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I. INTRODUCTION

Fermentation technology, a process that utilizésraarganisms to produce desired
products, has been a cornerstone of biotechnologgédnturies. This chapter explores the
wide-ranging applications of fermentation technglag various fields, including food and
beverage production, pharmaceuticals, biofuels,iaddstrial biotechnology. By harnessing
the metabolic capabilities of microorganisms, femmagon technology has revolutionized
numerous industries, enabling sustainable andiaftigoroduction of valuable compounds.
The technology of fermentation dates back as fdruasan civilization itself. Over the years,
fermentation has evolved from its humble beginniagsa food preservation technology for
households to a sophisticated one used to manufadiverse range of products at the
industrial scale [1].

Traditionally, fermentation was employed as a modtbf preserving and a mode of
extending food shelf-life [2]. It is due to the pdiar flavor and renowned health benefits;
fermented foods have become so popular. Their popgihas increased the production and
consumption of fermented foods and beverages, bjoivathe recent years. The scientific
community has paid increasing attention to the thebkenefits of fermented foods and
beverages in the last few decades [3]. Apart fismenowned benefits on the gastrointestinal
tract, fermented products have also been provesomtain anti-oxidant, anti-inflammatory,
anti-diabetic and anti-fungal [4]. Probiotics cae defined live bacteria or yeast that
supplements the gastrointestinal flora and improwesstinal health, enhances immune
response, reduces serum cholesterol levels, laotta@lerance symptoms and prevents gut
infections [5]. Fermentation involves yeasts cotiagrsugar to alcohol and carbon dioxide
in anaerobic conditions under controlled conditjamiich in industrial scale produces a wide
variety of substances using microorganisms or masin#anong the many products that
have been produced by fermentation are antibiosicljents such as ethanol, intermediary
compounds such as citric acid, and probiotics sashyoghurt. In addition to drugs,
fermentation is also used to produce materialscéonmercial use, such as diagnostic Kkits,
monoclonal antibodies and drug delivery vehicle.aA®sult, the biopharmaceutical industry
continues to grow rapidly thanks to fermentatioohteology. With the progress in novel
technology, it is expected to expand even furtinethe days ahead [6].The popularity of
industrial fermentation processes has increase@dant years. Using this technology can
reduce our dependence on fossil fuels and chemji¢hldndustrial food fermentation was
possible with the discovery of microorganisms, takdacame possible to understand and
manage food fermentations. Although fermentation wdially used for food production, it
also manufactures foods and food supplements @sicheese, pickles), industrial chemicals
(such as acetone,), pharmaceutical chemicals (f&chenzymes, vaccines), alcoholic
beverages (such as beer, wine), analytical proqsath as citric acid), and biofuels [6].

Modern sophisticated equipment and advances imefetation technologies have
addressed many of the challenges associated \aifititmal fermentation methods over the
years. and progressed with new approaches for featien of novel products [8]. As a result
of the wide application associated with fermentatiechnology, in recent times it has
witnessed a huge leap in terms of production amdwmer acceptance.
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II. FERMENTATION PROCESS OVERVIEW

1. Microbial Fermentation: The term fermentation originates from a Latin vechlled
“fevere”, which literally means to boil. During thoduction of alcohol, the first truly
industrial process, the gas bubbles of carbon desippear at the surface of the boiling
liquid, which gave the appearance of boiling liquitence, it is named as fermentation.
Although fermentation is defined as the anaerolb@akdown of organic substances by
microorganisms such as bacteria, yeasts, and ftogvever, this definition is no longer
valid since the term industrial fermentation is nased for large- scale cultivation of
microorganisms, even though most of them are aerdor the transformation of
complicated substrate into simpler products berafio peoplewith applications in the
production of energy, pharmaceuticals, chemicadd,faod industries [9], namely for the
biotransformation product, metabolites, biomasscomghinant technologies, and
manufacture of enzymes. During fermentation, migganisms metabolize carbohydrates
or other organic substrates, producing energy, moétas, and desired products. In light
of its lower environmental impact and lower opergtcosts compared to conventional
chemical processes, fermentation has not only citla attention from the food
processing industry, but also the pharmaceuticdl \maste treatment industries. Using
microorganisms, raw ingredients are transformed ifbods with better storage
characteristics and enhanced biochemical (nutri@my organoleptic levels. In a
fermentation process, nutrient availability, sudgrconcentration, pH, temperature, and
aeration influence the final fermented product.][i© order to produce primary and
secondary metabolites, and perform biotransformatiil extraction and various other
fermentation process, strains of microorganism#$ wigh yields are used to meet the
market demands [11]. Fermentation technology isdisodivided into two parts; viz
upstream process and downstream process. Thel ipibgess of preparing for the
fermentation, including selection, screening andoromement of microbial strain,
preparation and sterilization of media, inoculunmegaration is called as upstream
processing. The recovery of the product after #renéntation such as the filtration,
extraction, product purification and packing arechas downstream processing.

2. Key Factors in Fermentation: Several factors influence fermentation processes,
including microbial strain selection, nutrient dadility, temperature, pH, oxygen levels,
and process control parameters.

» Microbial Strain Selection: Strain refers to the homogenous population of goten
microbes. The stain should be high yielding, it ddohave stable biochemical
characteristics, it should be easily cultivablelarge scale and should not produce
any undesirable substances. Desirable microbiainstrcan be selected through
primary screening and secondary screening techsicguerther, the strain can be
improved by either of the following methods: mutageis, genetic engineering,
natural recombination, regulatory mechanisms gprioyoplast fusion.

 Raw Material: The type and quality of the substrate or raw maltéeing fermented
play a significant role. Fermentation can utiliseligerse range of organic products,
including carbohydrates, proteins or fats. The oositpn, concentration and
availability of nutrients in the substrate can irtpermentation efficiency and final
product characteristics.
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* Nutrient Availability: The availability of the nutrients to the microbesdiependent
on the composition of the fermentation media. Thiee the technical agendas of the
fermentation, the fermentation media must satififghe nutritional requirements of
the microorganism. The formulation of nutrients @wkdo be geared towards
encouraging the production of the desired end mpduhether it be cellular biomass
or a specific substrate. The source, type and aabfirbasic nutrients are the most
crucial factors determining the success rate of feanyentation process. In order to
reproduce, form products, and maintain cells, nuigganisms require carbon sources
as a source of energy. Traditional carbon souroesricrobial fermentations are
carbohydrates (such as malt extract, molasseghstamhey, sulphite waste liquor,
cellulose), although alcohol and alkanes can atésoded. The type and amount of the
product formed depends on the nature of carborceswand rate of assimilation [12]
.Similar to carbon, the source and concentratiomitobgen in the media also plays an
important role. Most microorganisms can utilisehbotganic and inorganic source of
nitrogen. In some cases, nitrogen may have retgrdffects on the production of
metabolite whereas in others it may have enharftente. Generally, the crude forms
of nitrogen (such as yeast extracts, peptones, begam meat) supplied from the
byproducts of various other industries. Phosphatso another basic component of
the fermentation media as it is required for thedpiction of nucleic acids and for the
production of phospholipids. According to the neédhe organism and nature of the
desired product phosphate must be added in apptepyuantity. For the production
of secondary metabolites, some fermentations requspecific precursors.
Phenylacetic acid is used as a side chain precumspenicillin production. It is
necessary to incorporate an inducer into the auhoedium during fermentation if the
production of a product is dependent on the presearicthe inducer. A metabolic
inhibitor reduces formation of other metabolic mtediates and redirects metabolism
towards a target product. Optimization techniqussuld be carried out not only to
reduce the time for the process development bottalseduce the overall production
cost [12].

 Temperatureand pH: Temperature and pH are the key factors that dyreffiect the

development of microorganisms as it determinesrabe of growth, multiplication,
survival and death. Each microorganism has an aptirtemperature for its activity.
In some cases, temperature control is crucial event the growth of unwanted
microorganisms or to promote specific metabolichpatys. To ensure successful
fermentation the pH must be kept under observatimhunder control at all times. as
pH optimisation is important for promoting enzymaiwty, microbial growth, and
production of desired fermentation products.

