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as typical submerged fermentation processes
in terms of design and operation, with the
exception of those for food ingredients and
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large-scale production. Consequently,
significant advancements were made possible
by the progress achieved in microbiology,
biotechnology, and process engineering
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fermentations with large-scale manufacturing
methods that ensure product safety and
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food products that closely align with
consumer preferences. This is meant to lower
production costs and look at environmentally
friendly methods while increasing product
yield and quality.

Significant occurrences in human history have b&egely influenced by technology.

Processing food through fermentation is one ofoldest methods of keeping food fresh. The
process of fermentation entails the oxidation/réidacof molecules or the conversion of
large molecules into tiny ones, which is mediatgd darticular microbes. The use of
fermentation technology has grown rapidly in therkatiin recent times due to studies that
eating foods that have undergone fermentation igwohuman health and the gut
microbiota.
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. FOOD FERMENTATION TECHNOLOGY — A HISTORICAL PERSPEC TIVE

Others claim that the Latin verb fervere, which ne&o boil," is the source of the
word fermentation, which is derived from the veglnfientare, which means "to leaven.” Up
until now, the idea of fermentation and its usesehheen explained by a number of
definitions. Generally speaking, fermentation refdrto organic metabolic activities powered
by unnamed wild microorganisms. According to thestnecent definitions, fermentation is
the process by which a material decomposes intmpler component, usually as a result of

the metabolic activity of bacteria or yeast.
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Fermentation processes typically involve metabgimthways that bring about
alterations in organic molecules through the acbbmicroorganisms or enzymes. Around
10,000 BCE, natural fermentation of dairy produaitsurred due to favorable environmental
conditions and the presence of essential micraffetach enabled the preservation of milk
from camels, cattle, sheep, and goats. Fermenthdsad procedures have held significant
interest for humanity since ancient times, owinghir diverse potential applications.

Tracing the exact origins of fermentation is a Evajing task, but it is believed that
the initial fermentation process was stumbled ugoccidentally when salt was inadvertently
incorporated into food. Some historians have disoey indications of fermentation dating as
far back as 7000 BC. During that period, peoplesvadready producing fermented foods like
beer, wine, leavened bread (primarily using yeas#sid cheeses (produced with the
assistance of bacteria and molds) in regions of\ilesstern world (see Fig. 1). In 2004,
archaeologists made a remarkable discovery by atimduchemical tests on Neolithic
Chinese pottery dating back to 7,000 BCE. Thisgmgttontained the world's oldest known
brewed beverage, comprising fermented rice, hosey,fruit. Remarkably, this ancient brew
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predates the previous record for the oldest eviglasfcbrewing, found in Iran, by nearly

1,500 years. Elements from this ancient beveragestid be found in modern alcoholic

drinks, with fermented fruit used in wine, fermahtéce in sake, and fermented honey in
mead.

Ancient Egyptians first experimented with yeastiough fermentation for leavening
bread. Bread was a staple in the ancient Egypiietn groviding a nutrient-dense source of
vitamins, minerals, proteins, and starch3. Egyptfarmentation techniques developed
between 3,500 and 300 BCE are still in use todaklétl cucumbers originated in the Tigris
Valley, or modern-day Iraq, in 2,000 BCE. While i&mt Chinese cultures are known for
championing vegetable fermentation, the picklingcatumbers in the Middle East some
1,700 years earlier truly opened the door (Table 1)

Table 1: Origins of Food Fermentation

Year of Introduction Food Region
4000 BC Mushrooms China
3000 BC Fermented milk Middle East
3000 BC Wine North Africa, Europe
3000 BC Soya Sauce China, Korea, Japan
2000 BC Pickled cucumbers Iraq
2000 BC Cheese Middle East
2000 BC Beer North Africa, Ching
1500 BC Bread Egypt, Europe
1500 BC Fermented Meats Middle East
1000 BC vegetable fermentation China

Chinese people started using moldy soybean curds atibacterial cure for boils
and carbuncles around 500 BCE. Although fermenmtatias not a novel process, this was the
first instance of fermented food being used as oatidin. Infected wounds were treated with
moldy cheese in addition to moldy soybean curdse €reation of later antibiotics like
penicillin was modeled after these antiquated, modinedies.

The fermentation of tea leaves has its originsngatback to ancient Chinese
civilizations, with the earliest documentation dgtito around 200 BCE. This process gave
rise to the immensely popular and digestive-frigntbeverage known as kombucha.
Kombucha is created by fermenting a mixture of wagar, bacteria, and yeast over the
course of a week, resulting in a slightly sweeighdly vinegary, and effervescent drink.
Depending on the specific brewing process, kombuipécally boasts high levels of
antioxidants, minerals, B vitamins, and probiotics.

Among the various historical fermentation staghs, fermentation of cereal-legume
combinations stands out as particularly significalifte diverse array of cereals, including
wheat, rice, rye, oats, barley, corn, sorghum,lagdmes such as beans, peas, and lentils, has
given rise to a wide range of fermented productslpced worldwide. Individually, cereals
and legumes provide a reasonable source of nukribat when subjected to fermentation,
their nutrient content becomes significantly enleahcrendering these crops ideal for
achieving a diet rich in essential nutrients.
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In 1665, Antonie van Leeuwenhoek made the initdgntification of microbes,
paving the way for Louis Pasteur, a French scierbspiece together the remainder almost
two centuries later. Pasteur discovered in 1856l cells are necessary for fermentation,
and that yeast is an essential component of theepso Pasteurization was developed later on
thanks to his heat-related experiments.

Russian bacteriologist Elie Metchnikoff identifigde Bulgarian bacillus bacterial
strain in fermented milk during the 1900s. Evenutito the strain was eventually classed as
Lactobacillus acidophilus, he named it after thdgBrian culture he was investigating for
their lengthy longevity. The development of prolmstwas made possible by the highly
active Lactobacillus strains in the human gut.

. FOOD FERMENTATION PROCESS TECHNOLOGY

The field of food fermentation has experienced gutigal advancements in the past
century, thanks to progress in microbiology, bibtedogy, and process engineering.
Throughout the 20th century, fermentation evolvedmf a method primarily used for
preserving household food supplies to a highly sigated technology capable of producing
pharmaceuticals, biochemicals, food ingredientd,\arious types of foods and beverages on
an industrial scale. These significant advancemerdse made possible by the progress
achieved in microbiology, biotechnology, and pracesgineering.

