
 

 

Microbial diversity of fermented foods. 

 

Abstract 

Fermentation is an age-old chemical process which plays a vital role in various aspects of 

foodprocessing all over the world and helps in enhancing flavour, value addition and provides 

many health benefits to the consumer. Fermentation has multi directional role and significance 

in foodprocessing. Over the years, research on fermentation has continued to advance, 

demonstrating its potential use in the production of pharmaceuticals, a wide variety of bio-

based products, and sustainable biofuels. Fermentation has lately attracted renewed interest as 

sustainable agriculture and food production has become more and more important. There are 

variety of fermented products which are manufactured commercially and are being consumed 

by mass population due to their several beneficial health aspects. The process of fermentation 

includes various steps such as introduction to microbes, breakdown of sugar, maintenance of 

pH and enhancement of flavour. This review provides an information about various food 

products prepared by fermentation in food industries, their potential health benefits, value 

addition of raw materials and the science behind it. Although food was traditionally preserved 

by fermentation, this process is becoming increasingly popular today since it produces 

nutritious food items with benefits beyond just basic nutrition and flavour. Foods that have 

undergone fermentation increase the body's immunity against harmful bacterial infections and 

strengthen the immune system. During fermentation, a variety of biochemical changes take 

place that may have an impact on the nutritional components and, in turn, the end product's 

characteristics, such as digestibility and bioactivity. 
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Introduction 

 

Fermentation is a fundamental chemical process that breaks down intricate materials into 

simpler 

onesusingthepowerfulactionsofmicroorganismsorenzymes.Thesemicroscopicbeingsefficientlyha

ndlethemetabolicaspectsoffermentation,anintegralpartofhumancivilizationwhichhasplayedapivot

alrole for countless centuries. Its indispensability is showcased by its significant influence on 

variousfacets of our daily lives like the manufacture of sustenance and beverages, as well as 

ground-breakingdevelopments in biotech. Fermentation research has constantly evolved 

through theages, proving its potential utility in producing sustainable biofuels alongside drugs 



 

 

and diverse rangeof bio-based merchandise. Additionally, it occupies a crucial position in 

traditional food preservationtechniquesandflavourgeneration (Yu et al., 

2010).Aswetakestridesintothe21stcentury,thereremainsacontinuedemphasisonexploringfermenta

tion'sabilityinenhancingfoodsafety sustainability and wellness advantages (Ganzle, 2015). It 

acts as an essential metabolic 

methodforfermentingfood.Microscopicorganismsincludingbacteriayeastmouldconvertorganicco

mponentsduringthiscomplexbiochemicalprocessinvolvingfermentation.Thesemicrobeworkhorse

sutilizearangeofsubstratescomprisingsugarsyieldingvariedendproductssuchasalcoholorganicacid

sgases.Often,thesefinalgoodsareaccompaniedwithanexpanseofsecond-genmetabolites. 

Globally,arangeoffermentedproductscarryingexclusivecharacteristics and cultural worth have 

been produced due to the variety of fermentation procedurespowered by a wide array of 

microorganisms (Tamang et al., 2016). As the importance of sustainableagriculture and food 

production grows, interest in fermentation has recently revived. Communitiesengaged in 

seeking more eco-friendly remedies for environmental issues have been attracted to 

theirabilitytoconvertagriculturalwasteintovaluablebio resourcessuchasbio fuelsandbio plastics. 

Theproductionofhigh-qualitysubstancesliketherapeuticproteins,enzymes, andbio active 

molecules has also gained from fermentation boosting innovation in the bio 

pharmaceuticaldomain. Theserevelationsenhancedourgrasponfundamentalmechanismsleadingto 

new food processing techniques like precision fermentation and functional foods creation. This 

comprehensive study is aimed at providing a current overview offermentation processes from 

historical roots to its diverse deployments in twenty-first century life. Inthis module, we will 

extensively discuss the fundamental chemical reactions, the role played bymicroscopic 

organisms and how fermentation impacts various food industries. Further, we will 

scrutinizerecent advances in fermentation technology alongside the hurdles and opportunities 

that still remainfor us to harnessthisage-old yetever-evolving biologicalprocessto its 

fullpotential (Marco et al., 2017). 

 

Mechanismoffermentation 

FermentationMechanisms:Peelingbackthesciencebehindbelovedproductssuchasyogurt,beer,and

bread. 

MicrobialMetabolism:Microbesformthebackboneoffermentationitself.Sugarsandorganicmolecu

les become the diet for bacteria and yeast, converting them into simpler components. With 

thismetabolic activity comes a range of by-products, effectively fueling bacteria. 

Byunderstandingmicrobialmetabolisminfermentation,industrieslikebio 



 

 

fuels,medicinaldrugs,andfoodproduction can gain a foothold. To make the most out of yields, 

quality control,and profitability during fermentation processes – it’s crucial to grasp the 

intricate dimensions ofmicrobial metabolism. Glycolysis is one way where glucose changes 

into pyruvatewhile generating both ATP and NADH - an enduring process for 

fermentation.Alongsideglycolysisareothervitalpathwaysthatplayaroleinmicrobialmetabolismdu

ringfermentation like - tricarboxylic acid cycle (TCA) or pentose phosphate path.Diverse 

Microbial Lifeforms Various microorganisms- bacteria, yeasts & moulds – are used 

infermentation processes due to their peculiar metabolic characteristics.For 

example,Saccharomyces cerevisiae or baker's yeast is renowned for its capability to generate 

ethanol- making itasignificantplayerinthebio ethanolindustry (Parapouliet al., 2020). 