* Oxygen Levels: In both the presence and lack of oxygen, fermemtaian take place.
The availability or absence of oxygen affects tyy@es of microorganisms that can
thrive and produce products during fermentation.

» Agitation: Proper agitation enhances the distribution of ienots, oxygen and
microbial cells and helps to maintain uniform cdiuis throughout the fermentation
vessel, improving fermentation efficiency and praugg the formation of
concentration gradients.
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[11.FOOD AND BEVERAGE INDUSTRY

1. Fermented Foods. Fermented foods are composed of the complex mietahteraction
between raw ingredients and fermenting microorgasjsresulting in a product with
unique physical and biochemical characteristics. eMVifoods are fermented, the
nutritional and biochemical quality of the originelw material alter. Microorganisms
play a crucial role in the fermentation processaging flavor, texture, and nutritional
quality of the final products. Fermenting microargans mainly consist of lactic acid
bacteria (LAB) such alsactobacillus, Streptococcus, and Leuconostoc, and yeasts
including Saccharomyces, Penicillium, Rhizopus, and Mucor species [13], [14]
Fermentation not only makes the food safer for con#ion but also reduces the energy
consumption when cooking [15], [16]. Several adaget can be attributed to fermented
foods [4], [17]:

= The shelf life of fermented foods is longer thaattbf their original counterparts

= Enhanced of organoleptic properties. For examgiegse in comparison to its
raw substrate, milk, has more enhanced organolpptigerties.

= For obtaining raw materials that are free of hatfuafwanted ingredients. For
example, Cyanide content in garri is reduced dupngparation of cassava by
fermentation.

= Higher antioxidant properties in fermented foodst Example: The proteolysis
of milk proteins releases biopeptides, which givegwt higher antioxidant
properties compared to milk.

= Cooking time period of fermented foods is greatgluced compared to non-
fermented counterparts.

= Fermenting microorganisms enhances the nutritiqgpraperties of fermented
foods. For example, Yeast increases the nutritivalle of bread and garri. By
lowering blood cholesterol levels, resisting infens, boosting immunity,
preventing osteoporosis, combating diabetes, adlgrg obesity, and
atherosclerosis, in addition to soothing lactogelémance symptoms, fermented
foods have numerous positive health impacts [18mBrous fermented foods and
beverages are produced via fermentation., inclugiogurt, cheese, idli, dosa,
sauerkraut, kimchi, soy sauce, bread, fermentedtabigs and fruits, beer, wine,
vinegar, etc. Most of the fermented products arelanasing starter cultures of
(LAB) and other microorganisms. It is the produstiaf lactic acid that produces
the preservation effect, which lowers pH and prévemarmful and spoiling
organism growth [19]. Due to all these advantage$eomented foods, it has
recently grown in prominence owing to consumerrgge which has significantly
increased market size.

* Fermented Milk and Milk Products: Fermented milk constitutes an vital part of
human nutrition due to its hypo-cholesterolemicpdtgnsive, and antimicrobial
effects [20]. In order to protect the nutritive walof milk and improve the shelf life
most of the milk based fermented food are produfredn LAB. Lactic acid
fermentation enhances protein solubility and sonmeranutrients and amino acids'
availability [21] Traditionally, fermented foods &u as yogurt are prepared using
microorganisms based on raw materials and localtipes where, curdling of milk
may be induced by adding several different curdiggents or by adding a small
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amount of preformed curd, with subsequent incubaéiba warm temperature [22],
[23]. Probiotics can be found in yogurt, a ferment®iry product made from milk
that has been coagulated by lactic acid fermemigdtd]. Fermented dairy products
such as cheese offer high levels of fat, calciumd,\atamin B, as well as high energy
values. Combined with the vitamins, minerals ara@hbiive peptides cheese prevents
against several diseases [25]. Unpasteurized siirmented into koumiss, a slightly
alcoholic fermented beverage [26], [27]. The didive sour and alcoholic flavour of
kousmiss is the result of both lactic acid and lad¢dermentation [4], [28].

* Fermented Meat and Meat Products. Meat fermentation is one of the earliest and
most prevalent type of fermentation [29]. Seveiaktbemical, microbiological, and
chemical processes are involved in the productiofermented meat, due to which
fermented meat products acquire their distinctilavdr, colour, and odour [4].
Examples of fermented meat products are Sucuk {Surlermented dry sausage),
fermented sausage, pastirma, Nham, salami, Ferchdiste products such as fish
sauce, Suan yu, bagoong, paak [30], [31].

» Fermented Fruit and Vegetable Products. Globally, fermented fruits and
vegetables such as pickled cucumbers, and kimehinglispensable components of
human nutrition [32], [33]. The fermentation of tiacacid inhibits pathogens and
spoilage microbes by converting carbohydrates to2,C@lcohol, and organic
acids,and it is the primary fermentation processdu®r fruits and vegetables [34],
[35]. Mexican pulque is made by fermenting juicesti the cactus plant (Agave) and
it is the earliest alcoholic beverage consumedarntiNAmerica [36].

* Fermented Beverages:. The food fermentation sector witness rapid growtith the
beverage industry emerging as one of the swiftepaieding industry as they are
regarded by today's health-conscious customersédryeountry as a product that is
energizing, practical, and healthful as well agarse of probiotics that may enhance
wellbeing and lower the chance of developing clo@md degenerative diseases [37].
Therefore, fermented beverages are gaining populaat an escalating rate
throughout the world because of their health-prangoproperties. Furthermore, non-
dairy probiotic fermented drinks have been creatsidg soy milk, whey, grains in
addition to conventional beverages [38]. It is $@romyces cerevisiae that plays a
central role in producing fermented beverages amdid [39] as in the history of
mankind, yeast has been the most important faot@raducing alcoholic beverages
and economically important of all biotechnologid®]]  There are several different
types of sugar-containing materials that can bel usemake fermented beverages,
including vegetable juices, cereals, milk and &uithus, the fermented beverages
obtained from different sources includes the folliyy wine from grapes, beer from
barley, kefir from kefir grains. Water kefir, lancbibeer, kombucha, etc are the
traditional Turkish fermented beverages most comyaonsumed include non-
alcoholic beverages in their diet [41]. Differerdrrhented beverages have been
created over time from various food matrices, givimstomers a variety of ways to
include bioactive ingredients in their daily diScience and technology have played
an increasingly important role in the evolutionfementation, from the selection and
use of specific starter cultures to improved nutnidl properties and characteristics
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[42]. It is anticipated that fermented beverages wilhgaominence in the functional
food markets, in the coming era, as a result cfmeadvancements [43].

2. Probiotics. Fermentation is employed to produce probiotic podsl containing live
beneficial microorganisms. The term probiotic refer a single strain or combination of
multiple strains of living microorganisms that enba the intestinal microbial balance of
the host and provide benefits to it either directlyndirectly. Probiotics contribute to
gut health, enhance digestion, and boost the immysiem. In order to derive the health
benefits conferred by probiotics, humans consunrmadated foods, as they are the major
source of probiotics [44]. Fermented dairy prodwasie rich in probiotics. Apart from the
fermented dairy products, probiotics are also abédl in the form of capsules, pills and
tablets [45]. In addition to these, non-dairy fuocal foods are seen as a wise alternative
for vegans and individuals with lactose intoleraf@@]. Among this plethora of options
rich in probiotics, the dominant source of proldare the dairy products [47] especially
yogurts have a relatively low pH environment tratconducive to probiotic bacteria's
survival. There are two genera of probiotic micgasisms that make up most of their
composition: Lactobacillus and Bifidobacterium. Among which Lactic acid bacteria
(LAB) are widely used as probiotics as they perfatmal function; they act as both
probiotic delivery vehicles as well as starter argt for fermentation [48]. In general
probiotics not only serve as a starter cultureddsib imparts many distinctive functional
and sensory characteristics to the product [49hddition to imparting various health-
promoting qualities [50]. The primary health beteefierived from probiotics include
improved balance of gut microbiota that helps idevéting resistance against
gastrointestinal infections by strengthening thelgarrier function, increasing immunity;,
inhibiting the growth of pathogenic bacteria, praveg irritable bowel syndrome and
diarrhoea, improving assimilation of serum choledtetc [51]. In order to derive the
health benefits conferred by probiotics, strainpmbiotics are incorporated in products
such as yogurt, cheese, fermented milk and icarcf{éa]. A probiotic fermented milk is
made from a fermented milk that has been inoculaidd probiotics [53]. The probiotics
found in fermented fruits and vegetables contaiaggic acid bacteria are effective in
preventing diseases such as cirrhosis and diarfbép Therefore, probiotics have
garnered considerable attention in recent dec&®s [