Fermentation and technology were combined to enabhemercially viable large-
scale production. Consequently, the advancementsbiotechnology, contemporary
engineering, and associated cutting-edge technighase linked traditional food
fermentations with large-scale manufacturing meshibéit ensure product safety and quality.
Evolutionary engineering in conjunction with otHBotechnologies and the integrated roles
of microbial cells and enzymes have garnered ise@anterest in recent years. Not only has
classical laboratory evolution been shown to becassful in allowing more advantageous
mutations to develop that influence multiple geres,it also has certain intrinsic drawbacks,
including an extended evolutionary period and utrodiably high mutation frequencyy.

The advent of the "genomics era" (encompassing rgas transcriptomics,
metagenomics, metabolomics, proteomics, etc.) amdapplication of "synthetic biology"
methodologies have opened up novel avenues foroemgl fermentation. These
advancements have made it feasible to select nsade®d enhance cellular transformation
techniques. Utilizing molecular biology approachethe large-scale production of
biomolecules through fermentation has become méieiemt, less time-consuming, and
cost-effective’®.

All elements of fermentation technology developmenat still ongoing. This is meant
to lower production costs and look at environméynt&iendly methods while increasing
product yield and quality. 6. Optimizing the vated that affect the process from the
perspective of the microbe itself, the surroundingsd the technological resources can
increase the amount of fermentation products. Otfethods use micro/nanotechnology in
conjunction with bacteria. This relates to eledtemistry-based techniques, which have been
found to be effective when used primarily in theatment of sludge and wastewater.

The component parts of a fermentation process
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* The preparation of culture media for cultivating firocess organism during
inoculum development and in the production fermente

* The sterilization of the medium, fermenters, arebamted equipment.

* The generation of a substantial quantity of anvactpure culture for inoculating the
production vessel.

* The cultivation of the organism within the prodoctifermenter under optimal
conditions for product generation.

* The isolation and purification of the product.

 The management of effluent generated during thegsoThe major components of
Food Fermentation Processing are represented i.Fig
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Figure 2: A Schematic Representation of Fermentatio Proces$*

Fermentation-based processes have evolved over itifheenced by cultural, social,
technological, and engineering factors. Consequefgitmentation has found widespread use
in various cultures worldwide, serving purposeshsas improving short to mid-term food
storage, crafting beverages, or enhancing locakgi®y fermenting sauces, vegetables, meat,
or fish to diversify culinary offerings. This typ# fermentation is commonly referred to as
'indigenous fermentation’ or ‘classical fermentativolving the production of foods and
beverages using natural microbes and traditiongthinigues rooted in cultural practices.
Indigenous fermentation has led to the standaidizabnd commercialization of many
products, such as ales using natural yeast, chesges natural fungi, and wines employing
natural yeast. However, numerous other products caated and marketed in limited
guantities for specialized markets, or they may a@muncommercialized, representing
products of indigenous or local cultures. Exammlésuch products include kefir, kimchi,
sauerkraut, and more. The progression of fermemditased processes has been made
feasible through ‘'technological fermentations,'eoffy several advantages for scaling up
these processés.
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Right now, fermentation is evolving and making aneback. Traditional/natural
fermented foods and drinks are expanding and irtimayadue to consumer interest in
"natural,” "clean label," ecologically and ethigadiourced, and health-related food products.
The industrialization of bread, sausages, sauerkpatkles, yogurt, cheese, and wine, beer,
and spirits manufacturing has led to the creatibraovariety of fermented foods and
beverages.

lll. TYPES OF FOOD FERMENTATION

Food Fermentation process is classified in differeays according to stage of
fermentation, medium and activity of Microorganisosed in the processes which are very
significant for food applications.

1. Food Fermentation based on Stages of Processinfhe microorganisms involved in
foods show its activity/reaction in different waysased on the process it is broadly
divided into two phases that is:

* Primary fermentation- Raw materials such as fruits, vegetables, and geoglucts
are rapidly being metabolized by microbes. The v&at@icroorganisms, which are
also present in vegetable brine, prevent putrefpiacteria from growing in the food.
Yeasts and other microorganisms convert carbohgslratr sugars, into a variety of
different compounds, including acids and alcohols.

» Secondary fermentationA prolonged fermentation that may extend for maaysd
or even weeks causes the alcohol content to riseeageasts and bacteria perish and
their food supply—carbohydrates—becomes more sc#ioehol-based beverages
are made by brewers and winemakers through secpfetanentation. The pH levels
of the fermentation initiated by the winemaker oever will not be the same as when
it started secondary fermentation, which can implaetchemical reactions that take
place between bacteria and their environment. dieroto remove the water from the
yeast and prevent further fermentation when thehalccontent is between 12 and 15
percent, distilling the yeast will condense theohtd and produce more alcotfél.

2. Food Fermentation based on Types of Medium

e Solid State Fermentation (SSF):Solid-state fermentation, in contrast, entails the
cultivation of microorganisms in an environment wehé&ee water is either absent or
present in minimal quantities. However, there iswgh moisture content and water
activity to facilitate the growth of the fermentingrganisms. In this type of
fermentation, solid substrate serves as both asstippd a source of nutrients for the
microorganisms, particularly when there is no fyeddwing liquid available. Solid-
state fermentation is employed to produce biomdéscthat find applications in the
food industry. These biomolecules, known as met@sl are produced by
microorganisms like yeast or bacteria. This ferrmagoh method has ancient origins,
and various fungi are utilized in food productiorogesses. Common examples
include the fermentation of rice and cheese usimgif Industrial enzymes are also

Copyright © 2024 Authors Page | 89



Futuristic Trends in Biotechnolo

e4SBN: 978-93-6252-103-3

IIP Series, Volume ook 5, Part 2, Chapter 6
FOOD FERMENTATION TECHNOLOG™- SIGNIFICANCE,
SCOPE AND FUTURE PERSPECTIV!