Anaerobic respiratory process: This is a fermentative activity that often takes place in the 

absence of oxygen. Insituations where oxygen is scarce, bacteria turn to fermentation instead 

of oxidative phosphorylation.Microorganisms must undertake this switch in metabolism to 

survive across a range of 

environments.Thesignificanceofresearchintoanaerobicrespirationandfermentationextendsbeyon

djust biology to encompass the pharmaceutical sector as well. Penicillin is one among many 

antibioticsproduced through fungal and bacterial fermentation. Another vital formof anaerobic 

respiration is lactic acid fermentation which can often be observed in muscles duringintense 

physical exertion when there's limited oxygen supply. In this process glucose gets 

convertedintolacticacid causing musclediscomfortandfatigue(Baldwin and Haddad.,2019). 

EthanolProductionandflavourdevelopment:Saccharomycescerevisiae,akindofyeast,iswellknow

nfor its function in alcoholic fermentation and the formation of flavour. Yeast converts 

carbohydratesinto ethanol and carbon dioxide throughout this process. Beer, wine, and other 

alcoholic drinks areproduced by this method (Krogerus et al., 2015). In addition to 

preservation, fermentation can alsoimprove flavour. The distinct flavour profiles of fermented 

foods and drinks are influenced by 

themetabolicbyproductsoffermentation,suchasalcohols,esters,andorganicacids(Bokulichand 

Bamforth.,2013).Baking also heavily relies on fermentation. When yeast breaks down glucose, 

carbon dioxide isreleased. This gas becomes trapped in the dough and causes it to rise. The 

airy and fluffy texture ofbreadis theresultofthis leavening process. 

LacticAcidFermentation:Thisisoneofthemostprevalentkindsoffermentation.Thisprocess,whichr

esultsinthedistinctivetanginessofyogurt,sauerkraut,andkimchi,involvesbacterialikeLactobacillu

sconverting carbohydrates into lactic acid (Ganzle, 2015). In the food business, lactic acid 

fermentationis also used to pickle vegetables in order to preserve them. The naturally 



 

 

occurring lactic acid bacteriaon vegetables break down carbohydrates into lactic acid, which 

creates an acidic environment 

thatpreventsthegrowthofmicrobesthatcausespoiling.Applicationsinbiotechnology:Beyondthecu

linaryrealm,fermentationfindsapplicationsthatgobeyondfoodproduction. It has a pivotal role in 

creating bio fuels, enzymes, and crucial medicinal proteins. 

Probiotic Manufacture: Probiotics are live microorganisms which provides health benefits to 

the 

hostwhenconsumedinadequateamount.Fermentationisfundamentaltoproducingfoodsrichinprobi

otics,think yogurt and kefir. These edibles host advantageous bacteria which have been known 

to improvegut health while boosting overall wellness. The popularity of probiotics - 

livemicroorganismswhoseoralconsumptionislinkedwithdocumentedhealthbenefitsonlywhening

estedinsizeablequantities-

haswitnessedsubstantialgrowthowingtoitspotentialabilitytoenhancegeneralas well as 

gastrointestinal well-being. Probiotics helps in improving gut health 

andimmunesystem.Examplesforprobioticsareyogurt,kefir,kombucha,cheese,kimchi,misoandpic

kles (Marco et al., 2017). 

 

Prebiotics:Thesearenon-

digestiblefoodingredientswhichhelpsinthegrowthofbeneficialmicroorganisms. Forexample, 

onion,garlic,soyabeanand chicoryroot. 

Food itemsproducedbyfermentation 

Let's embark on a delectable journey encompassing an array of food creations nurtured by the 

processof fermentation, an enchanting world where flavours are as dynamic as they are 

bewildering, grantingyouaglimpse into theastoundingdiversity 

encapsulatedwithinglobalculinaryspectacles. 

Kimchi-hailing from Korea and proudly regarded as their national delight, serves as the 

genesis forour adventure. Kimchi, a traditional lactic acid fermented vegetable product, is a 

staple of the Korean cuisine and is made by combining Chinese cabbage, radishes, fish sauce, 

spices, and other ingredients. After being fermented by a number of different microbes, the 

combination is subsequently eaten raw all over the world. The key players in its creation 

include Napa cabbage and radishes,these are complexlycombined with spicy chili peppers, 

garlic and ginger to manifest a piquant fermented veggie amalgamthat also has the additional 

perk of being rich in probiotics; wonderfully improving gut health 



 

 

whilstleavingyourpalatetruly mesmerized (Tamangetal., 2021). 

Kombucha- It is a fizzy drink with a sweet taste made from bacteria, yeast, sugar and tea. It is 

a good source of probiotics. This tasty drink was originated in northeast China. The next 

destination in our adventure is China and Russia, where kombucha has gained awider 

reputation across the globe. Kombucha, a fizzy tea crafted by fermenting a mixture of yeast 

andbacteriacalledSCOBYisknownforitsrefreshingtastewithatangyaftertastethatmightbebenefici

alto yourhealth (Jayabalanetal., 2014). 

Sauerkraut - One of the oldest and most popular traditional fermented vegetables is 

sauerkraut, which has long been used for its therapeutic properties in China.  Let's focus on 

sauerkraut, eaten in European countries, and the dish primarily seen 

inGermancuisineforcenturies. When sauerkraut spontaneously ferments, several 

microbiological, chemical, and physical changes occur that may compromise the product's 

safety and quality.Whencabbagefermentsnaturallythroughlacticacidbacteria,itbecomesthiszesty 

delicacy thatcarries healthy probiotics. 