Essentially, there are three steps involved imtaaufacture of a probiotic product:

* The selection of the starter culture is determibgdts capacity to target a specific
location within the host’s digestive system, estdibla presence and deliver the
probiotic benefit;

» The starter culture is evaluated from a technoldgoerspective, which is based on
the starter culture's ability to propagate sucediysfand maintain viability at
industrial levels; and

* Incorporating probiotic cultures into products taters or adjunct cultures. Probiotic
strains tools of several strains were charactenzaag predictive microbiology using
whole genomes to provide information related tdrtpeoperties as probiotics [55],
[56].
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IV.PHARMACEUTICALSAND BIOLOGICS

1. Antibiotics and Pharmaceuticals. The cultivation of specific microorganisms and
optimizing fermentation conditions enable the ecnital manufacturing of therapeutic
compounds. Antibiotics are an important group adaotive compounds produced by
different microorganisms during the process of femmtion, having the ability to
selectively kill or restrict the growth of harmfphthogenic microorganisms at very low
concentrations [57]. They are secondary metaboliteg are produced during the
idiophase. Antibiotics are widely used round therld/dfor preventing and treating
diseases [58]. With industrialization and globdlma population is increasing at a rapid
rate, leading to the increased consumption of mtiids. Hence production of a cost-
effective method for the antibiotic production revitable in order to meet the rising
demands [59]. Many antibiotics, such as penicilitreptomycin, and tetracycline, are
produced through fermentation. Antibiotics are galhe produced at the industrial scale
using agro-wastes, such as sawdust; as they drenricioactive compounds. Different
agricultural are used for the production of diffgrantibiotics. Utilizing groundnut shells
as the raw material and a strainSfeptomyces rimosus, Oxytetracycline was synthesized
using SSF. [60] . This method of production of @tsdcycline was also supported by
[61] and [62]. Agro-wastes are also used in thastroiction of antibiotic, such as
neomycin [63]. Of the different agro-industrial wesstested, coconut oil cake and ground
nut shell produced the most antibiotics. In recutlies, solid state fermentation (SoSF)
was used to produce oxytetracycline, neomycin,rdachycin. Hence, antibiotics can be
produced efficiently by fermenting agro-waste usapgropriate fermentation techniques
[57]. In addition to strain improvement, use ofiegltural residues as low-cost carbon
source the cost of antibiotic production can benificantly reduced. Microbial
fermentation led to the production of penicillirorin Penicillium notatumoea, the first
antibiotic to be produced through this process.ddigultures of actinomycetes and fungi
produced penicillin in Solid state fermentation EpSToday, SSF is more widely used
than Submerged fermentation (SmF) as a resulteofidvelopment of proper substrates
due to the production of constant and high quaatititbiotics in SSF. Certain common
antibiotics produced from SSF are Penicillin, Cephan C, Cyclosporin A,
Cephalosporins, Iturin, and Neomycin. Through fatth system most antibiotics are
produced, such as teicoplanin [64] daptomycin fgijsin ands-lactams [66]. Penicillin,
cephalosporins, and monobactams are collectivédyresl to as -lactam antibiotics.

Although antibiotics can be synthesized by synthptbcesses as well, the only
convenient method for creating this important miegids still microbial fermentation.
[67]. Since (a) The bacterial or fungal strainttheoduces the antibiotic determines the
purity of the active ingredients.; (b) The raw iadients used, especially the type of water
used to cultivate the strains, can also differ); different strains may be treated under
different conditions.; and (d) The selectivity bktextraction and purification procedures
might be restricted [68]. Since antibiotic prodooti has advanced dramatically,
regulatory networks have evolved as well and itsagellular and environmental signals,
have made it possible to discover and overprodoeelrantibiotics. At present, genetic
engineering is playing a vital role in strain amgnfientation improvement to hasten the
process of discovery and development of new arnidsi@s effective drugs [69].
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2. Recombinant Proteins and Biologics: In order for mankind to survive, therapeutic
proteins must be produced at a large scale todisaases at a large scale. The production
of recombinant proteins has been made possibledsnt progress in recombinant DNA
technologies that can be used as vaccines, diagnosagents, and therapeutics.
Fermentation technology has an pivotal role in phaduction of recombinant proteins,
including hormones, therapeutic enzymes, and monatkntibodies. Microorganisms or
cell cultures are genetically engineered to expassk produce these complex molecules
at both the large-scale settings and at the latmyragcale. For small biologics (e.g.,
proteins, peptides, growth factors, cytokines, Ishtipmain antibodies plasmid DNA,
nucleic acids, and peptibodies), microbiologicaihfentation in bacteria, yeast, or fungi is
generally preferred as the processing time requioadpared to cell culture, are frequently
much shorter, and media expenses can be subdiartialer. The use of microbial
fermentations in manufacturing recombinant protefasults in accelerated progress,
increased output, superior product quality, mingdibatch to batch variability, enhanced
scalability and reduced production expenses [@0hke early 1980s, recombinant insulin
produced from Esherichia coli became the inauguinarmaceutical protein approved for
clinical use via microbial fermentation. Since thehis field has witnessed many
advances. Novel cell factories are produced throbgih-throughput analyses and
integrative approaches, therapeutic proteins cgrdiduced on a large scale [71]. Several
studies have demonstrated tlzscherichia coli has many advantages over yeast and
other expression systems, it is the perfect hostttie creation of non-glycosylated
proteins. This is primarily because of its simplestueam process (USP) and ease of
handling, which enable it to be employed in the afacture of recombinant proteins in
huge quantities at reasonable costs [#¢charomyces cerevisiae and Pichia pastoris are
the second and third most favorable microbial systeespectively for the production of
recombinant proteins after Eoli [73]. Chinese hamster ovary (CHO) cells are the fourth
most common host mammalian system and accounbémhty 70% of the recombinant
proteins generated [74].Over the last decade tlousinal scale manufacture of
recombinant therapeutic proteins including monaoalorantibodies (mAbs) have
undergone a sea change improvement in terms ofemmaitation of various novel
technologies [75]

V. BIOFUELSAND RENEWABLE ENERGY

1. Ethanol Production: In recent years need for fossil fuels such asopeaind diesel has
increased several folds, as a result biofuelsrat@gh demand. This is due the fact that
biofuels are an excellent substitute of fossil sueVarious biofuels produced from
biodegradable and waste materials leading to zeasten concept are biodiesels,
bioethanol, butanol, biohydrogen etc [76]. Biofaee an excellent substitute for fossil
fuels their nontoxic, sulfur-free, biodegradabldune, originating from the renewable
sources [77]. Furthermore, biofuels are experingrowing utilization in the fields of
transportation, heat, and power developments #uatire renewable energy sources [77].
The most significant benefit of biofuels is thagyhare a renewable source of fuel mostly
derived from agriculture and essential harvestvpds, and residue streams [78]—[80].