commercially manufactured through s«-state fermentatiorSolid state fermentatic
is a method of fermenting that is used in many stdes, inluding as food, textile
and pharmaceuticals, to create metabolite badbgreubstituting a solid substrate
a liquid medium. In order to carry out fermentatiaith the help of extracellule
enzymes secreted by fermenting microorganisms, Sfatetehnologies, such as tl
production of tempeh and oncom, require the selecgrowth of organisms lik
molds that require low moisture levels. These ntimimgical components of SSF ¢
occur as single pure cultures, mixed identifiabldtuwes, or fully ntegrated
indigenous microorganisn
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Figure 3: Role of Solid State Fermentation in Food Industr®®

* Submerged Fermentation (SmF. The process known as "submerged fermenta
involves precisely growing the chosen microorgasism closed reactors w
medium fermentation and a high concentration ofgexy The growth of th
microorganisms takes place in a liquid broth mediwmmich is escalated wil
necessary nutrients to have a better cultivatiomimiroorganisms. Due to the hi
moisture content rewired for this process, bacteria are typically usasl &
source.Submerged fermentation procedures take pldicpiid media with free wate
present, allowing the fermenting organisms to dgvethile submerged and feed
soluble substrates that contall of the solid matter.

Sourcing yogurt, brewing beer, and making condimelike vinegar al
involve submerged fermentation. Trichoderma virld€CC 36,316 was used
submerged fermentation to increase the crude pratentent and true prote
constiuent of cassava peel by eight and tw-two fold, respectively, when the pe
was left untreated for three to four days. Solidtesttermentation (SSF) has be
shown to be able to create greater enzyme yieldaharatory settings, despite t
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fact that submerged fermentation (SmF) accountstifer majority of the enzyme
businesses today (Fig. 3). While the non-enzyméepre in SmF were more closely
linked to stress tolerance and glycometabolismearinthose in SSF were engaged in
the growth and condition of fungal mycelfa.

3. Food Fermentation based on Types of Microbial Actity: Fermented foods are
defined as "foods or beverages created through db&berate cultivation of
microorganisms and the transformation of food congmbs through enzymatic
processesl4. The composition of the ingredient&zedi and the specific fermenting
microorganisms play pivotal roles in shaping therebteristics of fermented foods
(Fig.4). Additionally, the processing methods enyplib and the duration of fermentation
also exert an impact on the outcome of food feratent.

The microorganisms involved in fermentation prirharinclude lactic acid
bacteria, such as Enterococcus, Streptococcus, ohestoc, Lactobacillus, and
Pediococcus, as well as yeasts and molds, incluDielgaryomyces, Kluyveromyces,
Saccharomyces, Geotrichium, Mucor, Penicillium, aRthizopus species. These

microorganisms also play a role in generating &oltil enzymes that aid in the digestion
process (Table 3).

Table 3: Classification of major types of Food Ferrantation

: . Responsible
T B h Path : F F
ype iosynthetic Pathway Microbes ermented Food
Lactic Sugas are c?onv.erted Lve Lactic acid bacteria Yoghurt and kimchi
lactic acid
Acetic several °u bstrate§ are Acetobacter Vinegar and water kefir
converted into acetic acid
i Sugars are converted to '
Alcoholic alcohols and €Oy Yeast Wine and beer
Proteins are converted ,
: : : ; Bacillus and
Alkali into amino acids, Stavhylococcus s Japanese nattu
peptides, and ammonia Py PP

Source: www.researchgate.net/publication/356371347

* Lactic acid homofermentation : Glucose— Lactic acid
Homolactic fermentation is conducted by bacteriammfr the Lactococcus,
Enterococcus, Streptococcus, and Pediococcus gexsaneell as certain Lactobacillus
species. In homofermentative lactic acid bactelidB(), glucose is fermented into
lactic acid. Lactococcus species are commonly eyepldn dairy starter cultures.

* Lactic acid heterofermentation: Glucose — Lactic acid + Acetic acid + Ethyl
alcohol + 2C0O2 + H20
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Heterolactic fermentation is conducted by bactefram the Leuconostoc,
Oenococcus, and Weissella genera, as well as Fet@entative lactobacilli.
Heterofermentative LAB ferment glucose, produciagtic acid, ethanol/acetic acid,
and carbon dioxide (CO2) as by-products.

* Propionic acid fermentation: Glucose— Lactic acid + Propionic acid + Acetic acid
+ CO2 + H20
The fermentation of propionic acid is performed \arious bacteria found in the
Propionibacterium genus and the Clostridium projgiem species. In propionic acid
fermentation, both sugar and lactate can servhasiitial substrates. When sugar is
present, these bacteria utilize the EMP pathwaygeaerate pyruvate, which is
subsequently carboxylated to oxaloacetate and rixduced to propionate through a
series of intermediates, including malate, fumarated succinate. Acetic acid and
CO2 are additional end products of propionic fertagon.

» Diacetyl and 2,3-butylene glycol fermentation:Diacetyl 1 Citric acid— Pyruvic
acid + Acetylmethylcarboi 2,3-Butylene glycol
The fermentation of butanediol is conducted by é@&tbelonging to the genera
Enterobacter, Erwinia, Hafnia, Klebsiella, and &gar The process leading to the
formation of 2,3-butanediol includes a double deoaylation step
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Figure 4: Types of Fermentation and its Applicatiors®®

» Alcoholic fermentation: Glucose— Ethyl alcohol
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Alcoholic fermentation is one of the most widelgagnized fermentation processes.
It is conducted by yeasts, as well as some othegi fand bacteria. In the initial stage
of the alcoholic fermentation pathway, pyruvatengolved, and yeasts produce it
through the EMP pathway, while Zymomonas bactetibze the ED pathway to
obtain pyruvate. The redox balance in alcoholientemtation is maintained by the
regeneration of NAD during the conversion of acihlde into ethanol.

» Butyric acid fermentation: Glucose— Acetic acid + Butyric acid

Butyric acid fermentation is a process commonlsesided in various obligate
anaerobic bacteria, primarily belonging to the @Id&um genus. In this process,
pyruvate is oxidized to form acetyl-CoA, resultimgthe production of COand H . A
portion of the acetyl-CoA is further transformedoiracetic acid, accompanied by
ATP generation. Certain bacteria, like Clostridianetobutylicum, exhibit a reduced
production of acids and a greater formation of redyiroducts, thereby engaging in
acetone butanol fermentatiorf®.

