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6.1 Introduction

Fermentation is one of the oldest biotechnological processes for the development
and production of desirable food products with improved organoleptic properties,
increased palatability and shelf-life of the product (Ray and Joshi 2014). Food fer-
mentation leads to inhibition of pathogenic or spoilage organisms by intermediate
product developed during fermentation process, thus improving the shelf-life of
fresh food product. The process of lacto fermentation occurs in food through natural
bacteria or yeasts leading to production of lactic acid. Meanwhile, in the course of
lactic acid fermentation, several metabolites such as such as lactic acid, carbon
dioxide, ethanol, hydrogen peroxide, acetic acid, antimicrobial peptides (bacterio-
cin) gets produced from LAB, causing synergistically suppression as well as growth
of spoilage and pathogenic microorganisms (Di Cagno et al. 2013). Furthermore
along with preservation, fermentation also offers various characteristics such as fla-
vor, texture, aroma, and nutritional enrichment into food (Ray and Joshi 2014).
Bread is one of the classical examples of this innovative technique, where the prin-
ciple objective of dough fermentation was to produce the distinctive organoleptic
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properties and textures in bread (Terefe 2016). Hundreds of dissimilar fermented
foods are not known outside the instinctive area in which they have been fermented,
produced and developed since long time ago. In addition, a huge list of fermented
products are available showing that, how the diversity derives from the heterogene-
ity of traditional fermented food around the world based on cultural preferences,
geographical areas as well as application of staple food products. Besides the huge
list of fermented foods, these are some of the most common one such as beer, wine,
cider, cheese, yoghurt, soya-based fermented food, beans, fish, meat and probiotics
(Bell et al. 2017).

Currently, probiotics has been seen as one of the nutraceutical therapeutic
approaches for the prevention and management of several chronic diseases includ-
ing digestive and immune health. In addition, probiotics are also recommended as
effective therapeutic interventions by health professionals including nutritionists
and dieticians. Tissier was the first scientist, who identify gut microbiota from
healthy breast-fed infants dominated by rods with a bifid shape bacteria (bifidobac-
teria), which were absent in infant formula-fed suffering from diarrhea, and led the
idea how bifidobacteria played an important role in maintaining health (Kechagia
etal. 2013). In 1965, Lilly and Stillwell was the first who introduced the term “pro-
biotics” and described it as microbial derived factors that stimulate the growth of
other organisms. Furthermore, Roy Fuller in 1989, stressed on the necessity of pro-
biotics and presented the notion that probiotics have a beneficial effect on the host
(Guarner et al. 2012). Initially probiotics were used for the improvement of human
as well as animal health by virtue of intestinal microbiota modulation. Currently,
several strains of probiotics likewise Bifidobacteria and Lactobacilli are available
for human consumption for the treatment of gastrointestinal (GI) infections. Some
of the positive effects of probiotic consumption include improvement of intestinal
health by the regulation of microbiota, synthesizing and enhancing the bioavailabil-
ity of nutrients, reducing symptoms of lactose intolerance, stimulation and develop-
ment of the immune system and reducing the possibility of other ailments (Nagpal
et al. 2012). Probiotics are described as ‘live microorganisms’ administered in
acceptable amount conferring health benefits to the host” (FAO/WHO 2002).
Additionally, probiotics have also been described as live microbial feed supple-
ments that positively affect the host by improving its GI microbial balance, or in
other words it can also be described as live microbial cultures ingested for health
benefits beyond providing basic nutritional value (Nagpal et al. 2012; Agerholm-
Larsen et al. 2000; Adnan et al. 2017; Alshammari et al. 2019). To understand the
food fermentation, we have put forward some basic definitions such as probiotics,
prebiotics, synbiotics and fermentation. Probiotics; Live microorganisms, which
confers health benefits on the host GI tract when ingested in adequate amounts.
Prebiotics; Fermented ingredients in particular, resulting into a specific change in
the composition or activity of the intestinal microbiota, leading the benefits upon
host health. Synbiotics; Any product which contains both probiotics and prebiotics
strains are described as synbiotic products. Fermentation; A process by which a
microorganism transforms food into other desirable food products, usually through
the production of lactic acid, ethanol, and other metabolic end-product (Guarner
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et al. 2012). In recent times, traditional fermented foods have drawn the attention of
the scientific communities mainly because of its several health benefits including
the probiotic organism with its health promoting effects. The market for fermented
food products are growing continuously and it requires further implementation and
diversification of available products. In this chapter, we bring comprehensive details
of fermented food, specifically probiotics and its health benefits including mecha-
nism of action, safety and efficacy.

6.2 Food Fermentation and Lactic Acid Bacteria (LAB)

Fermented products and their microbial and functional characteristics have been
widely studied (Rhee et al. 2011). It contain microorganisms, which is generally
regarded as safe (GRAS) with several characteristics of producing beneficial metab-
olites such as ethanol, carbon dioxide, organic acids, fatty acids and bacteriocins
(Mathur et al. 2020). Moreover, fermentation of food substrate usually involves
application of microorganism like LAB and yeast (Mathur et al. 2020). LAB is a
non-pathogenic, Gram positive, fermentative bacteria that are linked with the pro-
duction of lactic acid from carbohydrates, making them useful for food fermenta-
tion. LAB fermentative ability is been well-known for providing enrichment of
nutrients, improvement in organoleptic properties, improvement in food safety as
well as provides health benefits to the host. Foods fermented along with LAB, plays
a significant part in serving the world’s population (Rakhmanova et al. 2018).
Therefore, to serve the world population, several genus of LAB have been identified
for food fermentation as well as for probiotic preparation purposes such as
Lactobacillus, Lactococcus and Streptococcus. Specifically, selected species are
Lactobacillus — acidophilus, Lactobacillus lactis, Lactobacillus bulgaricus,
Lactobacillus  helveticus, Lactobacillus casei, Lactobacillus  plantarum,
Streptococcus thermophilus, Lactobacillus salivarius, Enterococcus faecalis,
Bifidobacterium spp. (Sugiharto 2016).

Apart from dairy fermented foods, fermented vegetables, cereals and meat also
contains LAB, which indicates its potential industrial application in food preserva-
tion as well as in dairy fermentation (yoghurt, butter milk, cheese and kefir). Based
on metabolism of glucose, LAB is classified as homo-fermentative (Embden-
Meyerhof-Parnas pathway) and hetero-fermentative bacteria (pentose monophos-
phate pathway) leading to production of lactic acid and carbon dioxide, while
pentose monophosphate pathway produces lactic acid, acetic acid, ethanol and car-
bon dioxide. In addition, LAB also helps to improve the quality and shelf- life of
fermented food by producing several secondary metabolites such as bacteriocins,
exopolysaccharides and enzymes (De Melo Pereira et al. 2020; Ibrahim et al. 2018).
Therefore, LAB is considered as a very important microorganism for preserving as
well as producing a wide range of fermented foods such as cucumbers (pickles),
fermented milks (yogurts and cheeses), protein-rich vegetables, protein meat substi-
tutes (tempe), pastes produced by fermentation of cereals and legumes (Japanese
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miso, Chinese soy sauce), fermented cereal-fish-shrimp mixtures (Philippine balao
balao and burong dalag), fermented cereal yogurt (Nigerian ogi, Kenyan uji), fer-
mented meats (e.g., salami) and fermented milk-wheat mixtures (Egyptian kishk,
Greek trahanas) (Steinkraus 1992). LAB contains a substantial amount of human
gut flora which has been seen to possess the positive effect on intestinal tract (Gawai
and Prajapati 2017). In addition, fermentation derived from LAB is considered to
produce by-products with several bioactivity or health promoting effects such as
anti-allergic, antioxidant, anti-obesity, immunomodulatory, anti-anxiety, as well as
increases the bioavailability of minerals or vitamins (Mathur et al. 2020; Rakhmanova
et al. 2018; Ashraf et al. 2021).

