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Abstract

Various bacteria known as lactic acid bacteria (LAB) are crucial for food fermentation and producing probiotic products.
Most of the lactic acid produced by the LAB, a genus of Gram-positive, non-spore-forming cocci or rods, is responsible
for the fermentation of carbohydrates. In anaerobic fermentation, yeast and bacteria break food components into other
products. Fermented foods and beverages are described as having carefully controlled microbial development. Some
nutrients include proteins, soluble fibre, minerals, vitamins, essential fatty acids, and some essential amino acids found
in fermented foods and beverages. There are many different types of fermented foods, so it’s essential to describe each
one’s role in terms of its nature. The bacteria employed in fermentation are typically probiotic, meaning they are good for
human health. These bacteria may help us to enhance the nutrient content of food, gastrointestinal infection prevention,
improve lactose digestion and cancer prevention, and lower serum cholesterol levels. Indian fermented foods are classi-
fied according to the raw materials they contain, like cereal-based, meat-based, pulse-based, vegetable and fruit-based,
sweets and snacks-based fermented foods widely used in the Indian Scenario. This review article brings a complete view
of traditional fermented foods of different raw materials that are significant and naturally beneficial for human health, with
special mention of significant LABs in various fermented foods from India.
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Abbreviations storing food (Kumar et al. 2013). Fermentation is a low-cost

LAB  Lactic acid bacteria method of food preservation that also increases the nutri-
tional value and sensory qualities of food, and it has long
been a significant part of Indian diets (Sathe and Mandal

Introduction 2016). Food’s digestibility, flavor, and aroma are enhanced

by biologically enriching protein-rich dietary sources,

Since ancient times, the human diet has included fer-
mented foods as a protein source. It can be made using
relatively straightforward methods and techniques at home
or in a small business. During low demand, fermentation
was developed to protect food from spoiling. It is one of
the earliest and most affordable processes for growing and
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essential amino acids, vitamins, and important fatty acids
during fermentation while also having health-promoting
effects. The most prevalent organisms are lactic acid bac-
teria (LAB), which are necessary for creating and storing
fermented foods high in nutrients. Additionally, fermenta-
tion increases the food’s overall quality, taste, and aroma
and increases the food’s digestion, breaks down complex
carbs into simpler ones, and increases the bioavailability of
necessary amino acids, vitamins, and minerals. Fermented
foods are nutraceutical agents that positively impact health
(Rawat et al. 2018). A variety of LABs are generally used
to ferment traditional Indian foods, including Lactobacil-
lus spp., Lactobacillus plantarum, L. pentosus, L. brevis, L.
Sfermentum, L. casei, Leuconostoc mesenteroides, L. kimchi,
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L. fallax, Weissella confusa, W. koreenis, W. cibaria, and
Pediococcus, and many more which are regarded as pro-
biotic sources. The probiotic nature of the microorganisms
utilized in fermentation means that they will improve the
consumers’ health and are an integral component of the gut
microflora. Most lactic acid bacteria are cocci or rods and
are very resistant to low pH. Although more than 60 gen-
era of lactic acid bacteria are involved in food fermentation
from the genera Lactobacillus, Lactococcus, Leuconostoc,
Pediococcus, Streptococcus, Enterococcus, Weissella, and
others (Wang et al. 2021). lactic acid bacteria (LAB) are
a type of bacteria that are extensively distributed in nature
in habitats of dairy (processed), meat, and vegetable ori-
gin. They can be found in the gastrointestinal and urogeni-
tal systems of people and animals, soil, and water. These
microorganisms are well known for their capacity to gener-
ate lactic acid as the primary byproduct of their anaerobic
metabolism, in addition to a large variety of metabolites that
have a favorable influence on the technical, sensory, and
nutritious aspects of fermented food products. (Rodriguez
et al., 2019). Because of their superior capacity for spon-
taneous adaptation throughout the fermentation process,
LAB is the best choice for boosting fermentation in terms of
product safety. Recently, the role of bacteria in maintaining
the health of humans and animals has begun to take shape,
especially regarding the digestive system and disease pre-
vention. Lactic acid bacteria (LAB), which can be found in
fermented foods and enhance digestive health, are known as
probiotics. Probiotics are recognized as an important func-
tional food group and are frequently used as dietary supple-
ments that include microbes. Therefore, ingesting probiotics
is beneficial for shielding the body from dangerous bacte-
ria in the gut microbiota. Maintaining the gut microbiota’s
normal balance is beneficial for promoting immune and
digestive health (Milanda et al. 2021). The word “probiotic”
comes from Greek and means “for life.” Still, through time,
it has come to mean more and more things as people have
become more interested in using supplements that include
live bacteria and as our understanding of how those bacteria
work has improved. The term was first applied to substances
made by one microorganism that encouraged the growth of
other microorganisms. Later, it was also applied to tissue
extracts that promoted microbial growth and to supplements
added to an animal feed that positively impacted animals
by promoting a balance in their intestinal flora (Kechagia
et al. 2013). At the level of the intestinal tract, some of the
most important effects of probiotics include the following:
regulating and restoring the microbiota of the gut, providing
protection against pathogens, modulating the immune sys-
tem, and maintaining the integrity of the intestinal barrier.
Dietary supplements, food, medical device formulations,
and infant formulas are some of the most common places
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where probiotics can be found. They have demonstrated
significant results as potential treatments for various gas-
trointestinal illnesses (Dwivedi 2018). There are still many
unanswered questions, such as safety concerns about using
live microorganisms, especially in vulnerable groups, the
lack of precise clinical recommendations in each specific
clinical situation, the scarcity of results, particularly from
clinical trials for some indications, the restricted control of
probiotics, or the general paucity of conducted to evaluate
the survivability of microorganisms when they are present
in the intestine and the primary distinction between prebiot-
ics and probiotics (Piqué et al. 2019). As more and more
research is published that suggests potential health benefits
for consumers, there is an increase in the demand for pro-
biotic-containing foods on a global scale. Probiotics have
been linked to several significant health advantages, includ-
ing improvements in lactose metabolism, immune system
stimulation, cancer prevention, serum cholesterol decrease,
and therapy of irritable bowel syndrome-related diarrhoea
(Lye et al. 2016). Consuming probiotics is, therefore, help-
ful for maintaining the gut microbiota’s natural balance and
aids in promoting immune and digestive health by protect-
ing the body from microbial pathogens in the gut micro-
biota (Milanda et al. 2021). The four genera Lactobacillus,
Leuconostoc, Pediococcus, and Streptococcus constitute the
core group. Their significance is mainly related to their safe
metabolism during growth, which produces organic acids
and other metabolites using available sugars. The three
main metabolic processes that contribute to the formation
and synthesis of flavor in fermented food products are gly-
colysis (fermentation of sugars), lipolysis (degradation of
fat), and proteolysis (degradation of proteins). A portion of
the intermediate pyruvate can also be converted to diace-
tyl, acetoin, acetaldehyde, or acetic acid; however, lactate
is the major product produced by the metabolism of car-
bohydrates. Proteolysis is the main metabolic process for
flavor generation in fermented foods, while lipolysis is
largely unaffected by LAB. Additional degradation of these
molecules can produce different acids, esters, acids, alco-
hols, and aldehydes compounds to form particular flavors
in fermented food products (Bintsis 2018). Probiotics work
through many different processes, though the specifics of
how they do so still need to be fully understood. The cre-
ation of short-chain fatty acids and bacteriocin, lowering of
gut pH, healthy competition, activation of mucosal barrier
function, and immunomodulation are a few of the processes.
Numerous studies have focused on immunomodulation in
particular, and there is strong evidence that probiotics have
an impact on many immune system functions, including
phagocytosis and IgA secretion, T-cell responses that are
altered, Th1 responses that are enhanced, and Th2 responses
that are diminished (Kechagia et al. 2013).
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This review gives the readers an overview of the different
traditional fermented foods widely used in Indian homes.
The collation of these Indian fermented foods is a starting
point for characterizing “Food as a therapeutic cure for
illnesses”.

