals and medicinal products, enhanced dovamstrprocessing and suitable
fermentation technology are more important.

Tablel: Chemical Products Produced By Fer mentation Technology

Chemical Major Application Producing Organism Suitable
Produced Feedstock
Sugarcane juice
Ethylene -
Ethanol . Saccharomyces cerevisiae or molasses, corn
production starch
: Clostridium
Butene, butadiene . (Corn) starch,
n-Butanol roduction acetobutylicum, molasses
P Clostridium beijerinckii
Isobutanol Isobutyl_ene Engineered yeasts Corn starch
production
13- Polytrimethylene | Engineerede.coli Likely
' . terephthalate bacteria (e.gKlebsiella Corn starch
Propanediol .
production sp.)
Polybutylene
succinate,
1,4-Butanediol polybutylene Engmeeretfschenchla Glycerol
terephthalate, coli
(poly)tetrahydrofur
an production
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Polvlactic acid Sugarcane/sugar
Lactic acid ylact Lactic acid bacteria beet derived
production
sugars, starches
Polyputylene Basfia succiniciproducens
succinate . .
. . . engineered yeasts, Starch-derived
Succinic acid | production, 1,4- : .
) engineeredescherichia sugars
butanediol ;
: coli
production
Dodecanedioic Polyamide and : . Fatty acids, likely
. polyester Bacterial strain : )
acid . from tropical oils
production
. . Production of . Fatty acids, likely
Itaconic acid Aspergillus terreus : .
polyacrylates from tropical oils
" . Production of Aspergillus niger, Molasses, starch-
Citric acid . . : . 1 )
itaconic acid Aspergillus wentii derived sugars
1,5- Production of Likely engineered Sugars from
_ ) e . starch, molasses t+
Pentanediaming polyamides Escherichia coli :
ammonium salt
L-Glutamic Corynebacterium Sugars from
; To be developed . starch, molasses t+
acid glutamicum :
ammonium salt
Production of (Modified) . Sugars from
. ) _— Corynebacterium
L-Lysine polyamide building . . ... | starch, molasses
glutamicumor Escherichia :
blocks coli ammonium salt
Polyme_r Engineeredsaccharomyces Sugarcane-
B-Farnesene | production, - :
: cerevisiae derived sugars
lubricants

2. Application of Fermentation in Indigenous Food Products

* Current state of Indigenous Foods: Indigenous foods serve a variety of functions in
society, but perhaps their most significant conttitn is to the diversification of our
diets and improved nutritional security. Howevae benefits and value of indigenous
foods in Asian context have not fully understoodiahs fermented foods are greatly
beneficial system than the African food system,alithias recently received attention.
The existing literatures relating the underutilizedigenous foods in Africa and their
four main contributions of these foods i.e., nignial, environmental, economic, and
social-cultural. The benefits of indigenous foodsvén just come to the public's
attention. Moreover, the last of communication framme generation to another
generation, reduce the implications of indigenoos®dk. Now the people are
recognizing the benefits of indigenous foods areirtkey role for ensuring healthy
food systems.

* Indigenous Fer mented Foods of Asia: The most popular native cuisine items among
South Asians are those made from vegetables imgudirnips, carrots, radishes, and
cucumbers. People prepare these varied items flmyd®ng-term preservation to
offer dietary advantages (Joshi and Sharma 2002)24nd it described in Table 2. A
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number of fermented vegetables that are taken adgumade prepared using
traditional methods (Karkri, 1986). Among the vasoprocessing methods, the
fermentation is the effective tool to develop nesgetable-based products. The best
result is produced when vegetables like carrotsyibers, and radishes are naturally
fermented with lactic acid bacteria at a tempeeatfr26°C while also adding salt at a
concentration of 2.5% and mustard at a concentrati®.0% (Joshi et al., 2003).