Over the past century, advances in microbiologgtelshnology, and process
engineering have greatly benefitted food fermeotatprocesses. A number of
fermented foods and drinks, such as bread, sayssa#ésrkraut, pickles, yogurt, and
cheese, as well as wine, beer, and spirits, arelupeal industrially Fig. 4.
Nonetheless, industrial food fermentation processes not the same as typical
submerged fermentation processes in terms of deaimgh operation, with the
exception of those for food ingredients and praogssids like flavorings and
enzymes?.

IV. BENEFITS OF FOOD FERMENTATION

One of the first biotechnology techniques for fqg@dcessing and preservation to be
widely used worldwide is fermentatioft. The significant benefits in food and beverage by
fermentation are:

1. Nutritional Benefits: The metabolic activity of microorganisms, togetheith the
enzymatic activities occurring in the raw materighanges the nutritive and bioactive
properties of food matrices and can produce modsculith health-promoting activity.
The desirable flavor of fermented foods is predanily due to the acid, sugar, and
volatile flavor compounds. As the bacteria andfast consume sugars, nonvolatile acids
and volatile aroma compounds are formed. Fermemntgbacteria) synthesizes vitamins
and minerals, produce biologically active peptidéh enzymes such as proteinase and
peptidase, and remove some non-nutrients. The dyaalthy active peptides, which are
produced by the bacteria responsible for fermesmatare also well known for their
health benefits.

Using LABs that produce folate has been seen asn@guing method for
biofortifying fermented foods and dairy productstavhin B12, which is essential for the
development of new blood cells and the upkeep @hturological system, is abundant in
dairy products. Fermentation can boost its corfdgnip to ten times. Folates, or vitamin
B9, are produced by some LAB and Bifidobacteriacegsein fermented milk. Products
with a high vitamin K content are also those thahtain mesophilic LAB species,
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particularly Lactococcus spp. as starter cultuFesmentation is a long-standing natural
chemical process that has been used for millermigite modern consumers delicious
flavors and beneficial bacterial benefits on theigestive systems. Foods with

fermentation can also affect a person's healthl€éT4pb The central nervous system and
brain may be modulated by the consumption of fetewrfioods and probiotics, which

improve gut flora**>,

Table 4: A few Examples of Food Fermentation and $t Benefits

Raw Materials

Benefits of Fermentation

Fermented Fod

Milk

Acts as Preservation
Enhancement of Safety

Yoghurt, Cheese

Barley Acid & Alcohol production Beer

Grapes Acid & Alcohol production Wine

Fruits Acid Production vinegar

Cassava Removal of Toxic components Gari, Polvisala

Meat Production of Bacteriocins Salami
Enhancement of Nutritional Value

Wheat Improved Digestibility Bread

Leafy Vegetables Retention of Micronutrients Kimaauerkraut

Coconut Increased Fiber content Nata de coco

Milk Synthesis of probiotic compounds Bifidus milKakult,

acidophilus yoghurt

Coffee Beans | mprovement of Flavour Coffee

2. Technological Benefits: Fermentation is a metabolic process harnessed by
microorganisms. It is a cost-effective method tlammands minimal energy and basic
infrastructure to preserve foods. Additionally, fientation enhances these foods by
introducing newly generated bioactive compounds,proving their sensory
characteristics, digestibility, and nutritional aljstion.

3. Medicinal/Pharmaceutical Benefits: Fermentation plays a crucial role in producing
probiotics, which have seen a surge in populantgr dhe past decade. According to the
National Institute of Health, by 2012, approximgtélmillion adults in the United States had
experimented with probiotics. Probiotics are celtdd for their health advantages, and their
origins are closely linked to the fermentation psx Fermented foods contribute to
improving the balance of bacteria, known as thebgumne, in your digestive system. This
enhances gut health and supports various bodilgtiurs linked to your digestive system. A
healthy biome can also aid in preventing or margagbesity.

The benefits of eating fermented food start ingbe where it is mostly processed.
The stomach is frequently referred to as your 'lseédwain” since it has a major influence on
a number of health-related factors, such as imnfumetion, mood, behavior, appetite, and
weight. From these peptides, blood pressure-logedonjugated linoleic acids (CLA),
prebiotic exopolysaccharides, antimicrobial baotans, anti-carcinogenic and antimicrobial
sphingolipids, and blood pressure-lowering, antiart, antimicrobial, opioid antagonist, and
blood pressure-lowering bioactive peptides are know
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Figure 5: Benefits of Food Fermentatiof’

Consequently, foods that have undergone fermentdieve numerous health
advantages, including anti-oxidant, anti-microbmti-fungal, anti-inflammatory, anti-
diabetic, and anti-atherosclerotic properties. Yogas been linked in studies to lowered
blood sugar. It aids with metabolic syndrome and ttangerous consequence that
follows, type 2 diabetes. Rich in probiotics is ydg Consuming yogurt containing
various strains of bacteria and yeast can aid m rigulation of blood pressure,
cholesterol, and blood sugar (Fig.5). Antibioticsulin, growth hormones, vaccinations,
and interferons are produced through fermentafion.

4. Economical Benefits Fermentation has potential economic value in fte sector.
Several value-added products are produced bothy@al industrially, and fermentation
is essential to these processes. The fermentatarketnis anticipated to grow rapidly
over the next several years, with a +6% CAGR fr@2®to 2027 and a projected USD
$875.21 billion by that time. Consumer demand idawbtedly rising, and businesses are
investing in the fermentation sector at an incrgagiate. There are a few different
approaches that firms may take: they can either fuginesses in the industry (like
PepsiCo and Coca-Cola bought kombucha companiesheyr can use their internal
knowledge to create fermented plant products ([iemone and Bel). These approaches
can also be combined. The largest players in ttesiny are the dairy market, which is
expanding quickly. But there are still a lot of bhaded territories when it comes to
fermentation, such fermented vegetables, unusuahefgted goods, fermented fruit
juices, or unconventional components (like pastalenaithout gluten from legumes).
According to Forbes, the consumption of fermenteads increased to 149% in 2018,
indicating not only the enduring popularity of thimditional food type but also how
globalization has exposed them to new culturespatates?>.
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Figure 6: Process of Food Fermentation’
Few significant benefits of food fermentation arelsmmarised as:

* The production of a variety of tastes, scents, tamtlres in food substrates to enrich
the diet.

