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ABSTRACT

Health is a prime concern for the better and long life, which is affected by several factors
like nutrition, immunity, infectious agents, mental status of a human etc. In recent years, it is
demonstrated that all these factors influencing human health are governed by human gut microbes.
Human Gut microbes are those microorganisms, including bacteria and archaea that lives in the
gastro-intestinal (GI) tracts of humans. 95% of the body’s microbiota is found in the GI tract and
plays a key role in digestive, metabolic, immune and neurological functions and are therefore very
important for the gut and human health. These gut microorganisms perform a variety of useful
functions , such as fermenting unused energy substrates, training the immune system, preventing
the growth of harmful pathogenic species, regulating the development of the gut, producing
vitamins (such as biotin and vitamin K) and hormones for the human body, development of enteric
protection, metabolizing bile acids, sterols, xenobiotics, pharmaco-microbiomics and gut-brain axis.
Apart from carbohydrates metabolism, gut microbiota can also metabolize other xenobiotics such
as drugs, phytochemicals, and food toxicants. The dysregulation of the gut flora has been correlated
with a variety of inflammatory and autoimmune conditions and obesity. Thus, human gut microbiota
appears to play a major and significant role in maintaining the human health and disruption of this
gut microbiota may lead to different diseased conditions. Factors that disrupt the gut microbiota
population include antibiotics, stress, and parasites.

The human gut microbiota is dominated by four dominant bacterial phyla viz. Firmicutes,
Bacteroidetes, Actinobacteria and Proteobacteria. Most bacteria belong to the Genera Bacteroides,
Clostridium, Faecalibacterium, Eubacterium, Ruminococcus, Peptococcus, Peptostreptococcus,
and Bifidobacterium. Other genera, such as Escherichia and Lactobacillus, are present to a lesser
extent. Species from the genus Bacteroides alone constitute about 30% of all bacteria in the gut,
suggesting that this genus is especially important in the functioning of the GI tract. About 99% of
the large intestine flora are made up of obligate anaerobes such as Bacteroides and Bifidobacterium.
Bifidobacterium and Lactobacillus genera (B. longum, B. breve, B. infantis; L. helveticus, L. rhamnosus,
L. plantarum, and L. casei), had the most potential to be useful for certain central nervous system
disorders. These GI tract microbes are also used as probiotics in treating the GI tract related medical
conditions. These probiotics include the species of Bifidobacterium longum, B. breve, B. infantis,
B. bifidum, B. adolescentis; Lactococcus cremoris, L. lactis; Enterococcus foeclum; Lactobacillus
rhamnosus, L. acidophilus, L. casei, L. bulgaricus, L. gasseri, while the yeast species used as probiotics
are Sacchoromyces boulardii and S. cerevisiae. During the treatment of different diseases with
pharmaceutical drugs, there is considerable potential for interactions between drugs and an
individual’s microbiome, including: drugs altering the composition of the human microbiome, drug
metabolism by microbial enzymes modifying the drug’s pharmacokinetic profile, and microbial
drug metabolism affecting a drug’s clinical efficacy and toxicity profile. More than 30 drugs have
been shown to be metabolized by gut microbiota. The microbial metabolism of drugs can sometimes
inactivate the drug. Besides antibiotics the non-antibiotic drugs also impact the human gut-
associated bacteria demonstrating that 24% of the drugs inhibited the growth of at least one of the
gut bacterial strain. Thus, maintaining the equilibrium of the gut microbiota seems to be an essential
aspect in modern human medicine in treating the human ailments. Besides, oral supplement of gut
microbiota (probiotics), it can be advice to have a food having these gut microbes or probiotics.
Probiotic bacteria with plant-based matrices (processed foods) are available, but there is lack of
un-processed food/fresh food having these gut microbes. Although some of these gut microbes
are associated with agricultural crop niches and systems, the idea to use them in the agricultural
production is lacking far behind. The production of gut microbe’s assisted agricultural food may
be useful to a larger extent, but no such program/protocol/research is being conducted in the
agriculture sector world-over. The concept of gut microbiota assisted agricultural food production
and its use may open a new technique in better management of human health.

Keywords: Human Health; Gut Microbes; Agriculture; Food; Nutrition; Probiotics

Copyright@ SG Borkar | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007655. 39728


https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2023.48.007655

Volume 48- Issue 3

DOI:.10.26717/BJSTR.2023.48.007655

Medical Reviews and Reports
What are the human Gut Microbes

Human Gut microbiota or Gut microbes are the microorganisms,
including bacteria and archaea, which lives in the gastro-intestinal
(GI) tracts of humans (Moszak, et al. [1,2]). The GI tract is the tract
or passage-way of the digestive system that leads from the mouth to
the rectum. The GI tract contains all the major organs of the digestive
system including the oesophagus, stomach, and intestine (Figure 1).
Trillions of microorganism live inside the gut which comprises bacte-
ria, viruses and non-pathogenic fungi. 95% of the body’s microbiota
is found in the gut and are of good microbes. This microbiota plays a
key role in digestive, metabolic, immune and neurological functions
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Figure 1: Gut (GI tract) of human.

The microbial composition of the gut microbiota varies across
the digestive tract. In the stomach and small intestine, relatively few
species of bacteria are generally present (Guarner, et al. [5,6]). The
colon, in contrast, contains the highest microbial density recorded in
any habitat on Earth (Shapira [7]) with up to 10'? cells per gram of
intestinal content (Guarner, et al. [5]). These bacteria represent be-
tween 300 and 1000 different species (Guarner, et al. [5,6]). However,
99% of the bacteria come from about 30 or 40 species (Beaugerie, et
al. [8]). As a consequence of their abundance in the intestine, bacteria
also make up to 60% of the dry mass of faeces (Stephen, et al. [9]).
Fungi, protists, archaea, and viruses are also present in the gut flora,
but less is known about their activities (Lozupone, et al. [10]). Over

and are important for the gut and human health. Gut health can be
defined as a state of well-being and absence of gastro-intestinal dis-
tress. It is determined by numerous factors and largely by the gut
microbiota. The gut microbiota has broad impacts on human health,
including effects on colonization of bad microbes, resistance to patho-
gens, maintaining the intestinal epithelium, metabolizing dietary and
pharmaceutical compounds, controlling immune function, and even
behaviour through the gut-brain axis. In humans, the gut flora is es-
tablished at one to two years after birth, by which time the intestinal
epithelium and the intestinal mucosal barrier that it secretes have
co-developed in a way that, it is tolerant to and even supportive of, the
gut flora and also provides a barrier to pathogenic organisms (Som-
mer, et al. [3,4]).
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99% of the bacteria in the gut are anaerobes, but in the cecum, aero-
bic bacteria reach high densities (Sherwood, et al. [11]). It is estimat-
ed that these gut flora have around a hundred times as many genes
in total as there are in the human genome (Qin et al. [222]). Many
species in the gut have not yet been studied outside of their habitat
because most of these are not culturable (Sears, et al. [6,8]) (Shanah-
an, [223]). While there are a small number of core species of microbes
shared by most individuals (Figure 2), populations of microbes can
vary widely among different individuals (Tap, et al. [12]). Within an
individual, microbe populations stay fairly constant over time, even
though some alterations may occur with changes in lifestyle, diet and
age (Guarner, et al. [5,13]).
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GUT MICROBIOTA
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Figure 2: Distribution of major bacterial group as Gut microbiota in GI tract.

Table 1: Gut microbiota of intestine with their density and functions.

fgats : Density
Parts of Intestine PH in the habitat Habltalt:mg.]facterlal Functions
BTy cfu/ml
(Small intestine) . . Digestion of protein,
5-7 Luctobac;l:z;ef;?;cei Entero monosaccharides, SCFAS, 10°-10*
1.Duodenum immunomodulation.
Lactobacillaceae : .
2 Jejunum 7.9 Absorpt%on qf SACFSS]’EC?(ICI 10* - 10°
and Enterobacteriaceae um, vitamin A, D, E,
Lactobacillaceae : :
3 Jleum 7.8 Absorph%r.llof V}(tiamn B12, 108
and Enterobacteriaceae e act
Bacteroidaceae,
Prevotellaceae,
(Large Intestine)
5-7 Rikenellaceae, Absorption of water SCFAs 10m
1.Colon
Lachnospiraceae,
and Ruminococcaceae

The four dominant bacterial phyla in the human gut are Firmic-
utes, Bacteroidetes, Actinobacteria and Proteobacteria (Khanna, et
al. [14]). Most bacteria belong to the generaBacteroides, Clostridium,
Faecalibacterium,Eubacterium, Ruminococcus, Peptococcus, Peptost-
reptococcus, and Bifidobacterium (Guarner, et al. [5,8]) . Other genera,
such as Escherichia and Lactobacillus, are present to a lesser extent
(Guarner, et al. [5]). Species from the genus Bacteroides alone consti-
tute about 30% of all bacteria in the gut, suggesting that this genus
is especially important in the functioning of the GI tract (Sears, et al.
[6]). Fungal genera that have been detected in the gut include Can-
dida, Saccharomyces, Asperygillus, Penicillium, Rhodotorula, Trametes,
Pleospora , Sclerotinia, Bullera, and Galactomyces, among others (Culi,

et al. [15,16]). Rhodotorula is most frequently found in individuals
with inflammatory bowel disease while Candida is most frequently
found in individuals with hepatitis B cirrhosis and chronic hepatitis
B (Cui, et al. [15])and are harmful gut microbes. Archaea constitute
another large class of gut flora which are important in the metabolism
of the bacterial products of fermentation. The relationship between
some gut flora and humans is not merely commensal (a non-harmful
coexistence), but rather a mutualistic relationship (Sherwood, et al.
[11]). Some human gut microorganisms benefit the host by ferment-
ing dietary fiber into short-chain fatty acids (SCFAs), such as acetic
acid and butyric acid, which are then absorbed by the host (Quigley,
et al. [17,18). Intestinal bacteria also play a role in metabolizing bile
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acids, sterols, and xenobiotics (Sherwood, et al. [11,18]).The systemic
importance of the SCFAs and other compounds they produce are like
hormones and the gut flora itself appears to function like an endocrine
organ (Clarke, et al. [18]) and dysregulation of the gut flora has been
correlated with a host of inflammatory and autoimmune conditions
(Quigley, et al. [17,19]). These microorganisms perform a host of use-
ful functions (Table 1), such as fermenting unused energy substrates,
training the immune system via end products of metabolism like pro-
pionate and acetate, preventing growth of harmful species, regulating
the development of the gut, producing vitamins for the host (such as
biotin and vitamin K), and producing hormones to direct the host to
store fats (Sherwood, et al. [11]). Extensive modification and imbal-
ances of the gut microbiota and its microbiome or gene collection are
associated with obesity (Ley [20]).

Gut Bacteriome

Bacteriome of Oral Cavity: The oral cavity contains

Corynebacteria, Lactobacillus, Streptococcus and Staphylococcus.

Bacteriome of Stomach: Due to the high acidity of the stomach,
most microorganisms cannot survive there. The main bacterial
inhabitants of the stomach include Streptococcus, Staphylococcus,
Lactobacillus, Peptostreptococcus (Sherwood, et al. [11]).

Bacteriome of Small Intestine: The small intestine contains a
less numbers of microorganisms due to the proximity and influence
of the stomach. Gram-positive cocci and rod-shaped bacteria are the
predominant microorganisms found in the small intestine (Sherwood,
etal.[11]). However, in the distal portion of the small intestine alkaline
conditions support gram-negative bacteria of the Enterobacteriaceae
(Sherwood, et al. [11]). The bacterial flora of the small intestine aid
in a wide range of intestinal functions. The bacterial flora provide
regulatory signals that enable the development and utility of the gut.
Overgrowth of bacteria in the small intestine can lead to intestinal
failure (Quigley, et al. [21]). The anaerobic bacterial genera include
Bifidobacterium, Clostridium and Bacteroides while the aerobic
bacteria genera include Escherichia, Enterococcus and Streptococcus.

Bacteriome of Colon: The bacteria found in colon comprise
of different bacterial species (Table 2). In addition, the large
intestine contains the largest bacterial ecosystem in the human
body (Sherwood, et al. [11]). About 99% of the large intestine and
faeces flora are made up of obligate anaerobes such as Bacteroides
and Bifidobacterium (Adams, et al. [22]). Factors that disrupt the
microorganism population of the large intestine include antibiotics,
stress, and parasites (Sherwood, et al. [11]).

Table 2: Bacteria commonly found in human colon (Kenneth, 2012).

Sr.No. Bacteria Incidence (%) Sr.No Bacteria Inczsoe)nce

1 Bacteroides fragilis 100 10 Lactobacillus 20 - 60

2 Bacteroides melaninogenicus 100 11 Clostfzdlum 25-35
perfringens

3 Bacteroides oralis 100 12 Proteus mirabilis 5-55

4 Enterococcus faecalis 100 13 Clostridium tetani 1-35

5 Escherichia coli 100 14 Clostridium septicum 5-25

6 Enterobacter sp. 40-80 15 Pseudomonas 3-11
aeruginosa

7 Klebsiella sp. 40-80 16 Salmonella enterica 3-7

8 Bifidobacterium bifidum 30-70 17 Faecallbac'ter.l‘u " common
prausnitzii

9 Staphylococcus aureus 30 - 50 18 Peptostreptococcus sp/ common

Peptococcus sp..
The Bacterial Flora in the Gut
The bacterial flora in the gut comprises both good and bad bacterial flora (Table 3).
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Table 3: Good and Bad Bacterial Flora in the Gut.

Good Bacteria

Bad Bacteria

Bacterial species Function

Bacterial species Function

The various strains help to regulate
levels of other bacteria in the gut,
modulate immune responses
to invading pathogens, prevent
tumour formation and produce
vitamins.

1.Bifidobacteria

C. jejuni and C. coli are the strains
most commonly associated with
human disease. Infection usually
occurs through the ingestion of
contaminated food.