Probiotics and their uses

Probiotics have a wide range of suggested positive health
effects; (Parvez et al. 2006)

Nutrient synthesis and bioavailability

The amount, availability, and digestibility of various dietary
nutrients have been proven to be enhanced by the action
of microorganisms when preparing cultured foods or in the
digestive tract. Folic acid levels in yoghurt, Bifidus milk,
and kefir are increased during Lactic acid bacteria-assisted
food fermentation. It is well known that Lactic acid bacte-
ria release different enzymes and vitamins into the intestinal
lumen. By reducing intestinal malabsorption symptoms and
producing lactic acid, which lowers the pH of the intestinal
contents and prevents the growth of invasive pathogens like
Salmonella spp. or strains of E. coli, these have synergistic
effects on digestion.

Effects of probiotics in the prevention and
treatment of diarrhoea in human health

The prevention and treatment of acute viral and bacterial
diarrhoea and the management of diarrhoea brought on by
antibiotics are two areas of substantial potential value for
probiotics, which are well-known for their usage in these
areas. Several particular strains, including Lactobacil-
lus GG, Lactobacillus reuteri, Saccharomyces boulardii,
Bifidobacteria spp., and others have been demonstrated to
have considerable benefits for diarrhoea. Probiotics’ impact
on the immune system can help prevent or treat diarrhoea.
Additionally, because pathogenic viruses and bacteria com-
pete with probiotics for binding sites on epithelial cells, it
may prevent infection.

Effect of probiotics for lactose intolerance
alleviation in human health

Yogurt’s lactic acid helps lactose-intolerant people by reduc-
ing their lactose intolerance symptoms. The positive impact
seems to result from the lactic acid bacteria in fermented
milk enhancing lactase activity in the small intestine.

Effect of probiotics against HIV and immune
function in human health

Children with HIV infections commonly experience mal-
absorption due to potential bacterial overgrowth and have
episodes of diarrhoea. Immunocompromised hosts can
safely receive L. plantarum 299v administration, which
can enhance immunological response and growth and
development.

Probiotics may improve both specific and nonspecific
immune responses, according to the vast majority of data
from in vitro systems, animal models, and human subjects.
These effects are thought to be mediated by activating mac-
rophages, boosting cytokine levels, enhancing the activity
of natural killer cells, and/or increasing immunoglobulin
levels.