Biological fuels are energy sources derived fromgaaic materials (collectively

called biomass), which are renewable and can beesi@d repeatedly. They are mostly
derived from agricultural and essential harvestigods, and residue streams, which are
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utilised to substitute non-renewable energy fuéB]4[80]. Biodiesel, which is derived
from vegetable oils, recycled wax, or animal faed bioethanol, is derived from the
fermentation of sugar and starch crops like maemeg biogas [77]. Utilization of
agricultural leftovers such as sawdust, potato evaste straw, corn stalks, and sugarcane
bagasse has been demonstrated in prior studies[82]]to produce ethanol through the
action of yeast or bacteria. Fermentation is a yeoynising approach for the conversion
of food waste into biofuels. Different biotechnaleg) are able to turn food waste into
biofuels through, aerobic digestion, anaerobic stiga and microbial fermentation
processes such as biomethane, biohydrogen, biadgthand biodiesel [83]. In the
production of biofuel, a wide range of raw mateyias been used, depending on the
availability of biomass, cost-effectiveness, angirtigeographic location. In recent years,
lignocellulosic biomass has been used as a rawrialdby many researchers all over the
world compared to any other raw material [84]. $ekgeneration biofuels produced
from lignocellulosic biomass were investigated iarigus studies [85], [86].The
production of biofuels could be based on a varwtyignocellulosic residues such as
straws, wood pellets, and agro-waste [87] . As sulteof its low price, availability
throughout the year, and wide geographical distidioy lignocellulosic biomass is
regarded not only as a viable option for biofuebdurction, but also as a suitable
replacement to fossil fuels [88]. Lignocellulosicaterials have been used in many
research studies to make bioethanol [89], [90].eRafce [91] discussed the use of
agricultural wastes to produce second-generatioetbanol. They concentrated on the
utilisation of various agro-industrial wastes' lgellulosic content. Therefore,
lignocellulosic-derived biofuels are both eco-fdgnand alternative sources of energy
for the production of biofuels. Due to rapid popigda influx and industrialization in most
of the developing countries, the demand for loveguli energy source is extremely high.
High demand for energy fuels can be met by usimmp@aical agricultural residues for
the production of biofuels. Bioethanol was credigdermenting vegetable waste using
the yeast Saccharomyces cerevisiae [92]. They rnadeof common vegetable scraps.
Producing bioethanol might be the best alternativeating agricultural waste. Hence, a
better method to meet the need for energy whilesgmeng limited resources is to
produce valuable biofuels out of cheap, environagntfriendly agricultural waste.
Hence, our reliance on woody biomass from forest®duced by the use of agricultural
residues, helping to reduce deforestatj@B8]. To address the industrial demand for
renewable energy, metabolic engineering is pustiiadgoundaries of what is possible by
creating microbial chassis for biofuel bio-foundri¢94]. Metabolic engineering can be
used to get beyond these obstacles in the biofuetiugtion routes, which have
revolutionised the standards for producing bothveotional and advanced biofuels. By
changing the molecular mechanisms linked to theab@dic pathways that produce fuel,
this method seeks to improve the metabolic perfagaaf microorganisms. [94]. Hence,
the environmentally-friendly and nontoxic naturelbodfuels has made them a popular
source of energy. Industrialization and commersaion require accelerating laboratory-
scale cycles of biofuels to enhance yields andystdties [77].

2. Biogas Generation: Anaerobic fermentation of organic waste materiddsach as
agricultural residues, animal manure, and food &yagtoduces biogas. As a flexible
energy source, biogas can be used to produce Ipeater, biomaterials, and
transportation fuels, as well as to ensure enviemtal pollution is controlled in a
meaningful way [95]. Biogas, primarily composedméthane, serves as a sustainable
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energy source for electricity generation and heatlgction. The principal constituent of
biogas includes CH60%) and CQ@(40%) [96]. Biogas can be a useful means of
achieving a number of goals relating to waste, remvhent, and energy management. To
replace fossil fuel in an environmentally sustalealay, biogas production is the most
crucial prerequisite. Biogas can be created affilés)dvastewater treatment facilities, and
agricultural biogas plants under controlled comaisi [97]. In spite of numerous routes of
renewable energy sources available, due to themenm supply of lignocellulosic
biomass, biogas generation holds an unparallelsdipo. As a result, researchers from
all around the world are working diligently to ctedow-cost, sustainable methods of
producing biogas for use in power, heat, and trarigpon [95]. Renewable energy is
expected to make up 55%-75% of total energy consomjpy 2050, with an emphasis
on geographic self-reliance. Thus, the expandimdd fiof renewable energy sources
should include biogas plants as facilities thatgfarm waste into electricity. Compressed
biogas can be produced from organic residues wsmiagrobic digestion techniques as a
key renewable energy technology [98]. The efficieohversion of organic materials in
biomass under the assimilation of anaerobic bactisriknown as biomass anaerobic
fermentation, which finally creates economicallyluadble methane and some carbon
dioxide that can be burned to produce electridiye to a number of disadvantages
associated with traditional anaerobic fermentasioch as long fermentation time and low
gas production rate, wide application of this metlar biogas production is limited. In
comparison to medium temperature anaerobic ferrtientahe high temperature method
produces more gas and kills more pathogenic migeosms. Hence, anaerobic
fermentation technology along with high temperaiareighly efficient and cost-effective
[99]. It was shown tha€. autoethanogenum can act as a biocatalyst to ferment carbon
dioxide from synthetic biogas augmented with hyérotp produce ethanol and acetate as
biogas upgrading technologies [100]. In anaerokmnéntation to produce methane,
duckweed has been proven as an excellent methadeiqgar and can take the role of
lignocellulosic plants [99]. The use of biogas asuatainable fuel appears to be the path
of rising relevance when taking into account thedfiés to the environment and the
economy. Utilizing waste to create biogas is undedily in keeping with the circular
economy movement [97].

INDUSTRIAL BIOTECHNOLOGY

Enzyme Production: Enzymes are efficient, sustainable and greenlestgutes to the
chemicals used for the industrial processes. Theytlee flexible biocatalysts that have
the power to significantly alter the food sectoddignocellulosic biorefineries [101].
Fermentation is utilized to produce a wide rangemfymes used in various industries,
including detergent, textile, paper, and biofueloduction. Microorganisms are
engineered to overexpress specific enzymes, reguli high yields and cost-effective
production. Enzyme-catalysed reactions offer variadvantages; since these reactions
are specific, produce less and low toxic by-prosluthere are economic and
environmental benefits to immobilizing and reusemzymes, and these benefits can be
achieved through enzyme inactivation [102]. There several different applications of
enzymes, which includes the food processing, teahrapplications, organic synthesis
and biofuel production in pharmaceuticals and caes§l03]. Enzymes are employed in
the detergent business to break down proteingisli@nd starches in order to soften and
enhance the colour of the fabric. It is used toucedviscosity, increase softness and
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brightness in pulp and paper products by utilizZmgymes such as amylases, cellulases,
and xylanases [104]. Enzymes utilized in the daegtor for the manufacturing of
lactose-free dairy products and cheese are lipas$actases. Amylases are an important
group of carbohydrate hydrolytic enzymes that aedufor improving the stability of the
dough in bakery industry and also for clarifyingifrjuices in juice industry [105]. A
number of enzymes are used in the production oéthanol for the breakdown of
lignocellulose, including cellulases, hemicellumsand xylanases [106]. The collection
of enzymes is made possible with both fungi anddsecwhen fermentation is done on
appropriate substrate. Enzymes cultivated from disngre generally produced through
solid state fermentation as they require less watéential, whereas bacterial enzyme
production is best produced through submerged fatetien [107]. However, recent
studies have shown that bacterial enzyme producboid also be achieved by solid state
fermentation. Well known enzymes produced from d&d&tare amylase, cellulase,
xylanase, and L-asparaginase. Several species eoffutngus Aspergillus have been
isolated from this procedure, which is a cruciak dor the production of enzymes in
industry. In the pastspergillus is used as model microorganism used to producguiin
enzymes as it is the largest fungal source of eerzfif8]. Numerous microorganisms
that break down lignocellulosic material are bestgdied in the agroindustry as potential
manufacturers of enzymes necessary for the enzgrhatirolysis of the lignocellulosic
material [109]. Worldwide, lignocellulolytic enzymeccount for 20% of commercially
available enzyme sales and have applications ird,fdextile biofuel, paper and
pharmaceutical industries [110]. Engineering tam@a be used to improve the strains of
enzymes produced. Purity, specificity, catalytidicedncy, and expression vyield of
engineered enzymes are improved thanks to altemsidoaacid sequences and the
application of potential protein engineering tosigh as computational techniques, and
directed evolution [111]. Thus, in the field of t®ohnology, microbial enzyme
production provides an invaluable resource whichdwide application.