Kefir - Middle East/Caucasus: Kefir is a dairy-based drink that goes through fermentation 

giving itprobiotic properties mostly found in the regions comprising of the Middle East and 

Caucasus. It's asilky-smooth drink with an acidic tinge having its origins in areas encircling 

the Black Sea producedessentiallyby fermentingmilk usingkefirgrains (Farnworth,2005). Kefir 

has attracted interest recently due to its pleasing organoleptic qualities as well as its anti-

hypertensive, anticarcinogenic, hypocholesterolemic, anti-inflammatory, anti-mutagenic, anti-

allergenic, anti-bacterial, anti-diabetic, antioxidant, and probiotic effects. 

Tempeh - a popular Indonesian food, is derived from fermented soybeans and presents a 

protein-rich profile. The distinct texture and satisfying umami flavour of this food product are 

contributed by Rhizopus oligosporus - an essential mould used in the fermentation procedure 

(Hesseltine, 1965). 

Miso - miso paste is at the heart of Japanese cuisine as it serves as a crucial ingredient for 

flavorfuldishes across the land of the rising sun. Combining soybeans, salt with koji -a mould-

based agent-deliversanauthentictastetosoups, sauces, andmarinades alike(Franzetal., 2014). It 

is also a rich source of probiotic bacteria; it is good for immune system and works as an 

antiinfection agent in the body. It is prepared by mixing koji and cooked soybeans. 

Cheese-

Todigressfromdiscussingfermentedfoodsgloballywouldbeincompletewithoutmentioningcheese

. The global diversity of cheese-making practices results in a dazzling array of 



 

 

sensationaltexturesandflavours.Thisintricatecraftperfectlyillustratestheboundlesspossibilitiesth

atfermentation can bring to life - think creamy Brie from France or smoky blue cheese from 

the UnitedStates. In the process of making cheese, casein is broken down by the use of milk, 

rennet, starter culture, proteases, and peptidases from secondary microbial flora. These 

bioactive compounds are then employed in a variety of biological processes.  

The effects of cheese in preventing and treating illnesses are mostly due to its vitamin and 

mineral content as well as bioactive peptides (antihypertensive, antioxidant, opioid, anti-

proliferative and antimicrobial peptides and conjugated linoleic acids (CLA)) (Hur et al., 

2017). Furthermore, there is an extensive list of other intriguing food items awaiting 

exploration in futuretopics. 

 

The processof fermentation 

We now shift our attention to the series of events that unfold during 

fermentation.Stage1-Introduction ofMicrobes: 

Fermentation commences with the introduction of specific bacteria into a substrate, usually 

sugars,whichserveastheprimaryfuelsourceforthesemicroorganisms.Thiscrucialphaseisoftenrefer

redtoas "inoculation". The choice of microbes varies depending on the desired end 

product,ranging from Saccharomyces cerevisiae in bread to Lactobacillus in yogurt (Ganzle., 

2015). 

SugarBreakdowninStage 2: 

Once the microbes are introduced, they begin breaking down complex carbohydrates into 

simplersubstances such as ethanol, lactic acid, or carbon dioxide. This 

metabolictransformation plays a vital role in the development of flavor, texture and overall 

preservation of thefinalproduct(Fleet., 2007). 

FlavorEnhancementinStage 3: 

Theabilitytoenhancefoodflavorprofileisoneoffermentation'smostrenownedattributes.Theunique

taste and enticing aroma that characterizes resulting products are brought about by a wide 

array 

ofvolatilecompoundsproducedbymicrobesduringthisintricateprocessincludingesters,aldehydesa

ndacids (Spitaelsetal., 2014). 

Step4-pH upkeep: 

Maintaining the right acidity of the environment during fermentation plays a pivotal role in the 



 

 

wholeprocess.Tocreatesurroundingsthatfostertheirgrowthandmetabolicfunctions,microorganis

msoftenmodify the pH levels by producing acids or alkaline substances (Fleet., 2007). For 

example,when preparing sourdough bread, lactic acid bacteria reduce the pH, this gives it a 

distinctive tangytaste(Gobbettietal., 2014). 

ControlandMonitoring inStep5: 

Precisely regulating and closely watching variables like temperature, humidity, oxygen levels 

etc areparamount for successful fermentation. These factors directly influencemicroorganisms' 

development, activity and even slight fluctuations can significantly alter the 

finalproduct'squality. 

 

Time frame: Fermentation processes vary from weeks to months for products like matured 

cheeses or    can be relatively quick such as hours required to raise bread dough. The duration 

depends on factors like type of involved microorganisms and desired characteristics of the end 

product. According to the Tamang et al study, fermentation can also act as a natural 

preservative while adding flavour. The acidity and production of antibacterial elements during 

fermentation allows many fermented foods to have longer shelf lives (Doyle, 2007). 

 

Various aspects of fermented foods. 

Fermented foods are rich in vitamins, minerals, proteins and fibre. These foods act as potential 

probiotics and antioxidants due to which we get numerous health benefits. Value addition is 

another significant role of fermented food products which leads to enhancement of flavour, 

improvement of texture, shelf life is extended and gives a diverse flavour with unique aroma.  

Different types of microorganisms are used in the metabolic process of fermentation, including 

bacteria (e.g., Lactobacillus and Bifidobacterium), yeasts such as saccharomyces and some 

moulds. Preservation of foods can be easily done by fermentation naturally. 

 In food industries fermented foods are produced on a large scale with proper quality control, 

consistency and safety. 

 

 

 

 

 



 

 

 

 Table 1representingvariousaspectsoffermentedfoods. 

 

Fermented 

foods 

Health 

benefits 

Value 

addition 

Microorganis

ms involved 

Raw 

materials 

used 

References 

Yoghurt Probiotics 

for gut

 healt

h, calcium 

source, 

protein 

Flavour 

enhancemen

t, texture 

improvemen

t 

Lactic acid 

bacteria 

(Lactobacillus 

bulgaricus,Str

eptococcus 

thermophilus) 

Milk Parvez et

 al., 

2006. 