Effect of probiotics against allergies/eczema to ease
food allergy in human health

Especially in Western nations, allergy illnesses have become
more common over the past 35 to 40 years. Probiotics may
have a positive impact by enhancing mucosal barrier func-
tion and immune system microbial activation, despite the
lack of sufficient data on how they might affect allergic reac-
tions. Additionally, probiotics may be useful in easing some
of the symptoms of food allergies, such as those brought
on by milk protein. The hydrolyzed whey formula that was
given to infants reduced the symptoms of atopic dermati-
tis, perhaps by breaking down these proteins into smaller
peptides and amino acids. It is generally accepted that
native microbial communities have advantageous traits for
the host and are host- and location-specific, and extremely
complex in composition. Probiotics have several significant
health advantages. Their potential processes are illustrated
in Table 1. (Nagpal et al. 2012)

The bio-constituents of probiotics

The probiotic organisms are known to produce bioac-
tive compounds like bacteriocins, amino acids, peptides,
vitamins, short-chain fatty acids and exopolysaccharides
(Chugh & Kamal, 2020).

Each of these molecules renders a health benefit to the
host and allows greater synergism benefits both for the host
and the organism.

The direct implications of the bioactives produced by
different LAB organisms are listed in Table 2 (Chugh &
Kamal, 2020) and provide the reader with a summary of the
benefits incurred by probiotics bio constituents on human
health.
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Table 1 Probiotic bacteria’s health advantages for the host and the
underlying mechanisms (Nagpal et al. 2012)
Health benefits

Facilitate lactose digestion

Mechanisms involved

In the small intestine, bacterial lactase
digests lactose.

Immune system modulation Protection against infection and malig-
nancies is strengthened on a non-spe-
cific and antigen-specific level.
Preventing the transfer of antigen into
the bloodstream.

Allergy

Enhanced nutrient value

Resistance against enteric
pathogens

Vitamin and cofactor production
Activity of antagonism
Increased adjuvant effect
Production of antibody
Gastroenteritis caused by ~ IgA reaction to the virus is increased
rotavirus

Enhanced mucosal barrier
performance

Bacterial cells assimilating cholesterol
Changes in the activity of the BSH
enzyme antioxidant effect

Type I diabetes and inflam-
matory bowel disorders

Blood lipids, heart disease

Dietary carcinogens have
neutralized

The formation of butyric acid counter-
acts the effects of dietary carcinogens.
The proliferation of bacte-
ria in the small intestine

The flora activity in overgrowth is
influenced by lactobacilli, which
reduces the formation of harmful
metabolites.

Hepatic encephalopathy Inhibition or competitive exclusion of

intestinal flora that produces urease

Traditional fermented foods and beverages

Around 3500 different types of fermented meals and bever-
ages made from milk, vegetables, or fruits are thought to be
created globally. Depending on the substrate used to pro-
duce them, traditional fermented foods and drinks are a sub-
stantial source of nutrients. Protein, soluble fibre, essential
fatty acids (linoleic and linolenic), minerals including iron
and zinc, vitamin K, vitamin B9, vitamin B1, and vitamin
B6 are all found in fermented foods made from soybean and

Fig. 1 Benefactions of probiotics
for human health (Kerry et al.
2018)

cabbage, such as Chungkookjang, Doenjang, Meju, Gochu-
jang, Natto, Sauerkraut, and Tempeh. Similarly, several
milk-based fermented foods like Yoghurt, Kefir, and Dahi
primarily comprise high-biological value proteins, calcium,
and vitamins B2, B12, and B9 (Fig. 1) (Kerry et al. 2018).
The essential amino acids threonine, valine, isoleucine, and
leucine, as well as insoluble fiber, are present in fermented
foods prepared from cereals (pozol, red yeast rice) (Fig. 2)
(De Paula et al. 2015).

Cereal-based (with/without pulses) fermented foods

The main ingredients used in the preparation are Red, green,
and black gramme dals which are examples of pulses. Other
common foods include rice (Oryza sativa), ragi flour (Ele-
usine coracana), wheat flour (Triticum spp.), barley flour
(Hordeum vulgare), and a variety of grains used to make
flour. These grains and legumes can be employed as a source
of indigestible carbohydrates to support the growth of Lac-
tobacilli and Bifidobacteria, making them suitable sub-
strates for creating probiotic-incorporated functional foods.
They contain water-soluble fibers, such as b-glucan, arabi-
noxylan, galacto- and fructo-oligosaccharides, which cer-
tain LAB groups may degrade. In the large intestine, several
bacterial species break down grains and legumes to produce
a range of fermentation products, most notably short-chain
fatty acids (SCFAs). The resulting SCFA is well known for
creating an alkaline environment that promotes the devel-
opment of lactic bacteria. When preparing fermented meals
like Idli, Dosa, Adai dosa, Kallappam, Ambali, and Dhokla,
the batter is prepared from the basic ingredients and kept
overnight at room temperature for fermentation. The devel-
opment of yeast and LAB can sometimes be facilitated by
adding sodium bicarbonate. Idli is a naturally fermented
food, and the components typically introduce both bacteria
and yeasts. The most prevalent bacterium is Leuconostoc