1.Campylobacter

Several types inhabit human
gut. They are involved in the
production of vitamin K 2 (essential
for blood clotting) and help to keep
bad bacteria in check. But some
strain can lead to illness.

2.Escherichia coli

A common cause of post-surgical

2.Enterococcus faecalis . .
f infections.

Beneficial species produce vitamins
and nutrients, boost immunity and
protect against carcinogens.

3.Lactobacilli

Most harmful following a course
of antibiotics when it is able to
proliferate.

3.Clostridium difficile

Type of Good Bacterial Species in Gut:

Bifidobacteria and Lactobacilli Species: Human cannot
produce most vitamins, and must therefore inject them through
their diet. Bifidobacteria, Lactobacilli and other commensal bacteria
can synthesize vitamins de novo. These vitamins includes Folate
(vitamin B9), Riboflavin (vitamin B2), Cobalamin (vitamin B12) etc.
Bifidobacteria also alter the activity of dendritic cell, which leads to a
more efficacious anti-tumour response. The habitat of these bacteria

is small intestine and colon.
Bacteroides

Bacteroides fragilis: This bacterial species produces
polysaccharide A (PSA). PSA is recognized by dendritic cell, and
presented to CD4 + T cells of the immune system. Upon presentation
of PSA, the CD4 + T cells differentiate in to regulatory T cells, which
reduce inflammation. B. fragilis also increases the efficacy of anti-

CTLA-4 therapy, which is used to treat cancer.

Bacteroides thetaiotaomicron: This bacterial species produces
enzymes that can digest complex plant sugars that human enzyme are
unable to digest. This allows human to gain energy from otherwise
indigestible plant sugar (10% of our daily absorbed calories come
from these plant sugar). The habitat of these bacterial species is small
intestine and colon.

Clostridium Species: These bacterial species produce butyrate,
while facilitate differentiation of CD4 + T cells in to regulatory T cells
and stimulates immune cells to produce anti-inflammatory cytokines.
Promotes intestinal homeostasis by preventing inflammation.
This bacteria convert primary bile acids into secondary bile acid
(e.g. deoxycholic acid) which inhibits the growth of bad bacteria
particularly C. difficile. The habitat of these bacterial species is
small intestine and colon. Intake of Fruits and vegetables in the diet
promotes growth of good Clostridium species.

Types of Bad Bacterial Species in Gut:

Clostridium difficile: These are available in colon and causes
watery diarrhea. In the absence of good bacteria which are killed due

to antibiotic treatment, C. difficile pose a threat.

Eggerthella lenta: These bacteria are present in colon and
implicated as a cause of ulcerative colitis, liver and renal abscesses
and systemic bacteremia. These can inactivate “digoxin”, a drug used
to treat heart conditions (e.g. atrial fibrillation). These are responsible
for brain and liver abscesses, heart disease.

Desulfovibrio desulfuricans (and other Proteobacteria): These
are present in the colon. These bacteria produces Trimethylamine
(TMA), which is converted by the liver into Trimethylamine N-oxide
(TMAO). High TMAO is linked to a higher risk of cardiovascular
disease, blood clots and atherosclerosis and is thus responsible for
Heart disease, cholecystitis, and abscesses.

Proteobacteria Species: These bacteria are present in small
intestine and colon. These can convert tryptophan into indole,
which is converted to indoxyl sulfate in the liver. The indoxyl sulfate
contributes to uremic toxicity. These are responsible for renal disease
and interstitial fibrosis.

Escherichia coli (Esp Strain NC101 & Nissle 1917): This is
available in the colon. Up to 34% of commensal E.coli strains isolated
from human produce colibactin, which induces breaks in the DNA of
human cells. This bacterial species induce IBD and colorectal cancer.
The composition of human gut microbiota changes over time, and is
influenced by various factors, and as overall health changes (Quigley,
etal. [17,19]).

Factors Influencing Gut Microbiota in Human

Age: It has been demonstrated that there are common patterns
of microbiome composition evolution during life (Gerritsen, et al.
[23]). In general, the diversity of microbiota composition of faecal
samples is significantly higher in adults than in children, although
interpersonal differences are higher in children than in adults
(Yatsunenko, et al. [24]). Much of the maturation of microbiota into
an adult-like configuration happens during the three first years
of life (Yatsunenko, et al. [24]). As the microbiome composition
changes, so does the composition of bacterial proteins produced in
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the gut. In adult microbiomes, a high prevalence of enzymes involved
in fermentation, methanogenesis and the metabolism of arginine,
glutamate, aspartate and lysine have been found. In contrast, in
infant microbiomes the dominant enzymes are involved in cysteine
metabolism and fermentation pathways (Yatsunenko, et al. [24]).

Diet: Studies and statistical analyses have identified the
different bacterial genera in gut microbiota and their associations
with nutrient intake. Gut microflora is mainly composed of three
enterotypes: Prevotella, Bacteroides, and Ruminococcus. There is an
association between the concentration of each microbial community
and diet. For example, Prevotella is related to carbohydrates and
simple sugars, while Bacteroides is associated with proteins, amino
acids, and saturated fats. Specialist microbes that break down mucin
survive on their host’s carbohydrate excretions (Alcock, et al. [25]).
One enterotype will dominate depending on the diet. Altering the diet
will result in a corresponding change in the numbers of species (Wu,
et al. [26]). A 2021 study suggests that childhood diet and exercise
can substantially affect adult microbiome composition and diversity.
Further studies have indicated a large difference in the composition
of microbiota between European and rural African children. The
faecal bacteria of children from Florence were compared to that of
children from the small rural village of Boulpon in Burkina Faso. The
diet of a typical child living in this village is largely lacking in fats and
animal proteins and rich in polysaccharides and plant proteins. The
faecal bacteria of European children were dominated by Firmicutes
and showed a marked reduction in biodiversity, while the faecal
bacteria of the Boulpon children was dominated by Bacteroidetes.
The increased biodiversity and different composition of gut flora in
African populations may aid in the digestion of normally indigestible
plant polysaccharides and also may result in a reduced incidence of
non-infectious colonic diseases (De Filippo, et al. [27]). Malnourished
children have less mature and less diverse gut microbiota than healthy
children, and changes in the microbiome associated with nutrient
scarcity can in turn be a pathophysiological cause of malnutrition
(Jonkers, et al. [28,29]). Malnourished children also typically have
more potentially pathogenic gut flora, and more yeast in their mouths
and throats (Rytter, et al. [30]). Altering diet may lead to changes in
gut microbiota composition and diversity (Alcock, et al. [25]).

Socio-Economic Status: As of 2020, at least two studies have
demonstrated a link between an individual’s socio-economic status
(SES) and their gut microbiota. A study in Chicago found that
individuals in higher SES neighbour-hoods had greater microbiota
diversity. People from higher SES neighbour-hoods also had more
abundant Bacteroides bacteria. Similarly, a study of twins in the
United Kingdom found that higher SES was also linked with a greater
gut diversity (Renson, et al. [31]).

Acquisition of Gut Microbiota in Human

The establishment of a gut microbiota is crucial to the health of

an adult, as well as the functioning of the gastro-intestinal tract (Tur-
roni, et al. [32]). In humans, a gut microbiota similar to an adult’s is
formed within one to two years of birth as microbiota are acquired
through parent-to-child transmission and transfer from food, water,
and other environmental sources (Davenport, et al. [33,3]). The tradi-
tional view of the gastro-intestinal tract of a normal foetus is that it is
sterile, although this view has been challenged in the past few years
(Perez-Munoz, et al. [34]). Multiple lines of evidence have begun to
emerge that suggest there may be bacteria in the intrauterine envi-
ronment. In humans, research has shown that microbial colonization
may occur in the foetus (Matamoros, et al. [35]) with one study show-
ing Lactobacillus and Bifidobacterium species were present in placen-
tal biopsies (Mueller et al. [36]). During birth and rapidly thereafter,
bacteria from the mother and the surrounding environment colonize
the infant’s gut (Sommer, et al. [3]). During the year of life, the com-
position of the gut flora is generally simple and changes a great deal
with time and is not the same across individuals (Sommer, et al. [3]).

The initial bacterial population are generally facultative anaerobic
organisms; investigators believe that these initial colonizers decrease
the oxygen concentration in the gut, which in turn allows obligate
anaerobic bacteria like Bacteroides, Actinobacteria, and Firmicutes to
become established and thrive (Sommer, et al. [3]). Breast-fed babies
become dominated by bifidobacteria, possibly due to the contents
of bifidobacterial growth factors in breast milk, and by the fact that
breast milk carries prebiotic components, allowing for healthy bac-
terial growth (Mueller, et al. [36,37]). In contrast, the microbiota of
formula-fed infants is more diverse, with high numbers of Enterobac-
teriaceae, enterococci, bifidobacteria, Bacteroides, and clostridia (Fan-
aro, et al. [38]). Caesarean section, antibiotics, and formula feeding
may alter the gut microbiome composition (Mueller et al. [36]). Chil-
dren treated with antibiotics have less stable, and less diverse micro-
bial communities (Yassour, et al. [39]). Caesarean sections have been
shown to be disruptive to mother-offspring transmission of bacteria,
which impacts the overall health of the offspring by raising risks of
disease such as celiacs, asthma, and type 1 diabetes (Mueller, et al.
[36]). This further evidences the importance of a healthy gut microbi-
ome. Various methods of microbiome restoration are being explored,
typically involving exposing the infant to maternal vaginal contents,
and oral probiotics (Mueller, et al. [36]).

What are the Important Functions of Gut Microbiota

When the study of gut flora began in 1995, (Gibson, et al. [40]) it
was thought to have three key roles (Table 4): direct defence against
pathogens, fortification of host defence by its role in developing and
maintaining the intestinal epithelium and inducing antibody produc-
tion there, and metabolizing otherwise indigestible compounds in
food. Subsequent work discovered its role in training the developing
immune system, and yet further work focused on its role in the gut-
brain axis (Wang, et al. [41]).
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Table 4: Important Functions of Gut Microbiota.

Protective Functions Structural Functions

Metabolic Functions

Pathogen elimination Barrier formation

Fermentation of non-digestible

Control turnover of IECs . .
dietary residue and mucus

Nutrient competition Induction of IgA

Metabolize dietary Ion absorption

Receptor competition Apical tightening of tight junctions Carcinogens Salvage of energy
Product of antimicrobial molecule Modulate immune system
Commensal bacteria Mg
Cé'
Short-chain fatty acids Fel* Vitamin
b ¢ Biotin
Folate

Direct Inhibition of Pathogens: The gut flora community plays
a direct role in defending against pathogens by fully colonising the
space, making use of all available nutrients, and by secreting com-
pounds that kill or inhibit unwelcome organisms that would compete
for nutrients with it. These compounds are known as cytokines (Yoon,
et al. [42]). Different strains of gut bacteria cause the production of
different cytokines. Cytokines are chemical compounds produced by
our immune system for initiating the inflammatory response against
infections. Disruption of the gut flora allows competing organisms
like Clostridium difficile to become established that otherwise are
kept in abeyance (Yoon, et al. [42]).

Development of Enteric Protection and Immune System: In
humans, a gut flora similar to an adult’s is formed within one to two
years of birth (Sommer, et al. [3]). As the gut flora gets established,
the lining of the intestines - the intestinal epithelium and the intesti-
nal mucosal barrier that it secretes - develop as well, in a way that is
tolerant to, and even supportive of, commensalistic microorganisms
to a certain extent and also provides a barrier to pathogenic ones
(Sommer, et al. [3]). Specifically, goblet cells that produce the muco-
sa proliferate, and the mucosa layer thickens, providing an outside
mucosal layer in which “friendly” microorganisms can anchor and
feed, and an inner layer that even these organisms cannot penetrate
(Sommer, et al. [3,4]). Additionally, the development of gut-associated
lymphoid tissue (GALT), which forms part of the intestinal epitheli-
um and which detects and reacts to pathogens, appears and develops
during the time that the gut flora develops and established (Sommer,
et al. [3]). The GALT that develops is tolerant to gut flora species, but
not to other microorganisms (Sommer, et al. [3]). GALT also normal-
ly becomes tolerant to food to which the infant is exposed, as well
as digestive products of food, and gut flora’s metabolites (molecules
formed from metabolism) produced from food (Sommer, et al. [3]).
The human immune system creates cytokines that can drive the im-

mune system to produce inflammation in order to protect itself, and
that can tamp down the immune response to maintain homeostasis
and allow healing after insult or injury (Sommer, et al. [3]).

Different bacterial species that appear in gut flora have been
shown to be able to drive the immune system to create cytokines se-
lectively; for example Bacteroides fragilis and some Clostridia species
appear to drive an anti-inflammatory response, while some segment-
ed filamentous bacteria drive the production of inflammatory cyto-
kines (Sommer, et al. [3,43]). Gut flora can also regulate the produc-
tion of antibodies by the immune system (Sommer, et al. [3,44]). One
function of this regulation is to cause B cells to class switch to IgA. In
most cases B cells need activation from T helper cells to induce class
switching; however, in another pathway, gut flora cause NF-kB signal-
ling by intestinal epithelial cells which results in further signalling
molecules being secreted (Peterson, et al. [45]). These signalling mol-
ecules interact with B cells to induce class switching to IgA (Peterson,
et al. [45]). IgA is an important type of antibody that is used in mu-
cosal environments like the gut. It has been shown that IgA can help
diversify the gut community and helps in getting rid of bacteria that
cause inflammatory responses (Honda, et al. [46]). Ultimately, IgA
maintains a healthy environment between the host and gut bacteria
(Honda, et al. [46]). These cytokines and antibodies can have effects
outside the gut, in the lungs and other tissues (Sommer, et al. [3]). The
immune system can also be altered due to the gut bacteria’s ability to
produce metabolites that can affect cells in the immune system. For
example short-chain fatty acids (SCFA) can be produced by some gut
bacteria through fermentation (Levy, et al. [47]). SCFAs stimulate a
rapid increase in the production of innate immune cells like neutro-
phils, basophils and eosinophils (Levy, et al. [47]). These cells are part
of the innate immune system that try to limit the spread of infection.