* Indigenous Fermented Foods among Tribes: The tribal people of India and the state
of Sikkim ferment and preserve various crops. Adddlly, the prepared foods are
comparable to atchara (Philippines), suan cai (@hitsukemono (Japan), kimchi
(South Korea), oncom (Indonesia), and sauerkrautofie) (Lee, 2009). The north
east Indian tribes of Ao Naga makes the fermenéd@ of anishi produced from the
leaves of the Colocasia plant. This anishi prepamathe Colocasia leaves were
covered in banana leaves or gunny (natural fibecks for a period of around 3-4
days until they became yellow. Following that, thaves are ground into pastes and
made into cakes. These cakes are wrapped in bdeares and let out in the sun to
dry completely harden (Jamir and Deb, 2014).

» Factors Affecting Fermentation: There are a lot of elements that have an impact on
the vegetables that are preserved via lactic aerchdntation. In particular, the
presence of microorganisms, temperature, salt ngrdeemical additions, the amount
of fermentable carbohydrates in the vegetables tlamavailability of minerals in the
brine (Sharma, 2012). Other influencing elemenéstamperature, salt content, and
sequential culture. For the production of fermentedetables with higher quality
characteristics, similar to the natural fermentatgequential culture fermentation is a
potential approach. Compared to regulated fermentanhatural fermentation has
more nutritional advantages.

* Microorganisms. One of the crucial microorganisms in food ferméatais lactic
acid bacteria (LAB), which has been demonstrateddrplogical methods and 16S
ribosomal RNA sequencing to be phylogeneticallykdith and have a number of
similar traits (Adams and Moss, 1996). Lactic adthe main byproduct of the
fermentation of carbohydrates produced by the LBBt{cock and Azmi-ali, 1998).
This group of bacteria includekactobacillus brevis, Lactobacillus plantarum,
Leuconostoc mesenteroides, Streptococcus faeealisPediococcus cerevisiae, and
they belong to the genera Lactobacillus, Streptouec Pediococcus, and
LeuconostodGibbs, 1987). The LAB found in raw foods likegetables or those
generated from a starting culture causes lactimdatation as a natural process
(Sagarika and Pradeepa, 200Beuconostoc mesenteroides heterofermentative
LAB, starts it off, followed by homolactic bacteribke Lactobacillus brevis
completed the fermentation.

* Yeadst: Yeast is a component of the microflora in manyiveatfoods, including
fermented foods. The fermented foods are mainlyemagu of microflora of bacteria,
yeasts, and occasionally fungus. The mix of thegaresms enhances the specific
texture, aroma, and flavor in food in addition tusing it to ferment. Numerous
yeasts in addition to bacteria have been found wide sample of fermented foods
from India. The identified microflora of yeast witbrmented foods is similar in some
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regions of Asia and Africa. The most popular ferteenvegetable product on the
market in Europe is table olives. It involves thderaction of yeasts and the
microflora of lactic acid bacteri@andida, Pichia,andSaccharomyceare the three
most prevalent yeasts. The fermented food industiy the chocolate industry are
only two examples of where yeast is used. As tbdegenous fermented food industry
develops and becomes organized, there is a gromaed to standardize the starter
cultures, which involve a variety of organisms tataon the best texture and flavor.
For instance, candida rugosa plays a role in tbegssing of the pectin, reducing the
bitterness of the product.

 Temperature: All microbial cells are influenced by temperatuad its need a
optimum temperature for their growth. Microorganssmare destroyed at high
temperatures, whereas their activity is reducechated at low temperatures. In
accordance with this, they are divided into thresugs: psychrophiles, mesophiles,
and thermophiles. According to Battcock and Azmi(aD98), LAB are mesophilic
and perform best in a temperature range of 18 t€ 2Pemperature impacts the rate
of acidity in vegetable fermentation and encourages growth of a particular
microbial species, giving it a competitive advametayer other species, both of which
are essential for generating high-quality prod&ttayma and Joshi, 2007).