6.3 Selection of Probiotics and Starter Culture
in Food Fermentation

Currently, large-scale fermentations with several advancements have emerged as
the need of the hour, as well as selection of microorganism/starter culture for pro-
duction of different food products has always been challenging. Therefore several
microorganisms has been used based upon the food product fermentation such as
Lactobacillus species in fermented milks, vegetables, and meats, Saccharomyces
cerevisiae for alcoholic and beverage industry, as well as molds in the production of
soy-based products such as tempeh, miso and shoyu. These microbial strains are
used for fermentation processes and hence called as starter cultures (De Melo
Pereira et al. 2020). Therefore, starter cultures are defined as any microbial culture
which helps to initiate and promote the process of fermentation in food products.
On the other hand, starters could also be utilized for standardization of fermented
product, as well as it also reduces the food ripening/maturation time. Since, food
safety of fermented food may get exposed to microbiological contaminations like-
wise food-borne pathogens (Listeria spp., Salmonella spp., etc) (Laranjo et al.
2019). Safety of fermented food products may be exposed by microbiological,
namely food-borne pathogens (Salmonella spp., Clostridium perfringens,
Staphylococcus aureus, Listeria spp., etc) (Laranjo et al. 2019).

The selection of right starter culture for food fermentation is very important to
ensure the overall process of fermentation, improving the food safety, stability as
well as organoleptic properties of the end product. Several fermented dairy products
are produced with the help of LAB like curd, cheese, fermented milk, and these
products are consumed around the world. Before a probiotic is used in the interest
of human health, there are several criteria’s that must be fulfilled to get the desired
fermentation properties, hence that it can be produced and added to the food prod-
ucts without losing its survival and function, or creating an unpleasant taste; it must
survive when passing through the GI tract, and must reach live to the site and should
be able to function in the intestinal environment (Adnan and Pramaningtyas 2020;
Saad et al. 2013). Several characteristics should be taken into consideration while
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Fig. 6.1 Several factors associated for the selection of safe and appropriate probiotic

choosing a safe and appropriate probiotic as shown in Fig. 6.1 i.e., (Ray and Joshi
2014) safe strains, species and genera of probiotics (Di Cagno et al. 2013) viability
and bioactivity during the process and storage (Terefe 2016) GI survival and resis-
tance to gastric acid and bile acids (Bell et al. 2017) stimulating the selection of
beneficial bacteria and suppressing harmful bacteria (through the production of
antimicrobial compounds and competitive elimination) (Kechagia et al. 2013)
antagonistic activity against pathogens such as Clostridium difficile, Salmonella,
Helicobacter pylori and Listeria monocytogenes (Guarner et al. 2012) adhesion to
the intestinal epithelium (Nagpal et al. 2012) anti-carcinogenic properties and anti-
mutagenic (Agerholm-Larsen et al. 2000) modification and improvement of the
immune system (Peivasteh Roudsari et al. 2019). In addition, there are various other
factors that should be considered for the selection of starter culture for any food
fermentation processes.
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6.4 Probiotic and Its Mechanism of Action

The current definition of probiotics by Food and Agriculture Organization of the
United Nations (FAO) and the World Health Organization (WHO) is “live microor-
ganisms which when administered in adequate amounts confer a health benefits to
the host”. The word probiotic is been derived from Greek meaning “for life.” Hence,
probiotic is considered very useful for several therapeutic purposes, due to its ability
to adhere to the intestinal mucosa, ability to colonize the intestinal tract, bile salt
and gastric acid stability (Khalighi et al. 2016). Additionally, probiotic Lactobacillus
paracasei A221 has been reported to improve the bioavailability and functionality
of kaempferol glucoside in kale by its glucosidase activity (Shimojo et al. 2018).
Bergillos-Meca reported that, bacterial strain Lactobacillus fermentum D3 has the
ability to increase the bioavailability of Zn, Ca and P in in-vitro fermented goat milk
(Bergillos-Meca et al. 2013). Furthermore, several studies also pointed out the pro-
biotic therapeutic effects; however its mode of action is still poorly understood. In
this section we have elaborated the possible mechanism of action of probiotics.

6.4.1 Mechanism of Action

The exact mechanisms of action (MOA) by which probiotics show its beneficial
effect have not been well described. However, there are various proposed mecha-
nisms that explain its favorable effects as shown in Fig. 6.2. The probiotic organism
influences the host cell in many ways. Different strains of probiotic effect in various
ways like by impact on intestinal luminal environment, mucosal immune system,
epithelial and mucosal barrier function. Probiotic additionally affect directly or
indirectly on the host cells or food components. Furthermore, efficacy of probiotics
depends on its metabolic properties of the specific strains and the molecular struc-
ture (DNA or peptidoglycan) present on the surface of the microorganism. It also
affects the monocytes/macrophages, dendritic cells, epithelial cells, T cells and B
cells of the host cell (Nagpal et al. 2012; Cencic and Chingwaru 2010). In other
words, probiotics also act by competitively binding to the adhesion sites by virtue
of that it fights for cellular attachments.

It’s been also proposed that probiotic bacteria inhibit pathogens by producing
antagonistic components and competes for competition for nutrients (particularly
iron in marine microbes), nutritional benefits such as improving feed digestibility
and utilization, immune-stimulatory functions, and alteration of the enzymatic
activity of pathogens (Seerengeraj 2018). Another possible MOA for probiotics is
alteration in microbial flora through the synthesis of antimicrobial compounds
(Rolfe 2000). Because, different types of bacteria (Lactobacilli and Bifidobacteria)
produces antimicrobial compounds including bacteriocin. Bacteriocins are described
as “compounds produced by bacteria that have a biologically active protein moiety
and a bactericidal action”. Furthermore, probiotics are reported to increase
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immunoglobulin-A (IgA) secretion, enhanced phagocytic activity of macrophages
leads to increased immune response. Meanwhile, increase in IgA secretion causes
decrease in the numbers of pathogenic microorganism as well as improves the con-
dition of microflora in the intestinal tract. Therefore some of the research studies
suggest that probiotics could not only fight intestinal or urogenital infections, but it
could also help in inflammatory diseases, in allergic responses, even as an adjuvant
in vaccination (Khalighi et al. 2016).