Probiotics

Sources of Probiotics

[

[ l |

Yogurt Cheese
Fermented milk
Fortified milk

Pickles Poi Juices Sauerkraut

Kimchi Powders Miso Soup
Kombucha Microalgae Tempeh
Chocolate Probiotic Supplements Sour Dough Bread

Granola bars

Ginger Beer
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Table 2 Bioactives produced by Probiotics

S.No. Bioconstituents Functions Examples of Refer-
bio constituents ences
1 Bacteriocidins  Exert their Nisin, Lacto- Porub-
antimicrobial cin, Mersaci-  sky
effects by din, Pediocin  etal.
acting as PA1, Sakicin 2018
pore-forming A,
agents or
membrane
perturbers or
by inhibit-
ing cellular
division
processes
2 Amino acids Immuno- Amino acids,  Sed-
and peptides modulatory ~ Phenols, dik
effect leading Lactones, and et al.
to reduction  Indoles 2017
of allergic
reactions
3 Short-chain Make condi- Isobutyric, Nag-
fatty acids tions unfa- Isovaleric, pal
vorable for and 2-Methyl  etal.
pathogenic butyric acids 2018
bacteria
4 Vitamins growthand  Vitamin K Gu
establishment etal.,
of useful 2016
bacteria
5 Antioxidants Scaveng- Glutathione Kim
ing of free S-transferase, et al.
radicals, Glutathione 2020
chelation of  reductase,
transition Glutathione
metal ions, peroxidase,
down- Superoxide
regulation of  dismutase
pro-oxidant
enzymes such
as cyclooxy-
genase and
certain cyto-
chrome P450
isozyme
6 Exopolysaccha- production of Heteropoly- Ange-
rides quorum sens- saccharides lin et
ing molecules containing dif- al.,
and growth  ferent pentoses 2020
of useful (D-arabinose,
bacteria in D-ribose,
the gut D-xylose),
Hexoses
(D-glucose,

D-galactose,
D-mannose)

mesenteroides (Kumar et al. 2013). After liver transplants
and in individuals who have had other high-risk procedures,
the use of this strain has been shown to lower bacterial infec-
tion rates (Paula et al. 2015). By customers’ rising health
concerns, cereal-based fermented goods have experienced

Fermented soyabean
* Natto( Japan)
sTempeh(Indonesia)
«Meju(Korea)
«Doenjang(Korea)
*Miso(Japan)
*Chungkookjang (Korea)

Fermented cereals

*Sourdough(France,
Belgium, Italy, Greece)

*Pozol(Mexico, Central
America)

eKuruzu(Japan)

*Red yeast rice(Asia)

*Gochujang(Korea)

Other fermented
Products

Traditional
fermented
foods and
beverages

*Aguaniel(Korea)

Fermented dairy
products
«Yogurt(Middle East,
Turkey)
eKefir(Caucasus
Mountains)

Fermented Cabbage

«Kimchi(Korea)

«Sauerkraut (Europe,
China, U.S)

Fig. 2 Classification of conventionally fermented beverages and foods
according to their foundation and nutritional content (de Paula et al.
2015)

a surge in popularity. Cereals are crucial sources of pro-
teins, carbs, fibre, minerals, and vitamins (Tsafrakidou et
al. 2020). However, compared to milk and milk products,
cereals’ sensory qualities and nutritional value are often
low in quality or inadequate. Several factors have a role in
this, including a lower protein content, a deficiency in some
crucial amino acids (lysine), poor carbohydrate availability,
the presence of particular antinutrients (phytic acid, tan-
nins, and polyphenols), and the coarse texture of the grains
(Tsafrakidou et al. 2020). Oats, barley, and buckwheat are
a few cereal species that are frequently employed in the
food business because of their beneficial chemical com-
ponents. Cereal-based drinks can be found in a variety of
tastes, with or without additional sweets, and they can be
low-fat, vitamin- and mineral-fortified, as well as environ-
mentally friendly. In a variety of regional fermented foods
and beverages made from legumes, fruits, and vegetables
(such soy sauce, pickles, or silage) or employing lactic acid
bacteria (LAB), yeast, and/or fungus, cereals and pseudo-
cereals are employed (such as beer, boza, or sake). Cereals
or pseudo cereals are the base for a lot of traditional bever-
ages. For instance, the fermentation of rice, oats, millet, rye,
barley, oats, or rye results in boza. Grains or seeds without
a cover are used to create cereal- and pseudo-cereal-based
beverages. A similar theory underlies the manufacture of all
plant-based beverages. In simple terms, the production pro-
cess involves crushing the plant material, removing solid
components, and then thermally treating the fluid that is
produced (Fig. 3) (Ignat et al. 2020).
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Fig. 3 Production process of
cereal beverages (Ignat et al.
2020)

