NARRATIVE

Traditional Fermented Food of India:- Sources
of Probiotic Bacteria May Maintain Diversity
of Gut Microbiota and Manage The Symptoms
of Asthma

Monalisa Das!, Nooruddin ThajuddinZ, Megha Pundir3, Sanjib Patra**

12Bharathidasan University, Tiruchirapalli, Tamilnadu, India
34Central University of Rajasthan, Ajmer, Rajasthan, India

DOI: 10.55489/njcm.141120233195

ABSTRACT

The fermented foods that we consume contain certain beneficial bacteria. They occur naturally in some foods
and others added culture. Consuming these foods keeps the balance between pathogenic bacteria and symbi-
otic beneficial bacteria in our intestine. It improves the overall health in ways science has just discovered.
There are many studies available in this area and the results are very promising. Feeding fermented foods im-
proved gut microbiome diversity as reported in many research studies. Since there were very handful num-
bers of research articles in this area, the current review gives a comprehensive idea about the fermented food,
and the bacteria responsible for the fermentation and their health benefits are well described. In addition,
there is also focus on the role of the symbiotic beneficial bacteria in managing the allergy and asthma.
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INTRODUCTION

The use of fermented foods is a 10,000-year-old food
culture in India. India has a diverse culture, different
religions, different climatic conditions, different
cooking methods and different regional cooking in-
gredients (grains, pulses, fruits, vegetables, leaves,
and spices), but the whole India uses different form
of traditional fermented food. Fermentation is usual-
ly caused by a group of fermenting bacteria and fungi
growing on a sugar medium (Lactobacillus grows on
lactose or Saccharomyces cerevisiae on glucose) to
produce a fermented product such as ethanol. These
bacteria extend the shelf life of food and protect food
against pathogenic microorganisms.! Fermented
foods have many health benefits for the human body
because it makes the complex form of proteins and
fibers digestible and improves the bioavailability of
minerals and the metabolism of carbohydrates, li-
pids, and amino acids.? Fermented food is a good
source of vitamins and antioxidants and also causes
the hydrolysis of some inactive enzymes into their
active form. The use of simple sugar-fermenting bac-
teria can lead to the production of exo-
polysaccharides (EPS). EPS is a high molecular
weight polysaccharide that participates in antigen
recognition and stimulates the development of the
immunological response of the human body.3 In this
review, we attempt to clarify the relationship be-
tween traditional Indian fermented foods and their

Table 1: Fermented food of India
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effects on gut microbiota diversity and role in asth-
ma prevention.

METHODOLOGY

A narrative review of peer-reviewed studies released
between 2000 and 2023 was carried out by the study
team. Fermented food, Health benefits of fermented
food, Asthma and Gut Microbiota, were thoroughly
searched in four electronic databases: Web of Sci-
ence, PubMed, Google Scholar, and Science Direct.
We screened the titles and abstracts, and then we ob-
tained potential eligible citations for full text analy-
sis. References of included articles and articles of
prominent nonindexed peer-reviewed journals were
searched in order to have a complete understanding
of the subjects and relevance with the stated title.

Diversity of Fermented foods in India

Indians use grains, vegetables, fruits, leaves, fish, and
meat for fermentation. The cereal-based fermented
product is most widely used in South India. Ferment-
ed food based on plant and meat is more used in
Northeast India and the western Himalayas. Vegeta-
ble-based and pulses based fermented food is most
commonly used in northern and western states of
India. East India prepares as much fermented milk-
based sweets.

Component of food
material

Name of the fermented food of India

Cereal based fer-
mented food

Idly, Dosa, Kouzhul, Pazhaiyasoru, Ambali, Apam, Ada, Uthapam, Ragi dosa, Rava Idly, Pa-
khal/Pantabhat, Enduripitha, Chitau, Muhapitha, Tala chakuli, PanasaPitha, Tala Muha,

Haladipatrapitha, Jalebi, Gulgule, Seera, Bhature, Manna, Marjag, Sel Roti, Sinki, Ragi hurihittu,

Kanji
Pulses based Fer-
mented food
Milk based fer-
mented food

Khomon Dhokla, Mung dal Dhokla, Khandavi, Kinema, Bari, Masyara, Tungrymbai, Axone, Bari, Bal-
lae, Borhe, Wari, Chila, Adai dosa, Amriti