6.5 Bio-preservation Techniques Using Probiotic Organisms
for Food Safety

Food safety and regulatory standards implementation in food production system is
very crucial to ensure safe food production. Recently, development of noble chemi-
cal additives, new food pathogens and its source for causing food-borne illnesses
has raised the concerns in food production system. In addition, extensive use of food
preservative chemicals, antibiotic in food production system has forced the scien-
tific communities to search more natural ways of food preservation (Akbar et al.
2016). Food preservation is a major hurdle in modern day food technology.
Therefore, to present consumer a fresh, ready to eat, highly nutritious, minimally
processed food to avoid contamination will improve the food preservation. Use of
microorganisms and their natural by-products for bio-preservation has been com-
monly practiced throughout the history of mankind (Kamarudheen et al. 2014). The
term bio-preservation states that preservation of food, extension of shelf-life as well
as its food safety can be achieved by using living microbes and their metabolites.
Of note, the process of bio-preservation can be done by two different ways such
as the inoculation of food matrix with target microorganisms, and the other one by
using microbial metabolites in purified form, in particular bacteriocins (Gaggia
et al. 2011). Moreover, the whole food fermentation depends on the selection of
microorganism to control spoilage and make pathogen inactive. Therefore, a special
interest has been shifted to a very important microorganisms i.e., LABs and their
metabolites. LABs has been reported to show antimicrobial properties (like organic
acids, carbon dioxide, diacetyl (2,3-butanedione), anti-fungal peptides, hydrogen
peroxide and bacteriocins) and offer a unique texture and flavor to the food products
(Singh 2018; Oluk and Karaca 2018). Currently these techniques are used in various
dairy milk products as well as other food products. Various food product such as
chicken meat, beef meat, ham, iceberg lettuce, golden delicious apples, non-
fermented pickles, cold smoked salmon and cooked and fresh peeled shrimp shelf
life is been improved using various microorganisms such as E. faecium PCD71,
L. fermentum ACA-DCI179, L. sakei 4808, L. curvatus CRL 705, L. sakei 10A,
Pseudomonas putida LTH 5878, L. mesemteroides CM 135, CM160, PM249,
L. curvatus LR 55, C. divergens V41, L. casei T3, L. palntarum Pe2, C. piscicola
Sal3, Leuconostoc gelidum EU 2247 (Gaggia et al. 2011). They are non-pathogenic,
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bile tolerant and salt tolerant (Kamarudheen et al. 2014). Sea foods shelf-life and
safety can be increased with the help of natural or controlled microbiota and/or their
antimicrobial compounds (Nath et al. 2014). Therefore, bio-preservation offers the
potential to improve the shelf-life and food safety suggesting a promising approach
towards preserving food by natural means.

6.6 Beneficial Health Effects of Probiotics

Fermented foods comprising of beneficial bacteria have been for hundreds of years
in our food are considered as probiotics. Recently, probiotics has been studied for
both in vitro and in vivo and found to be clinically effective for the treatment of vari-
ous diseases. Several scientific evidences has showed the significant role of probiot-
ics in the prevention and management of different health problems such as diarrheal
diseases, liver diseases, allergies, hypertension, inflammatory and immune response,
detoxifying carcinogens and many more. Researches on probiotics for human con-
sumption are yet rare, further in vivo studies are needed to determine the type of
probiotic strains, health conditions, dosages, as well as to demonstrate their safety
and limitation.

6.6.1 Prevention and Management of Diarrheal Diseases

Diarrheal disease is the second main cause of death in under-five aged children. It is
also the main cause of malnutrition in this group and it kills around 525,000 chil-
dren each year. Globally, the total number of cases of childhood diarrheal disease
every year is about 1.7 billion (https://www.who.int/news-room/fact-sheets/detail/
diarrhoeal-disease, 2017). In adults also, acute diarrhea is a familiar problem, its
most popular etiology is viral gastroenteritis. Increases in travel, comorbidities and
food-borne illnesses leads to more bacteria-related cases of acute diarrhea (Barr and
Smith 2014). Several studies have been carried out to test the efficacy of probiotics
in the prevention and management of the diarrheal diseases. These studies have
reported the role of probiotics in the prevention and management of diarrheal dis-
eases (Plaza-Diaz et al. 2018; Hempel et al. 2012; Goldenberg et al. 2017). The
prevention and management of infective diarrhea, the remedy of frequent diarrhea
caused by Clostridium difficile, in addition to the control of the diarrhea associated
with antibiotics are the areas of interest of these researchers. Hospitalized children
administered with probiotics, such as Bifidobacteria significantly prevent these
children from diarrhea. One study showed that Saccharomyces boulardii (S. boular-
dii) decreases the duration, frequency, and hospitalization period of diarrhea, there-
fore, decreasing the treatment costs. In different clinical studies, S. boulardii was
found to be active for the prophylactic as well as in the treatment of diarrhea, mainly
antibiotic-associated diarrhea (Wada et al. 2010; Dash et al. 2017). The decline in
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duration and frequency of acute diarrhea within 24 h was also reported in Cochrane
review of meta-analysis (https://www.who.int/news-room/fact-sheets/detail/
diarrhoeal-disease, 2017; Shah et al. 2012).

Some probiotic strains, like Lactobacillus rhamnosus GG (L. rhamnosus),
Lactobacillus reuteri (L. reuteri), and S. boulardii, looks like potent therapeutic
agents for the improvement of the situation of acute diarrhea in children, when used
therapeutically (Isolauri et al. 2002). S. boulardii was found to be an appropriate
and new addition in the treatment of acute diarrhea in children. It reduces the fre-
quency of stool, duration of illness and the number of episodes of diarrhea in a very
short time (Billoo et al. 2006). Gill and Guarner (2004) reported that different
strains of probiotics such as L. rhamnosus, L. acidophilus, L. bulgaricus and the
yeast S. boulardii can decrease the incidence of antibiotic-related diarrhea in chil-
dren as well as in adults. Beside, preventative use of probiotics was also reported to
prevent hospitalized children from nosocomial diarrhea, which is the main dilemma
in pediatric hospitals globally (Gill and Guarner 2004). Isolauri et al. (2002) showed
in a controlled clinical research that probiotics like L. rhamnosus, L. reuteri, L. casei
Shirota and B. lactis Bb12 can reduce the span of acute rotavirus diarrhea (Isolauri
et al. 2002). Sur et al. (2011) have reported no difference in rehabilitation rates for
adenovirus, rotavirus, norovirus, or astrovirus for children receiving L. casei Shirota
compared with a control cohort (Sur et al. 2011). Dinleyici et al. (2011) in his study
on children with Blastocystis hominis reported increased rate of clinical recovery
and vanishing of cysts from the stool with probiotics.