Metabolism: The biosynthesis of bioactive compounds (indole
and certain other derivatives) from tryptophan is carried out by
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bacteria in the gut (Zhang, et al. [48]). Indole is produced from tryp-
tophan by bacteria that express tryptophanase (Zhang, et al. [48]).
Clostridium sporogenes metabolizes tryptophan into indole and sub-
sequently 3-indolepropionic acid (IPA), (Wikoff, et al. [49]) a highly
potent neuroprotective antioxidant that scavenges hydroxyl radicals
(Zhang, et al. [48,50,51]). IPA binds to the pregnane X receptor (PXR)
in intestinal cells, thereby facilitating mucosal homeostasis and bar-
rier function (Zhang, et al. [48]). Following absorption from the in-
testine and distribution to the brain, IPA confers a neuroprotective
effect against cerebral ischemia and Alzheimer’s disease (Zhang, et al.
[48]). Lactobacillus species metabolize tryptophan into indole-3-al-
dehyde (I3A) which acts on the aryl hydrocarbon receptor (AhR) in
intestinal immune cells, in turn increasing interleukin-22 (IL-22) pro-
duction (Zhang and Davis, [48]). Indole itself triggers the secretion
of glucagon-like peptide-1 (GLP-1) in intestinal L cells and acts as a
ligand for AhR (Zhang, et al. [48]). Indole can also be metabolized by
the liver into indoxyl sulfate, a compound that is toxic in high concen-
trations and associated with vascular disease and renal dysfunction
(Zhang, et al. [48]). AST-120 (activated charcoal), an intestinal sor-
bent that is taken by mouth, adsorbs indole, in turn decreasing the
concentration of indoxyl sulfate in blood plasma (Zhang, et al. [48]).
Without gut flora, the human body would be unable to utilize some of
the undigested carbohydrates it consumes, because some types of gut
flora have enzymes that human cells lack for breaking down certain
polysaccharides (Clarke, et al. [18). Carbohydrates that humans can-
not digest without bacterial help include certain starches, fiber, oligo-
saccharides, and sugars that the body failed to digest and absorb like
lactose in the case of lactose intolerance and sugar alcohols, mucus
produced by the gut, and proteins (Quigley, et al. [17,18]).

Bacteria turn carbohydrates they ferment into short-chain fatty
acids by a form of fermentation called saccharolytic fermentation
(Gibson, et al. [52]). Products include acetic acid, propionic acid and
butyric acid (Beaugeric, et al. [8,52]). These materials can be used by
host cells, providing a major source of energy and nutrients (Gibson,
et al. [52]). Gases (which are involved in signalling (Hoppor, et al.
[53]) and may cause flatulence and organic acids, such as lactic acid,
are also produced by fermentation (Beaugeric, et al. [8]). Acetic acid
is used by muscle, propionic acid facilitates liver production of ATP,
and butyric acid provides energy to gut cells (Gibson, et al. [52]). Gut
microbiota also synthesize vitamins like biotin and folate, and facil-
itate absorption of dietary minerals, including magnesium, calcium,
and iron (Guarner, et al. [5,13]). Methanobrevibacter smithii is unique
because it is not a species of bacteria, but rather a member of domain
Archaea, and is the most abundant methane-producing archaeal spe-
cies in the human gastrointestinal microbiota (Rajilic-stojanovic, et
al. [54]). Gut microbiota also serve as a source of Vitamins K and B12
that are not produced by the body or produced in little amount (Hill,
etal. [55,56]).

Pharmaco-Microbiomics: The human metagenome (i.e., the ge-
netic composition of an individual and all microorganisms that reside
on or within the individual’s body) varies considerably between indi-
viduals (El-Rakaiby, et al. [57,58]), since the total number of microbial

and viral cells in the human body (over 100 trillion) greatly out num-
bers Homo sapiens cells (tens of trillions) (El-Rakaiby, et al. [57,59]).
There is considerable potential for interactions between drugs and an
individual’s microbiome, including: drugs altering the composition of
the human microbiome, drug metabolism by microbial enzymes mod-
ifying the drug’s pharmacokinetic profile, and microbial drug metabo-
lism affecting a drug’s clinical efficacy and toxicity profile (El-Rakaiby,
et al. [57,58,60]). Apart from carbohydrates, gut microbiota can also
metabolize other xenobiotics such as drugs, phytochemicals, and food
toxicants. More than 30 drugs have been shown to be metabolized by
gut microbiota (Sousa, et al. [61]). The microbial metabolism of drugs
can sometimes inactivate the drug (Haiser, et.al. [62]).

Gut-Brain Axis: The gut-brain axis is the biochemical signalling
that takes place between the gastrointestinal tract and the central
nervous system (Wang, et al. [14]). That term has been expanded to
include the role of the gut microbiota in the interplay; the term “mi-
crobiome-gut-brain axis” is sometimes used to describe paradigms
explicitly including the gut microbiota (Wang, et al. [14,63,64]).
Broadly defined, the gut-brain axis includes the central nervous
system, neuro-endocrine and neuro-immune systems including the
hypothalamic-pituitary-adrenal axis (HPA axis), sympathetic and
parasympathetic arms of the autonomic nervous system including
the enteric nervous system, the vagus nerve, and the gut microbio-
ta (Wang, et al. [14,63]). A systematic review from 2016 examined
the preclinical and small human trials that have been conducted with
certain commercially available strains of probiotic bacteria and found
that among those tested, Bifidobacterium and Lactobacillus genera (B.
longum, B. breve, B. infantis, L. helveticus, L. rhamnosus, L. plantarum,
and L. casei), had the most potential to be useful for certain central
nervous system disorders (Wang, et al. [65]).

Factors Responsible for Alterations in Microbiota Balance

Effects of Antibiotic Use: Altering the numbers of gut bacteria, for
example by taking broad-spectrum antibiotics, may affect the host’s
health and ability to digest food (Carman, et al. [66]). Antibiotics can
cause antibiotic-associated diarrhea by irritating the bowel directly,
changing the levels of microbiota, or allowing pathogenic bacteria to
grow (Beaugeric, et al. [8]). Another harmful effect of antibiotics is
the increase in numbers of antibiotic-resistant bacteria found after
their use, which, when they invade the host, cause illnesses that are
difficult to treat with antibiotics (Carman, et al. [66]). Changing the
numbers and species of gut microbiota can reduce the body’s ability
to ferment carbohydrates and metabolize bile acids and may cause
diarrhea. Carbohydrates that are not broken down may absorb too
much water and cause runny stools, or lack of SCFAs produced by gut
microbiota could cause diarrhea (Beaugeric, et al. [8]). A reduction in
levels of native bacterial species also disrupts their ability to inhibit
the growth of harmful species such as C. difficile and Salmonella
kedougou, and these species can get out of hand, though their over
growth may be incidental and not be the true cause of diarrhea
(Guarner, et al. [5,8,66]).

Emerging treatment protocols for C. difficile infections involve
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fecal microbiota transplantation of donor feces (Hvas et.al, [200]).
Initial reports of treatment describe success rates of 90%, with few
side effects. Efficacy is speculated to result from restoring bacterial
balances of bacteroides and firmicutes classes of bacteria (Brandt, et
al. [67). The composition of the gut microbiome also changes in se-
vere illnesses, due not only to antibiotic use but also to such factors as
ischemia of the gut, failure to eat, and immune compromise. Negative
effects from this have led to interest in selective digestive tract decon-
tamination, a treatment to kill only pathogenic bacteria and allow the
re-establishment of healthy ones (Knight, et al. [68]). Antibiotics al-
ter the population of the microbiota in the gastrointestinal tract, and
this may change the intra-community metabolic interactions, modify
caloric intake by using carbohydrates, and globally affects host met-
abolic, hormonal and immune homeostasis (Cho, et al. [69]). There
is reasonable evidence that taking probiotics containing Lactobacil-
lus species may help prevent antibiotic-associated diarrhea and that
taking probiotics with Saccharomyces (e.g., Saccharomyces boulardii)
may help to prevent Clostridium difficile infection following systemic
antibiotic treatment (Schneiderhan, et al. [70]).

Pregnancy: The gut microbiota of a woman changes as preg-
nancy advances, with the changes similar to those seen in metabol-
ic syndromes such as diabetes. The change in gut microbiota causes
no ill effects. The new-born’s gut microbiota resemble the mother’s
first-trimester samples. The diversity of the microbiome decreases
from the first to third trimester, as the numbers of certain species go
up (Mueller, et al. [36,71]).

Role of Bad Gut Bacteria in Causing Diseases

Proliferation of bad Gut Bacteria in the digestive tract can con-
tribute to and be affected by disease in various ways. The presence or
over-abundance of some kinds of bacteria may contribute to inflam-
matory disorders such as inflammatory bowel disease (Guarner, et al.
[5]). Additionally, metabolites from certain members of the gut flo-
ra may influence host signalling pathways, contributing to disorders
such as obesity and colon cancer (Guarner, et al. [5]). Alternatively,
in the event of a breakdown of the gut epithelium, the intrusion of
gut flora components into other host compartments can lead to sepsis
(Guarner, et al. [5]). Following major health issues are associated with
bad Gut microbes.

Ulcers: Helicobacter pylori infection can initiate formation of
stomach ulcers when the bacteria penetrate the stomach epithelial
lining, then causing an inflammatory phagocytotic response (Kamboj,
et al. [72]). In turn, the inflammation damages parietal cells which
release excessive hydrochloric acid into the stomach and produce
less of the protective mucus (Anonymous [73). Injury to the stomach
lining, leading to ulcers, develops when gastric acid overwhelms the
defensive properties of cells and inhibits endogenous prostaglandin
synthesis, reduces mucus and bicarbonate secretion, reduces mu-
cosal blood flow, and lowers resistance to injury (Anonymous [73).
Reduced protective properties of the stomach lining increase vulner-
ability to further injury and ulcer formation by stomach acid, pepsin,
and bile salts (Kamboj, et al. [72,73]).

Bowel Perforation: Normally-commensal bacteria can harm the
host if they extrude from the intestinal tract (Sommer, et al. [3,4]).
Translocation, which occurs when bacteria leave the gut through its
mucosal lining, can occur in a number of different diseases (Faderl, et
al. [4]). If the gut is perforated, bacteria invade the interstitium, caus-
ing a potentially fatal infection (Sherwood, et al. [11]).

Inflammatory Bowel Diseases (IBD): The two main types of
inflammatory bowel diseases, Crohn’s disease and ulcerative colitis,
are chronic inflammatory disorders of the gut; the causes of these dis-
eases are unknown and issues with the gut flora and its relationship
with the host have been implicated in these conditions (Shen, et al.
[19,74-76]). Additionally, it appears that interactions of gut flora with
the gut-brain axis have a role in IBD, with physiological stress mediat-
ed through the hypothalamic-pituitary-adrenal axis driving changes
to intestinal epithelium and the gut flora in turn releasing factors and
metabolites that trigger signalling in the enteric nervous system and
the vagus nerve (Saxena, etal. [77]). The diversity of gut flora appears
to be significantly diminished in people with inflammatory bowel
diseases compared to healthy people. Additionally, in people with ul-
cerative colitis, Proteobacteria and Actinobacteria appear to dominate
while in people with Crohn’s disease, Enterococcus faecium and sever-
al Proteobacteria appear to be over-represented (Saxena, et al. [77]).
There is reasonable evidence that correcting gut flora imbalances by
taking probiotics with Lactobacilli and Bifidobacteria can reduce vis-
ceral pain and gut inflammation in IBD (Schneiderhan, et al. [70]).

Irritable Bowel Syndrome: Irritable bowel syndrome is a re-
sult of stress and chronic activation of the HPA axis which causes the
symptoms like abdominal pain, changes in bowel movements, and an
increase in pro-inflammatory cytokines. Overall, studies have found
that the luminal and mucosal microbiota are changed in irritable
bowel syndrome individuals, and these changes can relate to the type
of irritation such as diarrhea or constipation. Also, there is a decrease
in the diversity of the microbiome with low levels of fecal Lactobacilli
and Bifidobacteria; high levels of facultative anaerobic bacteria such
as Escherichia coli, and increased ratios of Firmicutes: Bacteroidetes
(Dinan, et al. [64]).

Other Inflammatory or Autoimmune Conditions: Allergy, asth-
ma, and diabetes mellitus are autoimmune and inflammatory disor-
ders of unknown cause, but have been linked to imbalances in the gut
flora and its relationship with the host (Shen, et al. [19]). As of 2016
it was not clear if changes to the gut flora cause these auto-immune
and inflammatory disorders or are a product of or adaptation to them
(Shen, et al. [19,78]).

Asthma: With asthma, two hypotheses have been posed to ex-
plain its rising prevalence in the developed world. The hygiene hy-
pothesis posits that children in the developed world are not exposed
to enough microbes and thus may contain lower prevalence of spe-
cific bacterial taxa that play protective roles (Arrieta, et al. [79]). The
second hypothesis focuses on the Western pattern diet, which lacks
whole grains and fiber and has an over-abundance of simple sugars
(Shen, et al. [19]). Both hypotheses converge on the role of short-
chain fatty acids (SCFAs) in immuno-modulation. These bacterial
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fermentation metabolites are involved in immune signalling that pre-
vents the triggering of asthma and lower SCFA levels are associated
with the disease (Arrieta, et al. [79,80]). Lacking protective genera
such as Lachnospira, Veillonella, Rothia and Faecalibacterium has
been linked to reduced SCFA levels (Arrieta et.al, [79]). Further, SCFAs
are the product of bacterial fermentation of fiber, which is low in the
Western pattern diet (Shen, et al. [19,80]). SCFAs offer a link between
gut flora and immune disorders, and as of 2016, this was an active
area of research. Similar hypotheses have also been posited for the
rise of food and other allergies (Ipci, et al. [81]).