* Use of lactic acid, alcohol, acetic acid, and atlelfermentations to preserve large
guantities of food.

* The addition of vitamins, essential fatty acidssesdial amino acids, and protein to
food substrates for biological enrichment.

» The removal of antinutrients.

* Areduction in the amount of fuel needed and cogkime.

» Preserves and enriches food, increases food's ffandbtaste, and aids digestion.

* Fermentation break down the complex compounds smaple which are easily
digestible in human digestive system.

* Fermentation splits cellulose and hemi cellulosecstires in the substrate which are
indigestible and converted them into simple sugamd sugar derivatives which
increase the nutritional value of the food. Theyseahighly specific and controlled
changes to foods by using enzymes.

» food preservation using lactic acid, acetic aaltohol, and alkaline fermentation
processes.

» Extended shelf life of food.

* The detoxification of undesirable compounds

Health related product.

V. LIMITATIONS OF FOOD FERMENTATION

Fermentation has many applications and benefiexettare also some limitations
associated with this procé&sSome of the most common limitations of fermerftet:

Copyright © 2024 Authors Page | 96



Futuristic Trends in Biotechnology
e-ISBN: 978-93-6252-103-3
IIP Series, Volume 3, Book 5, Part 2, Chapter 6
FOOD FERMENTATION TECHNOLOGY- SIGNIFICANCE,
SCOPEBINRUTURE PERSPECTIVES

1. Risk of contamination: Given that fermentation is a natural process, awaiof
variables, including humidity, temperature, and tyy@e of microbes employed, may
be relevant. Foods that have undergone incorexchdntation are susceptible to
bacterial contamination from pathogens such as &adita or Listeria.

2. Allergies: The yeasts or molds used in the fermenting processcause sensitivities
in certain persons. Allergic responses ranging frooderate to severe may result
from this.

3. Acidity : Certain fermented foods, such as sauerkraut akdepiacan contain a lot of
acid. Recessive ingestion of acid might lead tetipgomach.

4. High sodium content: The salt utilized during the fermentation processises
fermented foods to have a high sodium content. cimsumption of fermented foods
may need to be limited in people who have high t#lpeessure or other conditions
that necessitate a low-sodium diet.

5. Process ChangeslLow-volume production requiring a lot of money aadergy,
Natural fluctuations throughout time, The final guat is unexpected and undesired,
the germs thrive and reproduce uncontrollably, Hreddesirable microbes die. The
product is impure and requires more treatment.

VI. APPLICATIONS OF FOOD FERMENTATION TECHNOLOGY

There are several classifications for fermentedd$oorhey could be categorized
according to the kind of product, the biochemistoy, the microbes. Meat products,
beverages, cereal goods, dairy products, fish mtsdiruit and vegetable products, legumes,
and fish products were the seven categories thapBell-Platt (1987) classified.

Many different forms of food, including dairy pratta like yogurt and cheese,
fermented vegetables like sauerkraut and kimchkpladlic drinks like beer and wine, and
many more, are produced through fermentation. Fouals be preserved by fermentation as
well as have their flavor, texture, and nutritiomalue increased. Different types of food are
fermented and used daily in diet. Some exampléisesie foods are as follows:

1. Dairy products: For humans, the fermentation of milk and the damyducts that result
from it are vital. Fermentation occurs in dairy gwots such as yoghurt, kefir, cheese,
butter, and sour milk. Products made from fermemeitk are a good source of
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probiotics®®. Yogurt is a fermented milk product that has imewsystem-modulating
properties.

Fermented Milks: A particular microbial consortiunm which yeasts,
Bifidobacteria, and lactic acid bacteria (LAB) treiin a protocooperative relationship
ferments milk to produce fermented milks. Many memsbof the Lactobacillus,
Lactococcus, Streptococcus, Leuconostoc, and Ramxtios genera are among the
Lactobacillus-associated bacteria (LAB) that arespnt in large quantities during the
fermentation process and contribute to the uni¢pef, texture, and nutritional value of
fermented milk.

* Yogurt: Yogurt is a coagulated milk product that is magifdymenting lactic acid
with the help of Lb. delbrueckii subsp. bulgaricarsd Streptococcus thermophilus.
The final yogurt product's physical properties camy depending on the type of
starter utilized.

* CheeseCheese is a concentrated milk product made frotk, mream, partially
skimmed milk, buttermilk, or a combination of thgseducts through coagulation
and whey separation. You can eat cheese raw ariatb@s matured. Less than 20
different types of cheese are represented by the ian 400 different varieties.
These cheeses are categorized or grouped basedtorsfsuch as moisture content,
texture, and ripening status—whether the chees®atared naturally or by the use of
bacteria or molds.

* Beverages:The process of fermentation for the production efdrages has been
used since old times. Fermented beverages areodypes:

> Alcoholic Beverages: Alcoholic beverages have been integral to various
cultures throughout history. Alcoholic fermentatitakes place in fruits or
other high-sugar substances thanks to the actigeaxdts. The alcohol content
in these beverages serves as a natural preservabwributing to their
extended shelf life. Significant progress has baemeved in enhancing the
qualities of fermentation strains, largely drivey the substantial economic
incentives tied to the alcoholic beverage industry

Distilled Spirits: Excessive concentrations of alcohol can impede tyeas
metabolism. To achieve higher alcohol concentratiothe fermented
products must undergo distillation. Distilled sggrisuch as whiskey, gin,
vodka, rum, and liqueurs exemplify this process.n&¥i are created by
fermenting fruit juices rich in fermentable sugaBgers, on the other hand,
are produced from raw materials containing stand¢hch undergo enzymatic
breakdown, malting, and mashing to make the sugarsessible to
microorganisms for fermentation.