 

Tamang et al., 

2010 

Kimchi Rich in 

vitamins (C, 

K), 

probiotics, 

antioxidants 

Enhanced 

flavour, 

preservation 

Lactic acid 

bacteria 

(Lactobacillus 

plantarum), 

wild yeast 

Napa 

cabbage, 

radishes, 

spices 

 

 

Cheigh and 

Park.,1994. 

Kombucha Probiotics, 

antioxidants

, 

potential 

detox 

effects 

Fizzy

 drink

, pleasant 

taste 

Symbiotic 

culture of 

bacteria

 and 

yeast 

(SCOBY) 

Tea,

 suga

r, SCOBY 

Dufresne

 et 

al.,2000. 

Vina et 

al.,2014. 

Sauerkraut High in 

Fiber, 

probiotics, 

vitamin C 

Improved 

flavour, 

preservation 

Lactic acid 

bacteria 

(Lactobacillus 

species) 

Cabbage, 

salt 

Marco et 

al.,2017. 

Sanchez

 et 

al.,2016. 



 

 

Miso Good 

source of 

protein, 

vitamins, 

and 

minerals 

Umami 

flavour, 

extended 

shelf life 

Aspergillus 

oryzae (for 

koji), Lactic 

acid

 bacteri

a (varies) 

Soybeans, 

salt, 

rice/barley 

koji 

Hutkins., 

2006. 

 

Ray and 

Ward., 2008. 

Tempeh Rich in 

protein, 

probiotics, 

vitamins 

(B2, B3) 

Nutty 

flavour, firm 

texture 

Rhizopus 

oligosporus(st

arter culture) 

Soybeans Steinkraus.,19

95. 

Hesseltine. 

,1979. 

Kvass Probiotics, 

low-alcohol 

content, 

vitamin C 

Refreshing 

taste, 

extended 

shelf life 

Lactic acid 

bacteria 

(Lactobacillus 

species) 

Bread, 

water, 

sugar, 

flavourings 

Wang et al., 

2022. 

Sanko et 

al.,2017. 

Sourdough 

Bread 

Easier 

digestion, 

lower 

glycaemic 

index 

Unique 

flavour, 

longer shelf 

life 

Wild yeast 

(Saccharomyc

es cerevisiae), 

lactic 

 acid 

bacteria 

(Lactobacillus 

species) 

Flour, water De Vuyst and 

Neysens.,2005

. 

 

Steinkraus.,19

96 

Pickles 

(Lactose- 

fermented 

Probiotics, 

vitamin K 

Tangy 

flavour, 

extended 

shelf life 

Lactic acid 

bacteria 

(Lactobacillus 

species) 

Cucumbers, 

salt, spices 

Fu.,2020. 

 

Natto High in Unique Bacillus Soybeans Liu et al., 



 

 

protein, 

vitamin K2 

flavour, 

sticky 

texture 

subtilis (starter 

culture) 

1998. Fox et 

al.,2004. 

Cheese Good 

source of 

calcium, 

protein 

Diverse 

flavours, 

extended 

shelf life 

Various lactic 

acid bacteria, 

moulds, yeasts 

Milk, 

rennet, 

specific 

cultures 

McSweeney

 et 

al.,2013. 

Tamang

 et 

al.,2010. 

Fermented 

fish paste 

Rich in 

protein, 

essential 

fatty acids 

Unique 

taste, 

preservation 

Salt-tolerant 

lactic acid 

bacteria, 

moulds 

Fish, salt Steinkraus.,19

96. 

 

Nishida

 et 

al.,2008. 

Cocoa Improved 

flavour, 

potentially 

probiotic 

Enhanced 

aroma, 

preservation 

Wild yeasts, 

lactic acid 

bacteria 

Cocoa 

beans 

Papalexandrat

ou and 

Vuyst.,2011 

Fermented 

soy sauce 

Rich in 

umami 

flavour, 

antioxidants 

Enhanced 

flavour, 

preservation 

Aspergillus 

oryzae (for 

koji), lactic 

acid 

bacteria 

Soybeans, 

wheat, salt 

Luh.,1995 

 

 

 

 



 

 

Yoghurt:Yoghurtisasalutaryadditivetoone’seatingpatternsinceitcomeswithprobioticcharacteris

ticsthatendorseintestinalwellness.Furthermore,itrepresentsanexcellentsupplyofproteinand 

calcium. The noteworthiness of yoghurt is such that it enhances health as well as the tang 

andtexture of nourishment. Moreover, its maturation procedure that commences with milk 

functioning 

astheinitialmaterialreliesheavilyonlacticacidbacteria,particularlyLactobacillusbulgaricusalongs

ideStreptococcusthermophilus (Parvezetal., 2006). 

Kimchi: Kimchi represents a customary Korean dish possessing probiotics, antioxidants 

together withnutrients like vitamins C & K among others. Besides enriching flavour of 

victuals, it also functions 

asapreservationmechanism.ConstituentslikeNapacabbagecoupledupwithradishescombinedtoge

therwith spices undergo fermentation under the influence of lactic acid bacteria specifically 

Lactobacillusplantarumallied to wild yeast(Cheighand Park., 1994). 

Kombucha: The renowned fermented tonic kombucha gained notoriety for its probiotics, 

clutchingantioxidants as well as probable purifying properties. It won acclamation for its 

fizzling 

palatableflavour.GenerallyrawinputconstituentsconsistteaalongwithsugaralongwithSCOBY in 

fermentation process which makes use of symbiotic culture comprising bacteria plus yeast 

(SCOBY)(Dufresneand Farnworth., 2000). 