* Barley,
Oats

* Maize, Rice
* Rye, Wheat

* Cleaning

Cereal/pulses and buttermilk-based fermented
foods

In this category of fermented foods, buttermilk provides an
essential source of LAB. Even though there are few dishes
in this category listed, most of India consumes these foods
frequently (Kumar et al. 2013). Due to its distinctive com-
position and the release of highly valuable biological com-
ponents from the milk fat globules that are destroyed during
the churning of butter, buttermilk is of particular scientific
interest. Buttermilk contains high concentrations of neu-
tral lipids like monoglycerides, diglycerides, triglycerides,
cholesterol, and esters, as well as polar lipids like phospho-
lipids and sphingolipids, all of which are present in consid-
erably lower amounts. Casein and whey proteins, glucose,
vitamins, and minerals are all present in buttermilk in the
same amounts as in skim milk, but its phospholipid content
is nearly nine times higher (Liutkevicius et al. 2016). But-
termilk is a by-product of the churning process used to make
butter from fermented milk or cream (Fig. 4) (Ali 2019).
Additionally, buttermilk may be a by-product of churning
sugar (unfermented) cream. It contains lactose and water-
soluble milk salts, vitamins, proteins, and residual fat. Both
conventional/traditional buttermilk and cultured buttermilk
can be used to describe it. Traditional buttermilk is the lig-
uid that remains after fermented milk or cream has been
grown by lactic acid bacteria produced organically. How-
ever, cultured buttermilk is made commercially by ferment-
ing pasteurized skim milk through the action of a mixed
strain starter culture made up of Leuconostoc mesenteroides
spp. cremoris and Lactococcus lactis subsp. cremoris and
lactis (Gebreselassie et al. 2016). Fermented dairy prod-
ucts have been linked to a lower risk of metabolic diseases,
immune-related illnesses, and obesity. By giving the con-
sumer simple nutrients to metabolize and healthy bacteria,
fermented meals may result in these health advantages. In
addition to having fatty acids, nutrients, and mineral depos-
its, these products also have bioactive substances and liv-
ing microbes that have the potential to modify immune
responses and influence the gut microbiota’s composition

@ Springer
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and function (Gonzalez et al. 2019). LAB plays a part in the
fermentation of milk to produce acid, which is crucial for
serving as a preservative and imparting flavor to the finished
goods. Additionally, they create exopolysaccharides, which
are crucial for texture creation (Widyastuti et al., 2014).
Indian North-Western semi-arid regions are known for their
love of the local natural cereal-based beverage known as
“Rabadi.” Rabadi is traditionally made by combining grain
flour with sour buttermilk. The mixture is given a second
fermentation by being exposed to sunlight for 34 h before
being cooked. Either the product is taken straight away or is
diluted with buttermilk or milk. The technology for making
rabadi is still a domestic craft, which leads to considerable
variety and short shelf life (Modha and Pal 2011). It is a
milk product made using pearl millet and lactic acid fer-
mentation. Comparing pearl millet to other grains, which
have a lower glycemic index, helps to control non-insulin-
dependent diabetes mellitus, which is primarily brought on
by a breakdown in glucose metabolism (Sathe and Mandal
2016). Milk from several indigenous types of cattle, includ-
ing Churu, sheep, goats, and buffalo, (a combination of cow
and yak) is used to make traditional milk-based products
in Himachal Pradesh (Sathe and Mandal 2016). Most of
the state’s regions make Kadi/Kadu or Kheeru, which is an
extremely popular cuisine. Buttermilk or chaas, spices, and
a small amount of gram flour are cooked together to make
it (besan). The main food, such as rice or chapati, is carried
this way. To make kadi, chaach (buttermilk), besan (gram
flour), and spices are simmered together (Savitri & Bhalla
2013).To make the soup known as Churpa or churpe, firstly
buttermilk is cooked, after which the water is removed, and
the solids are then thoroughly dried. The major bacteria
are Lactobacillus plantarum, L. curvatus, L. fermentum, L.
paracasei subsp. pseudoplantarum, and Leuconostoc mes-
enteroides (Sathe and Mandal 2016). Wheat flour is cooked
in milk with some salt to make “Nudu”, a ceremonial dish
eaten with ghee (Savitri & Bhalla 2013).

* Add vegetal
enzymatic source

N~ .
Fermentation
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Raw milk

»

Raw Cream

Raw Skim Milk

2

Pasteurized Cream

L4

Butter making churning

.4

Working ]— BUttermIIk

v 4

Dosing

Water, salt, culture

Dosing

——>
—

e Storage
3
Vacuum ;
] Pasteurization

Water, salt, culture

Mixi
!

Butter

Evaporation and drying

» 4

Butter silo
1 Buttermilk drinks
Butter Packaging Cheese products
2 Yogurt products

Storage and Distribution

Fig.4 Production process of buttermilk beverages (Ali 2019)

Cereal-based fermented sweets and snacks

During festivals and other important events, people typi-
cally eat these meals. Cereals most commonly used are those
with wheat, rice, and barley flour. The fermented foods must
include an addition of salt or sugar (Kumar et al. 2013). Rot,
a sweet snack popular in Una, Hamirpur, and Bilaspur, is
formed with dough made with wheat flour and jaggery. It is
employed for religious or puja purposes. While fermented
flour slurry is used to create oval-shaped balls known as Gul-
gulae (sweet fritters) in the Mandi and Kangra areas (Arya
et al. 2023; Sharma 2022.) Maida (refined grain bread),
dahi, and water make this sweetened fermented food. After
being deep-fried in simple sugar syrup for a short while, the
fermented mixture is shaped into spirals and placed in hot
oil. The fermented batter contains the bacteria Lactobacil-
lus fermentum, L. buchneri, Streptococcus lactis, S. faecalis,
and Saccharomyces cerevisiae. The pH drops from 4.4 to
3.3, and the batter’s volume increases by 9%. Fermentation
causes a decrease in both free sugar and amino nitrogen