Diabetes Mellitus Type 1: The connection between the gut mi-
crobiota and diabetes mellitus type 1 has also been linked to SCFAs,
such as butyrate and acetate. Diets yielding butyrate and acetate from
bacterial fermentation show increased Treg expression (Marino, et al.
[82]). Treg cells down-regulate effector T cells, which in turn reduces
the inflammatory response in the gut (Bettelli, et al. [83]). Butyrate is
an energy source for colon cells. Butyrate-yielding diets thus decrease
gut permeability by providing sufficient energy for the formation of
tight junctions (Saemann, et al. [84]). Additionally, butyrate has also
been shown to decrease insulin resistance, suggesting gut communi-
ties low in butyrate-producing microbes may increase chances of ac-
quiring diabetes mellitus type 2 (Gao et.al, [202]). Butyrate-yielding
diets may also have potential colorectal cancer suppression effects
(Saemann, et al. [84]).

Obesity and Metabolic Syndrome: The gut flora has also been
implicated in obesity and metabolic syndrome due to the key role it
plays in the digestive process. The Western pattern diet appears to
drive and maintain changes in the gut flora that in turn change how
much energy is derived from food and how that energy is used (Bou-
lange, et al. [76,85]). One aspect of a healthy diet that is often lacking
in the Western-pattern diet is fiber and other complex carbohydrates
that a healthy gut flora require flourishing. The changes to gut flora
in response to a Western-pattern diet appear to increase the amount
of energy generated by the gut flora which may contribute to obesity
and metabolic syndrome (Schneiderhan, et al. [70]). There is also evi-
dence that microbiota influence eating behaviours based on the pref-
erences of the microbiota, which can lead to the host consuming more
food eventually resulting in obesity. It has generally been observed
that with higher gut microbiome diversity, the microbiota will spend
energy and resources on competing with other microbiota and less on
manipulating the host.

The opposite is seen with lower gut microbiome diversity, and
these microbiotas may work together to create host food cravings (Al-
cock, et al. [25]). Additionally, the liver plays a dominant role in blood
glucose homeostasis by maintaining a balance between the uptake
and storage of glucose through the metabolic pathways of glycogene-
sis and gluconeogenesis. Intestinal lipids regulate glucose homeosta-
sis involving a gut-brain-liver axis. The direct administration of lipids
into the upper intestine increases the long chain fatty acyl-coenzyme
A (LCFA-CoA) levels in the upper intestines and suppresses glucose
production even under sub-diaphragmatic vagotomy or gut vagal dif-

ferentiation. This interrupts the neural connection between the brain
and the gut and blocks the upper intestinal lipids’ ability to inhibit
glucose production. The gut-brain-liver axis and gut microbiota com-
position can regulate the glucose homeostasis in the liver and provide
potential therapeutic methods to treat obesity and diabetes (Chen, et
al. [86]). Just as gut flora can function in a feedback loop that can drive
the development of obesity, there is evidence that restricting intake of
calories (i.e., dieting) can drive changes to the composition of the gut
flora (Boulange, et al. [76]).

Liver Disease: As the liver is fed directly by the portal vein, what-
ever crosses the intestinal epithelium and the intestinal mucosal bar-
rier enters the liver, as do cytokines generated there (Minemura, et
al. [87]). Dysbiosis in the gut flora has been linked with the develop-
ment of cirrhosis and non-alcoholic fatty liver disease (Minemura, et
al. [87]).

Cancer: Some genera of bacteria, such as Bacteroides and Clos-
tridium, have been associated with an increase in tumor growth rate,
while other genera, such as Lactobacillus and Bifidobacteria, are
known to prevent tumor formation (Guarner, et al. [5]). As of Decem-
ber 2017 there was preliminary and indirect evidence that gut micro-
biota might mediate response to PD-1 inhibitors; the mechanism was
unknown (Syn, et al. [88]).

Neuro-Psychiatric: Interest in the relationship between gut flora
and neuro-psychiatric issues was sparked by a 2014 study showing
that germ-free mice showed an exaggerated HPA axis response to
stress compared to non-GF laboratory mice (Wang, et al. [41]). As of
January 2016, most of the work that has been done on the role of gut
flora in the gut-brain axis had been conducted in animals, or charac-
terizing the various neuroactive compounds that gut flora can pro-
duce, and studies with humans measuring differences between peo-
ple with various psychiatric and neurological differences, or changes
to gut flora in response to stress, or measuring effects of various pro-
biotics (dubbed “psychobiotics in this context), had generally been
small and could not be generalized; whether changes to gut flora are
a result of disease, a cause of disease, or both in any number of pos-
sible feedback loops in the gut-brain axis, remained unclear (Wang,
et al. [41,70]). systematic review from 2016 examined the preclinical
and small human trials that have been conducted with certain com-
mercially available strains of probiotic bacteria and found that among
those tested, the genera Bifidobacterium and Lactobacillus (B. longum,
B. breve, B. infantis, L. helveticus, L. rhamnosus, L. plantarum, and L.
casei) had the most potential to be useful for certain central nervous
system disorders (Wang, et al. [65]).

Effect of Non-Antibiotic Drug on Gut Microbe

Tests for whether non-antibiotic drugs may impact human gut-as-
sociated bacteria were performed by in vitro analysis on more than
1000 marketed drugs against 40 gut bacterial strains, demonstrating
that 24% of the drugs inhibited the growth of at least one of the bac-
terial strains (Maier, et al. [89]).

Probiotics, Prebiotics, Synbiotics, and Pharma-Biotics
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Probiotics are microorganisms that are believed to provide health
benefits when consumed (Hill, etal. [90,91]). while prebiotics are typ-
ically non-digestible, fiber compounds that pass undigested through
the upper part of the gastrointestinal tract and stimulate the growth
or activity of advantageous gut flora by acting as substrate for them
(Gibson, et al. [52,92]). Synbiotics refers to food ingredients or di-
etary supplements combining probiotics and prebiotics in a form of
synergism (Pandey, et al. [93]). The term “pharma-biotics” is used in
various ways, to mean: pharmaceutical formulations (standardized
manufacturing that can obtain regulatory approval as a drug) of pro-
biotics, prebiotics, or synbiotics; (Broecky, et al. [94]) probiotics that
have been genetically engineered or otherwise optimized for best
performance (shelf life, survival in the digestive tract, etc.); (Sleator,
etal. [95]) and the natural products of gut flora metabolism (vitamins,
etc.). (Patterson, et al. [96]). There is some evidence that treatment
with some probiotic strains of bacteria may be effective in irritable
bowel syndrome and chronic idiopathic constipation. Those organ-
isms most likely to result in a decrease of symptoms have included
Enterococcus faecium, Lactobacillus plantarum, Lactobacillus rham-
nosus, Propionibacterium freudenreichii, Bifidobacterium breve, Lacto-
bacillus reuteri, Lactobacillus salivarius, Bifidobacterium infantis and
Streptococcus thermophilus (Ford, et al. [97-99]).

Bacteria And Yeast Used as Probiotics: The bacterial species
used as probiotics are Bifidobacterium longum, B. breve, B. infantis, B.
bifidum, B. adolescentis, Lactococcus cremoris, L. lactis, Enterococcus
foeclum, Lactobacillus rhamnosus, L. acidophilus, L. casei, L. bulgaricus,
L. gasseri, while the yeast species used as probiotics are Sacchoromy-
ces boulardii and S. cerevisiae.

Fundamental/ Basis of Concept of Gut Microbiota
Assisted Agricultural Food Production

Present Status of Natural Association of Human Gut
Microbes With/In Agricultural Crops

Natural association of some of the gut microbes with crop plant
have been shown by some of the plant scientists. (Fabio Minervini,
et al. [100]) assessed the dynamics of lactic acid bacteria and other
Firmicutes associated with durum wheat organs and processed prod-
ucts. 16S rRNA gene-based high-throughput sequencing showed Lac-
tobacillus, Streptococcus, Enterococcus, and Lactococcus as the main
epiphytic and endophytic genera among lactic acid bacteria. Bacillus,
Exiguobacterium, Paenibacillus, and Staphylococcus completed the
picture of the core genus microbiome. The relative abundance of each
lactic acid bacterium genus was affected by cultivars, phenological
stages, other Firmicutes genera, environmental temperature, and wa-
ter activity (a ) of plant organs. Lactobacilli, showing the highest sen-
sitivity to a , markedly decrease during milk development (Odisseo)
and physiological maturity (Saragolla). At these stages, Lactobacillus
was mainly replaced by Streptococcus, Lactococcus, and Enterococcus.
However, a key sourdough species, Lactobacillus plantarum, was asso-
ciated with plant organs during the life cycle of Odisseo and Saragolla
wheat. The composition of the sourdough microbiota and the overall
quality of leavened baked goods are also determined throughout the

phenological stages of wheat cultivation, with variations depending
on environmental and agronomic factor. Li Zhou, et al. [101] showed
that the grape polyphenols promoted the changes in the relevant gut
microbial populations and shifted the profiles of SCFAs. Fermentation
of grape polyphenols resulted in a significant increase in the numbers
of Bifidobacterium spp. and Lactobacillus-Enterococcus group and in-
hibition in the growth of the Clostridium histolyticum group and the
Bacteroides-Prevotella group, with no significant effect on the popu-
lation of total bacteria. The findings suggest that grape polyphenols
have potential prebiotic effects on modulating the gut microbiota
composition and generating SCFAs that contribute to the improve-
ments of host health. M Abror, et al. [102] concluded that leri water
and lactobacillus bacteria have an effect on the growth and produc-
tion of mustard greens.

Most plant-associated strains belong to Lactococcus lactis subsp.
lactis, whereas Lactococcus lactis subsp. cremoris is typically found in
dairy fermentations (Kelly, et al. [103,104]). Fermenting plant materi-
al is a second important ecosystem occupied by L. lactis, where it typ-
ically occurs as an early colonizer that is later replaced by species that
are more tolerant of low pH values (Kelly, et al. [103,104]). Ferment-
ing plant material comprises a broad array of highly variable niches
with respect to chemical composition, for instance the availability
of carbohydrates other than lactose as growth substrates. Moreover,
protein concentrations are typically much lower than those observed
in the dairy environment. As a result, strains isolated from ferment-
ing plant material do not harvest amino acids through proteolysis but
depend on amino acid biosynthesis and consequently exhibit fewer
amino acid auxotrophies than do dairy isolates (Ayad, et al. [105]).
Therefore, it can be anticipated that strains adapted to the plant
ecological niche will exhibit large metabolic differences and their
metabolic diversity will most certainly exceed that of dairy strains.
Recently, it has been shown that strains isolated from a non-dairy en-
vironment exhibit flavor-forming activities that may be beneficial to
dairy fermentation, as exemplified by the production of the key flavor
fusel aldehydes as a result of a unique a-keto acid decarboxylase ac-
tivity (Smit, et al. [106,107]). Moreover, it was shown that some non-
dairy L. lactis strains produce the enzyme glutamate dehydrogenase,
which converts glutamate to a-ketoglutarate (Tanous, et al. [108]).
This compound, a-ketoglutarate, is the acceptor of the amino group in
aminotransferase reactions, the first step in the production of flavor
compounds from amino acid, and present at rate-limiting concentra-
tions in cheese (Tanous, et al. [108]).

Lactobacillus: Lactobacillus is a genus of lactic acid bacteria de-
scribed as a heterogeneous group of regular non spore forming gram
positive rods and found in a great variety of habitats such as plants
and gastrointestinal tracts (Amin, et al. [109]). The author isolated
lactobacilli from plants to determine their inhibitory effect against
some pathogens. Sixty lactobacilli isolates from fresh vegetables were
enriched in Man-Rogosa-Sharpe medium (MRS) broth and isolated
by growing on MRS agar medium, and were characterized by pheno-
typic characteristics and PCR technique at genus and species levels.
The antimicrobial substance was extracted with ethyl acetate solvent
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and the antimicrobial activity against some pathogenic bacteria such
as Escherichia coli, Salmonella typhi, Shigella dysenteriae, Bacillus an-
thracis and Staphylococcus aureus were investigated. The antimicrobi-
al compound of fourteen L. plantarum and eight L. casei isolated from
fresh vegetables showed a potent inhibitory activity against all tested
human pathogenic bacteria. The inhibitory substance was distinct
from bacteriocins, lactic and acetic acids which are produced by these
bacteria. In conclusion, fresh vegetables may be used as a source of
antimicrobial lactic acid bacteria. L. casei and L. plantarum as two
probiotics can establish themselves in gut and urogenital tract and
prevent the human body from adverse effects of pathogens.

Enterococcus: On plants, enterococci occur in a truly epiphytic
relationship (Mundst, et al. [110]). These Enterococcus species typical-
ly associated with plants include the yellow-pigmented E. mundtii and
E. casseliflavus (Martin and Mundt, [224]). The early studies on en-
terococci (‘faecal streptococci’) occurring on plants by (Mundt, et al.
[110]) were performed before the genus Enterococcus was re-defined
by Schleifer and Kilpper-Balz [225]. Modern, taxonomic studies based
on molecular, biological techniques for classification and species
identification by Thomas Muller, et al. [111] validated this epiphytic
relationship and enterococci occurring on plants were identified as
E. faecium, E. faecalis, E. casseliflavus, E. mundtii and E. sulfureus. The
majority of the isolates in the study of Thomas Muller, et al. [111],
however, possessed a 16S rDNA genotype uncommon to Enterococ-
cus species described at the time of the study. Enterococci also occur
on fresh produce and possibly originate from the use of untreated ir-
rigation water or manure slurry for crop production (Johnston and
Jaykus, [226]). Interestingly, in this context Johnston and Jaykus [226]
isolated mainly E. faecalis and E. faecium strains, but also other En-
terococcus spp. from fresh produce such as celery, cilantro, mustard
greens, spinach, collards, parsley, dill, cabbage and cantaluope, and
showed that many strains harboured antibiotic resistances. Similarly
Ronconi, et al. [227] isolated predominantly E. faecium and E. faecalis
strains from lettuce and many strains were also antibiotic resistant.