» Salt Concentration: According to Pederson (1971), salt is typically lagp to
fermented products using one of three methods:-$adihbrine salting, low-salt brine
salting, or dry salting. Cucumbers, radishes, ardots are pickled using dry salting
(Mcfeeters et al., 1989). According to Cheighale{X094), the salt concentration in
fermented vegetables can range from 20 to 80 gfingdermentation and up to 160
g/L in some vegetables that have been kept. High cgemcentrations promote
anaerobiosis in the medium while inhibiting the wgtio of undesirable microbes.
Anaerobiosis is more effective in the final choppamtl shredded plant material,
though.

* Other Additives: Many ingredients apart from salt can be used énpiteparation of
lactic acid-fermented fruits and vegetables. Thewyes three primary purposes: they
provide nutrients (sugars, mineral salts, and vitainfor the microorganisms that
cause fermentation; they aid in limiting the growfhundesirable bacteria (either by
regulating the pH level or by producing inhibitosybstances); and, in the case of
spices, they contribute to the final flavor of tieemented vegetables Montet et al.,
1999).
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Table 2: Indigenous Fermented Food Products from Fer mentation Technology

Name of the
Indigenous Microor ganisms Reference
Product
Kimchi Ln. mesenteroide&n. citreum, Patra, et al., 2016
andLb. plantarum
Chongkukjang Bacillus subtilis Su et al.,, 2007
Doenjang B. subtilisandB. licheniformis ;'ggg Am. etal.,
Gochujang Bacillus velezensis Seo-Jung Jang.
2011
Ganjang StaphylococcyDebaryomyces ;ISQOD'M' etal.,
Oncom Rhizopus oligosporus Sastraatmadia,
D.D;et al (2002)
Sauerkraut Lactobacillus spp, Lactococcus| E. Penas and J.
lactis andPediococcus spp Frias.2017

3. Application of fermentation in Soil and Agriculture: The natural fermentation are less
ubiquitous and had the property of decompositidms Type of fermentation occurs in
stomach (rumen) of ruminants such as cows. Heneéhtiman controlled fermentation
generally prevents further decomposition and pbo&t termentation stage. So, the
fermentation and fermented products are differentdécomposition. A considerable
number of composts are made from fermentation tatbeatheoretical level. Hence the
total amount of the atmospheric nutrients suchaalsan, oxygen, hydrogen and nitrogen,
and chemical were higher in ferment than compoke &oncentration of lithospheric
nutrients of phosphorus, potassium, magnesium,jucal@lso higher in ferment. The
water content of ferment will be considerably higligan compost. The proportion of
rapidly decomposable material, e.g., sugars, simgiarches, proteins, will be
considerably higher in ferment than compost ane wiersa, the proportion of highly
complex stable organic compounds, such as cellulggen and humus, in compost will
be much higher; Ferment is likely to have a comnsidly greater amount / proportion of
biologically active chemicals Such as organic acadsit is these that are in a large part
responsible / and the products of fermentation. phaduction of compost through
fermentation technology could increase the soillfigrand yield of agricultural plants.

4. Application of Fermentation in Civil Industry: Typically, waste from fruits and
vegetables is turned into cement and building neterThe waste of banana peels,
cabbage leaves and orange peels were widely useivilnindustry to make edible
cement. Edible cement is made by grinding food evasto a fine powder, and then
mixed with organic materials such as starch antliloske. This cement can be used in
variety of construction project, such as buildingmes and bridges. This material is
strong and durable, and can stable with heavy laadsweather conditions. Orange peel
are more important it sourced the antifungal, limide, pectin and it was widely
produced by the spontaneous fermentatidluljaja et al., 2019).
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IV.CONCLUSION

Through the fermentation technology various indalyr valuable products can be

produced and utilized. The methods optimization tbe respective products could and
provide the constant production in market at thve dost and without pollution. The products
derived from fermentation technology for civil aagricultural industries need to be focused
in future. The application of fermentation techrgyian various fields is needful for day to

day life. Therefore, fermentation technology redub@armful methods of productions and
more environmentally friendly.
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