(Dimidi et al. 2019). Fermented cereal sweet and snack
products can be consumed by those who are lactose intoler-
ant, allergic to milk, or who follow a low-fat or vegan diet
because they are plant-based matrices. Additionally, they
are thought of as innovative probiotic delivery systems and
possible functional meals (Tsafrakidou et al. 2020). Several
different kinds of traditional wheat-based fermented snack
foods created indigenously in India, including Bhatura, Kul-
cha, and Nan are products manufactured from white wheat
flour (wheat flour product). Saccharomyces cerevisiae, par-
ticularly, is used as the primary fermentation agent for those
products (Gupta and Tiwari 2014).

Meat-based fermented foods

Biological deterioration of meat is very likely to occur.
Among the essential phases in the conventional meat pro-
cessing are drying, smoking, and fermentation (Oki et al.
2011). For longer-term storage, people in India’s north-
eastern area ferment yak, goat, pig, fish, and crab meat.
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Kargyong is a fermented, sausage-like ethnic food from
yak, cattle, and pork. Three different types of Kargyong are
produced and eaten: yak kargyong (made from yak meat),
lang kargyong (made from beef), and faak kargyong (pre-
pared from pork). In the Himalayas, Sikkim, Ladakh, Tibet,
Arunachal Pradesh, and Bhutan are popular places for yak
kargyong, a fermented sausage (Rai et al. 2010). In South-
East Asia, which lacks adequate protein, fermented fish
items play a significant role in the diet. It’s been a long-
standing practice to preserve fish using salt. Because of
its accessibility and low processing cost, this preservation
technique is still widely used in many impoverished nations.
There is typically some degree of fermentation occurring
when fatty fish are salted. Microorganisms and Autocata-
lytic enzymes from fish cause fish to ferment in high salt
concentrations (Kumar et al. 2013).

Sun dried Esomus
danricus

Hentak

In Manipur, hentak is a thick paste in the shape of a ball
that is made by fermenting a combination of powdered sun-
dried fish (Esomus danricus) which are crushed to powder
and aroid plant petioles (Alocasi macrorhiza) which are cut
into pieces, washed with water and exposed to sunlight.
The sliced pieces are then crushed in equal weights with
fish powder to create a paste. An earthen pot develops the
mixture for 7-9 days. Only after two weeks of complete fer-
mentation, which gives the food the right texture and flavor,
is it ready to be eaten (Fig. 5) (Thapa et al. 2004). Bacillus
cereus, B. subtilis, Staphylococcus aureus, Enterococcus
faecium, and Candida sp. are among the microorganisms
found in Hentek.

Fresh petioles of
Alocasia macrorhiza

Crush to powder

Equal weights of fish
powder and
Alocasia petiole
crushed to form a paste

Wash briefly with water

and drained

Solid State Fermentation
(incubate at room
temperature for 7 days
in earthen pots with

loose lid)

Hentak

Flow chart of Hentak preparation

Fig.5 Flow chart of Hentak preparation
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Ngari

People in Manipur consume ngari, a fermented fish prod-
uct, as a fundamental component of their diet in the Eastern
region of India.(Devi et al. 2019). The Puntius sophore fish
species’ phoubu, a sun-dried, unsalted dry form, is used to
make the ngari dish (Narzary et al. 2021). It is processed
by being sun-dried, quickly wetted, and then removing the
water for 24 h. It is then spread out, wrapped in gunny sacks,
and compressed hard with the legs before being placed into
an earthen pot with a 45-50 kg capacity that has been rein-
forced with a steel lining (internally coated with mustard
oil and covered with mud). At room temperature, solid-state
fermentation occurs for 4 to 12 months, with Lactococ-
cus plantarum, Lactobacillus plantarum, Bacillus subtilis,
B.pumilus, Micrococcus sp., and Enterococcus faecium
making up the majority of the microflora (Fig. 6) (Thapa et
al. 2004).

The Khasi people of Meghalaya are the original inhabit-
ants of this. It is produced at the home and village levels
and is mostly sold at the monthly markets around the area
(Agrahar-Murugkar and Subbulakshmi 2006). Lactobacillus
has been found among the microorganisms in Tungtap and
Lactobacillus coriniformis, L. lactis, L. fructosus, Bacillus
cereus, B. subtilis, Candida sp., and Saccharomycopsis sp
are the microbes identified (Thapa et al. 2004). In an earthen
pot, the fish is combined with salt and allowed to ferment
for four to seven days. It is eaten as a pickle (Thapa et al.
2004). Protein, amino acids, and minerals are all abundant
in Ngari. Probiotic, antioxidant, and antihypertensive quali-
ties may be present in the product. However, if the product

is not processed hygienically, there is a risk of cross-con-
tamination, which could result in foodborne illness.