Several MOA by which probiotics mediate their anti-diarrhea effect have been
suggested; such as improvement of the epithelial barrier, increase in intestinal
mucosa adhesion, and accompanying inhibition of pathogen adhesion, pathogenic
microorganisms competitive inhibition, production of anti-microbial substances,
and the immune system modulation (Bermudez-Brito et al. 2012; Dinleyici et al.
2011). Moreover, prevention of childhood diarrhea infection and antibiotic-
associated diarrhea can be improved by using probiotics. It has been reported in
many clinical studies that, probiotics can improve microbial imbalance and there-
fore constrain the generation of pathogens like C. difficile (Goldenberg et al. 2017,
Urbanska et al. 2016). Generally, probiotics MOA in children and adults include
colonization and normalization of perturbed intestinal bacterial communities,
changes in the enzymatic activities linked with the carcinogens metabolism, as well
as other toxic materials and synthesis of volatile fatty acids, which has a role in the
conservation of energy homeostasis and organization of functionality in peripheral
tissues. Additionally, probiotics also help in mucin synthesis and regulates the
immune system as well as gut-associated lymphoid tissue activity (Plaza-Diaz
et al. 2019).
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6.6.2 Prevention and Management of Liver Diseases

Many types of liver diseases were reported globally, including diseases caused by
viruses like Hepatitis A, B and C, in addition to the diseases caused by drugs and
alcohol consumption such as the fatty liver and liver cirrhosis (Talwani et al. 2011).
Cesaro et al. (2011) and Frazier et al. (2011) suggested that treatment and preven-
tion of chronic liver diseases can be done by using probiotics. They reported that
probiotics can prevent bacterial translocation and epithelial invasion, in addition to
the fact that probiotics can inhibit bacterial mucosal adherence and synthesizing of
antimicrobial peptides, at the same time reducing inflammation and stimulation of
host immunity (Cesaro et al. 2011; Frazier et al. 2011). Liver disease complications
could be decreased by modifying the microbiota either quantitatively or qualita-
tively (Eslamparast et al. 2013). Chavez-Tapia et al. (2015) reported that probiotics
can modulate alterations in the gut microbiota, intestinal permeability, immune and
inflammatory responses, and therefore, they can treat hepatic problems (Chavez-
Tapia et al. 2015). Ranadheera et al. (2014) reported that probiotics have a big role
in many liver diseases, mainly in some functional characteristics like adhesion and
pro-inflammatory response (Ranadheera et al. 2014). Hong et al. (2015) showed
that in a fatty diet model, L. rhamnosus and L. acidophilus moderately reduces the
intrahepatic lymphocytes and TNF-a expression, also reverses irregular and deca-
dent microvilli due to alcohol risk (Hong et al. 2015).

Different types of probiotics have a great effect on intestinal bacterial flora com-
position, which can show distinguished results and improvements on the metabolic
health of individuals (Al-Muzafar and Amin 2017). Changed in gut flora is progres-
sively known to play a significant important role in fatty liver disease (non-alcoholic)
and is an important component of alcoholic liver disease (Kirpich and McClain
2012). In a clinical investigation involving alcoholic cirrhosis patients, who received
L. casei Shirota three times a day for 28 days were reported to iterate neutrophil
phagocytic capacity in cirrhosis, maybe due to alteration in TLR4 expression IL-10
ooze (Stadlbauer et al. 2008). Kirpich, and McClain (2012) suggested that the gut-
liver axis has an important role in the pathogenesis of liver problems. Patients suf-
fering from alcoholic cirrhosis, when received LAB showed a significant boost in
liver function, by decrease in liver enzyme ALT (alanine aminotransferase) level
and in tumor necrosis factor (TNF) level (Loguercio et al. 2002). When B. bifidum
and L. plantarum 8PA3 were administered orally for a short period to patients with
alcohol-induced liver injury, results showed that there was a significant recovery in
the bowel flora in the injured liver patients, compared to the patients who received
standard therapy alone (Kirpich et al. 2008).

Al-muzafar and Amin (2017) reported that a mixture of probiotic strains has a
better advantage over the host health rather than a probiotic with single-strain. This
mixture was reported to have an efficient effect for the management of non-alcoholic
fatty liver disease via improving the leptin levels, liver function test, inflammatory
markers, lipid profiles, and resist in hormone levels (Al-Muzafar and Amin 2017).
They concluded that probiotics are a potential therapeutic agent that can control
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hepato-steatosis and associated diseases. Chen et al. (2007) reported that, in patients
with hepatitis B and C, increasing the numbers of Bifidobacteria and Lactobacillus
will lead to a reduction in endotoxemia and avoids the growth of pathogens (Chen
et al. 2007). The main cause of liver disease is the abnormality in the gut flora.
Therefore, a well-healthy GI tract prevents a high percentage of liver diseases
(Imani Fooladi et al. 2013). Comparing probiotic administration with antibiotic
treatment and surgery, it is safe, with no serious side effects, and low cost. Probiotics
decreases the patho-physiological signs and ameliorate many types of liver diseases
(Imani Fooladi et al. 2013).

6.6.3 Modulation of Inflammatory and Immune Response

Inflammation is the protective response of tissue to a noxious stimulus, resulting in
both the elimination of harmful stimuli and the starting of the healing action
(Pajarinen et al. 2019). Acute inflammation is noticed by capillary dilatation, leuko-
cytic relocation and infiltration to the local area. This leads to the clinical manifesta-
tions of redness, heat, pain and loss of function (Loi et al. 2016). One of the most
important mechanisms of probiotics on human health is their modulation of the
immune system (Yan and Polk 2011). Gut microbiome alteration due to the con-
sumption of probiotics, boosts the immune system and suppress inflammatory path-
ways. Multiple sclerosis, an inflammatory and autoimmune neurological problem
that leads to demyelination can be healed due to this improvement in the immune
system by probiotics (Morshedi et al. 2019). A decrease in gut dysbiosis and gut
leaky after treatment with probiotics could reduce the production of inflammatory
biomarkers and weaken extreme immune system stimulation (Hosseinifard et al.
2019; Fung et al. 2017). Kwon et al. (2013) and Lavasani et al. (2010) showed that
probiotics can increase the differentiation of T cells toward Th2 and also increases
the synthesis of Th2 cytokines like IL-10 and IL-4 (Kwon et al. 2013; Lavasani
et al. 2010). Lescheid (2014) reported that probiotics have a powerful effect in the
treatment of inflammatory disorders.

Some types of probiotic strains can mend hyper permeable epithelial barriers and
thus indirectly adjust inflammation by locking potentially remarkable provenances
of stimuli of chronic inflammation, including LPS. They are also important inducers
of other substances that have prevalent roles in modulating inflammation, including
butyrate and antimicrobial peptides. Additionally, specific probiotic strains bind to
nucleotide-binding oligomerization domain receptors to directly affect the activity
of many important signaling pathways, affecting inflammation via boosting produc-
tion of more regulatory or suppressive cytokines like IL-10 and transforming growth
factor-beta (TGF-f) (Lescheid 2014). Accordingly, administration of a combination
of probiotic strains will modulate multiple signaling pathways, which could have a
deep combined effect on the prevention and treatment of inflammation in a short
time (Lescheid 2014). Probiotics have been reported to modulate central immune
responses within the GI tract via modulating signaling pathways. The MOA of the
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probiotic are usually strain-specific and can have different responses within varied
host cells (Llewellyn and Foey 2017). Probiotics such as L. paracasei CNCM
I-1518 as well as L. casei CRL 431 were reported to stick through the Toll-like
receptors and mediate immune stimulation into gastro intestinal epithelial cells
(Galdeano and Perdigén 2004).