» Cereal-based food ProductsCereal grains have been a longstanding source
of human food. Grains can be transformed into fgrdducts through
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fermentation. For example, "Ogi,” a cereal porridge made from the
fermentation of maize, millet, and sorghum (Osumghad009). Many cereal-
based foods are derived from grains such as matzeat, millet, sorghum, or
rice. Fermented cereal products can take the fdrigquids or solid products,
including stiff gels.

2. Fermented Vegetable ProductsLactic acid fermentation is a widely used method f
preserving numerous vegetables globally. Amongctmmercially significant fermented
vegetables are cabbage (for sauerkraut), cucumdeasolives. Additionally, vegetables
like carrots, cauliflower, celery, okra, onions,dapeppers are also subjected to this
preservation technique. Typically, these fermeatati do not require the addition of
starter cultures and instead rely on the indigenousroflora present. The primary
product of this fermentation process is lactic adile inclusion of salt in the process
helps extract liquid from the vegetables, whichtkerves as a substrate for the growth of
lactic acid bacteria (LAB). The presence of sakoabcts as a barrier against the
proliferation of undesirable spoilage microorgarssm

3. Fermented Meat and Fish ProductsFermented Meat product Sausages, fermented fish
products like fish sauces, fish paste.

* Meat Products: Although meat is consumed all around the worlds tighly prone
to bacterial infection. Meat must therefore be presd in order to retain its stability.
Meat fermentation12. The process of fermenting ages with lactic acid bacteria
(LAB) preserves the meat and keeps it from goirgy'fa

 Fermented SausagesAcross the globe, various methods have been dkvise

producing stable, fermented meat sausages. Theajeapmproach to preserving the
meat involves the addition of salts and the proamobf lactic acid production by
bacteria, resulting in a rapid decrease in pH kveuring the fermentation process,
micrococci, staphylococci, and yeasts play pivotéds in developing the sausage's
color, taste, and flavor. The preparation of fertadnsausages entails blending
ground meat with a diverse mix of spices, flavosingalt, sugar, additives, and
frequently, starter cultures. While pork, beef, tont or turkey meat can all be used,
it is essential for the meat to be fresh and ohygality to ensure favorable sensory
properties and safety.

* Fermented Fish: Fish fermentation is particularly prevalent in 8mast Asia, where
fish holds a significant place in the human diedrrRented fish items are renowned
for their ability to be stored for extended periogsile preserving their nutritional
value. In these fermentation processes, Gram-gesitiicrococci play a pivotal role.
This practice has given rise to various populardpots, including fermented
sausages, fish sauces, and fish pastes. Sinceatbehgdrate content in fish is
typically low, usually less than 1%, an additiosalrce of carbohydrates is necessary
for lactic fermentation. Ingredients like rice agarlic are often introduced to provide
this carbohydrate source, with garlic containinglimas a carbohydrate reserve. The
primary products derived from fish result from noioral fermentation and the
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enzymatic degradation of fish through autolysis.eSén resulting products are
commonly referred to as fish sauces and fish pastes

4. Combined Fermentation Products: Microorganisms play a pivotal role in food
fermentations by releasing carbon dioxide, sertvmg primary purposes: (i) functioning
as a leavening agent and (ii) facilitating carbomatin beverages. An exemplary
application of carbon dioxide is observed in thavening of dough during the bread-
making process. In bread production, gas formatomprises a combination of air
introduced during mixing and kneading, alongside2@@nerated from the fermentation
of sugars by yeast. The yeast not only contribtdele bread's flavor but also imparts an
enticing aroma. During the baking of the loavesptgins undergo denaturation,
establishing the structure, while any trace amoohethanol produced by the yeast tend
to evaporaté?®.

Sourdough: Sourdough bakery items exhibit an extended shigf & result of the
fermentation process that synergizes the metabotions of lactic acid bacteria (LAB)
for souring and yeasts for leavening. The intricael rich flavor of the bread stems
from the production of lactic and acetic acids b&B.,. as well as flavor compounds
generated through the interplay of inherent ceezaalymes, microbial processes, and the
baking procedure. Additionally, the metabolic aitiés of LAB and yeasts contribute to
the creation of a diverse array of appealing arantampounds.

* Vinegar: Vinegar stands as one of the oldest culinary mtsdknown to humanity.
Its origins are believed to trace back to an actalediscovery involving spoiled
wine, hence its name derived from the French terim digre,” which translates to
sour wine. Vinegars with higher strength are ottemployed in the pickling process,
and spirit vinegar, for instance, is created thirodgtillation of an alcoholic solution.
Vinegar, widely regarded as a triumph of the pnest@on industry, finds manifold
applications in the food sector. It significantistends the shelf life of various foods,
including pickled vegetables like gherkins, olivasd onions, by immersing them in
vinegar. The production of vinegar involves a twage fermentation process:
initially, an anaerobic, alcoholic fermentation efigars by yeasts takes place,
followed by the oxidation of ethanol to acetic abilbacteria. This latter reaction is
known as acetification and is also a common catispalage in alcoholic beverages.

Kefir. Kefir is created through an acid/alcohol fermeantatprocess involving
pasteurized milk and a combination of lactic acattbria (LAB), yeasts, and other
bacteria. The resulting product is a slightly aluad) effervescent liquid to semiliquid
with an acidic taste and is commonly enjoyed asesetage. To initiate the
fermentation, kefir grains are introduced into thigk. These kefir grains consist of
proteins, polysaccharides, and a blend of micraosgas, primarily including yeasts
that ferment lactose, aromatic bacteria, and LAB.

« The primary yeasts are Saccharomyces and Candiflg Wdilst the primary
Lactobacillus kefir, Leuconostoc species, and Uaatdlus lactis make up the LAB.
The lactobacilli and Leuconostoc species producete, acetate/ethanol, and carbon
dioxide from lactose; the yeasts make ethanol ambdon dioxide from lactose; and
the lactococci produce lactate from lactose. Thealidoom temperature for kefir
fermentation is between 17°C and 23°C.
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5. Oriental Fermented Products: The manufacturing process of soy sauce, miso, akel s
includes koji fermentation. Koji is composed of Begns or grains on which molds
develop, generating enzymes like proteases, lipaseisamylases. These fungal enzymes
break down proteins, carbohydrates, and lipids miwients utilized by microorganisms
in subsequent fermentation steps. Koji comes inouar types, each tailored to the
specific products being produced. Variations in kuglude the types of molds used, the
substrate, the preparation method, and the hangestage™.