Sauerkraut:Sauerkrautowesitsimmensepopularitytotheabundanceoffiber,probiotics,andVitami

nCthatitpossesses.Thefermentingprocesshelpsenhancetasteandextendsshelflife.Thefermentatio

nofcabbageutilizingsaltasitsprimaryconstituentisfacilitatedbyvariousstrainsoflacticacidbacteria,

prominentlyLactobacillus species (Macfarlaneetal., 2011). 

Miso: miso, a versatile fermented food, also boasts of being a rich source of vitamins, 

minerals 

andprotein.Itprolongsthelifespanofproductswhileaddinganumamitastetodishes.Soybeanscombi

nedwith salt and rice or barley koji form the raw materials during the fermentation along with 

Aspergillusoryzaeforkojiand differentstrains of lacticacid bacteria(Hutkins., 2006). 

Tempeh: Tempeh derived from soybeans offers not only an excellent supply of protein but 

alsoprobioticsandvitaminsB2andB3.Itssolidstructurepairedwithanuttyflavormakesitafavoredme

atsubstituteoption.ToinitiatethefermentationprocessRhizopusoligosporusisusedasastartingcultu

re(Steinkraus., 1995). 

Kvass: Kvass is an exciting beverage option as it combines probiotic-rich attributes with low 



 

 

alcohollevelswhile 

ensuringhighvitaminCcontenttoo.Intermsofstoragecapability,itoutranksothersinitsclass while 

holding on to its distinctively pleasant flavor profile. Bread mixed with water sugar 

andflavoringsarekeycontributorsduringfermentationtogetherwithlacticacidbacteriaprimarilyLac

tobacillusspecies. 

Sourdough Bread: When compared to regular bread, sourdough bread’s glycemic index is 

lower 

andeasiertodigest.Itstaysfreshforalongerperiodoftimeandhasauniquetaste.Theprimaryingredient

susedarewheatandwater,requiringfermentationbynaturallyoccurringwildyeastsuchasSaccharom

ycescerevisiaeplus lacticacid bacteria(DeVuystand Neysens., 2005). 

Pickles: Lacto-fermented pickles provide vitamin K and probiotics. They have a tart flavor 

and last along time on the shelf. Thefermentation process involves cucumbers being fermented 

with salt as well as spices using lactic acidbacteriaprimarily fromtheLactobacillus strain. 

Natto:Famousforitsthickconsistencyanddistincttaste,nattoispackedwithproteinplusvitaminK2.S

oybeans are utilized as raw material for fermenting it while Bacillus subtilis serves as the 

startingculture(Liuetal., 1998). 

Cheese: Cheese is a dairy product that contains substantial quantities of calcium and protein. 

It has anextended shelf life plus various flavor. Basic ingredients utilized in its fermentation 

process includemilk, specific cultures, and rennet while multiple types of lactic acid bacteria 

strains, yeasts, moldsfacilitatethis process(McSweeneyetal., 2013). 

Fermented Fish Paste: Fish that has undergone fermentation produces an appetizing paste 

that isbrimming with valuable protein and crucial fatty acids. Notably, it imparts a remarkable 

taste whileserving as an effective method of preservation. During fermentation, fish and salt 

are employed asstarting ingredients. This transformative process is facilitated by bacteria that 

can tolerate high levelsof saltand moulds (Nishida et al., 2008). 

CocoaBeans:Renownedfortheirtasteenhancementandperhapsprobioticattributes,fermentedcaca

obeans help maintain freshness and enhance aroma. During fermentation, wild yeasts and 

lactic acidbacteria areutilized.Therawmaterialof choiceiscocoabeans(Papalexandratouand 

Vuyst.,2011). 

 

FermentedSoysauce:Withhighumamitasteandabundantantioxidants,fermentedsoysauceliftsthe

palateexperience andensureslong-



 

 

lastingquality.Rawingredientsemployedinfermentationincludes 

soybeans,wheat,saltalongwithAspergillusoryzaebacterium,akeyingredientforkoji (Luh.,1995). 

 

Health benefits of fermented foods. 

Control and prevention from chronic disease 

Fermented foods and beverages are increasingly understood to have a variety of bioactive 

compounds and related mechanisms of action, despite the challenges in identifying which of the 

many functional components that make up a single fermented food or beverage may confer the 

potential health benefit. Studies on humans and animals that evaluate a variety of health-related 

outcomes at particular intake levels of fermented foods will be helpful in examining the co-

regulation of lipid profiles, oxidative stress, cellular energy and metabolism, immune system 

function, and cognitive support. Information from both human and animal research has been 

included for a number of the fermented foods that are the subject of this discussion. 

Additionally, clinical trial methods, dosage schedules, and the incorporation of a variety of 

secondary endpoints are covered. Furthermore, we must stress that extrapolating an appropriate 

amount of fermented food and dietary intake level to humans from the current animal research 

is fraught with substantial complications. The potential health benefits of fermented foods for 

individuals with chronic illnesses might also be attributed to dietary patterns, the host 

nutrigenome, and the gut microbiota (Daniell and Ryan, 2012). 

 

Cures blood pressure and hypertension 

Blood pressure appears to be lowered temporarily but significantly when blueberries are 

fermented by Lactobacillus plantarum tannase-active probiotic strains (Ahren et al., 2014). 

Hypertension is a severe condition that is a significant risk factor for cardiovascular disease. It 

is characterized by a systolic blood pressure of more than 140 mmHg or a diastolic blood 

pressure of more than 90 mmHg. Systolic and diastolic blood pressure were both dramatically 

lowered after two weeks of consuming 2 grams of lacto-fermented blueberries per day, but they 

returned to hypertensive levels two weeks after the intervention finished, according to research 

using a rat model of hypertension. (Ahren et al., 2014). 