2. Specialty Chemicals and Fine Chemicals. Fermentation enables the production of
specialty chemicals and fine chemicals, includimgaaic acids, amino acids, vitamins,
and bioactive compounds. Microbial strains are roped to generate high-value
products with desired properties. Many industriebduction methods rely on model
organisms such dsscherichia coli and Saccharomyces cerevisiae due to their robust and
desirable traits [112]. The industrial biotechnglogdustry has grown into a notable
production method for ethanol suitable for fuelgaic acids and large quantities of
amino acid, even though most items are still spieged products for food and
pharmaceuticals [113].Common organic acids produbszligh solid state fermentation
are citric acid, gallic acid, lactic acid, fumaacid and kojic acid. Several agricultural
industry wastes have been shown to be very invergiibstrates for the manufacture of
citric acid through solid state fermentation areeathbran, sugarcane, coffee husk,
pineapple wastes, de-oiled rice bran, grape poniaee fruit peels, and apple. For the
production of citric acid fromAspergillus, a substrate made of pine apple waste was
utilized. Secondary Metabolites are mostly produftech Fungus. Gibberellic acid is a
secondary metabolite produced by a fungus usin@ilir@an as substrate in its stationary
phase, through solid state fermentation. In SSH,can find water-soluble vitamins like
riboflavin, nicotinic acid, thiamine, vitamin Bl2and vitamin B6 produced from
Rhizophus and Klebsiella species, which produce vitamin Bfi2significant amounts
[113].
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VII. CONCLUSION

Fermentation technology serves as a versatile paekerful tool in biotechnology,
offering diverse applications in food productiorhapmaceuticals, biofuels, and industrial
biotechnology. Without a doubt, fermentation israc@l and vital processing technique used
to create new food products. It also emphasizesstgeificance of fermentation as a
multifaceted and sustainable process for the matwiag of a diverse array of products.
This chapter underscores the crucial role of blotetogy in harnessing microbial
fermentation for the benefit of society, paving tvay of innovative and eco-friendly
solutions to address global issues. By harnessing metabolic capabilities of
microorganisms, fermentation facilitates sustaieaptoduction processes, leading to the
development of valuable compounds, renewable engogyces, and innovative solutions.
Continued advancements in fermentation technolaggt hmmense potential for addressing
global challenges and shaping a more sustainatlesfu

REFERENCES

[1] N. Terefe, “Recent developments in fermentationhtedogy: toward the next revolution in food
production,” pp. 89-106, 2022.

[2] J. De Roos and L. De Vuyst, “Acetic acid bactenidgermented foods and beverages,” Current Opimion i
Biotechnology, vol. 49. Elsevier Ltd, pp. 115-12918.

[3] R.Huetal., “Fermented carrot juice attenuatee t¥ diabetes by mediating gut microbiota in ratsdd
Funct, vol. 10, no. 5, pp. 2935-2946, 2019.

[4] N. Sanlier, B. B. Gokcen, and A. C. Sezgin, “Health dféa of fermented foods,” Critical Reviews in
Food Science and Nutrition, vol. 59, no. 3. Tagod Francis Inc., pp. 506-527, 2019.

[51 F. Zendeboodi, N. Khorshidian, A. M. MortazaviamdaA. G. da Cruz, “Probiotic: conceptualization
from a new approach,” Current Opinion in Food Scervol. 32. Elsevier Ltd, pp. 103-123, 2020.

[6] M. Rahman, “Medical applications of fermentatioghrology,” Adv Mat Res, vol. 810, pp. 127-157,
2013.

[71 L. R. Formenti et al., “Challenges in industriatrfeentation technology research,” Biotechnol J, @ol.
no. 6, pp. 727-738, 2014.

[8] O. A. Adebo et al., “Advances in Fermentation Tesdbgy for Novel Food Products,” in Innovations in
Technologies for Fermented Food and Beverage IridasSpringer International Publishing, pp. 71-87,
2018.

[91 V. Singh, S. Haque, R. Niwas, A. Srivastava, M. Upateti, and C. K. M. Tripathi, “Strategies for
fermentation medium optimization: An in-depth rewje Frontiers in Microbiology, vol. 7, no. JAN.
Frontiers Research Foundation, 2017.

[10] B. T. Tadesse, A. B. Abera, A. T. Tefera, D. Muleia T. Alemu, and G. Wessel, “Molecular
Characterization of Fermenting Yeast Species fremménted Teff Dough during Preparation of Injera
Using ITS DNA Sequence,” Int J Food Sci, vol. 20091291863, 2019.

[11] K. K. Dubey, A. R. Ray, and B. K. Behera, “Prodoatiof demethylated colchicine through microbial
transformation and scale-up process developmentte3s Biochemistry, vol. 43, no. 3, pp. 251-257,
2008.

[12] J. D. Marwick, P. C. Wright, and J. G. Burgess,dfgiocess Intensification for Production of Novel
Marine Bacterial Antibiotics Through Bioreactor @aton and Design,” Marine Biotechnology, vol. 1,
no. 5, pp. 495-507, 1999.

[13] |I. Vagelas, N. Gougoulias, G. Liviu, and E.-D. Nece “Bread contamination with fungus Plant
availiable water and soil’s nitrogen modeling atiig GIS and Precision Agriculture View project
BREAD CONTAMINATION WITH FUNGUS,” 2011.

[14] F. Melini, V. Melini, F. Luziatelli, A. G. Ficca, ral M. Ruzzi, “Health-promoting components in
fermented foods: An up-to-date systematic revidvytrients, vol. 11, no. 5. MDPI AG, 2019.

[15] H. Xiang, D. Sun-Waterhouse, G. I. N. WaterhouseC@@, and Z. Ruan, “Fermentation-enabled wellness
foods: A fresh perspective,” Food Science and Huwfahness, vol. 8, no. 3, pp. 203-243, 2019.

Copyright © 2024 Authors Paget|



[16]

[17]

[18]

[19]
[20]

[21]

[22]

(23]

[24]
[25]
[26]
[27]

(28]

[29]

[30]

[31]
[32]
[33]
[34]
[35]

[36]

[37]
[38]

[39]

Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-520-8
[IP Series, Volume 3, Book 16, Part 1, Chapter 3
APPLICATIONS OF FERMENTATION TECHNOLOGY
IN BIOTECHNOLOGY: FROM FOOD TO PHARMACEUTICALS

S. G. Nkhata, E. Ayua, E. H. Kamau, and J. B. Shind'Fermentation and germination improve
nutritional value of cereals and legumes throudivation of endogenous enzymes,” Food Science and
Nutrition, vol. 6, no. 8. Wiley-Blackwell, pp. 2448458, 2018.

F. Melini, V. Melini, F. Luziatelli, A. G. Ficca, md M. Ruzzi, “Health-promoting components in
fermented foods: An up-to-date systematic revidvytrients, vol. 11, no. 5. MDPI AG, 2019.

J. P. Tamang, K. Watanabe, and W. H. Holzapfel,vi®e: Diversity of microorganisms in global
fermented foods and beverages,” Frontiers in Miglolgy, vol. 7, no. MAR. Frontiers Research
Foundation, 2016.

F. Leroy and L. De Vuyst, “Lactic acid bacteriafanctional starter cultures for the food fermeruati
industry,” Trends Food Sci Technol, vol. 15, nopg, 67—78, 2004.

K. Ohsawa, N. Uchida, K. Ohki, Y. Nakamura, and¥Ydkogoshi, “Lactobacillus helveticus—fermented
milk improves learning and memory in mice,” Nutridesci, vol. 18, no. 5, pp. 232—-240, 2015.

G. C. Rollan, C. L. Gerez, and J. G. Leblanc, “iafgrmentation as a strategy to improve the ratrél
and functional values of pseudocereals,” Frontierdlutrition, vol. 6. Frontiers Media S.A., Jul. ,03
2019. doi: 10.3389/fnut.2019.00098.