* Soy Sauce: Soy sauce is a dark brown liquid derived from feementation of
soybeans and wheat in a salt brine. To achievdebied acidity for preservation and
flavor, lactic acid bacteria (LAB) like Pediococcssyae or Lb. delbrueckii are
cultivated on the moromi. Yeasts such as Sacchareswpuxii and Torulopsis sp. are
also involved in the fermentation process, contiiguto alcohol production and
flavor development. After aging, the moromi is @& to extract a liquid, which is
then pasteurized to create soy sauce.

 Tempeh: Tempeh is a protein-rich food recognized as onehef earliest meat
alternatives globally. The process involves cutiivg the mold R. oligosporus or
similar species on soaked, dehulled, and part@lyked soybeans, forming a solid
cake. This cake can be sliced and deep-fried ointoitcubes to substitute for meat in
various dishes, including soups. Tempeh productioesn't primarily focus on
extending shelf life; instead, it enhances the aVappeal and nutritional value of its
primary ingredient, soybeans.

VII.  ARTIFICIAL INTELLIGENCE IN FOOD FERMENTATION

Artificial intelligence (Al) involves the theory @ndevelopment of computer systems
capable of performing tasks typically requiring lammntelligence. It traditionally pertains to
the creation of human-like intelligence within mamgs, enabling them to learn, reason, plan,
perceive, or process natural language. The aplicaif Al-based predictive analytics is
poised to assist food manufacturers in creating feewd products that closely align with
consumer preferences. With the growing demand enfolod industry, Al technologies are
being embraced to optimize profits and explore watiwe methods of reaching consumers.
Al has found utility in various areas, includingrtdog fresh produce, supply chain
management, monitoring food safety compliance, ecing cleaning in place systems,
anticipating consumer preferences, and streamlinivegy development of new products,
ultimately saving time and resources. An exampléAbtechnology in this context is the
electronic nose (E-nose), which is employed toatdtees flavors of various food items within
this category.

VIIl. ELECTRONIC NOSES FOR FERMENTED FOODS

Numerous communities worldwide have incorporatethénted foods and beverages
into their regular meals. Volatile organic molecuthat are released into the atmosphere are
crucial for figuring out the chemical makeup anbestdetails of fermented foods and drinks.
Electronic nose (E-nose) technologies have beed fasethis purpose for many years since
they are simple to use, have minimal running c@std, allow for non-destructive monitoring
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and quick analysis. Different kinds of microorganss including bacteria, yeast, and mold,
have been employed to alter the chemical compaostiofermented foods and beverages,
resulting in changes in taste, smell, color, anttithen. Many methods, including physical
quality, nutritional value, microbiological qualjtgafety, and sensory quality, can be used to
evaluate the quality of fermented food and bevevade variety of tools and methods,
including spectroscopies and sensory evaluatidmigaoes, have been developed.

Buck and Axel from Columbia University in the Urdté&tates conducted the first
molecular investigation into the mechanics, odoteckon, and limitations of human
olfactory perception in 1991. Their finding pavete tdoor for innovative concepts and
methods for creating an E-nose system rather tening on the sophisticated human
olfactory sense for a variety of multipurpose ud&sThree primary components can be
identified in the human olfactory system.

* The olfaction component, comprising olfactory raoemlands and aroma delivery
mechanisms,

» The neural system for transmitting signals betwierbrain and the body, and

* A decision-making system capable of recognizingntdying, and responding to
olfactory sensations perceived by the brain.

The sense of smell operates on a highly intricagéehanism. Psychophysical testing
has shown that people can distinguish between tharel trillion different olfactory stimuli.
But human emotions and age have a big impact on WweW humans recognize and
categorize odors. Furthermore, the presence ofrthazs chemicals in the sample and the
duration of the test are significant barriers te thetection of scents through the human
olfactory system (Fig 7). As a result, the E-noas Bmerged as one of the most effective
instruments for replacing human judgment of sarapbena.

" Human nose \— Biological olfactory system

Fermented
\food and beverages/

Sensor array Sensor response Feature extraction Pattern recognition -

Artificial olfactory system (Electronic nose)

Figure 7: Comparison of Human Nose and E Noge

Recent years have seen a significant increasetenest in tools and techniques that
allow for non-destructive measurement, quick angjyand on-site testing with affordable
operating costs and ease of use. Electronic ndsesd4es) are among the most useful
instruments for quality food and beverage iderdiiien that satisfy these requirements. For
the qualitative analysis of food and drinks, thisra global trend toward the development of
E-nose systems in place of conventional apparakesGC, GC/MS, SPME/GC-TOFMS,
GC-IMS, etc. While a number of review articles h&een written about the use of E-nose in
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food and beverage applications, there are still fievdepth analyses that concentrate on
fermented foods and beverages that use E-nosedlegiyn

In the present day, electronic nose (E-nose) systemploying various gas sensor
arrays find applications across diverse sectoduding agriculture and forestry, industrial
processes, environmental toxin/pollutant analysspace stations, medical/healthcare,
personal authentication, pharmaceuticals, foressience, military, toxicology/security, and
the food and beverage industry. An emerging avenuthis field is the development of
mobile and cost-effective devices for individualsperiencing anosmia (loss of smell).
Specifically within the food and beverage industeynose systems have been utilized for
both direct and indirect odor analysis to servetiplel purposes. These purposes encompass
product quality assessment, studies on batch-hbainsistency, detection of contaminants,
identification of spoilage, recognition of adulteéoa, identification of pathogenic bacteria,
investigations into storage conditions and sh#édf s well as the establishment of distinctive
sensory profiles. Concerning competitive aspectthen food industry, E-noses have been
employed to analyze aromas, make comparisons wigth products, assess the effects of
alterations in the production process and compenénpacting sensory attributes, and
evaluate various food formulations.