Maintains glucose and insulin levels 

Up to 50 ginsenosides have been found to date, and they may help regulate insulin and blood 

sugar levels. Red ginseng roots are another plant that contains bioactive components, such as 



 

 

saponins (ginsenosides) and nonsaponins (Oh et al., 2014). It has been shown that ginseng roots 

may be fermented to boost the amount of saponins the plant naturally produces. For four weeks, 

those who took 2.7 g of fermented red ginseng daily saw lower levels of postprandial glucose 

and fasting insulin, and higher levels of both (Oh et al., 2014). 

 

Controls diabetes   

Discussion is warranted since a fermented papaya preparation (FPP) has proven bioactivity in 

adult diabetics with specific potential for immune modulation and antioxidants. By directly 

modulating the response of wound-site macrophages and the subsequent angiogenic response, 

Dickerson and colleagues provided the first experimental data suggesting that FPP may enhance 

diabetic wound outcomes (Dickerson et al., 2015). Because FPP has been shown to be safe and 

has no negative effects on patients' hyperglycemia, the idea that it might treat abnormalities in 

the respiratory burst capability of peripheral blood mononuclear cells in type 2 diabetes mellitus 

patients has significant significance. 

 

Acts as anticancer products 

The goal of the therapeutic method is to activate natural killer (NK) cells, which mediate 

anticancer action through a nonspecific immune response, by fermenting isolated 

polysaccharides from rice bran by fungus. To be more precise, rice bran was broken down by 

the carbohydrolase that the Lentinus edodes mycelia produced. This produced a fraction of 

active polysaccharides that promote the proliferation of immune cell macrophages, with a focus 

on NK cell activation and anticancer activity (Choi et al., 2014). 

 

Different implementations of fermentation 

Yeast Fermentation for Bread Making: 

Saccharomyces cerevisiae, sometimes known as baker's yeast, is the yeast that is used to make 

bread. The primary products it produces from the fermentable sugars in the dough are ethanol 

and carbon dioxide. The kind of yeast and the presence of fermentable sugars in the flour, such 

as maltose from starch hydrolysis, determine how intense the fermentation will be (Hutkins, 

2006). Baker's yeast cells want to become osmotolerant in order to avoid fatal damage, but the 

development of osmotolerant strains of baker's yeast will require an understanding of the 



 

 

molecular mechanisms involved in high-sucrose stress lenience, such as the introduction of 

stress proteins, the accumulation of stress protectants, and the changes in membrane 

composition (Shima & Takagi, 2009). 

 

Alcoholic Fermentation for Beer Production: 

Many of the modern brewers rely on dried yeasts, liquid or frozen preparations from yeast 

centers and strain collections, as opposed to traditional breweries that have been cultivating 

their own brewhouse yeast strains for decades or even centuries. In order to appeal to a growing 

market that values distinctive flavors, some conventional and experimental brewers utilize 

spontaneous fermentation and have developed their own culture collections over time. The 

potential of these strain collections is enormous, and an increasing number of brewers are 

daring to experiment with new and ancient yeasts to produce novel goods such maltose-

negative yeast strains-produced non-alcoholic beers (Methner et al., 2019). 

 

Acetic Acid Fermentation for Vinegar Production: 

Two primary processes are used in the industrial production of vinegar: a quick submerged 

fermentation process and a slow procedure employing static surface acetic acid fermentation. 

Traditional vinegar manufacture often uses static fermentation. Although the fermentation 

process takes a while to finish, this method produces good-quality products at a low cost in 

terms of plant investment. Static fermentation of an alcoholic vinegary liquid (moromi) is done 

in suitable covered containers, which is thought to be a good method of avoiding bacterial 

infection. The moromi's surface is covered with a crepe pellicle of acetic acid bacteria within a 

few days, at which point the fermentation starts and lasts for almost a month. There are no 

rigorous sterilizing procedures in this process. 

 

Fermentation for Biofuel Production: 

The low cost of biofuels has not materialized as promised. Although they have a lower energy 

density, alcohols are now a more promising biofuel than biodiesel or hydrocarbons because 

their synthesis routes don't rely as much on the supply of ATP and because they can ferment 

anaerobically. Large quantities of ATP are needed for the production of hydrocarbons and 

biodiesel, which is often limited to aerobic environments and whose productivities are 

extremely sensitive to the P/O ratio (He et al., 2014; Varman et al., 2014). 



 

 

 

Fermentation in Pharmaceutical Industry (e.g., Antibiotics): 

The strong correlation that exists between particular illnesses and microbial activity justifies the 

function of microorganisms. Numerous discoveries and innovations, as well as significant 

developments in the pharmaceutical and medical sectors, have been made possible by 

microbiology. Though many microorganisms are important for the immune system and 

digestive system, they also cause a variety of microbial infections and infectious illnesses, 

including HIV. Pharmacists and microbiologists are collaborating to develop medication 

treatments that specifically target bacteria that cause opportunistic infections instead of the 

human body's host cells. Antibiotics are antimicrobial agents with the power to either stop or 

eradicate bacteria, fungus, and other microorganisms. These are the components that the 

bacterium produces and which work against the growth of other microorganisms. Due to 

advances in medical research, the majority of antibiotics used today are natural substances 

derived from microbes, such as penicillin and some fungi called Penicillium (Gaynes, 2017). 

 

Conclusion 

This review depicts that fermentation in food processing plays an important role in enhancing 

theflavour of our food products and leads to value addition. We can conclude here that 

fermentation hasbidirectional aspects with respect to food quality and plays an important role 

in economy all over theworld. We can say that fermentation is one of the most important 

chemical processes involved in foodprocessing which leads to many health benefits and value 

addition of food products. Fermented foodproducts and beverages are historically an important 

part of human diet and provides many healthbenefits. 