M. Z. Grujovi, K. G. Mladenow, T. Semedo-Lemsaddek, M. Laranjo, O. D. Stefahoand S. D.
Koci¢-Tanackov, “Advantages and disadvantages of natestdactic acid bacteria from traditional
fermented foods: Potential use as starters or gtiobj” Compr Rev Food Sci Food Saf, vol. 21, no. 2
pp. 1537-1567, Mar. 2022, doi: https://doi.org/101/1541-4337.12897.

M. Kazou, A. Grafakou, E. Tsakalidou, and M. Getaga “Zooming Into the Microbiota of Home-
Made and Industrial Kefir Produced in Greece Us@igssical Microbiological and Amplicon-Based
Metagenomics Analyses,” Front Microbiol, vol. 1224.

A. J. Olalekan, M. Olatide, M. Tech, A. Jo, G. @ad A. Ab, “Pilot study on chilli stalks as a sozif
non-dairy lactic acid bacteria in yogurt making(’1®.

S. J. Hur, H. S. Kim, Y. Y. Bahk, and Y. Park, “Oview of conjugated linoleic acid formation and
accumulation in animal products,” Livest Sci, vb@5, pp. 105-111, 2017.

S.-H. Choi, “Characterization of airag collected Uitaanbaatar, Mongolia with emphasis on isolated
lactic acid bacteria,” J Anim Sci Technol, vol. 5®, 1, p. 10, 2016.

G. Yao et al., “A perspective study of koumiss miiome by metagenomics analysis based on single-
cell amplification technique,” Front Microbiol, vds, 2017.

I. H. Choi, J. S. Noh, J.-S. Han, H. J. Kim, EHan, and Y. O. Song, “Kimchi, a Fermented Vegetable
Improves Serum Lipid Profiles in Healthy Young AtulRandomized Clinical Trial,” J Med Food, vol.
16, no. 3, pp. 223-229, 2013.

P. Kumar et al., “Quality, functionality, and shéifé of fermented meat and meat products: A reyiew
Crit Rev Food Sci Nutr, vol. 57, no. 13, pp. 284858, 2017.

O. A. Adebo et al., “Advances in Fermentation Teathgy for Novel Food Products,” in Innovations in
Technologies for Fermented Food and Beverage IridasSpringer International Publishing, pp. 71-87,
2018.

J. Singh, A. Rastogi, D. Kundu, M. Das, and R. Bpa®s “A New Perspective on Fermented Protein Rich
Food and Its Health Benefits,” 2018.

N. N. Shah and R. S. Singhal, “Fermented Fruits aegetables,” Current Developments in
Biotechnology and Bioengineering: Food and Bevesadgdustry, pp. 45-89, 2017.

D. T. L. Nguyen et al., “A description of the lacticid bacteria microbiota associated with the petidn

of traditional fermented vegetables in Vietnam{’'Jr-ood Microbiol, vol. 163, no. 1, pp. 19-27, 301

E. Medina, A. de Castro, C. Romero, E. M. Ramieex] M. Brenes, “Safety of Fermented Fruits and
Vegetables,” Regulating Safety of Traditional andriic Foods, pp. 355-367, 2016.

R. Di Cagno, P. Filannino, and M. Gobbetti, “Ferteeh Foods: Fermented Vegetables and Other
Products,” in Encyclopedia of Food and Health, @afé\cademic Press, pp. 668—674, 2015.

A. Escalante, D. R. Lopez Soto, J. E. Velazquezé@etz, M. Giles-Gémez, F. Bolivar, and A. Lopez-
Munguia, “Pulque, a traditional Mexican alcohokerhented beverage: Historical, microbiological, and
technical aspects,” Frontiers in Microbiology, v6]).2016.

A. J. Marsh, C. Hill, R. P. Ross, and P. D. CottEermented beverages with health-promoting poanti
Past and future perspectives,” Trends Food Scif@ckiol. 38, no. 2, pp. 113-124, 2014.

A. J. Marsh, C. Hill, R. P. Ross, and P. D. CottEermented beverages with health-promoting poanti
Past and future perspectives,” Trends Food Scif@ckiol. 38, no. 2, pp. 113-124, 2014.

C. T. Hittinger, J. L. Steele, and D. S. Ryder,V&ise yeasts for diverse fermented beverages auais,fo
Curr Opin Biotechnol, vol. 49, pp. 199-206, 2018.

Copyright © 2024 Authors Pagb|



[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]

[50]
[51]
[52]
[53]
[54]
[55]

[56]

[57]
[58]

[59]

[60]

[61]

[62]

Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-520-8
[IP Series, Volume 3, Book 16, Part 1, Chapter 3
APPLICATIONS OF FERMENTATION TECHNOLOGY
IN BIOTECHNOLOGY: FROM FOOD TO PHARMACEUTICALS

G. M. Walker and G. G. Stewart, “Saccharomyceswisige in the production of fermented beverages,”
Beverages, vol. 2, 2016.
F. Altay, F. Karbancioglu-Guler, C. Daskaya-Dikmangd D. Heperkan, “A review on traditional Turkish
fermented non-alcoholic beverages: Microbiota, famtation process and quality characteristics,”Jint
Food Microbiol, vol. 167, no. 1, pp. 44-56, 2013.
M. Morales-de la Pefia, G. A. Miranda-Mejia, and Martin-Belloso, “Recent Trends in Fermented
Beverages Processing: The Use of Emerging Techieslddgeverages, vol. 9, no. 2, p. 51, 2023.
P. Kaur, G. Ghoshal, and U. C. Banerjee, “Trad#loBio-Preservation in Beverages: Fermented
Beverages,” Preservatives and Preservation Appesadéh Beverages: Volume 15: The Science of
Beverages, pp. 69-113, 2019.
R. D. C. S. Ranadheera, S. K. Baines, and M. Cmddimportance of food in probiotic efficacy,” Fao
Research International, vol. 43, no. 1, pp. 1-G1Q2
C. S. Ranadheera, J. K. Vidanarachchi, R. S. Ro&h&. Cruz, and S. Ajlouni, “Probiotic delivery
through fermentation: Dairy vs. non-dairy beverggEsrmentation, vol. 3, 2017.
P. J. P. Espitia, R. A. Batista, H. M. C. Azeredmd C. G. Otoni, “Probiotics and their potential
applications in active edible films and coatingsgod Research International, vol. 90. Elsevier Ipigl,
42-52, 2016.
S. Paramithiotis and E. H. Drosinos, “Probiotic aProducts: Inventions Toward Ultramodern
Production,” in Innovations in Technologies for mented Food and Beverage Industries, Springer
International Publishing, pp. 143-157, 2018.
G. Dey, “Non-dairy Probiotic Foods: Innovations avidrket Trends,” in Innovations in Technologies for
Fermented Food and Beverage Industries, Springemiational Publishing, pp. 159-173, 2018.
O. S. Papadopoulou, A. A. Argyri, E. E. Varzakis, © Tassou, and N. G. Chorianopoulos, “Greek
functional Feta cheese: Enhancing quality and wafesing a Lactobacillus plantarum strain with
probiotic potential,” Food Microbiol, vol. 74, p@1-33, 2018.
J. Gao et al., “Probiotics in the dairy industry—sadces and opportunities,” Compr Rev Food Sci Food
Saf, vol. 20, no. 4, pp. 3937-3982, 2021.
S.A H., . T. M, and . K. A., “Role of Lactic &t Bacteria (LAB) in Food Preservation and Human
Health — A Review,” Pakistan Journal of Nutritiasl. 1, no. 1, pp. 20-24, 2001.
P. J. P. Espitia, R. A. Batista, H. M. C. Azeredmd C. G. Otoni, “Probiotics and their potential
applications in active edible films and coatingsgod Research International, vol. 90, pp. 42-52620
C. Lacroix and S. Yildirim, “Fermentation technoleg for the production of probiotics with high
viability and functionality,” Curr Opin BiotechnaVol. 18, no. 2, pp. 176183, 2007.
M. R. Swain, M. Anandharaj, R. C. Ray, and R. PanvRani, “Fermented Fruits and Vegetables of Asia:
A Potential Source of Probiotics,” Biotechnol Reg vol. 2014, pp. 1-19, 2014,
D. E. Kiousi et al., “Genomic Insight Into Lactiedisacillus paracasei SP5, Reveals Genes and Gene
Clusters of Probiotic Interest and Biotechnologieatential,” Front Microbiol, vol. 13, 2022.
P. J. P. Espitia, R. A. Batista, H. M. C. Azeredmd C. G. Otoni, “Probiotics and their potential
applications in active edible films and coatingsgod Research International, vol. 90. Elsevier Ipigl,
42-52, 2016.
V. Fedorenko et al., “Antibacterial Discovery an@&u@lopment: From Gene to Product and Back,”
BioMed Research International, vol. 2015, 2015.