Fermentation processes are well-known for its ability to enhance the nutritional
food quality by the enhancement of food nutrients. Therefore, probiotic fermented
milk gets more attention recently. Consumption of probiotic fermented milk causes
surges in the phagocytic and antimicrobial activity of spleen and peritoneal macro-
phages (Maldonado Galdeano et al. 2011). Appealingly, the cytokine produced by
probiotics on immune cells stimulates the systemic immune response, with an
increment in particular antibody production (Maldonado Galdeano et al. 2011).
These antibodies were reported to have a significant role in lowering the infectious
bacteria spreading to the liver and spleen after contaminating with Salmonella
Typhimurium (Nufiez et al. 2013). The probiotic bacteria spend around 72 h in the
intestinal lumen, which is sufficient to stimulate modifications in the gut immune
cells, developing the number of macrophages and dendritic cells of the lamina pro-
pria, and boosting their functionality, reflected in cytokines production (Maldonado
Galdeano et al. 2011). Malnutrition leads to a substantial reduction in the defense
mechanisms and increasing the susceptibility of the host to infections. Administration
of probiotics will participate in restoring the thymus histology and stimulates the
adaptive immune response (Nufiez et al. 2013). As probiotic is been noticed to have
a beneficial role in vaccine response (Zimmermann and Curtis 2018), the immuno-
modulatory effect of probiotic may have the possibility to help in COVID-19 infec-
tion. The ability of probiotics to regulate the gut microflora may in succession to
modulate the immune system in a way that could be useful in COVID-19 (Adnan
and Pramaningtyas 2020).

6.6.4 Prevention and Management of Allergies

Allergic diseases and it’s prevalence in children has seen a surge apparently in the
last few decades. Changing the intestinal microflora of an individual is been consid-
ered as a potential source of treatment and prevention in case of allergic disorders.
Probiotics can change the microflora of the host; therefore, they may either prevent
or improve allergies (Savilahti 2011). Using functional food enriched with
Lactobacilli and Bifidobacteria have shown successful modulation in allergic rhini-
tis, food-related allergies and atopic problems (Prakash et al. 2014). Probiotics may
have a positive effect for eczema prevention, and the World Allergy Organization
(WAO) recommendations suggest using probiotics in lactating women, during preg-
nancy and in children with high risk of allergy (Zuccotti et al. 2015). Zuccotti et al.
(2015) in a meta-analysis review reported that treatment with probiotics led to a
marked reduction in the relative risk for eczema, compared with placebo and that
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the effect was most stated when a mixture of probiotic strains was used (Zuccotti
et al. 2015).

One of the main reasons for developing allergy and their correlated diseases is
exposure to environmental microbes (Tang 2005). An alteration of the Th1/Th2
cytokine balance, which leads to initiation of Th2 cytokines and the release of IL-4,
IL-5 and IL-13 as well as IgE production, is the main cause of allergic disorders
(Michail 2009). Administration of probiotics extremely changes the gut ecology by
encouraging a change in the local microbiota and cytokine production (Winkler
et al. 2007), and by virtue of that it positively affect allergic disorders. Few studies
available that addressed the effectiveness of probiotic administration in the treat-
ment or prevention of allergic conditions such as asthma, allergic rhinitis and food
allergy, but these studies have not been conclusive yet and led to contradictory con-
clusions (Michail 2009; Giovannini et al. 2007; Hol et al. 2008). The oxymoron
results and the effectiveness of probiotics in the prevention and management of
allergy could be due to the large strains of heterogeneity, therapy duration, as well
as the amount dose usage. Also, the results of these studies bring the authors to
conclude that probiotics may have a beneficial effect in the above-mentioned aller-
gic conditions, but the current clinical data are still not adequate to allow in clinical
practices.

6.6.5 Prevention and Management of Hypertension

Hypertension or high blood pressure (BP) is a medical situation in which the BP in
the arteries is persistently elevated. It is a high-risk factor for cardiovascular dis-
eases, which is a leading non-communicable health problem worldwide. Probiotics
have been reported to have an anti-hypertensive effect. Many studies carried out in
spontaneously hypertensive rats showed that biologically active peptides that were
obtained from fermented milk, could lower in hypertensive subjects (Miguel et al.
2006). Qi et al. (2020) in a meta-analysis study showed that probiotic consumption
significantly reduced either systolic blood pressure (SBP) or diastolic blood pres-
sure (DBP), but the SBP reduction was greater than DBP compared with the control
groups, and suggest the use of probiotics as an anti-hypertensive agent (Qi et al.
2020). In a systematic review study, Khalesi et al. (2014) observed that when probi-
otics are consumed by the subjects, there is a significant change in SBP and DBP
compared with control groups (Khalesi et al. 2014). When multiple strains of probi-
otics were used, there will be a higher reduction for both SBP and DBP compared
to consumption of a single strain. Barrett et al. (2012) and Herndndez-Ledesma
et al. (2004) reported that particular probiotic strains like Lactobacilli and
Bifidobacteria can produce short chain fatty acids (SCFAs), conjugated linoleic acid
(CLA), y-amino butyric acid (GABA), and angiotensin converting enzymes (ACE)
inhibitory peptides, which were reported to have a hypotensive effect (Barrett et al.
2014; Hernandez-Ledesma et al. 2004). Santisteban et al. (2016) suggested a new



6 Probiotic Fermented Foods and Health Promotion 73

mechanism for the pathophysiology of hypertension involving a brain-gut-bone
marrow triangular interaction (Santisteban et al. 2016).

The probiotics ability to lower the BP is been mainly consider due to the produc-
tion of bioactive peptides during the fermentation processes, like the angiotensin-
converting enzyme (ACE) inhibitory peptides (Robles-Vera et al. 2017).
ACE-inhibitor tripeptides have been reported to reduce the progress of hypertension
in hypertensive rats (Sipola et al. 2001). In another study, Hayakawa et al. (2004)
revealed that incorporation of L. casei Shirota and L. lactis YIT 2027 strains in milk
have shown to improve the mean SBP and DBP in mildly hypertensive patients
(Hayakawa et al. 2004). Consumption of probiotics and probiotic fermented foods
can improve the overall health status of individuals and reduces risk of developing
cardiovascular diseases. Management of hypertension by consumption of probiotics
is cross-linked with many different mechanisms, like improving lipid profile, bile
acid deconjugation, and body mass index management. An enhancement in the
absorption of nutrients, phytoestrogens and a lowering in plasma glucose levels may
also influence the probiotic effect in hypertension regulation (Khalesi et al. 2014).
Karbach et al. (2016) revealed that there is no difference in BP between germ-free
and traditionally raised mice, which is consistent with previous study showing no
effect in BP after a significant decrease in fecal microbial biomass caused by antibi-
otic treatment (Pluznick et al. 2013; Karbach et al. 2016). As it has been shown that
probiotics and their fermented products can effectively lower inflammation and
hypercholesterolemia and eventually reduces BP, this fact can support their admin-
istration in reducing the risk of cardiovascular diseases. Probiotics could be a cheap
and reliable source of anti-hypertensive agents.