Thomas Muller, et al. [111] isolated the species of Enterococcus
viz. E. faecium, E. mundetii, E. casseliflavus, E. faecalis and E. sulfureus
from the plant habitat. The majority of isolates differed distinctly in
their restriction patterns from those of known species. They formed
a group of a homogeneous 16S rDNA genotype (VI). The taxonomical
investigations suggest that the isolates of the 16S rDNA genotype VI
represent a new plant-associated Enterococcus species. Franz, et al.
[112] reported the occurrence of Enterococci in a wide variety of en-
vironmental niches including soil, surface waters, waste waters, mu-
nicipal water treatment plants, on plants, and in the gastrointestinal
tract of warm blooded animals (including humans) and, as a result
of association with plants and animals, in human foods (Franz, et al.
1999). Lee, et al. [113] demonstrated the use of Enterococcus faecium
strain LKE12 to enhance plant growth in oriental melon. This bacteri-
al strain was isolated from soil, identified as E. faecium by 16S rDNA
sequencing and phylogenetic analysis. The plant growth-promoting
ability of LKE12 bacterial culture was tested in a gibberellin (GA)-de-
ficient rice dwarf mutant (waito-C) and a normal GA biosynthesis rice

cultivar (Hwayongbyeo). E. faecium LKE12 significantly improved the
length and biomass of rice shoots in both normal and dwarf cultivars
through the secretion of an array of gibberellins (GA,, GA,, GA,, GA,,
GA,, GA,, GA,,, GA,, GA,,
(IAA). Increases in shoot and root lengths, plant fresh weight, and
chlorophyll content promoted by E. faecium LKE12 and its cell-free
extract inoculated in oriental melon plants revealed a favorable in-
teraction of E. faecium LKE12 with plants. Higher plant growth rates
and nutrient contents of magnesium, calcium, sodium, iron, manga-
nese, silicon, zinc, and nitrogen were found in cell-free extract-treated
plants than in control plants. These results suggest that E. faecium
LKE12 promotes plant growth by producing GAs and IAA; interest-
ingly, the exogenous application of its cell-free culture extract can be a
potential strategy to accelerate plant growth.

and GA,,), as well as indole-3-acetic acid

Saccharomyces: Thierry, et al. [114] demonstrated that plants
perform rhizophagy, a process in which live microbial cells are en-
gulfed by root cells and digested to acquire the nutrients from the
microbes. The phenomenon can be observed in both dicotyledonous
and monocotyledonous plants. The rhizophagy is an evolutionarily
conserved trait that predates the divergence of dicot and monocot
species. To explore the potential relevance and practical application
of rhizophagy, the brewers’ yeast (Saccharomyces cerevisiae), a waste
product of the brewing industry, was used for its role as biofertiliz-
er. The addition of live or dead yeast to fertilized soil substantially
increased the nitrogen (N) and phosphorus (P) content of roots and
shoots of tomato (Solanum lycopersicum) and young sugarcane plants.
Yeast addition to soil also increased the root-to-shoot ratio in both
species and induced species-specific morphological changes that in-
cluded increased tillering in sugarcane and greater shoot biomass in
tomato plants. These findings support the notion that brewers’ yeast
is a cost-effective plant growth promoting microbe which is also used
as probiotics.

Use of Gut Microbes in Processed Food Industry

The performance of probiotic bacterial strains is influenced by
the carrier food and its functional components which while buffering
the probiotic through the gastro-intestinal tract, contribute to an ef-
ficient implantation of bacterial cells and regulate probiotic features
(De Bellis, et al. [115]). Particularly, plant-based matrices are eligible
substrate for hosting and delivering microbial populations because of
their richness in nutrients, fibers, vitamins, minerals and dietary bio-
active phytochemicals. The available data indicate that the intrinsic
health-promoting properties of diverse plant-based matrices can be
successfully exploited for developing effective association with probi-
otics. The health-promoting properties of solid plant-based matrices
(particularly artichokes, table olives, apple and cabbage) and their
association with probiotic bacteria are indicative of the role of the
food matrix in sustaining probiotic cells during product processing,
digestive process, gut implantation, and finally in exerting beneficial
effects.

It should be considered that, since probiotics only transiently col-
onize the intestinal tract, large populations need to be daily ingested
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to provide health benefits (Hill, et al. [90]). In fact, probiotic survival
during gastro-intestinal (GI) digestion and gut colonization suitability
are strain-related abilities, and the efficacy of probiotic bacteria is in-
fluenced by the carrier food and its components, which while protect-
ing the probiotic through the Gl tract, contribute to an efficientimplan-
tation of bacterial cells and regulate probiotic attributes (Flach, et al.
[228], Ranadheera, et al. [229]). In this regard, vegetable matrices are
eligible for hosting and delivering microbial populations and partic-
ularly probiotic strains which are also able to increase their intrinsic
health-promoting and functional properties. In fact, the functional at-
tributes of plant-based matrices, their structure and their suitability
to fermentation make them appropriate for carrying probiotic strains
that would take advantages from the characteristics of plant-based
matrices and, by exploiting prebiotic and bioactive molecules, take
benefit for their survival during product processing and shelf life as

well as in the digestive process and gut colonization. The functional
properties of plant-based matrices depend on their richness in nutri-
ents, fibers, vitamins, minerals and dietary bioactive phytochemicals
and some of those diverse components have also an important role in
the interactions with gut microorganisms (Flach et.al [228]). In par-
ticular, the fiber content (dietary fibers) is involved, directly as well
as for its effect on the gut microbiota (Holscher, [230], Simpson and
Campbell, [231]), in a number of recognized health-promoting effects
of plant-based foods. Phenolic compounds of the vegetable matrices
have been also associated to plant health-promoting activities; more-
over, their potential prebiotic activity as well as of their process-de-
rived bioactive molecules have been recently recognized (Alves-San-
tos et al,, [232], Debelo et al., [233]). The most relevant plant-based
matrices suitable as vectors for delivering Gut microbe /probiotics
are described in (Tables 5 & 6).

Table 5: Examples of application of probiotic bacteria in solid plant-based matrices.

Fruit and
vegetables  Probiotic bacteria  Incorporation method Main outcomes References
products
The probiotic strain:
- survived on the matrix with a load =27 log CFU/g
- survived simulated gastro-intestinal digestion
) . . Valerio et al., 2006,
1.Arti- L. paracasei IMPC2.1 | 1, culation of brine - - transiently colonized Valerio et al., 2011,
choke surface adhesion the gut of 17/20 subjects Valerio et al., 2013,
Riezzo et al., 2012
- antagonized E. coli and Clostridium spp.
- increased the genetic diversity of lactic population
- improved symptoms of constipation.
The probiotic strain:
- colonized the olive surface dominating the natural LAB popula-
Inoculation of brine - tion De Bellis etal,
L. paracasei IMPC2.1 surface adhesion - survived on the matrix with a load =7 log CFU/g 2010, V;(I)%lgo etal,
- survived simulated gastro-intestinal digestion.
- A final low-salt-probiotic product was obtained.
- The strains were > 6 log CFU/ g on olive drupes.
L. pentosus B281, Inoculation of brine - ' ) Argyri et al., 2014,
L. plantarum B282 surface adhesion - L. pentosus B281 and L. plantarum B28? showed a high survival Blana et al., 2016
rate on the matrix.
2 olives A favorable effect on fermentation and strain predominance was
observed by:
L. pentosus TOMC- | Inoculation of brine - - an immediate post-brining inoculation Rodriguez-Gémez
LAB2 surface adhesion etal. (2017)
- the use of a re-inoculation
- an early processing in the season.

- Encapsulation conferred additional protection to L. plantarum 33

Microencapsulation (about 7 log CFU/ g), when exposed to simulated gastro-intestinal
L. plantarum 33 with sodium alginate | conditions.-Microencapsulation did not adversely affect adhesion | Alves et al. (2015)

and starch capacity to intestinal epithelium. - Microcapsules incorporated in

olive paste did not affect physicochemical and sensory properties.
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L. rhamnosus
ATCC7469

Vacuum impregnation
- air and REV drying

- Apple samples contained > 7 log CFU/ g of probiotic cells.

- The bacterial stability at 25 °C depended on the dehydration
techniques.

- Sensory properties of the dried apple slices remained above the
acceptable level for 30 days at 25 °C and 180 days at 4 °C.

- Apple protected probiotics during exposure to low pH of stom-

Noorbakhsh et al.
(2013)

ach.
: S. cerevisiae CECT
3-Dried 5 71 cased v i i Betoret et al
) . casei spp. acuum impregnation | . - etoret et al.
apple thamnosus CECT _ air-drying Apple samples contained about 7 log CFU/g of probiotic cells. (2003)
245
) - Apple cubes inoculated by immersion contained about 7 log
L. plantarum or L Immersion/vacuum CFU/ g of probiotic strains after drying.
' kefi . " | impregnation - air-dry- Régo et al. (2013)
cfir strains ing - After 3 months at 4 °C the strains survived at around 6 log
CFU/g.
Inclusion - pectin coat- | - Pehydrated apple contained 2 7 log CFU/ g of the probiotic strain. Valerio et al
L. paracasei IMPC2.1 - d hpd . 2020 ’
Ing - dehydration - The strain survived simulated gastro-intestinal digestion. (2020)
- The strain maintained the viability of 7 log CFU/ g after 6 days at
futF ;}e}s}ﬂ;} L. plantarum 299 v | Osmotic dehydration 4°C. Emser et al. (2017)
- The strain survived simulated gastro-intestinal digestion.
- Counts of B. lactis and L. rhamnosus were > 9 log CFU/ g after 8
days at 5 °C.
- Both probiotics in apples survived simulated gastro-intestinal
L. rhamnosus CECT dicestion.
. . . 8 : Alvarez et al.
8361 or B. lactis Alginate coating 2021
CECT 8145 - Nutritional and microbiological quality was maintained during ( )
storage.
- Probiotics exerted antagonistic effects on Ls. innocua and E. coli
O157:H7.
- The final product contained about 8 log CFU/ g of the strain.
5. Cabbage | L. paracasei IMPC2.1 Inoculation of b'rme - - Blanching before fermentation preserved glucosinolates. Sarvan et al. (2013)
surface adhesion o L . .
- The acidification performed by the probiotic ensured a microbio-
logical stabilization of the product.
65 L. plantarum L4, - Viable probiotic cells count in final product was > 6 log CFU/g of
er.krillll_t ) Inoculation of brine - product. Beganovic et al.
(Cabbage) Le. {n]\ej{s&n;eg‘;;);des surface adhesion - The strains were used as starter cultures for fermentation allowing (2011)
a NaCl reduction from 4.0% to 2.5% (w/v).
- The strain survived at greater than 5 log CFU/g after 56 days of
7. Dried L casei LC-1 Homogenization - product storage. De Souza Leone et
yacon root ’ air-drying al. (2017)
- The strain survived simulated gastro-intestinal digestion.
- Counts of L. brevis in the product were > 8 log CFU/g.
. - Addition of oregano and NaCl stimulates L. brevis growth in the
8. Potato . Potato puree inocu-
Cheese L. brevis CJ25 lation potato cheese. Mosso et al. (2016)

- The strain exhibited high level of survival in simulated gastro-in-
testinal conditions.
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- High viability of both probiotics strains at about 8 log CFU/ g.
- Riboflavin-overproducing strains increased the vitamin B2 con-
tent of fresh-cut melon.
- Both probiotics showed antagonistic effect against Ls. monocyto-
9. Fresh- L. plantarum B2 Dipping in probiotic genes.
cut canta- or L. fermentum suspension - air-drying | - Riboflavin-overproducing strains increased the vitamin B2 con- Russo et al. (2015)
loupe PBCCILS tent of fresh-cut melon.
- Both probiotics showed antagonistic effect against Ls. monocyto-
genes.
- Both probiotics did not affect melon visual quality, while some
sensorial attributes were affected by L. plantarum B2.
- Counts of the probiotic was > 7 log CFU/g.
10. Fresh- L. acidophilus La-14 Sodium élginate - The coating contributed to the quality of the minimally processed Shigematsu et al.
cut carrot coating carrots by conserving their moisture and minimizing acidity varia- (2018)
tion and color changes during storage.
11. Fresh L. plantarum MIUG Spraying - surface - Dried chips: strain load was greater than 7 log CFU/ g.
or dried ’ BL3 Y dhg . Barbu et al. (2020)
beetroot adhesion - Fresh cubes: strain load was greater than 8 log CFU/g.

Note: B.: Bifidobacterium; E.: Escherichia; L.: Lactobacillus; Lc.: Leuconostoc; Ls.: Listeria; S.: Saccharomyces.

Table 6: Main health-promoting properties and compounds of plant-based matrices suitable as carriers for probiotic strains.