M. Virto, G. Santamarina-Garcia, G. Amores, anddérnandez, “Antibiotics in Dairy Production:;
Where Is the Problem?,” Dairy, vol. 3, no. 3. MDpp, 541-564, 2022.
A. Kashif and M. K. Shahid, “Agricultural Wastes a® Alternative Source for the Production of
Antibiotics: Recent Developments and Future Petspes;” in Advances in Agricultural and Industrial
Microbiology: Volume 1: Microbial Diversity and Agipation in Agroindustry, S. K. Nayak, B.
Baliyarsingh, I. Mannazzu, A. Singh, and B. B. MishEds., Singapore: Springer Nature Singapore, pp.
125-136, 2022.
A. E. Asagbra, A. I. Sanni, and O. B. Oyewole, ‘i8dltate fermentation production of tetracycline by
Streptomyces strains using some agricultural wastesibstrate,” World J Microbiol Biotechnol, vaL,
no. 2, pp. 107-114, 2005.
S. S. Yang and W. J. Swei, “Oxytetracycline productby Streptomyces rimosus in solid-state
fermentation of corncob,” World J Microbiol Biotaahl, vol. 12, no. 1, pp. 43-46, 1996.
J. Delgado Adamez, E. Gamero Samino, E. Valdés heancand D. Gonzéalez-Gémez, “In vitro
estimation of the antibacterial activity and antitant capacity of aqueous extracts from grape-seeds
(Vitis vinifera L.),” Food Control, vol. 24, no. P+-pp. 136-141, 2012.

Copyright © 2024 Authors Pags |



[63]

[64]

[65]

[66]
[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]
[77]
[78]

[79]

[80]

[81]

[82]

[83]

[84]

Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-520-8
[IP Series, Volume 3, Book 16, Part 1, Chapter 3
APPLICATIONS OF FERMENTATION TECHNOLOGY
IN BIOTECHNOLOGY: FROM FOOD TO PHARMACEUTICALS

S. Neelagund, “Optimization and Production of Neoimyrom Different Agro Industrial Wastes in Solid
State Fermentation Fermentation View project Malgparasite immunemodulations in mice View
project,” 2011.

C. Taurino, L. Frattini, G. L. Marcone, L. Gastaldand F. Marinelli, “Actinoplanes teichomyceticus
ATCC 31121 as a cell factory for producing teicoyitg’ Microb Cell Fact, vol. 10, no. 1, p. 82, 2011
I.-S. Ng, C. Ye, Z. Zhang, Y. Lu, and K. Jing, “Damycin antibiotic production processes in fed-hatc
fermentation by Streptomyces roseosporus NRRL11@#9precursor effect and medium optimization,”
Bioprocess Biosyst Eng, vol. 37, no. 3, pp. 415+-2234.

P. P. Gray and K. Vu-Trong, “Production of the nwdicie antibiotic tylosin in cyclic fed-batch cultyf
Biotechnol Bioeng, vol. 29, no. 1, pp. 33-40, 1987.

C. Taurino, L. Frattini, G. L. Marcone, L. Gastaldand F. Marinelli, “Actinoplanes teichomyceticus
ATCC 31121 as a cell factory for producing teicojitg’ Microb Cell Fact, vol. 10, no. 1, p. 82, 2011

A. J. Brink, G. A. Richards, G. Colombo, F. BortitloP. Colombo, and F. Jehl, “Multicomponent
antibiotic substances produced by fermentation:libafjons for regulatory authorities, criticallyl il
patients and generics,” Int J Antimicrob Agentd, ¥&, no. 1, pp. 1-6, 2014

V. Fedorenko et al., “Antibacterial Discovery an@&u@lopment: From Gene to Product and Back,”
BioMed Research International, vol. 2015, 2015.

N. K. Tripathi and A. Shrivastava, “Recent Devela@nts in Bioprocessing of Recombinant Proteins:
Expression Hosts and Process Development,” FrentieBioengineering and Biotechnology, vol. 7.
Frontiers Media S.A., 2019.

J. L. Martinez, L. Liu, D. Petranovic, and J. Nexls “Pharmaceutical protein production by yeast:
towards production of human blood proteins by nii@bfermentation,” Curr Opin Biotechnol, vol. 23,
no. 6, pp. 965-971, 2012.

O. Spadiut, S. Capone, F. Krainer, A. Glieder, ahdHerwig, “Microbials for the production of
monoclonal antibodies and antibody fragments,” @seim Biotechnology, vol. 32, no. 1. pp. 54-60,.Jan
2014.

A. C. Dalton and W. A. Barton, “Over-expression s#creted proteins from mammalian cell lines,”
Protein Science, vol. 23, no. 5, pp. 517-525, 2014

S. K. Gupta and P. Shukla, “Sophisticated cloniiegmentation, and purification technologies for an
enhanced therapeutic protein production: A revidwgntiers in Pharmacology, vol. 8, no. JUL. Frerti
Media S.A., 2017.

S. K. Gupta and P. Shukla, “Sophisticated cloniiegmentation, and purification technologies for an
enhanced therapeutic protein production: A revidwgntiers in Pharmacology, vol. 8, no. JUL. Frerti
Media S.A., 2017.

B. Ghosh, D. Bhattacharya, and M. Mukhopadhyay,e‘lds Fermentation Technology for Value Added
Industrial Research,” 2018.

S. J. Malode, K. K. Prabhu, R. J. Mascarenhas, Shetti, and T. M. Aminabhavi, “Recent advances an
viability in biofuel production,” Energy Conversi@and Management: X, vol. 10, p. 100070, Jun. 2021.
A. Agarwal, M. Rana, and J. H. Park, “Advancementeichnologies for the depolymerization of lignin,”
Fuel Processing Technology, vol. 181, pp. 115-D&2,. 2018.

P. Polburee, W. Yongmanitchai, N. Lertwattanasakiul, Ohashi, K. Fujiyama, and S. Limtong,
“Characterization of oleaginous yeasts accumulatigdy levels of lipid when cultivated in glycerahc
their potential for lipid production from biodiesa¢rived crude glycerol,” Fungal Biol, vol. 119,.r®,
pp. 1194-1204, 2015.

S.-J. Xue et al., “Fatty acids from oleaginous j®asd yeast-like fungi and their potential appiarzs,”
Crit Rev Biotechnol, vol. 38, no. 7, pp. 1049-108018.

S. D. Joginder, K. Ashok, and K. T. Sunil, “Bioetioh production from starchy part of tuberous plant
(potato) using Saccharomyces cerevisiae MTCC-126,"J Microbiol Res, vol. 7, no. 46, pp. 5253—
5260, 2013.

A. KUMAR, P. K. SADH, S. KHA, and J. S. DUHAN, “Biethanol production from sweet potato using
co-culture of saccharolytic molds (Aspergillus 9pmnd Saccharomyces cerevisiae MTCC170,”
JOURNAL OF ADVANCES IN BIOTECHNOLOGY, vol. 6, no., pp. 822-828, 2016.

J. Zeng, H. Zeng, and Z. Wang, “Review on technploigmaking biofuel from food waste,” Int J Energy
Res, vol. 46, no. 8, pp. 10301-10319, 2022.