Dahi /Curd, Butter milk/Chanch, Lashi(sweater curd), Rabdhi, Khadi, Shrikhand, Paneer(cottage
cheese), Chena poda(Indian cheesecake), Rasa gola, Chena Paiyas, Sandesh, Chena mudik, Misti doi

(sweeten curd), Chhurchirpen, Philu, Smar

Vegetable based
fermented food
Fish and meat
based fermented
food

Chartayshya

Karadi, Mesu, Kanji, Sauernohi, Tapyo, Rep, Bikang, Rai, Midukeye, Amalaintoi,

Lona ilish, llishangari, Nagari, Shedal, Ngawun, Ngapi, Tungtap, Dang -pui-thu, Saum, Geema  Arjia,

Microorganism involved in the process of Fer-
mentation

The fermentation process involves a number of mi-
croorganisms, including fermentative bacteria and
fungi. Arthrobacter, Bacillus, Bifidobacterium,
Brachybacterium, Brevibacterium, Enterobacter, Haf-
nia, Haloanaerobium, Halobacterium, Halococcus,
Klebsiella, Kocuria, Micrococcus, Pseudomonas, and
Staphylococcus are the bacterial genera involved in
fermentation.*

The genera of yeast and filamentous moulds found in
the fermented food include Brettanomyces, Candida,
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Cryptococcus, Debaryomyces, Dekkera, Galactomyces,
Geotrichum, Hansenula, Hanseniaspora, Hyphopichia,
Issatchenkia, Kazachstania, Kluyveromyces, Metschni-
kowia, Pichia, Rhodotorula, Rhodospori5 Overnight
fermentation of cereal and pulses makes the batter
rich in a no of health beneficiary bacteria Weissella
paramesenteroides, Lactobacillus fermentumlL. plan-
taram, Enterococcus faecalis, Pediococcusacidilactici,
P.cerevisiae,Lmesenteroides, L. plantarum. Curd is an
important ingredient for fermentation. Several curd-
based recipes such as Kouzhu, Pazhaiyasoru, Rava
Idly, and Jalebi. Indian cottage cheese (chhena) can be
prepared from milk by using fermented water ex-
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tracted from milk (chhenaPani). Chena (cottage
cheese) is mostly utilized for the preparation of east-
ern Indian sweets like Rosagola and Chenapoda. This
milk-based fermented food is shown to be beneficial
to a wide variety of microbial species, including
Streptococcus cremoris, S. lactis, S. thermophilus, Lac-
tobacillus bulgaricus, L. acidophilus, L. helveticus, L.
cremoris, L. plantarum, L. curvatus, L. fermentum, L.
paracaseisubsp. pseudoplantarum, L. alimentar.6 Indi-
ans mostly use a mixture of cereal and pulses, which
provide all nutritional benefits like the availability of
all essential amino acids and minerals. Indian cui-
sines like Dosa, Idly, Dhokla, chakli, Masyara, and Eda
all will be prepared as a mixture of cereals and puls-
es. Cereals and pulses provide the substrate (beta-
glucan, arabinoxylan, galacto oligosaccharides) for
probiotic bacterial growth like Lactobacilli and
Bifidobacteria.” Vegetables are typically preserved in
the form of fermentable vegetables in the northeast-
ern Indian state, the Himalayan areas (Uttarakhand
and Himachal Pradesh), and the eastern part of India
(Darjeeling Hills). It's possible that these Indian re-
gions' ancestors used fermentation as a method of
food preservation due to their geographic location,
the availability of food throughout the winter, and
the absence of transportation infrastructure. Pedio-
coccus pentasaceous, L. cellubiosus, L. plantarum, L.
fermentum, L. brevis, L. mesenteroides, L. lactis, E. fae-
cium, and P. acidilactici are abundant in these fer-
mentable vegetables. Fermented pulses are a rich
source of E. faecium, L. mesenteroides, L. fermentum,
L. bulgaricus, and Streptococcus thermophilus and
enhance the probiotic content of food.P.acidilactici
and P.pentosaceous.®