Plant-Based Matrix Main Health-Promoting Properties Main g:i;l:)—lll’:;r:otmg Suitability As a Carrier for Probiotic Strains
- anti-oxidant activit
¥ - artichokes supported the growth of the probi-
- anti-inflammatory activity otic strain and carried more than 8 log CFU/ g of
. . . - polyphenols product
1. Artichoke - anti-thrombotic and anti-athero- ) o
’ sclerotic activities -high 1‘3V€1§ of .the prebiotic - improvement of the probiotic survival during
. o inulin gastro-intestinal digestion
- choleretic activity
. . . . - probiotic cells were recovered from stool samples
- improved blood microcirculation
— - - the probiotic strain successfully colonized the ol-
- anti-oxidant activity ) pzzf;};&nﬁl: égr};szfi);};gm_ ive surface with more than 7 log CFU/g of product
2. olives - anti-inflammatory activity - mono-unsatured oleic acid - improvement of the probiotic survival during
- protection against the risk of gastro-intestinal digestion
cardiovascular diseases - selenium -
- probiotic cells were recovered from stool samples
- the probiotic strain covered the apple surface and
- bifidogenic effect penetrated in intercellular spaces of parenchymal
tissue
- reduced cholesterol and triglycer- - polyphenols
3. Apple ide concentrations - dried apple samples carried more than 7 log CFU
- fiber (pectin) of probiotic cells /g of product
- modulation of fecal microbial P /8ofp
compositions - improvement of the probiotic survival during
gastro-intestinal digestion
: ; - glucosinolates
- protective effect against the colon & - the probiotic strain colonized the vegetable
4. Cabbage rectal cancer - polyphenols surface and the final product contained about 8 log
- anti-oxidant activity _ carotenoids CFU/g of product
Health Promoting Effects of the Association of Gut Microbe/ 4. Stimulation of resident microflora to produce SCFA (e.g. ar-

Probiotic Bacteria with Some Plant Based Matrices:

1. Improved probiotic cell survival during gastro-intestinal di- 5.

gestion (e.g. artichoke, table olive, apple.

2. Improved gut colonization (e.g. artichoke, table olive)

3. Gut microbiota modulation (e.g. artichoke, table olive, ap-

ple)

tichoke, table olive, apple)

Improved immune-modulatory activity (e.g. artichoke)

6. Relieving in constipation symptoms (e.g. artichoke)

7. Antioxidant activities (e.g. artichoke, table olive, apple, cab-

bage)
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Concept

Concept of Human Gut Microbe Assisted Agricultural Food
Production

It is evident that some of the gut microbes are associated with the
crop plants in the agricultural production system with some unknown
and known roles (Mundt, et al. [110,111,103,109,114,113,100,102])
. These gut microbes are indispensable part of the human health and
their population and equilibrium in the gut plays an important role
in various metabolic, hormonal, and neurological functions. Although,
these gut microbes are available in the form of probiotics, prebiotics
are required for their proper multiplication and maintenance in the
GI tract. Therefore, plant based matrix probiotic, as processed food, is
available for this purpose (Betoret, et al. [116-118]). However, fresh
crop produce particularly fruits and vegetables can be a source of
these gut microbes, if these are used in the crop production system
[119-221]. There is a need to explore their use in the form of probiotic
sprays, on the salad vegetable and fruits, which are consumed raw for
health benefits. At present, we do not know, whether these probiotic
will survive as epiphytic or both as epiphytic and endophyte in the
agriculture produce. Neither, all the available probiotics are studied
for their plant growth promoting activities except the species of lactic
acid bacteria. Therefore, there is an urgent need to explore their use
in the agricultural production system and if we could produce the gut
microbe lased fruits and vegetable, these can be a source of better
nutrition to mankind and a remedy to solve many health issues which
are govern by gut microbes.

References

1. Moszak M, Szulinska M, Bogdanski P (2020) You Are What You Eat-The Re-
lationship between Diet, Microbiota, and Metabolic Disorders-A Review.
Nutrients 12(4): 1096.

2. Engel P, Moran N (2013) The gut microbiota of insects-diversity in struc-
ture and function. FEMS Microbiology Reviews 37(5): 699-735.

3. Sommer Felix, Biackhed Fredrik (2013) The gut microbiota - masters of
host development and physiology. Nature Reviews Microbiology 11(4):
227-238.

4. Faderl Martin, Noti Mario, Corazza Nadia, Mueller Christoph (2015) Keep-
ing bugs in check: The mucus layer as a critical component in maintaining
intestinal homeostasis. [IUBMB Life 67(4): 275-285.

5. Guarner F, Malagelada ] (2003) Gut flora in health and disease. The Lancet
361(9356): 512-519.

6. Sears Cynthia L (2005) A dynamic partnership: Celebrating our gut flora.
Anaerobe 11(5): 247-251.

7. Shapira Michael (2016) Gut Microbiotas and Host Evolution: Scaling Up
Symbiosis. Trends in Ecology & Evolution 31(7): 539-549.

8. Beaugerie Laurent, Petit Jean Claude (2004) Antibiotic-associated diar-
rhoea. Best Practice & Research Clinical Gastroenterology 18(2): 337-352.

9. Stephen AM, Cummings JH (1980) The Microbial Contribution to Human
Faecal Mass. Journal of Medical Microbiology 13(1): 45-56.

10. Lozupone Catherine A, Stombaugh Jesse [, Gordon Jeffrey I, Jansson Janet
K, Knight Rob, et al. (2012) Diversity, stability and resilience of the human
gut microbiota. Nature 489(7415): 220-230.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sherwood Linda, Willey Joanne, Woolverton Christopher (2013) Prescott’s
Microbiology (9% Edn.)., New York: McGraw Hill, pp. 713-721.

Tap Julien, Mondot Stanislas, Levenez Florence, Pelletier Eric, Caron Chris-
tophe, etal. (2009) Towards the human intestinal microbiota phylogenetic
core. Environmental Microbiology 11(10): 2574-2584.

0 Hara Ann M, Shanahan Fergus (2006) The gut flora as a forgotten organ.
EMBO Reports 7(7): 688-693.

Khanna Sahil, Tosh Pritish K (2014) A Clinician’s Primer on the Role of
the Microbiome in Human Health and Disease. Mayo Clinic Proceedings
89(1): 107-114.

Cui Lijia, Morris Alison, Ghedin Elodie (2013) The human mycobiome in
health and disease. Genome Medicine 5(7): 63.

Erdogan Askin, Rao Satish SC (2015) Small Intestinal Fungal Overgrowth.
Current Gastroenterology Reports 17(4): 16.

Quigley EM (2013) Gut bacteria in health and disease. Gastroenterology &
Hepatology 9(9): 560-569.

Clarke Gerardm, Stilling Roman M, Kennedy Paul ], Stanton Catherine, Cry-
an John F, et al. (2014) Minireview: Gut Microbiota: The Neglected Endo-
crine Organ. Molecular Endocrinology 28(8): 1221-1238.

Shen Sj, Wong Connie HY (2016) Bugging inflammation: Role of the gut
microbiota. Clinical & Translational Immunology 5(4): e72.

Ley Ruth E (2010) Obesity and the human microbiome. Current Opinion in
Gastroenterology 26(1): 5-11.

Quigley Eamonn MM, Quera Rodrigo (2006) Small Intestinal Bacterial
Overgrowth: Roles of Antibiotics, Prebiotics, and Probiotics. Gastroenter-
ology 130(2): S78-90.

Adams MR, Moss MO (2007) Food Microbiology ISBN.978-0-85404-284-
5.Doi. 10.1039/9781847557940.

Gerritsen Jacoline, Smidt Hauke, Rijkers Ger, de Vos Willem (2011) Intes-
tinal microbiota in human health and disease: the impact of probiotics.
Genes & Nutrition 6(3): 209-240.

Yatsunenko T, Rey F E, Manary M], Trehan I, Dominguez Bello MG, et al.
(2012) Human gut microbiome viewed across age and geography. Nature
486(7402): 222-227.

Alcock Joe, Maley Carlo C, Aktipis C Athena (2014) Is eating behavior ma-
nipulated by the gastrointestinal microbiota? Evolutionary pressures and
potential mechanisms. BioEssays 36(10): 940-949.

Wu GD, Chen ], Hoffmann C, Bittinger K, Chen YY, et al. (2011) Linking
Long-Term Dietary Patterns with Gut Microbial Enterotypes. Science
334(6052): 105-108.

De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet ]B, etal. (2010)
Impact of diet in shaping gut microbiota revealed by a comparative study
in children from Europe and rural Africa. Proceedings of the National
Academy of Sciences 107(33): 14691-14696.

Jonkers Daisy MAE (2016) Microbial perturbations and modulation in
conditions associated with malnutrition and malabsorption. Best Practice
& Research Clinical Gastroenterology 30(2): 161-172.

Million Matthieu, Diallo Aldiouma, Raoult Didier (2017) Gut microbiota
and malnutrition. Microbial Pathogenesis 106: 127-138.

Rytter Maren Johanne Heilskov, Kolte Lilian, Briend André, Friis Henrik,
Christensen Vibeke Brix, et al. (2014) The Immune System in Children
with Malnutrition—A Systematic Review. PLOS ONE 9(8): e105017.

Renson Audrey, Herd Pamela, Dowd Jennifer B (2020) Sick Individuals and
Sick (Microbial) Populations: Challenges in Epidemiology and the Micro-
biome. Annual Review of Public Health 41: 63-80.

Copyright@ SG Borkar | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007655.

39743


https://dx.doi.org/10.26717/BJSTR.2023.48.007655
https://pubmed.ncbi.nlm.nih.gov/32326604/
https://pubmed.ncbi.nlm.nih.gov/32326604/
https://pubmed.ncbi.nlm.nih.gov/32326604/
https://academic.oup.com/femsre/article/37/5/699/542120
https://academic.oup.com/femsre/article/37/5/699/542120
https://www.nature.com/articles/nrmicro2974
https://www.nature.com/articles/nrmicro2974
https://www.nature.com/articles/nrmicro2974
https://pubmed.ncbi.nlm.nih.gov/16701579/
https://pubmed.ncbi.nlm.nih.gov/16701579/
https://pubmed.ncbi.nlm.nih.gov/27039196/
https://pubmed.ncbi.nlm.nih.gov/27039196/
https://www.sciencedirect.com/science/article/abs/pii/S1521691803001276
https://www.sciencedirect.com/science/article/abs/pii/S1521691803001276
https://www.nature.com/articles/nature11550
https://www.nature.com/articles/nature11550
https://www.nature.com/articles/nature11550
https://www.pdfdrive.com/prescotts-principles-of-microbiology-e162042294.html
https://www.pdfdrive.com/prescotts-principles-of-microbiology-e162042294.html
https://pubmed.ncbi.nlm.nih.gov/19601958/
https://pubmed.ncbi.nlm.nih.gov/19601958/
https://pubmed.ncbi.nlm.nih.gov/19601958/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1500832/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1500832/
https://pubmed.ncbi.nlm.nih.gov/24388028/
https://pubmed.ncbi.nlm.nih.gov/24388028/
https://pubmed.ncbi.nlm.nih.gov/24388028/
https://genomemedicine.biomedcentral.com/articles/10.1186/gm467
https://genomemedicine.biomedcentral.com/articles/10.1186/gm467
https://pubmed.ncbi.nlm.nih.gov/25786900/
https://pubmed.ncbi.nlm.nih.gov/25786900/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3983973/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3983973/
https://pubmed.ncbi.nlm.nih.gov/24892638/
https://pubmed.ncbi.nlm.nih.gov/24892638/
https://pubmed.ncbi.nlm.nih.gov/24892638/
https://pubmed.ncbi.nlm.nih.gov/19901833/
https://pubmed.ncbi.nlm.nih.gov/19901833/
https://pubmed.ncbi.nlm.nih.gov/16473077/
https://pubmed.ncbi.nlm.nih.gov/16473077/
https://pubmed.ncbi.nlm.nih.gov/16473077/
https://books.rsc.org/books/monograph/216/chapter/115927/Contents
https://books.rsc.org/books/monograph/216/chapter/115927/Contents
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3145058/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3145058/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3145058/
https://www.nature.com/articles/nature11053
https://www.nature.com/articles/nature11053
https://www.nature.com/articles/nature11053
https://pubmed.ncbi.nlm.nih.gov/21885731/
https://pubmed.ncbi.nlm.nih.gov/21885731/
https://pubmed.ncbi.nlm.nih.gov/21885731/
https://pubmed.ncbi.nlm.nih.gov/20679230/
https://pubmed.ncbi.nlm.nih.gov/20679230/
https://pubmed.ncbi.nlm.nih.gov/20679230/
https://pubmed.ncbi.nlm.nih.gov/20679230/
https://pubmed.ncbi.nlm.nih.gov/27086883/
https://pubmed.ncbi.nlm.nih.gov/27086883/
https://pubmed.ncbi.nlm.nih.gov/27086883/
https://www.sciencedirect.com/science/article/abs/pii/S152169181600010X
https://www.sciencedirect.com/science/article/abs/pii/S152169181600010X
https://pubmed.ncbi.nlm.nih.gov/25153531/
https://pubmed.ncbi.nlm.nih.gov/25153531/
https://pubmed.ncbi.nlm.nih.gov/25153531/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9713946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9713946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9713946/

Volume 48- Issue 3

DOI: 10.26717/BJSTR.2023.48.007655

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Turroni Francesca, Peano Clelia, Pass Daniel A, Foroni Elena, Severgnini
Marco, et al. (2012) Diversity of Bifidobacteria within the Infant Gut Mi-
crobiota. PLOS ONE 7(5): e36957.

Davenport Emily R, Sanders Jon G, Song Se Jin, Amato Katherine R, Clark
Andrew G, etal. (2017) The human microbiome in evolution. BMC Biology
15(1): 127.

Perez Mufioz Maria Elisa, Arrieta Marie Claire, Ramer Tait Amanda E, Wal-
ter Jens (2017) A critical assessment of the ‘sterile womb’ and ‘in utero
colonization” hypotheses: Implications for research on the pioneer infant
microbiome. Microbiome 5(1): 48.

Matamoros Sebastien, Gras Leguen Christele, Le Vacon Frangoise, Potel
Gilles, de la Cochetiere Marie France, et al. (2013) Development of intesti-
nal microbiota in infants and its impact on health. Trends in Microbiology
21(4):167-173.

Mueller Noel T, Bakacs Elizabeth, Combellick Joan, Grigoryan Zoya, Domin-
guez-Bello Maria G, et al. (2015) The infant microbiome development:
mom matters. Trends in Molecular Medicine 21(2): 109-117.

Coppa GV, Zampini L, Galeazzi T, Gabrielli O (2006) Prebiotics in human
milk: A review. Digestive and Liver Disease 38: S291-S294.