 

References 

 

Ahren, I.L., Xu, J., Önning, G., Olsson, C., Ahrne, S., Molin, G., (2014). Antihypertensive 

activity of blueberries fermented by Lactobacillus plantarum DSM 15313 and effects on the gut 

microbiota in healthy rats. Clinical Nutrition 34, 719. 

Baldwin, K. M. & Haddad, F. (2019). Chapter 16 - The Evolution of Skeletal Muscle Plasticity 

in Response to Physical Activity and Inactivity. Muscle and Exercise Physiology. 



 

 

Bokulich, N. A. & Bamforth, C. W. (2013). The microbiology of malting and brewing. 

Microbiology and Molecular Biology Reviews, 80(2), 389-451. doi: 10.1128/MMBR.00060-12. 

Cheigh, H. S. & Park, K. Y. (1994). Biochemical, microbiological, and nutritional aspects of 

kimchi (Korean fermented vegetable products). Critical Reviews in Food Science & Nutrition, 

34(2), 175-203. https://doi.org/10.1080/10408399409527656. 

Choi, J.Y., Paik, D.J., Kwon, D.Y., Park, Y., 2014. Dietary supplementation with rice bran 

fermented with Lentinus edodes increases interferon-gamma activity without causing adverse 

effects: a randomized, double-blind, placebo-controlled, parallel-group study. Nutrition Journal 

13, 35. 

Daniell, E., Ryan, E.P., 2012. The nutrigenome and gut microbiome: chronic disease prevention 

with crop phytochemical diversity. In: Caliskan, M. (Ed.), The Molecular Basis of Plant 

Genetic Diversity. InTech, Rijeka, Croatia, pp. 357–374. 

De Vuyst, L.  &Neysens, P. (2005). The sourdough microflora: biodiversity and metabolic 

interactions. Trends in Food Science & Technology, 16(1-3), 43-56. 

https://doi.org/10.1016/j.tifs.2004.02.012. 

Dickerson, R., Banerjee, J., Rauckhorst, A., Pfeiffer, D.R., Gordillo, G.M., Khanna, S., Osei, 

K., Roy, S., 2015. Does oral supplementation of a fermented papaya preparation correct 

respiratory burst function of innate immune cells in type 2 diabetes mellitus patients? 

Antioxidants and Redox Signaling 22, 339–345. 

Doyle, M. E. (July, 2007). Microbial Food Spoilage, Losses and Control Strategies: A Brief 

Review of the Literature. 

Dufresne, C. & Farnworth, E. (2000). Tea, kombucha, and health: a review. Food Research 

International, 33(6), 409-421. 

Farnworth, E. R. (2005). Kefir—a complex probiotic. Food Science and Technology Bulletin, 

2(1), 1-17. 

Fleet, G. H. (2007). Yeasts in Foods and Beverages: Impact on Product Quality and Safety. 

Current Opinion in Biotechnology, 10(5), 547-553. doi: 10.1016/j.copbio.2007.01.010. 

Fox, P. F., McSweeney, P. L. H., Cogan, T. M. & Guinee, T. P. (2004). Cheese: chemistry, 

physics, and microbiology. Elsevier. 



 

 

Franz, C. M. A. P., Huch, M., Mathara, J. M., Abriouel, H., Benomar, N., Reid, G., Holzapfel, 

W. H. (2014). African fermented foods and probiotics. International Journal of Food 

Microbiology, 190, 84-96. https://doi.org/10.1016/j.ijfoodmicro.2014.08.033. 

Ganzle, M. G. (2015). Lactic Metabolism Revisited: Metabolism of lactic acid bacteria in food 

fermentations and food spoilage. Current Opinion in Food Science, 2, 106-117. 

Gaynes R. (2017) The discovery of penicillin-new insights after more than 75 years of clinical 

use. Emerg Infect Dis; 23:849. 

Gobbetti, M., Rizzello, C. G., Di Cagno, R.  & De Angelis, M. (2014). How the Sourdough 

May Affect the Functional Features of Leavened Baked Goods. Food Microbiology, 37, 30-40. 

http://dx.doi.org/10.1016/j.fm.2013.04.012. 

He, L., Xiao, Y., Gebreselassie, N., Zhang, F., Antoniewicz, M. R., Tang, Y. J., et al. (2014). 

Central metabolic responses to the overproduction of fatty acids in Escherichia coli based on 

13C-metabolic flux analysis. Biotechnol. Bioeng. 111, 575–585. doi: 10.1002/bit.25124. 

Hesseltine, C. W. (1965). A millennium of fungi, food, and fermentation. Mycologia, 57(2), 

149-197. 

Hesseltine, C. W. (1979). A millennium of fungi, food, and fermentation. Mycologia, 71(1), 1-

9. 

Hur, S. J., Kim, H. S., Bahk, Y. Y. & Park, Y. (2017). Overview of conjugated linoleic acid 

formation and accumulation in animal products. Livestock Science, 195, 105-111. 

Hutkins, R. W. (2006). Microbiology and Technology of Fermented Foods. Wiley-Blackwell. 

Hutkins, R.W. (2006). Bread fermentation, in Microbiology and Technology of Fermented 

Foods, ed. By Blackwell Publishing, 261-299. 

Jayabalan, R., Malbaša, R. V., Lončar, E. S., Vitas, J. S. & Sathishkumar, M. (2014). A review 

on kombucha tea—microbiology, composition, fermentation, beneficial effects, toxicity, and 

tea fungus. ComprehensiveReviews in Food Science and Food Safety, 13(4), 538-550, doi: 

10.1111/1541-4337.12073. 

Krogerus, K., Magalhães, F., Vidgren, V. & Gibson, B. (2015). New lager yeast strains 

generated by interspecific hybridization. Journal of Industrial Microbiology & Biotechnology, 

44(4-5), 1003-1015. DOI 10.1007/s10295-015-1597-6. 