Z. Gao et al., “Advances in biological techniques $ustainable lignocellulosic waste utilization in
biogas production,” Renewable and Sustainable Brieeyiews, vol. 170, p. 112995, 2022.

Copyright © 2024 Authors Pagy |



Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-520-8
[IP Series, Volume 3, Book 16, Part 1, Chapter 3
APPLICATIONS OF FERMENTATION TECHNOLOGY
IN BIOTECHNOLOGY: FROM FOOD TO PHARMACEUTICALS

[85] A. Saravanan, P. Senthil Kumar, S. Jeevananthaiai$shma, and D. V. N. Vo, “Recent advances and
sustainable development of biofuels production fia@mocellulosic biomass,” Bioresour Technol, vol.
344, p. 126203, 2022.

[86] A. K. Rai, N. H. Al Makishah, Z. Wen, G. Gupta, Bandit, and R. Prasad, “Recent Developments in
Lignocellulosic Biofuels, a Renewable Source ofdiergy,” Fermentation, vol. 8, no. 4, 2022.

[87] S. Khan et al., “Bioenergy production in Pakist®utential, progress, and prospect,” Science of The
Total Environment, vol. 814, p. 152872, 2022.

[88] A. Das and P. Ghosh, “Solid State Fermentation-Amdating Process for Valorization of
Lignocellulosic Feedstocks to Biofuel,” 2018.

[89] A.B. Bjerre, A. B. Olesen, T. Ferngvist, A. Plogand A. S. Schmidt, “Pretreatment of wheat straing
combined wet oxidation and alkaline hydrolysis t@sg in convertible cellulose and hemicellulose,”
Biotechnol Bioeng, vol. 49, no. 5, pp. 568-577,8.99

[90] G. Najafi, B. Ghobadian, T. Tavakoli, and T. Yus#&fotential of bioethanol production from agricull
wastes in Iran,” Renewable and Sustainable Eneeyyei's, vol. 13, no. 6—7, pp. 1418-1427, 2009.

[91] J. K. Saini, R. Saini, and L. Tewari, “Lignocellsio agriculture wastes as biomass feedstocks for
second-generation bioethanol production: conceptsracent developments,” 3 Biotech, vol. 5, no. 4,
pp. 337-353, 2015.

[92] I. Mushimiyimana and P. Tallapragada, “Bioethanobd®ction from Agro Wastes by Acid Hydrolysis
and Fermentation Process,” 2016.

[93] A. Limayem and S. C. Ricke, “Lignocellulosic biomrsa®r bioethanol production: Current perspectives,
potential issues and future prospects,” Prog En€awbust Sci, vol. 38, no. 4, pp. 449-467, 2012.

[94] S. Joshi and S. D. Mishra, “Recent advances inubloproduction through metabolic engineering,”
Bioresour Technol, vol. 352, p. 127037, 2022.

[95] M. Govarthanan et al., “Emerging trends and narttelogy advances for sustainable biogas production
from lignocellulosic waste biomass: A critical rewi,” Fuel, vol. 312, p. 122928, 2022.

[96] P. K. Mahla, P. C. Vithalani, and N. S. Bhatt, “Biethanation: Advancements for Upgrading Biomethane
Using Biogas Technologies,” in Industrial Microligly and Biotechnology, P. Verma, Ed., Singapore:
Springer Singapore, pp. 487-504, 2022.

[97] W. Czekala, “Biogas as a Sustainable and Reneviaidegy Source,” in Clean Fuels for Mobility, G. Di
Blasio, A. K. Agarwal, G. Belgiorno, and P. C. Slaykkds., Singapore: Springer Singapore, pp. 201-
214, 2022.

[98] S. D. Sawale and A. A. Kulkarni, “Current techni@vancement in biogas production and Indian
status,” Advanced Biofuel Technologies: PresentuStaChallenges and Future Prospects, pp. 501-532,
2022.

[99] Y. Zhang, J. Lin, T. Song, and H. Su, “Anaerobig&stion of Waste for Biogas Production,” in Waste-t
Energy: Recent Developments and Future Perspedtivesrds Circular Economy, A. E.-F. Abomohra,
Q. Wang, and J. Huang, Eds., Cham: Springer Intiemel Publishing, pp. 177-206, 2022.

[100] J. K. Heffernan, C. Y. Lai, R. A. Gonzalez-Gardia,Keld Nielsen, J. Guo, and E. Marcellin, “Biogas
upgrading using Clostridium autoethanogenum foruealdded products,” Chemical Engineering
Journal, vol. 452, p. 138950, 2023.

[101] V. Sharma et al., “Agro-Industrial Food Waste akoav-Cost Substrate for Sustainable Production of
Industrial Enzymes: A Critical Review,” Catalyst®|. 12, no. 11. 2022.

[102] A. Madhavan et al., “Design of novel enzyme biolyats for industrial bioprocess: Harnessing the
power of protein engineering, high throughput scieg and synthetic biology,” Bioresour Technol, .vol
325, p. 124617, 2021.

[103] S. Li, X. Yang, S. Yang, M. Zhu, and X. Wang, “TENBLOGY PROSPECTING ON ENZYMES:
APPLICATION, MARKETING AND ENGINEERING,” Comput Strct Biotechnol J, vol. 2, no. 3, p.
201209017, 2012.

[104] R. Araljo, M. Casal, and A. Cavaco-Paulo, “Applicat of enzymes for textile fibres processing,”
Biocatal Biotransformation, vol. 26, no. 5, pp. 3329, 2008.

[105] D. S. Ribeiro, S. M. B. Henrique, L. S. Oliveira, & Macedo, and L. F. Fleuri, “Enzymes in juice
processing: a review,” Int J Food Sci Technol, v&l, no. 4, pp. 635-641, 2010.

[106] S. Rezania et al., “Different pretreatment techg@e of lignocellulosic biomass for bioethanol
production: An overview,” Energy, vol. 199, p. 1574 2020.

[107] N. M. Mesbah, “Industrial Biotechnology Based orzfgmes From Extreme Environments,” Frontiers in
Bioengineering and Biotechnology, vol. 10. Frorttibtedia S.A., 2022.

Copyright © 2024 Authors Pags|



Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-520-8
[IP Series, Volume 3, Book 16, Part 1, Chapter 3
APPLICATIONS OF FERMENTATION TECHNOLOGY
IN BIOTECHNOLOGY: FROM FOOD TO PHARMACEUTICALS

[108] R. R. da Silva, R. Pedezzi, and T. B. Souto, “Esipipthe bioprospecting and biotechnological pasnt
of white-rot and anaerobic Neocallimastigomycotagiu peptidases, esterases, and lignocellulolytic
enzymes,” Appl Microbiol Biotechnol, vol. 101, . pp. 3089-3101, 2017.

[109] E. B. N. Graminha, A. Z. L. Gongalves, R. D. P.Mrota, M. A. A. Balsalobre, R. Da Silva, and E.
Gomes, “Enzyme production by solid-state fermeatatApplication to animal nutrition,” Anim Feed Sci
Technol, vol. 144, no. 1-2, pp. 1-22, 2008.

[110] P. Leite et al., “Recent advances in productiohigofocellulolytic enzymes by solid-state fermeraatiof
agro-industrial wastes,” Curr Opin Green Sustairr@hvol. 27, p. 100407, 2021.

[111] Y. Zhang, T. Geary, and B. K. Simpson, “Geneticafigdified food enzymes: a review,” Curr Opin Food
Sci, vol. 25, pp. 14-18, Feb. 2019, doi: 10.10080FS.2019.01.002.

[112] D. Jullesson, F. David, B. Pfleger, and J. Nielsénpact of synthetic biology and metabolic engirieg
on industrial production of fine chemicals,” Biotewl| Adv, vol. 33, no. 7, pp. 1395-1402, 2015.

[113] D. Wilke, “Chemicals from biotechnology: moleculalant genetics will challenge the chemical and the
fermentation industry,” Appl Microbiol Biotechnalpl. 52, no. 2, pp. 135-145, 1999.

Copyright © 2024 Authors Pag®|