Fanaro S, Chierici R, Guerrini P, Vigi V (2007) Intestinal microflora in early
infancy: Composition and development. Acta Paediatrica 92(441): 48-55.

Yassour Moran, Vatanen Tommi, Siljander Heli, Himaldinen Anu-Maaria,
Hérkonen Taina, et al. (2016) Natural history of the infant gut microbiome
and impact of antibiotic treatment on bacterial strain diversity and stabil-
ity. Science Translational Medicine 8(343): 343ra81.

Gibson GR, Roberfroid MB (1995) Dietary modulation of the human colon-
ic microbiota: Introducing the concept of prebiotics. The Journal of Nutri-
tion 125(6): 1401-1412.

Wang Yan, Kasper Lloyd H (2014) The role of microbiome in central ner-
vous system disorders. Brain, Behaviour, and Immunity 38: 1-12.

Yoon My Young, Lee Keehoon, Yoon Sang Sun (2014) Protective role of gut
commensal microbes against intestinal infections. Journal of Microbiology
52(12): 983-989.

Reinoso Webb Cynthia, Koboziev Iurii, Furr Kathryn L, Grisham Matthew
B (2016) Protective and pro-inflammatory roles of intestinal bacteria.
Pathophysiology 23(2): 67-80.

Mantis NJ, Rol N, Corthésy B (2011) Secretory IgA’s complex roles in im-
munity and mucosal homeostasis in the gut. Mucosal Immunology 4(6):
603-611.

Peterson Lance W, Artis David (2014) Intestinal epithelial cells: Regula-
tors of barrier function and immune homeostasis. Nature Reviews Immu-
nology 14(3): 141-153.

Honda Kenya, Littman Dan R (2016) The microbiota in adaptive immune
homeostasis and disease. Nature 535(7610): 75-84.

Levy M, Thaiss CA, Elinav E (2016) Metabolites: Messengers between the
microbiota and the immune system. Genes & Development 30(14): 1589-
1597.

Zhang LS, Davies SS (2016) Microbial metabolism of dietary components
to bioactive metabolites: opportunities for new therapeutic interventions.
Genome Med 8(1): 46.

Wikoff WR, Anfora AT, Liu ], Schultz PG, Lesley SA, et al. (2009) Metabolo-
mics analysis reveals large effects of gut microflora on mammalian blood
metabolites. Proc Natl Acad Sci USA 106(10): 3698-3703.

Anonymous (2018) 3-Indolepropionic acid. Human Metabolome Data-
base. University of Alberta.

Chyan Y], Poeggeler B, Omar RA, Chain DG, Frangione B, et al. (1999) Po-
tent neuroprotective properties against the Alzheimer beta-amyloid by an

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

endogenous melatonin-related indole structure, indole-3-propionic acid. ]
Biol Chem 274(31): 21937-21942.

Gibson Glenn R (2004) Fibre and effects on probiotics (the prebiotic con-
cept). Clinical Nutrition Supplements 1(2): 25-31.

Hopper Christopher P, De La Cruz Ladie Kimberly, Lyles Kristin V, Ware-
ham Lauren K, Gilbert Jack A, et al. (2020) Role of Carbon Monoxide in
Host-Gut Microbiome Communication. Chemical Reviews 120(24):
13273-13311.

Rajili¢-Stojanovi¢ Mirjana, De Vos Willem M (2014) The first 1000 cul-
tured species of the human gastrointestinal microbiota. FEMS Microbiolo-
gy Reviews 38(5): 996-1047.

Hill MJ (1997) Intestinal flora and endogenous vitamin synthesis. Europe-
an Journal of Cancer Prevention 6(Suppl 1): S43-S45

Anonymous (2020).The Microbiome. Tufts Now. 2013-09-17.

ElRakaiby M, Dutilh BE, Rizkallah MR, Boleij A, Cole N, et al. (2014) Phar-
macomicrobiomics: The impact of human microbiome variations on sys-
tems pharmacology and personalized therapeutics. Omics 18(7): 402-414.

Cho I, Blaser MJ (2012) The human microbiome: At the interface of health
and disease. Nature Reviews. Genetics 13(4): 260-270.

Hutter T, Gimbert C, Bouchard F, Lapointe F] (2015) Being human is a gut
feeling. Microbiome 3: 9.

Kumar K, Dhoke GV, Sharma AK, Jaiswal SK, Sharma VK (2019) Mecha-
nistic elucidation of amphetamine metabolism by tyramine oxidase from
human gut microbiota using molecular dynamics simulations. Journal of
Cellular Biochemistry 120(7): 11206-11215.

Sousa Tiago, Paterson Ronnie, Moore Vanessa, Carlsson Anders, Abraha-
msson Bertil, et al. (2008) The gastrointestinal microbiota as a site for
the biotransformation of drugs. International Journal of Pharmaceutics
363(1-2): 1-25.

Haiser HJ, Gootenberg DB, Chatman K, Sirasani G, Balskus EP, et al. (2013)
Predicting and Manipulating Cardiac Drug Inactivation by the Human Gut
Bacterium Eggerthella lenta. Science 341(6143): 295-298.

Mayer EA, Knight R, Mazmanian SK, Cryan JE Tillisch K, et al. (2014) Gut
Microbes and the Brain: Paradigm Shift in Neuroscience. Journal of Neuro-
science 34(46): 15490-15496.

Dinan Timothy G, Cryan John F (2015) The impact of gut microbiota on
brain and behaviour. Current Opinion in Clinical Nutrition and Metabolic
Care 18(6): 552-558.

Wang Huiying, Lee In Seon, Braun Christoph, Enck Paul (2016) Effect of
Probiotics on Central Nervous System Functions in Animals and Humans:
A Systematic Review. Journal of Neurogastroenterology and Motility
22(4): 589-605.

Carman Robert ], Simon Mary Alice, Fernandez Haydée, Miller Margaret
A, Bartholomew Mary ], et al. (2004) Ciprofloxacin at low levels disrupts
colonization resistance of human fecal microflora growing in chemostats.
Regulatory Toxicology and Pharmacology 40(3): 319-326.

Brandt Lawrence ], Borody Thomas Julius, Campbell Jordana (2011) En-
doscopic Fecal Microbiota Transplantation. Journal of Clinical Gastroen-
terology 45(8): 655-657.

Knight DJW, Girling KJ (2003) Gut flora in health and disease. The Lancet
361(9371): 512-519.

Cho I, Yamanishi S, Cox L, Methé BA, Zavadil ], et al. (2012) Antibiotics
in early life alter the murine colonic microbiome and adiposity. Nature
488(7413): 621-626.

Schneiderhan ], Master-Hunter T, Locke A (2016) Targeting gut flora to
treat and prevent disease. The Journal of Family Practice 65(1): 34-38.

Copyright@ SG Borkar | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007655.

39744


https://dx.doi.org/10.26717/BJSTR.2023.48.007655
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0036957
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0036957
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0036957
https://bmcbiol.biomedcentral.com/articles/10.1186/s12915-017-0454-7
https://bmcbiol.biomedcentral.com/articles/10.1186/s12915-017-0454-7
https://bmcbiol.biomedcentral.com/articles/10.1186/s12915-017-0454-7
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-017-0268-4
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-017-0268-4
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-017-0268-4
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-017-0268-4
https://pubmed.ncbi.nlm.nih.gov/23332725/
https://pubmed.ncbi.nlm.nih.gov/23332725/
https://pubmed.ncbi.nlm.nih.gov/23332725/
https://pubmed.ncbi.nlm.nih.gov/23332725/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4464665/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4464665/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4464665/
https://pubmed.ncbi.nlm.nih.gov/17259094/
https://pubmed.ncbi.nlm.nih.gov/17259094/
https://pubmed.ncbi.nlm.nih.gov/14599042/
https://pubmed.ncbi.nlm.nih.gov/14599042/
https://pubmed.ncbi.nlm.nih.gov/27306663/
https://pubmed.ncbi.nlm.nih.gov/27306663/
https://pubmed.ncbi.nlm.nih.gov/27306663/
https://pubmed.ncbi.nlm.nih.gov/27306663/
https://pubmed.ncbi.nlm.nih.gov/7782892/
https://pubmed.ncbi.nlm.nih.gov/7782892/
https://pubmed.ncbi.nlm.nih.gov/7782892/
https://www.sciencedirect.com/science/article/abs/pii/S0889159113006004
https://www.sciencedirect.com/science/article/abs/pii/S0889159113006004
https://pubmed.ncbi.nlm.nih.gov/25467115/
https://pubmed.ncbi.nlm.nih.gov/25467115/
https://pubmed.ncbi.nlm.nih.gov/25467115/
https://www.nature.com/articles/nri3608
https://www.nature.com/articles/nri3608
https://www.nature.com/articles/nri3608
https://www.nature.com/articles/nature18848
https://www.nature.com/articles/nature18848
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4840492/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4840492/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4840492/
https://pubmed.ncbi.nlm.nih.gov/10419516/
https://pubmed.ncbi.nlm.nih.gov/10419516/
https://pubmed.ncbi.nlm.nih.gov/10419516/
https://pubmed.ncbi.nlm.nih.gov/10419516/
https://www.sciencedirect.com/science/article/pii/S1744116104000237
https://www.sciencedirect.com/science/article/pii/S1744116104000237
https://pubmed.ncbi.nlm.nih.gov/33089988/
https://pubmed.ncbi.nlm.nih.gov/33089988/
https://pubmed.ncbi.nlm.nih.gov/33089988/
https://pubmed.ncbi.nlm.nih.gov/33089988/
https://pubmed.ncbi.nlm.nih.gov/24861948/
https://pubmed.ncbi.nlm.nih.gov/24861948/
https://pubmed.ncbi.nlm.nih.gov/24861948/
https://pubmed.ncbi.nlm.nih.gov/9167138/
https://pubmed.ncbi.nlm.nih.gov/9167138/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4086029/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4086029/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4086029/
https://www.nature.com/articles/nrg3182
https://www.nature.com/articles/nrg3182
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-015-0076-7
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-015-0076-7
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.28396
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.28396
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.28396
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcb.28396
https://pubmed.ncbi.nlm.nih.gov/18682282/
https://pubmed.ncbi.nlm.nih.gov/18682282/
https://pubmed.ncbi.nlm.nih.gov/18682282/
https://pubmed.ncbi.nlm.nih.gov/18682282/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3736355/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3736355/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3736355/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4228144/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4228144/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4228144/
https://pubmed.ncbi.nlm.nih.gov/26372511/
https://pubmed.ncbi.nlm.nih.gov/26372511/
https://pubmed.ncbi.nlm.nih.gov/26372511/
https://pubmed.ncbi.nlm.nih.gov/27413138/
https://pubmed.ncbi.nlm.nih.gov/27413138/
https://pubmed.ncbi.nlm.nih.gov/27413138/
https://pubmed.ncbi.nlm.nih.gov/27413138/
https://www.sciencedirect.com/science/article/abs/pii/S0273230004001242
https://www.sciencedirect.com/science/article/abs/pii/S0273230004001242
https://www.sciencedirect.com/science/article/abs/pii/S0273230004001242
https://www.sciencedirect.com/science/article/abs/pii/S0273230004001242
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4836576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4836576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4836576/
https://pubmed.ncbi.nlm.nih.gov/12583961/
https://pubmed.ncbi.nlm.nih.gov/12583961/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3553221/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3553221/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3553221/
https://pubmed.ncbi.nlm.nih.gov/26845162/
https://pubmed.ncbi.nlm.nih.gov/26845162/

Volume 48- Issue 3

DOI:.10.26717/BJSTR.2023.48.007655

71. Baker Monya (2012) Pregnancy alters resident gut microbes. Nature.
11118.

72. Kamboj AK, Cotter TG, Oxentenko AS (2017) Helicobacter pylori: The Past,
Present, and Future in Management. Mayo Clinic Proceedings 92(4): 599-
604.

73. Anonymous (2020) Peptic ulcer disease (PDF). The Johns Hopkins Univer-
sity School of Medicine.

74. Burisch Johan, Jess Tine, Martinato Matteo, Lakatos Peter L (2013) The
burden of inflammatory bowel disease in Europe. Journal of Crohn’s and
Colitis 7(4): 322-337.

75. Blandino G, Inturri R, Lazzara F, Di Rosa M, Malaguarnera L (2016) Impact
of gut microbiota on diabetes mellitus. Diabetes & Metabolism 42(5): 303-
315.

76. Boulangé Claire L, Neves Ana Luisa, Chilloux Julien, Nicholson Jeremy K,
Dumas Marc-Emmanuel (2016) Impact of the gut microbiota on inflam-
mation, obesity, and metabolic disease. Genome Medicine 8(1): 42.

77. Saxena R, Sharma VK (2016) A Metagenomic Insight Into the Human
Microbiome: Its Implications in Health and Disease. In: D. Kumar; S. An-
tonarakis (Eds.)., Medical and Health Genomics. Elsevier Science, pp. 107-
109.

78. Spiller Robin (2016) Irritable bowel syndrome: New insights into symp-
tom mechanisms and advances in treatment. F1000Research 5: 780.

79. Arrieta Marie-Claire, Stiemsma Leah T, Dimitriu Pedro A, Thorson Lisa,
Russell Shannon, et al. (2015). Early infancy microbial and metabolic al-
terations affect risk of childhood asthma. Science Translational Medicine
7 (307): 307ral52.

80. Stiemsma Leah T, Turvey Stuart E (2017) Asthma and the microbiome:
Defining the critical window in early life. Allergy, Asthma & Clinical Im-
munology 13: 3.

81. Ipci Kagan, Altintoprak Niyazi, Muluk Nuray Bayar, Senturk Mehmet, Cin-
gi Cemal (2016) The possible mechanisms of the human microbiome in
allergic diseases. European Archives of Oto-Rhino-Laryngology 274(2):
617-626

82. Marifo E, Richards JL, McLeod KH, Stanley D, Yap YA, et al. (2017) Gut mi-
crobial metabolites limit the frequency of autoimmune T cells and protect
against type 1 diabetes. Nature Immunology 18(5): 552-562.