6.6.6 Prevention and Management of Metabolic
Disorder (Diabetes)

Currently, diabetes has become an epidemic around the world affecting nearly
382 million people. According to the published data, it is assumed that each year
around 1.3 million people die because of diabetes. As per International Diabetes
Federation (IDF), it is projected that almost 629 million of world population will
become diabetic by 2045 (Ashraf et al. 2020a). The intestinal microbiota exhibits
crucial role for the non-digestible substrate fermentation such as endogenous intes-
tinal mucus and dietary fibers. The intestinal microbiota is the most extensive and
2-10 folds higher than the number of cells that make our body and mostly found in
small intestine and colon (Rad et al. 2017). Intestinal microbiota involved in a vari-
ety of aspects related to health as well as in curing the diseases (Lalles 2016).
Diseases consist of varied metabolic disorders such as glucose intolerance, insulin
resistance, diabetes obesity and metabolic syndrome. These microorganisms reveal
an essential function in the permeability of GI mucosa and immune system, which
are the significant factors in type 2 diabetes mellitus (T2DM). It was revealed that
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T2DM is linked with intestinal microbiota dysbiosis (Ri et al. 2015; Wu et al. 2010).
Intestinal microbiota dysbiosis may help in fat synthesis, development of adipose
tissue, energy extraction from diet and leads to metabolic syndromes (Marchesi
et al. 2016; Cani and Delzenne 2009; Blandino et al. 2016). Microbiota of intestinal
tract also raises the adiposity, dysfunction of p-cell, systemic inflammation, meta-
bolic endotoxemia, oxidative stress (Yoo and Kim 2016; Sun et al. 2020). Currently,
modulation of intestinal microbiota performs great role in the prevention and treat-
ment of dysbiosis allied with metabolic disorders (Druart et al. 2014).

In one study, it has been revealed that L. rhamnosus GG reduces gluconeogenesis
in the liver and augments the insulin sensitizing hormone (Kim et al. 2013; Kim
et al. 2014). Another study revealed about hypoglycemic and anti-diabetic effects of
Lactobacillus spp. (Andrade-Veldsquez et al. 2020). In an animal study of
Lactobacillus spp. it was observed that, they reduce pro-inflammatory genes expres-
sion in mice and expresses beneficial effects in diabetic rats. Overall, numerous
studies have been confirmed that probiotics and probiotics derived foods exhibit
significant results in diabetes (Park et al. 2013). It has been observed that modula-
tion of intestinal microbiota via probiotics is helpful to improve insulin-resistance
(Rad et al. 2017; Cani and Delzenne 2009). Nevertheless, the efficiency of probiot-
ics varies on different species. After clinical trials on T2DM patients, it has been
reported that using fermented milk containing B. lactis Bb12 and L. acidophilus
LAS controls the reduction of anti-inflammatory cytokines and improves the glyce-
mic control (Tonucci et al. 2017). It has also been found that probiotics decreases
the blood sugar levels and insulin resistance through the improvement of inflamma-
tion. It has been reported that yoghurt with Bifidobacterium and L. acidophilus
strain La-5 remarkably reduces the TNF- @ and HbA 1c (Mohamadshahi et al. 2014).

Probiotics are able to improve intestinal barrier function and decreases the
microorganism’s transmission along with their derivatives and leads to reduction in
associated pro-inflammatory cytokines released through Toll-like receptor-4 signal-
ing (Guha and Mackman 2001). Improvement in the antioxidant enzymes activities
includes catalase, superoxide dismutase and glutathione peroxidase has been exhib-
ited in other similar study of probiotics. Several strains of probiotic LAB have
played antioxidant actions by several potential mechanisms that include scavenging
of reactive oxygen species (ROS), chelation of metal ions, auto-oxidation inhibition
and enzyme inhibition (Parle and Malik 2014). Gestational diabetes mellitus (GDM)
rate is increasing across the world with other associated consequences including,
overweight, obesity, preeclampsia etc. It produces acute and chronic complications
to mothers as well as offspring (Petry 2020; Chu et al. 2007; Nijs and Benhalima
2020). Current therapy to control GDM is better for short term complication than
long term complication. Probiotics contain the capability to avert GDM by altering
metabolism (Barrett et al. 2014). Diet can influence the composition of microbiota
along with gene expression with changing host metabolism. Modifying the micro-
biome inside the gut exhibits numerous effects. For instance, influence of inflamma-
tory pathways, glucose and lipid metabolism and altering the nutrients absorption
(Rad et al. 2017; Bickhed et al. 2004). Clinical trials conducted on the normal
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weight pregnant women with the probiotic supplements and reported that GDM rate
decreased from 34% to 13%. Probiotics supplement given to the patient has L. rham-
nosus GG and B. lactis Bb12. It was found that blood glucose and HbA1 levels
improved than control group those depend on healthy diets without any probiotics
(Luoto et al. 2010).

6.6.7 Prevention and Management of Cardiovascular Diseases

Heart diseases (cardiovascular disorders) have remained the leading cause of deaths
at the global level for the last 20 years. However, rate of deaths is now escalating
than ever before. Heart diseases death rate rose nearly over two million since 2000,
to almost nine million in 2019. 16% of world deaths are linked with heart diseases
(WHO 2020). Cardiovascular disorders may be preventable up to 90% through
avoiding the recognized risk factors. Presently measured practices to avert heart
disorders includes, decrease in the intake of saturate fats, stop smoking, keep up the
healthy diet, moderate work out and reduce body fat contents if obese or over weight
(Habib et al. 2019; Ahmad 2019; McNeal et al. 2010). Probiotics and fermented
foods have been employed as a health promoting agents for many years (Ahmad
et al. 2013a; Ahmad et al. 2013b). Probiotic bacteria produce acids that control the
production of cholesterol due to absorption of the fiber from intestine. Propionic
acid exhibits remarkable result by reducing the cholesterol production by liver.
Liver bile acids are broken down by probiotics, bile acids help the body in the diges-
tion of fats and these bile acids are produced by the liver. The recycling of bile acids
is done by liver to make use again and again. Break down of bile acids by liver
decreases the concentration of bile acids and to maintain the regular production of
bile acids, more cholesterol is required. Consequently, cholesterol is utilized by the
liver to prepare bile acids and eventually cholesterol concentration decreases in the
body. It has also been reported that probiotics get nourishment through cholesterol
metabolism. Thus, owing to various functions of probiotics, these could be the best
food substitutes to control various diseases linked with cholesterol such as periph-
eral vascular disease, stroke and other coronary heart diseases. Also, it could be the
better replacement of pharmaceutical products (Peirotén et al. 2020; Saini and
Saini 2009).