Health benefits of Fermented food

Source of Fibrinolytic Enzyme: Soybeans is a
source of Bacillus. subtilis and Bacillus amyloliquefa-
ciens produce a fibrinolytic enzyme that provides
protection against cardiovascular disease.8-10

Moreover, they produce ACE inhibiting peptides
Fermented milk (curd) with Lactobacillus helveticus
is a source of ACE-inhibitory peptides reduces mild
high blood pressure.!! Fermented soybean which is a
good source of Lactobacillus plantarum produces
ACE inhibitory peptides that lower the risk of cardi-
ovascular diseases.12

Antimicrobial activity: Antimicrobial peptides (S1-
casein, S2-casein, -casein, and -casein) found in fer-
mented dairy products exhibit antimicrobial activity
against pathogenic Gram-negative bacteria.l® Lis-
teria, Staphylococcus, and Salmonella, as well as fila-
mentous fungi , gram-positive bacteria (Escherichia,
Helicobacter, and Salmonella), and. S. aureus, Esche-
richia coli, and P. aeruginosa were all susceptible to S.
aureus-producing Lactobacillus found in Khadi (a
fermented milk product).14

Fermented food is beneficial for the digestive
system: Gundruk, zinc and iniyangsang (leaf-based
fermented food) are used to treat indigestion.l5
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Tromba is made from wood beans and can be a good
appetizer. Handua or Kardi are used to treat consti-
pation.16

Lowers serum cholesterol: Acidified food is good L.
acidophilus lowers serum cholesterol.1?

Reduces the effects of lactose intolerance: Lactose
intolerance is an autosomal inherited disease caused
by a lack of the lactase enzyme. A person cannot di-
gest lactose, causing diarrhea, bloating, abdominal
pain and gas. Fermented foods, such as curds, are
rich in the genus Lactobacillus, contribute to the
availability of lactose in a soluble and digestible
form).18

Fermentation increases nutritional value: Cellu-
lose, hemicellulose and pectin are called useless car-
bohydrates because human enzyme cannot break
them down. Fermented food turns the digestive en-
vironment into an acidic environment. Acidic pH in-
creases the activity of microbial enzymes to convert
unused carbohydrates into SCFA, neurotransmitters
and vitamins.1?

Antioxidant properties: -Antioxidant peptides are
present in protein-rich fermented foods like cheese,
curd, and fermented fish. An antioxidant peptide
produced from K-casein extracted from fermented
milk in the presence of Lactobacillus delbrueckii.2®

Prevent candidiasis: Candidiasis is mainly caused
by Candida albican. The development of Candida al-
bicans is prevented by the group of bacteria Lactoba-
cillus (L.paracaesi, L. fermentum, L.rhamonus), which
originate from fermented foods.?!

Antitumor effect: Peptides from fermented foods
have an anticancer effect. Anti-proliferative activities
of HL-60 cells are seen with cow's milk and goat's
milk cheeses.22 Fermented goat's milk, which is a rich
source of Lb. plantarum and Lactobacillus paracasei
showed decreased viability of HeLa cells.23

Prevention of atopic dermatitis (eczema): Derma-
titis is called dermatitis mainly because it is caused
by abnormal activation of IgE antibodies against
common environmental allergens such as pollen and
dust particles. L. rhamnosus inhibits IgE antibody
concentrations in a mouse model.24

Antidiabetic effect: Fermented food rich in bacteria
L.acidophilus, L.casei and Bifidobacterium bifidum. In-
gestion of bacteria L.acidophilus, L.casei and
Bifidobacterium bifidum shows a significant decrease
in blood sugar levels.25

Prevention of gastritis: Inflammation of the stom-
ach is called gastritis. Fermented symbiotic bacteria
produce a peptide called bacteriocin, which inhibits
the growth of Helicobacter pylori.26

Prevention of Anxiety and depression: The female
participant's attention and brain activation are im-
proved when she consumes a fermented dairy bev-
erage produced with probiotics (Bifidobacterium an-
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imalis lactis, Streptococcus thermophiles, Lactobacil-
lus bulgaricus, and Lactococcus lactis).?”