Furthermore, E-nose systems have demonstrated texzapcapabilities in assessing
the quality of a wide range of products, encompassvine, beer, coffee, carbonated
beverages, dairy items, pork, beef, poultry, feshg shrimp. Nonetheless, it is worth noting
that sensors within E-nose systems can exhibiifaeffect, leading to slight measurement
biases over different time intervals due to sereging. Over the years, research efforts
persist in the pursuit of enhancing E-noses, ainfondpeightened precision and accuracy, the
implementation of online platforms, and achievingutitative identificatiorf>.

IX. SCOPE OF FOOD FERMENTATION TECHNOLOGY

1. Fermentation is a natural process and a more eco igndly substitute: In the
upcoming years, fermentation is poised to holdgaicant position, particularly in the
synthesis of valuable metabolites. These metalolpeesently manufactured through
chemical processes, sourced from natural origingleoived from intensive agricultural
practices (such as breeding), exert notable eabgbnsequences. Fermentation stands
as an environmentally sustainable alternativeHeirtproduction.

2. Growing economic opportunity by fermentation: As per the World Economic Forum,
there is a projected 100% increase in demand fotems from now until 2050, and
meeting this demand solely with animal-derived @irag will not be feasible. To address
this, a viable plant-based alternative can be #&shaa using various forms of
fermentation, whether it be microbial, biomasspr@cision fermentation.

3. Traditional and all the Rage Process Reflectinga Commitment to Ecology and
Solidarity: Fermentation is integrated into societal prasticetwo distinct ways. Firstly,
it is a traditional and culturally significant dkilparticularly prevalent in Asian and
African regions, offering consumers the chance xplare new culinary experiences.
Secondly, it has more recently emerged as a mearsotiety to reengage with its food
habits and endorse a circular economy. In factéetation can be easily conducted on a
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small scale, empowering consumers to extend thi¢ Iffieeof their fruits and vegetables
and thereby reduce food waste. This shift in bedragan be further facilitated by
manufacturers, through impactful communication theducates consumers about
sustainable food practices and by offering prodtitas encourage DIY (Do It Yourself)
fermentation. This allows food manufacturers to destrate their commitment to
ecological values by supporting consumers in theursuit of sustainable and
environmentally conscious consumptfdft’.

4. Nutritional aspect: Fermentation is frequently linked with intriguingutnitional
advantages. For fermented ingredients, it has dhengial to enhance the bioavailability
of minerals that are naturally present. Additiopait has the capability to eliminate
undesirable anti-nutritional components. These ahges are also commonly linked to
the digestive and intestinal microbiome, espechalten probiotics are utilized in specific
products. Nevertheless, it is imperative to em@eashat further scientific research is
required on this topic before legally assertingséheutritional benefits.

X. FUTURE CHALLENGES OF FOOD FERMENTATION TECHNOLOGY

Global food and beverage manufacturing operatiaasyell as additional processes
including the synthesis of commercialized biocommzi like hormones, antibiotics,
pigments, and bioplastics, are all supported byméamtation. The development of
fermentation as a global process has intriguindlemges to address in the near future,
despite the intense research efforts on fermentétésed processes, which involve various
scientific areas such as plant/microorganism gesehliochemistry, biomass chemistry, and
process engineering.

Furthermore, the genomes of numerous pathogenicspoidage bacteria are now
available, which may create new opportunities fer tlevelopment of novel antibiotics that
specifically target the vital functions of theseublesome bacteria. When it comes to food
systems, the true challenge of the genomes aneégmits age is to use this abundance of
data to enhance culture performance and activitdsch will enhance the composition,
safety, and quality of the world's food supply.

An further significant obstacle pertains to teclugyl. Recent descriptions of certain
intriguing microbes for industrial fermentationsvbeashown that they need "extreme
conditions" to develop, such as high salt concéintra or extremely acidic pHs. This
pertains to bacteria that are either acid thermimpbi halophilic, respectively. Operating in
these conditions leads to corrosion, which shorteasalf-life of the majority of bioreactors
on the market today. This has a detrimental impattthe large-scale use of these
microorganisms. Lastly, there is additional work e done in designing fermentation
processes based on the circular econghy.

Some of the current challenges with respect to preson fermentation for food
production include:

1. Scalability, economic viability, and sustainabiliilyhe majority of precision fermentation

start-ups that produce food ingredients are stillhieir infancy, and it is unclear if they
will be able to maintain their profitability or sagability as they grow.
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Consumer perception: Some consumers worry thatlmpegeins and other compounds
that could be harmful or allergic could be introedento food through synthetic biology.
In many jurisdictions (USA, Australia), precisioerimentation made substances are
exempt from GMO labeling as long as the molecutesnature comparable. This makes
it challenging for consumers to make educated d®t$s To increase customer trust and
adoption of precision fermentation components, eyppate labeling, openness, and
consumer education will be necessary.

Ethical concerns: In its most audacious form, sgtithbiology involves creating "a new
life form" that fulfills a target vision or applitan rather than merely altering an
organism's genetic makeup. This raises ethical tquss as well as risks related to
biosafety and biosecurity, such as the potentialtliese organisms to escape into the
environment and replicate uncontrollably, as wsltlze possibility of intentional misuse
by terrorists. Furthermore, the production of foadgredients originating from
conventional agriculture, such as steviol glycosidad vanilla, by precise fermentation,
has an impact on the livelihood of farmers who delpen these commaodities, particularly
in underdeveloped nations. This has ramificatioos dociety and ethics. Academic
institutions, governmental bodies, and private aeatust work together to guarantee
biosecurity, moral technology usage, and fair itistion of genetic resource earnirfgs.

Regulatory aspects: Globally, frameworks for pekciand regulations controlling

synthetic biology and precision fermentation and being developed, and there are
worries that technological advancements in the eoedd surpass the creation of suitable
legislation.

Capability in large-scale fermentation and dowrastrgrocessing: The primary obstacles
to realizing the full potential of precision fermaton have been found to be a lack of
experience with fermentation process engineeringdownstream processing and
fermentation facilities operating on a commercizle. The food fermentation capacity
that is now available will be used up in 12 to 2dntihs, emphasizing the necessity of
investing in fermentation facilitie¥.
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