Pulse-based fermented foods

An annual legume crop known as a pulse produces 1 to 12
seeds in a pod that can vary in size, shape, and color. For this
kind of fermented food, the most widely consumed pulses
are black gram, soybean, Bengal gram, red gram, and green
gram. In North-East India, soybean is a summer leguminous
crop that is cultivated in upland terraces under rain-fed cir-
cumstances as a solitary crop or in combination with wheat
and rice up to a height of 1500 m; due to the presence of
Mongolians, eating of various soybean recipes is popular.
Food scientists have identified several Indian fermented
foods made from soybeans (Tamang 2015). In comparison
to animal and dairy products, fermented soybean foods is a
more affordable component of plant protein that is readily
available to the North Eastern region’s rural poor.

Kinema

Kinema is a fermented food from whole soybean seeds in
the Eastern Himalayas region. It has a sticky texture, a grey-
tan color, and a flavorful flavor. It is made by the naturally
occurring fermentation of certain types of bacteria namely
Bacillus subtilis and Enterococccus faecium. Additionally,
fungal species have been isolated from commercially avail-
able kinema namely Candida parapsilosis and Geotrichum
candidum (Kharnaior and Tamang 2022). Kinema is a func-
tional food since it includes several properties that are good
for your health, such as antioxidants, digestible protein,

Fig.6 Flow chart of Ngari ( %)
preparation
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vital amino acids, vitamin B complex, and reduced choles-
terol levels (Tamang 2015).

Soybeans are boiled to make them softer as part of the
kinema preparation process. Once the excess water has
been drained, the cotyledons are gently ground open in a
wooden mortar and pestle. To promote rapid fermentation,
the surface area is increased. A small amount of firewood
ash—about 1%—is added to maintain the pH level. Then,
soybean grits are placed in a bamboo basket lined with fresh
fern. After that, a jute bag is placed over the basket, and it
is allowed to spontaneously ferment at room temperature
(which in Sikkim is between 20 and 350°C). The entire
thing is placed over an earthen boiler and left to sit for one
to two days (Fig. 7) (Tamang 2015). When the fermentation
is finished, a white viscous mass appears on the soybeans as
well as an ammonia-like odor is released. It must be stored
for 5-7 days in the winter and 2-3 days in the summer.
(Tamang 2015).

Hawaijar

In the Western region of India, it is a daily source of protein
that is made from alkaline-fermented soybeans. Between
26% and 27% of its composition are soluble proteins. It
lacks salt and has a distinctive taste and stickiness (Ray and
Didier 2014). The primary microbe behind the manufactur-
ing of this product is Bacillus spp. (Gopikrishna et al. 2021).
The native food frequently includes Hawaijar as a low-cost
source of high-protein food. Numerous studies have noted
its numerous health advantages; their anti-cancer, anti-
osteoporosis, and hypocholesterolemic properties are well
established (Keishing 2013). For preparation, soybean seeds

are steeped in water for an entire night, then thoroughly
rinsed with water before being cooked to soften the seeds.
After thoroughly cleaning, they are placed in a small lidded
bamboo basket called a “Lubak” and packed tightly. Banana
plant (Musa sp.) or fig plant (Ficus hispida) leaves are piled
at the base of the basket. After that, a jute cloth is placed
over the basket, left in the sunlight, adjacent to a stove, or
submerged in a paddy. This aids in sustaining the ideal tem-
perature (over 40°C) needed for the fermentation. After 3—5
days, the fermented product is suitable for consumption.
The finished product has a brown color, a sticky texture, and
an ammonia-like odor. After that, banana leaves are used to
wrap the fermented product for storage (Fig. 8) (Das et al.
2016; Keishing 2013).

Vegetable and fruit based fermented foods

Since it can lengthen the fermented product’s shelf life and
improve the microbiological quality, palatability, accep-
tance, nutritional value, and palatability. A crucial tech-
nology is the fermentation of vegetable lactic acid, which
utilizes preservation techniques while creating finished and
semi-finished goods. (Kingston et al. 2010). In India’s east-
ern Himalayan areas, various fermenting vegetable products
are made to bioprocess perishable vegetables for preserva-
tion and future use (Dallal et al. 2017). The leading LAB
involved in ethnic fermented vegetables includes Lacto-
bacillus brevis, L. plantarum, Pediococcus pentosaceus,
P acidilactici, and Leuconostoc fallax. Some LAB strains
may also possess beneficial and protective traits that make
them intriguing candidates to be used as starter culture(s) for
controlled and optimum fermentation of vegetable products

Fig. 7 Flow chart of Kinema
preparation
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Soybeans seeds are boiled in
pressure cooker for 1 hr or 2 hrs in
traditional method
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Fig. 8 Flow chart of Hawaijar preparation

(Szutowska 2020). Due to their high levels of lactic acids,
ascorbic acid, carotene, and dietary fiber, the fermented
leafy vegetable product Gundruk and the fermented radish
tap-root (Sinki) both possess anti-carcinogenic properties.

Importance of bioactive compounds from
vegetables and fruits in the diet of human health

Bioactive compounds which are present in vegetables and
fruits are flavonoids, anthocyanins, tannins, carotenoids,
plant sterols, betalains and glucosinolates. These com-
pounds have antioxidant, anti-inflammatory and anti-carci-
nogenic properties; and are helpful against various diseases
and metabolic disorders. These effects make them an ideal
for the development of new functional food with potential
properties.