Fermented food prevents the growth of the path-
ogenic bacteria

The most popular fermented meal made from cereal
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and a great source of Lactobacillus in India is called a
dosa. Pathogenic bacteria such as Bacillus cereus,
Staphylococcus aureus, Listeria monocytogenes, Pseu-
domonas aeruginosa, V. parahaemolyticus, and Aer-
omonas hydrophilaare all inhibited by the antibacte-
rial protein bacteriocin generated by Lactobacillus.28

Fermented
food

Good source of probiotic
bacteria

Bacillus subtilis, Lactobacillus,
helveticus, L. Plantarum, L.
rhamnosus, L. paracasei

v v

v v v

Reduces the ACE- Shows I Increases
IgE inhibitory antimicrobial ficicass the
: : S the K-casein =
concentration peptides activity bacteriocin
\ 4 1 l l l l
. Prevents the Reduces the Reduces the Shows the Inhibits the growth
Prevents the : . : : ol :
constipation atopic risk of pathogenic bacteria antioxidant of Helicobacter
dermatitis cardiovascular like S. aureus, E. properties pylori & prevents
disease & BP coli, P. aeruginosa the gastritis

Figure 1: Fermented food of India and its health benefits

How does fermented food affect the human gut
micro biota?

Fermented food is a good source of beneficiary sym-
biotic bacteria. A biologically significant peptide pro-
duced by the symbiotic bacteria has anti-
inflammatory, antioxidant, and immunomodulatory
properties. One study that looked at people who con-
sumed fermented foods (fermented vegetables) re-
vealed the diversity of Bacteroides species, Pseudo-
monas  species, Doreaspecies, Lachnospiraceae,
Prevotella species, Alistipesputredinis species, Oscillo-
spiraspecies, Enterobacteriaceae, Fusobacterium spe-
cies, Actinomyces species, Achromobacterspecies,
Clostridium clostridioform.2° According to a different
study, drinking fermented milk increases the relative
number of species in the Prevotellaceae and Bac-
teroidaceae families of faeces while decreasing the
abundance of Firmicutes (Ruminococcaceaeand
Lachnospiraceae). People who consume yoghurt have
higher levels of alpha diversity than those who do
not, and those who consume yoghurt also have much
higher levels of Ruminococcaceae, Streptococcus,
Lachnospiraceae, and Christensenellacaea.?

Effect of fermented food on Allergy including
Asthma

In adult asthmatics, Lactobacillus-enriched yo-
gurt/curd lowers eosinophil levels and interferes