Probiotics exhibits the potency to maintain the regulatory T cells in the immune
system. Innate and adaptive immune actions exhibit crucial role in the progress of
many cardiac disorders, and probiotics proved to possess potent immunomodula-
tory actions in various studies. Dendritic cell’s key role is to process the antigen
material along with transfer to the cell surface of T cells of the immune system.
They are capable to distinguish diverse microbial strains by pattern-recognition
receptors expression that distinguishes the pathogen-associated molecular patterns.
Probiotics bacteria encourages the dendritic cell pattern of maturation by releasing
of little quantity of IL-12 and TNF-a with elevated IL-10 levels and restrain
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pro-inflammatory cells generation. Bifidobacteria remain in the intestines and they
play significant role for the health by decreasing CD80 and CD40 expression and
induces an upregulation of IL-10 emission. Consequently, anti-inflammatory and
immunomodulatory actions produced by increasing the IL10-production
(Abdolalipour et al. 2020; Saini et al. 2010; Madsen 2006). Raised low-density
lipoprotein cholesterol (LDL-C) is a key threat for coronary heart diseases (CHD),
and to overcome it, the main target is lipid lowering therapy (Virani et al. 2021;
DiRienzo 2014; Mourikis et al. 2020). It is the need of the hour to find the LDL-C
reducing agents. Recently, several probiotic strains such as E. faecium and L. reuteri
have been searched with capability to decrease the LDL-C, in addition to other
CHD risk factors (DiRienzo 2014). Several animal studies have suggested that pro-
biotic strain have beneficial habits as presented in Table 6.1.

Table 6.1 Animal studies of probiotic strains on obesity and associated disorders that leads to
cardiovascular diseases

Type of probiotic Duration Results References
Lactobacillus paracasei CNCM | 12 week with tInfiltration in adipose Wang et al.
1-4270 high fat diets tissue (2015)

1 Weight gain

1 Glucose insulin

homeostasis

|Liver steatosis

Lactobacillus plantarum ky1032 | 10 week with | Fat accumulation and Park et al.
and Lactobacillus curvatus high fat diets body weight gain, (2013)
HY7601 | Leptin, plasma insulin,
and cholesterol

| IL6, IL1P and TNF« in
adipose tissue

| Fatty acid oxidation
genes in the liver

Bifidobacterium adolescentis 12 weeks tInsulin sensitivity Chen et al.
parallel high fat | | Visceral fat (2012)
diets accumulation and body

weight gain
Lactocbacillus rhamnosus GG 4 weeks tInsulin sensitivity Park et al.
1 Glucose tolerance (2015)

TInsulin stimulated Akt
phosphorylation

| Skeletal muscle
endoplasmic reticulum

stress
Bifidobacteria adolescentis 12 week with | Steatosis and liver Reichold et al.
high fat diets inflammation (2014)

| Body weight gain
| Development of ROS
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6.6.8 Detoxification of Cancer-Causing Carcinogens

Globally, cancer is considered as the second-leading cause of death, and despite of
the several advancements in recent drug discovery, there is still lot of research
needed to counter adverse effects of drugs with the help of naturally derived medi-
cines. Cancer represents broad categories of malignancies showing the key charac-
teristic of uncontrolled proliferation, aided by various functional and regulatory
changes, which causes spread of tumor cell throughout the body (Elkhalifa et al.
2021; Ashraf et al. 2020b; Ahmad et al. 2021). Meanwhile, several studies have
demonstrated that there is a direct link between incidence of cancers and dietary
habits. Since, intake of processed food has exposed human being to various ranges
of toxic chemicals such as polycyclic aromatic hydrocarbons, heavy metals, acryl-
amide, mycotoxins, cyanotoxins, nitrosamines, phthalic acid esters, heterocyclic
aromatic amines and polycyclic aromatic hydrocarbons which has been well-
documented for producing mutagenic as well as carcinogenic effects (Khorshidian
et al. 2016; Shoukat 2020). In addition, various other risk factors which causes
cancer includes genetic factors as well as immune system of the individual’s body.
Currently, several reports suggest that intestinal microbiome shows very significant
role in sustaining homeostasis in human body. Goldin and Gorbach were the first
who conducted research studies to see the association between food and colon can-
cer, thereby they found the food enriched with LAB was able to reduce the colon
cancer by 40% compared to control 70%. Probiotics have been found to modulate
cancer cell’s proliferation and apoptosis in both in vitro and in vivo studies.
Furthermore, probiotic has gained substantial medical significance because of the
several health benefits (Slizewska et al. 2021).

Probiotic bacteria is been responsible for detection and detoxification of poten-
tial carcinogens, which causes cell proliferation or cell death leads and known as
signaling molecules in the immune system (Gorska et al. 2019). Among probiotic
strains LAB are the most popular with various application in food and pharmaceuti-
cal industries. Shoukat (2020) reported that various probiotic strains including
Bifidobacteria, LABs help in prevention colon cancer by reducing or detoxifying
carcinogenic compounds. Probiotics including Bifidobacteria and LABs have been
found to detoxify most of the carcinogens and Bifidobacteria have shown a signifi-
cant non-toxic and non-pathogenic, and in vivo functional properties (Khorshidian
et al. 2016; Slizewska et al. 2021; Gérska et al. 2019). Several studies suggest that
L. rhamnosus GG, L. pentosus, L. fermentum, L. acidophilus, L. helveticus, L. casei,
L. lactis; Bifidobacterium: lactis, adolescentis Pediococcus pentosaceus, Bacillus
subtilis strains have a significant anti-proliferative effect on various human colon
cancer cell lines (HGC-27, SW480, Caco-2, DLD-1, SW1116, HT-29 and HCT116),
in addition it was also found to reduce the level of level of IL-8 (Altonsy et al. 2010;
Borowicki et al. 2011; Orlando et al. 2012; Russo et al. 2007; Sadeghi-Aliabadi
et al. 2014; Lopez et al. 2008). In addition, L. casei LBC80R, L. acidophilus
CL1285, Bifidobacterium longum HY8001, L. acidophilus SNUL and L. casei
YIT9029 has been reported to causes apoptosis or suppressed proliferation of
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human colorectal cells (LS513 & SNUC2A) as well as gastric carcinoma cells
(SNU1) (Baldwin et al. 2010; Lee et al. 2004). Drug used for cancer treatment such
as S5—fluorouracil causes diarrhea in cancer patient as one its side effect. Bacillus
polyfermenticus, a probiotic strain has been found to lower the cell colony forma-
tion in human colonic epithelial cells (NMC460) (Slizewska et al. 2021). Therefore
based upon the potential application of probiotic, a novel probiotic based therapy
could become an alternative approach to more invasive as well as costly treatment
such as chemotherapy.