Flavonoids are rich in fruits and vegetables, and major
sources include berries, grapefruit, carrot, apple, onion,
broccoli, cabbage, tomato, lemon, buckwheat and legumes
(Rees et al. 2018).

Effect of bioactive compounds on chronic diseases

The easiest way to prevent and control cancer risk is to con-
sume enough fruits and vegetables because they are high in
biological activity. The study proved the relation between
consumption of carotenoid-rich fruits and vegetables and
decreased risk of cancer, mainly lung cancer, prostate can-
cer, breast cancer, and head and neck cancers. Consumption
of high fruits and vegetables in diet could reduce the risk of
head and neck cancers by 50% (Foo et al. 2017).

Owing to their antioxidant, anti-inflammatory and immu-
noprotective properties, the bioactive compounds found in
fruits and vegetables can defend against several diseases
and metabolic disorders such as diabetes mellitus, cardio-
vascular diseases, and Cancer (van Dam et al. 2013).

Gundruk

The Nepali inhabitants of the Himalayan region are known
for producing gundruk, a fermented vegetable product. Win-
ter, from October through December, when perishable green
vegetables are in abundance, is when it is most frequently
made. The majority of these vegetables, which include rad-
ish (R. sativus), rayo-saag (B. rapa), cauliflower (B. olera-
cea), mustard (B. juncea), and a few other locally grown
vegetables. (Tamang 2022). Fresh leaves of the chosen veg-
etables must first wilt and be sliced with a sickle or knife to
begin the fermentation process. After lightly crushing them,
these are then put into an earthen pot. The organic fermenta-
tion procedure is permitted for 7 to 10 days at room tem-
perature once the container has been tightly sealed against
ventilation. The leaves acquire a mildly acidic taste follow-
ing the incubation period, signifying that fermentation has
finished. After that, the Gundruk is removed and allowed to
dry in the sun for three to four days, which aids in storage
(Fig. 9) (Yan et al. 2008).

Sinki

A traditional food called Sinki is prepared from fermented
radish tap roots, is typically made through pit fermentation,
a special method of food biopreservation used in the Sik-
kim Himalayas of Western region. It is cooked in the winter
when the air is the least humid and when there and is an
abundant supply of this vegetable. Lactobacillus plantarum,
L. brevis, and L. fermentum have been named as the bacteria
responsible for their fermentation (Tamang et al. 2016). A
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Fig. 9 Flow chart of Gundruk preparation

well with a diameter of 2 to 3 feet was excavated in an arid
area to produce sinki. The pit is cleansed, mud-plastered,
and heated with fire. The pit is then lined with paddy straw
and bamboo sheaths after the ashes have been removed.
The radish’s taproots are wilted for two to three days before
being crushed, soaked in warm water, compacted, and then
tightly packed into the pit. Then dried leaves are placed
on top, and heavy objects like stones or planks are used to
weigh them down. The mud is placed on top of the pit and
allowed to ferment there for 22-30 days. Fresh sinki is with-
drawn from the fermentation process, peeled into smaller
parts, sun-dried for two to three days, and then preserved

@ Springer

Sinki

Fig. 10 Flow chart of Sinki preparation

at room temperature for consumption later (Fig. 10) (Yan
et al. 2008).

Both Gundruk, a fermented leafy vegetable product from
the Himalayas, and Sinki, a fermented radish tap-root, con-
tain significant levels of lactic acid, ascorbic acid, carotene,
and dietary fiber, all of which have anti-carcinogenic prop-
erties. Sinki is claimed to assist in treating diarrhoea and
stomach problems, according to the study, and gundruk is
said to help women who are lactating produce more milk
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since it is high in lactic acid. Gundruk is also said to be help-
ful for indigestion. Furthermore, lactic acid strengthens the
immune system and relieves diarrhoea (Khadka and Lama
2020).

Conclusion

Indian traditional fermented foods are a wide variety because
local health foods have changed over time in response to
local climatic conditions, cultural traditions, and agricul-
tural techniques. In the era where ‘Food is considered as
medicine’, the lactic acid-producing bacteria found in these
fermented foods have been shown to positively affect the
host; in a different sense, they have probiotic qualities.
These fermented foods have several processing, produc-
tion, and health advantages. Additionally, some foods have
gained popularity in specific areas based on the general
health of the populace, such as lactose intolerance, which
promotes the consumption of lactose-free dairy delights.
Since some traditional fermented foods are not geographi-
cally widespread, research into these items is necessary to
create them with specific microflora while preserving their
nutritional value. Indian fermented foods can elevate the
ability to make food tasty, relieve diarrhoea, constipation,
stomach pain, and gas, as well as prevent plaque, infection,
cancer and neurological diseases. This paperwork is one of
a kind - to be a one-stop data for different historically ben-
eficial probiotic foods of India. This paper wishes to trigger
more research into these traditional foods. Consequently,
there is a need to isolate more probiotic bacteria from these
rich foods and conduct in-depth research on their probiotic
qualities.

The science of fermentation is evolving quickly as the
-omics technology advances. Thus this has enabled micro-
biome assessments and metabolomic analysis in micro-eco-
systems. These technologies will allow customized products
with proper labelling and contraindications that will help
the consumer benefit in health and alleviate disease.
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