 

 

Liu, J. R. & Hsu, F. L. (1998). Production of nattokinase by Bacillus subtilis. Biotechnology 

and Applied Biochemistry, 28(3), 279-284. 

Luh, B.S. (1995). Industrial production of soy sauce, Journal of industrial Microbiology, 467-

471. 

Macfarlane, G. T. & Macfarlane, S. (2011). Fermentation in the human large intestine: its 

physiologic consequences and the potential contribution of prebiotics. Journal of Clinical 

Gastroenterology. 

Marco, M. L., Heeney, D., Binda, S., Cifelli, C. J., Cotter, P. D., Foligné, B., Venturi, A. 

(2017). Health benefits of fermented foods: microbiota and beyond. Current Opinion in 

Biotechnology, 70, 108-114. http://dx.doi.org/10.1016/j.copbio.2016.11.010. 

McSweeney, P. L. H. & Fox, P. F. (2013). Cheese: an overview. In Cheese: Chemistry, Physics 

and Microbiology (4th ed., Vol. 1, pp. 1-32). Elsevier. 

Methner Y, Hutzler M, Matoulková D, Jacob F, Michel M (2019) Screening for the brewing 

ability of different non-saccharomyces yeasts. Fermentation 5: 10 crossref CAS. 

Nishida, S., Michinaka, A., Nakashima, K., Iino, H. & Fujii, T. (2008). The probiotic potential 

of Lactobacillus paracasei subsp. paracasei: HII01 isolated from traditional cocoa beans. In 

Handbook of Chocolate in Health (pp. 215-224). Humana Press. 

Oh, M.R., Park, S.H., Kim, S.Y., Back, H.I., Kim, M.G., Jeon, J.Y., Ha, K.C., Na, W.T., Cha, 

Y.S., Park, B.H., Park, T.S., Chae, S.W., (2014). Postprandial glucose-lowering effects of 

fermented red ginseng in subjects with impaired fasting glucose or type 2 diabetes: a 

randomized, doubleblind, placebo-controlled clinical trial. BMC Complementary and 

Alternative Medicine 14, 237. 

Papalexandratou, Z. &Vuyst, D. (2011). Assessment of the yeast species composition of cocoa 

bean fermentations in different cocoa-producing regions using denaturing gradient gel 

electrophoresis. FEMS Yeast Research, 11(6), 564-574. 

Parapouli, M., Vasileiadis, A., Afendra, A.-S., and Hatziloukas, E. (2020). Saccharomyces 

cerevisiae and its industrial applications. 

Parvez, S., Malik, K. A., Kang, S. A. & Kim, H. Y. (2006). Probiotics and their fermented food 

products are beneficial for health. Journal of Applied Microbiology, 100(6), 1171-1185. 

https://doi.org/10.1111/j.1365-2672.2006.02963.x. 

Ray, R. C. & Ward, O. P. (2008). Microbial biotechnology in horticulture. CRC Press. 



 

 

Sánchez, B., Delgado, S., Blanco-Míguez, A., Lourenço, A., Gueimonde, M. &Margolles, A. 

(2016). Microbiota, probiotics, and fermentation. 

Sanko, H. &Koldovskyi, A. (2017). Analysis of consumers' innovation efficiency: changes in 

the consumption patterns in Ukrainian society over the last 25 years. 

Shima, J., H. Takagi. 2009. Stress-tolerance of baker's-yeast (Saccharomyces cerevisiae) cells: 

stress-protective molecules and genes involved in stress tolerance. Biotechnology and Applied 

Biochemistry 53, 155–164. 

Spitaels, F., Wieme, A. D., Janssens, M., Aerts, M., Daniel, H. M., Van Landschoot, A., 

Vandamme, P. (2014). The Microbial Diversity of Traditional Spontaneously Fermented 

Lambic Beer. PLOS ONE, 9(4), e95384. 

Steinkraus, K. H. (1995). Handbook of indigenous fermented foods (Vol. 24). CRC Press. 

Steinkraus, K. H. (1996). Handbook of Indigenous Fermented Foods (2nd ed.). CRC Press. 

Tamang, J. P. & Shin, D. H. (2021). Microorganisms and metabolites involved in kimchi 

fermentation. Food Control, 63, 1-12. 

Tamang, J. P. & Tamang, B. (2010). Fermented foods and beverages of the world. CRC Press. 

Tamang, J. P., Shin, D. H., Jung, S. J. & Chae, S. W. (2016). Functional properties of 

microorganisms in fermented foods. Frontiers in Microbiology, 7, 578. 

Varman, A., He, L., You, L., Hollinshead, W., and Tang, Y. (2014). Elucidation of intrinsic 

biosynthesis yields using 13C-based metabolism analysis. Microb. Cell Fact. 13, 42. doi: 

10.1186/1475-2859-13-42. 

Vīna, I., Semjonovs, P., Linde, R. &Deniņa, I. (2014). Current evidence on physiological 

activity and expected health effects of kombucha fermented beverage. Journal of Medicinal 

Food, 17(2), 179-188. DOI: 10.1089/jmf.2013.0031. 

Wang, P., Wu, J., Wang, T., Zhang, Y., Yao, X., Li, J., & Lü, X. (2022). Fermentation process 

optimization, chemical analysis, and storage stability evaluation of a probiotic barley malt 

kvass. 

Yu, C., Cao, Y., Zou, H. & Xian, M. (2010). Metabolic engineering of Escherichia coli for 

biotechnological production of high-value organic acids and alcohols. Journal of Applied 

Microbiology and Biotechnology. doi: 10.1007/s00253-010-2970-z. 

 



 

 

 

 