6.7 Regulation, Safety and Efficacy

Recently, probiotic market has grown throughout the world, both for probiotic food
or probiotic as therapeutically supplementation is been in used to enhance health
benefits. Regulations for the use of probiotic around the world vary, in other words
probiotic is not much regulated until unless it has not make any specific claim
related to the health benefits. Of note, probiotics are regulated mainly based upon
the characteristics of food supplements and regulations are monitored on the legal-
ity of any claims, rather than its efficacy, safety and quality. Additionally, probiotic
properties are usually strain-specific and in general safety and efficacy are majorly
related to specific formulations, and should not be generalized to specific probiotic
products (de Simone 2019). LAB is considered as one of the very well-known
strains used for probiotic preparations and it has safe use for human food consump-
tion since long time back. However, ingestion of probiotic for human consumption
can’t be guaranteed of zero risk factor. LAB safety in fermentation application is
quite clear, but several other probiotic strains used in various food materials fermen-
tation impact on final products such as its safety, health benefits and its sensory
attribute (Mortazavian 2012; Gawai and Prajapati 2017).

Recently, various strains of probiotics such as Lactobacilli and Bifidobacterium
currently used by severally internationally renowned food manufacturers and starter
culture suppliers for productions of safe probiotics and its related food products
(Tamime et al. 2007; Sanders 2003). According to previous studies, it is suggested
that Lactobacilli and Bifidobacterium does not possess any risk factors with its
usage as oral consumption by healthy individuals. The Joint FAO/WHO committee
proposed a framework containing information regarding strain identification and
functional characterization, followed by safety assessment. According to Joint FAO/
WHO guideline, the minimum tests required to characterize safety are parameters
for probiotic strains are as followed (Ray and Joshi 2014) To check the antibiotic
resistance patterns, (Di Cagno et al. 2013) Identify the metabolic activities of
strains, (Terefe 2016) Identify the toxin produced from fermentation or during the
fermentation, (Bell et al. 2017) Does the strains has the hemolytic capability?
(Kechagia et al. 2013) To check whether the probiotic strains have any infectivity in
immunocompromised animals, (Guarner et al. 2012) Identify the side effects of
probiotic strain in human model and (Nagpal et al. 2012) To perform the
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epidemiological surveillance of adverse incidents among the consumers (Gaggia
et al. 2011; Mohamadshahi et al. 2014; Mishra et al. 2018).

Furthermore, several efficacy studies for probiotics have been performed to
establish the product in recent times. A meta-analysis study of 11 probiotic species
against the eight major GI diseases and revealed that probiotic species was highly
effective in the treatment of antibiotic-associated diarrhea, infectious diarrhea,
Helicobacter pylori eradication, C. difficile infection and pouchitis. At the same
time these 11 probiotic strains showed poor efficacy against the traveler’s diarrhea
and necrotizing enterocolitis (Khalighi et al. 2016). Therefore, several observations
made regarding the probiotic products and it clearly suggests that it help consumers
with immunocompromised system or vulnerable people, such as the elderly, chil-
dren and people with immune deficiencies (Peivasteh Roudsari et al. 2019). Few
examples such as usage of probiotic product for children in day care unit under the
randomized trial shows reduction in the respiratory infections as well as reduces the
severity of illness (Hatakka et al. 2001). Therefore, the success of probiotic has
fascinated genetic engineers to improve and produce genetically modified strains of
probiotics for further applications. Currently, many probiotic products is been on
the market since long time with no major safety issues and it can act differently in
two consumers, hence the safety questions of probiotic product or active ingredient
are very specific to the individual (Mishra et al. 2018). Meanwhile, usage of the
probiotic strains should be completely non-pathogenic and should not cause any
harm to the host (Peivasteh Roudsari et al. 2019).

6.8 Future Perspectives and Global Demands

The global market for probiotic supplements are continually expanding day by day.
Rising awareness among the consumers regarding the prevention and management
of several chronic diseases has led to an increase in demand of natural and safe
health benefiting product such as probiotic. Various commercial products of probi-
otics are available around the world such as Aciforce (Biohorma® Natherland),
Actimel (Danone® France), Activia (Danone®), Hellus (Tallinna Piimatoostuse AS®
Estonian), Yakult (Yakult® Japan), which is predicted to upsurge the market share
(Mishra et al. 2018). Currently, one area is being targeted for investigation of probi-
otic behavior via whole genome sequencing technology. This, amongst other fea-
tures, will boost the functional aspects of probiotic LAB, and data will provide a
good base for further LAB genetic manipulation (Zommiti et al. 2020). In addition
to strains from the genera Lactobacillus and Bifidobacterium, strains from other
genera, such as Propionibacterium and Lactococcus, commonly found in fermented
foods, are likely to receive more attention. Strains from “new” probiotic genera are
also likely to emerge, such as butyrate-producing Roseburia and Clostridium, or
strains from the anti-inflammatory species Faecalibacterium prausnitzii.
Furthermore, genetically modified probiotics should be anticipated and they may
even target diseases for which there is currently no cure. Similarly, one could
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anticipate that more complex mixtures might be more efficacious, as they could
provide a multitude of functions to microbiota in disarray. Furthermore, published
report indicated that, the global probiotics market size was valued at USD 48.88 bil-
lion in 2019 and is projected to reach USD 94.48 billion by 2027, exhibiting a
CAGR of 7.9 during the forecast period (https://www.fortunebusinessinsights.com/
industry-reports/probiotics-market-100083). Furthermore in Canada, foods and
beverages fortified with probiotics are expected to grow at a CAGR of 6.6% by
2022. Moreover, Europe is the second largest food and beverage probiotic market.
Brazil leads the probiotic market with an estimated share of 52% in 2016 and a
forecast CAGR of about 11% between 2017 and 2022. In Asia, China leads the
probiotic market with an estimated 35.4% market share (https://bc30probiotic.com/
wp-content/uploads/2019/11/GanedenBC30-Global-Probiotic-And-Digestive-
Markets-Infographic.pdf).

6.9 Conclusion

Despite the public perception of benefits provided by probiotics, the evidence to
conclusively link probiotic strains to improved characteristics of health or disease is
lacking. This is due to the lack of large-scale research trials and insufficient under-
standing regarding probiotic interactions within the human system. This has driven
scientific researches with the aspirations to uncover probiotic strains that provide
conclusive evidence of improvements in health and disease outcomes. More in-
depth research into individual probiotic strains, combined with the application of
multiple advanced measurement techniques will provide a future direction for pro-
biotic research and in turn, aims to provide useful data to translate into routine
healthcare practice. Currently, probiotics has been classified for human health appli-
cation and WHO has approved probiotics usage in human beings and these are gen-
erally recognized as safe. Therefore based upon our review, we can conclude that,
probiotic can be considered for various health benefits, however its clinical safety in
human beings are not very clearly studied. Further clinical studies are needed to see
the effect on host and food and its adverse effects in high-risk consumers.
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