National Journal of Community Medicine | Volume 14 | Issue 11 | November 2023

with gamma immunoglobulin production.3? In people
with atopic rhinitis or nasal allergies, consuming yo-
ghurt or curd lowers IgE serum levels.3132 The epi-
thelial lining of the lungs and intestines are protected
by fermented meals, which also modify mucosal im-
munity. The mitogen-activated protein kinase
(MAPK) signaling pathway is under the control of
metabolites from fermented meals, which also en-
courage epithelial cell synthesis of tight junction pro-
teins. paracellular diffusion of allergens is prevent-
ed.30-32 J[FN gamma, TNF-alpha, IL-6, IL-12, and IL-1
are all produced more readily in in vitro cell cultures
when fermented foods rich in lactic acid bacteria are
consumed.3334 L. casei (mainly used in fermented
dairy products) increases the number of lympho-
cytes, eosinophils, neutrophils and Th2 cytokines
(IL-4, IL-5, IL-13, IL-9) and Th17 cytokines (IL-4, IL-
5, IL-13, IL-9, IL-17A) levels have been found to be
reduced, and chemokines (such as eotaxin-1) in
BALF (broncho alveolar lavage fluid). By primarily
encouraging Firmicutes proliferation and elevating
SCFA levels (acetate and propionate) maintain,
L.casei strains reduced serum HDM-specific Ig G1
and total IgE levels, as well as gut microbiota diversi-
ty.35 L.Kefiranofacien (from fermented dairy prod-
ucts) boosted Treg activity and lowered Th2 (IL-4,
IL-5, 1L-13), Th 17 cytokines and BAL Finsplenocytes,
and serum IgE production can diminish allergen-
induced asthma. In OVA-allergic asthmatic mice, L.
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kefiranofaciens inhibits AHR to methacholine, airway
inflammation, eosinophil infiltration into the lung,
and mucous glandular per secretion.3¢ Immunomod-
ulatory effects are produced by Lactobacillus helvet-
icus that is isolated from fermented milk. In addition
to lowering total serum IgE levels, Lactobacillus hel-
veticus also inhibits immune cell proliferation, low-
ers lymph node cytokine secretion, and controls IL-
10 and Foxp3 expression.3* Fermented milk that has
been augmented with L. reuteri has a higher predom-
inance of Lactobacilli, Bifidobacteria, and Enterococci.
L. reuteri lowered airway inflammation, blocked Th2-
associated pro-inflammatory cytokines (IL-5, IL-13),
increased SCFA, decreased total IgE, and decreased
total IgE.37 Lactic acid bacteria isolated from fer-
mented brown rice contain high levels of ferulic acid
and protocatechuic acid, show anti-allergic activity.38
Ramulus mori and Salvia plebeian, which are used in
Ayurvedic medicine, were introduced, and their fer-
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mented extracts significantly suppressed the release
of pro-inflammatory cytokines (IL-4 and IL-17) and
decreased IgE levels. also prevented inflammatory
cells from entering BALF.3? In addition to suppress-
ing OVA-induced nasal allergy symptoms, red gin-
seng extracts fermented by the bacterium Bifidobac-
teria also decreased IgE levels, eosinophil and mast
cell infiltration, differentiated Th2 cells, and reduced
IL-4, IL-5, and IL-13 levels in BALF and nasal fluid.40
A fermented multi-fruit beverage supplemented with
Saccharomyces cerevisiae increased the Th1l immune
responses in mice, and the Th2-associated cytokines
IL-4 and IL-5 were subsequently reduced.384° [sofla-
vones (polyphenolic chemicals) found in fermented
soy products like genistein, daidzein, and glycitein
prevent allergic inflammation, block dendritic cell
maturation, and stop IgE-mediated mast cell degran-
ulation.40-42

Fermented

food

bacteria

l Good source of probiotic

L. Kefiranofaciens, L. helveticus,
L. reuteri, Bifido bacteria,
Enterococci, Saccharomyces
Cerevisiae

l l

! ! !

Reduces the Reduces the Reduces the
cytokine IF gamma, IgE level,
secretion, controls TNF-alpha, eosinophil egg;ﬁfi\f?ﬁ Ej’r?zsmge;ie
the IL 10, Foxp3 IL 6, IL 12, count, mast ‘ g
expression IL1

cell infiltration

l

Reduces the
symptoms of
Asthma/Allergy

Figure 2: Effects of fermented food on Allergy /Asthma

CONCLUSION

Probiotic bacteria like Lactobacillus and Bifidobacte-
rium are abundant in fermented foods from India. In
addition, eating fermented foods broadens the range
of bacteria in the gut that belong to the families
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Lachnospiraceae, Prevotella, Fusobacterium, Akkeer-
mansia, and Bacteroidetes. The majority of these bac-
teria are in charge of producing SCFA. Asthmatics
may experience anti-inflammatory effects from bu-
tyric acid, a short-chain fatty acid (SCFA) produced
by L. reuteri from the fermentation of fibre. The anti-
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asthma Dbacteria Lachonospiraceae, Akkermansia,
Bifidobacterium, and Lactobacillus lessen the symp-
toms of asthma. The growth of pathogens like Staph-
ylococcus aureus, Escherichia coli, and Pseudomonas
aeruginosa is inhibited by fermented foods like cot-
tage cheese. Asthma is brought on by the dangerous
microorganisms Clostridium, Staphylococcus, and
Pseudomonas. The main pathogenic bacterium in
asthmatics, Pseudomonas aeruginosa, causes neutro-
philic inflammation and is steroid-resistant. The di-
versity of gut microbiota and anti-microbial activity
of the majority of Indian fermented foods are un-
known, despite the fact that this study focuses on the
effects of traditional Indian fermented foods on hu-
man gut microbiota and anti-asthmatic activity. As a
result, this area of inquiry could be the focus of fu-
ture study.
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