83. Bettelli E, Carrier Y, Gao W, Korn T, Strom TB, et al. (2006) Reciprocal de-
velopmental pathways for the generation of pathogenic effector TH17 and
regulatory T cells. Nature 441(7090): 235-238.

84. Sdemann MD, Bohmig GA, Osterreicher CH, Burtscher H, Parolini O, et al.
(2000) Anti-inflammatory effects of sodium butyrate on human mono-
cytes: potent inhibition of IL-12 and up-regulation of IL-10 production.
The FASEB Journal 14(15): 2380-2382.

85. Mazidi Mohsen, Rezaie Peyman, Kengne Andre Pascal, Mobarhan Majid
Ghayour, Ferns Gordon A (2016) Gut microbiome and metabolic syn-
drome. Diabetes & Metabolic Syndrome: Clinical Research & Reviews
10(2): S150-S157.

86. Chen Xiao, d’Souza Roshan, Hong Seong-Tshool (2013) The role of gut mi-
crobiota in the gut-brain axis: Current challenges and perspectives. Pro-
tein & Cell 4(6): 403-414.

87. Minemura Masami (2015) Gut microbiota and liver diseases. World Jour-
nal of Gastroenterology 21(6): 1691-1702.

88. Syn Nicholas L, Teng Michele WL, Mok Tony SK, Soo Ross A (2017) De-no-
vo and acquired resistance to immune checkpoint targeting. The Lancet
Oncology 18 (12): e731-e741.

89. Maier Lisa, Pruteanu Mihaela, Kuhn Michael, Zeller Georg, Telzerow Anja,
et al. (2018) Extensive impact of non-antibiotic drugs on human gut bac-
teria. Nature 555(7698): 623-628.

90. Hill Colin, Guarner Francisco, Reid Gregor, Gibson Glenn R, Merenstein
Daniel ], et al. (2014) The International Scientific Association for Probi-
otics and Prebiotics consensus statement on the scope and appropriate
use of the term probiotic. Nature Reviews Gastroenterology & Hepatology
11(8): 506-514.

91. Rijkers Ger T, De Vos Willem M, Brummer Robert-Jan, Morelli Lorenzo,
Corthier Gerard, et al. (2011) Health benefits and health claims of probi-
otics: Bridging science and marketing. British Journal of Nutrition 106(9):
1291-1296.

92. Hutkins Robert W, Krumbeck Janina A, Bindels Laure B, Cani Patrice D,
Fahey George, et al. (2016) Prebiotics: Why definitions matter. Current
Opinion in Biotechnology 37: 1-7.

93. Pandey Kavita R, Naik Suresh R, Vakil Babu V (2015) Probiotics, prebiotics
and synbiotics- a review. Journal of Food Science and Technology 52(12):
7577-7587.

94. Broeckx Géraldine, Vandenheuvel Dieter, Claes Ingmar J], Lebeer Sarah,
Kiekens Filip, et al. (2016) Drying techniques of probiotic bacteria as an
important step towards the development of novel pharmabiotics (PDF).
International Journal of Pharmaceutics 505(1-2): 303-318.

95. Sleator Roy D, Hill Colin (2009) Rational Design of Improved Pharmabiot-
ics. Journal of Biomedicine and Biotechnology 2009: 275287.

96. Patterson Elaine, Cryan John F, Fitzgerald Gerald F, Ross R Paul, Dinan
Timothy G, et al. (2014) Gut microbiota, the pharmabiotics they produce
and host health. Proceedings of the Nutrition Society 73(4): 477-489.

97. Ford Alexander C, Quigley Eamonn M M, Lacy Brian E, Lembo Anthony ],
Saito Yuri A, et al. (2014) Efficacy of Prebiotics, Probiotics and Synbiotics
in Irritable Bowel Syndrome and Chronic Idiopathic Constipation: System-
atic Review and Meta-analysis. The American Journal of Gastroenterology
109(10): 1547-1561.

98. Dupont Andrew, Richards, Jelinek Katherine A, Krill Joseph, Rahimi Erik,
etal. (2014) Systematic review of randomized controlled trials of probiot-
ics, prebiotics, and synbiotics in inflammatory bowel disease. Clinical and
Experimental Gastroenterology 7: 473-487.

99. Yu Cheng Gong, Huang Qin (2013) Recent progress on the role of gut mi-
crobiota in the pathogenesis of inflammatory bowel disease. Journal of
Digestive Diseases 14(10): 513-517.

100. Fabio Minervini, Giuseppe Celano, Anna Lattanzi, Luigi Tedone, Giu-
seppe De Mastro, et al. (2015) Lactic Acid Bacteria in Durum Wheat Flour
Are Endophytic Components of the Plant during Its Entire Life Cycle. Ap-
plied and Environmental Microbiology 81(19): 6736-48.

101. Li Zhou, Wei Wang, Jun Huang, Yu Ding, Zhougiang Pan, et al. (2016)
In vitro extraction and fermentation of polyphenols from grape seeds
(Vitis vinifera) by human intestinal microbiota. Food and Function 7(4):
1959-1967.

102. Abror M (2018) The Effect of Rice Washing Water and Lactobacilus
Bacteria on the Growth and Production of Mustard. Nabatia 6(2): 93-97.

103. Kelly W, L Ward (2002) Genotypic vs. phenotypic biodiversity in
Lactococcus lactis. Microbiology148(11): 3332-3333.

104. Kelly W], G P Davey, L ] Ward (1998) Characterization of lactococci
isolated from minimally processed fresh fruit and vegetables. Int. J. Food

Microbiol 45(2): 85-92.

105. Ayad E H, A Verheul, C De Jong, ] T Wouters, G Smit (1999) Flavour
forming abilities and amino acid requirements of Lactococcus lactis strains
isolated from artisanal and non-dairy origin. Int Dairy ] 9(10): 725-735.

106. Smit B A, W] Engels, ] T Wouters, G Smit (2004). Diversity of L-leu-
cine catabolism in various microorganisms involved in dairy fermenta-
tions, and identification of the rate-controlling step in the formation of the
potent flavour component 3-methylbutanal. Appl Microbiol Biotechnol

64(3): 396-402.

Copyright@ SG Borkar | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007655.

39745


https://dx.doi.org/10.26717/BJSTR.2023.48.007655
https://www.nature.com/articles/nature.2012.11118
https://www.nature.com/articles/nature.2012.11118
https://pubmed.ncbi.nlm.nih.gov/28209367/
https://pubmed.ncbi.nlm.nih.gov/28209367/
https://pubmed.ncbi.nlm.nih.gov/28209367/
https://www.hopkinsmedicine.org/gastroenterology_hepatology/_docs/_pdfs/esophagus_stomach/peptic_ulcer_disease.pdf
https://www.hopkinsmedicine.org/gastroenterology_hepatology/_docs/_pdfs/esophagus_stomach/peptic_ulcer_disease.pdf
https://pubmed.ncbi.nlm.nih.gov/23395397/
https://pubmed.ncbi.nlm.nih.gov/23395397/
https://pubmed.ncbi.nlm.nih.gov/23395397/
https://pubmed.ncbi.nlm.nih.gov/27179626/
https://pubmed.ncbi.nlm.nih.gov/27179626/
https://pubmed.ncbi.nlm.nih.gov/27179626/
https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-016-0303-2
https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-016-0303-2
https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-016-0303-2
https://www.sciencedirect.com/science/article/pii/B9780124201965000095
https://www.sciencedirect.com/science/article/pii/B9780124201965000095
https://www.sciencedirect.com/science/article/pii/B9780124201965000095
https://www.sciencedirect.com/science/article/pii/B9780124201965000095
https://pubmed.ncbi.nlm.nih.gov/27158477/
https://pubmed.ncbi.nlm.nih.gov/27158477/
https://pubmed.ncbi.nlm.nih.gov/26424567/
https://pubmed.ncbi.nlm.nih.gov/26424567/
https://pubmed.ncbi.nlm.nih.gov/26424567/
https://pubmed.ncbi.nlm.nih.gov/26424567/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5217603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5217603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5217603/
https://pubmed.ncbi.nlm.nih.gov/27115907/
https://pubmed.ncbi.nlm.nih.gov/27115907/
https://pubmed.ncbi.nlm.nih.gov/27115907/
https://pubmed.ncbi.nlm.nih.gov/27115907/
https://pubmed.ncbi.nlm.nih.gov/28346408/
https://pubmed.ncbi.nlm.nih.gov/28346408/
https://pubmed.ncbi.nlm.nih.gov/28346408/
https://www.nature.com/articles/nature04753
https://www.nature.com/articles/nature04753
https://www.nature.com/articles/nature04753
https://faseb.onlinelibrary.wiley.com/doi/epdf/10.1096/fj.00-0359fje
https://faseb.onlinelibrary.wiley.com/doi/epdf/10.1096/fj.00-0359fje
https://faseb.onlinelibrary.wiley.com/doi/epdf/10.1096/fj.00-0359fje
https://faseb.onlinelibrary.wiley.com/doi/epdf/10.1096/fj.00-0359fje
https://pubmed.ncbi.nlm.nih.gov/26916014/
https://pubmed.ncbi.nlm.nih.gov/26916014/
https://pubmed.ncbi.nlm.nih.gov/26916014/
https://pubmed.ncbi.nlm.nih.gov/26916014/
https://pubmed.ncbi.nlm.nih.gov/23686721/
https://pubmed.ncbi.nlm.nih.gov/23686721/
https://pubmed.ncbi.nlm.nih.gov/23686721/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4323444/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4323444/
https://pubmed.ncbi.nlm.nih.gov/29208439/
https://pubmed.ncbi.nlm.nih.gov/29208439/
https://pubmed.ncbi.nlm.nih.gov/29208439/
https://www.nature.com/articles/nature25979
https://www.nature.com/articles/nature25979
https://www.nature.com/articles/nature25979
https://www.nature.com/articles/nrgastro.2014.66
https://www.nature.com/articles/nrgastro.2014.66
https://www.nature.com/articles/nrgastro.2014.66
https://www.nature.com/articles/nrgastro.2014.66
https://www.nature.com/articles/nrgastro.2014.66
https://pubmed.ncbi.nlm.nih.gov/21861940/
https://pubmed.ncbi.nlm.nih.gov/21861940/
https://pubmed.ncbi.nlm.nih.gov/21861940/
https://pubmed.ncbi.nlm.nih.gov/21861940/
https://pubmed.ncbi.nlm.nih.gov/26431716/
https://pubmed.ncbi.nlm.nih.gov/26431716/
https://pubmed.ncbi.nlm.nih.gov/26431716/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4648921/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4648921/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4648921/
https://www.sciencedirect.com/science/article/abs/pii/S0378517316302770
https://www.sciencedirect.com/science/article/abs/pii/S0378517316302770
https://www.sciencedirect.com/science/article/abs/pii/S0378517316302770
https://www.sciencedirect.com/science/article/abs/pii/S0378517316302770
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2742647/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2742647/
https://pubmed.ncbi.nlm.nih.gov/25196939/
https://pubmed.ncbi.nlm.nih.gov/25196939/
https://pubmed.ncbi.nlm.nih.gov/25196939/
https://pubmed.ncbi.nlm.nih.gov/25070051/
https://pubmed.ncbi.nlm.nih.gov/25070051/
https://pubmed.ncbi.nlm.nih.gov/25070051/
https://pubmed.ncbi.nlm.nih.gov/25070051/
https://pubmed.ncbi.nlm.nih.gov/25070051/
https://pubmed.ncbi.nlm.nih.gov/25525379/
https://pubmed.ncbi.nlm.nih.gov/25525379/
https://pubmed.ncbi.nlm.nih.gov/25525379/
https://pubmed.ncbi.nlm.nih.gov/25525379/
https://pubmed.ncbi.nlm.nih.gov/23848393/
https://pubmed.ncbi.nlm.nih.gov/23848393/
https://pubmed.ncbi.nlm.nih.gov/23848393/
https://pubmed.ncbi.nlm.nih.gov/26187970/
https://pubmed.ncbi.nlm.nih.gov/26187970/
https://pubmed.ncbi.nlm.nih.gov/26187970/
https://pubmed.ncbi.nlm.nih.gov/26187970/
https://pubs.rsc.org/en/content/articlelanding/2016/fo/c6fo00032k
https://pubs.rsc.org/en/content/articlelanding/2016/fo/c6fo00032k
https://pubs.rsc.org/en/content/articlelanding/2016/fo/c6fo00032k
https://pubs.rsc.org/en/content/articlelanding/2016/fo/c6fo00032k
https://nabatia.umsida.ac.id/index.php/nabatia/article/view/1083
https://nabatia.umsida.ac.id/index.php/nabatia/article/view/1083
https://pubmed.ncbi.nlm.nih.gov/12427924/
https://pubmed.ncbi.nlm.nih.gov/12427924/
https://pubmed.ncbi.nlm.nih.gov/9924939/
https://pubmed.ncbi.nlm.nih.gov/9924939/
https://pubmed.ncbi.nlm.nih.gov/9924939/
https://www.sciencedirect.com/science/article/abs/pii/S0958694699001405
https://www.sciencedirect.com/science/article/abs/pii/S0958694699001405
https://www.sciencedirect.com/science/article/abs/pii/S0958694699001405
https://pubmed.ncbi.nlm.nih.gov/14624315/
https://pubmed.ncbi.nlm.nih.gov/14624315/
https://pubmed.ncbi.nlm.nih.gov/14624315/
https://pubmed.ncbi.nlm.nih.gov/14624315/
https://pubmed.ncbi.nlm.nih.gov/14624315/

Volume 48- Issue 3

DOI: 10.26717/BJSTR.2023.48.007655

107. Smit B A, ] E van Hylckama Vlieg, W ] Engels, L Meijer, ] T Wouters
et al. (2005) Identification, cloning, and characterization of a Lactococcus
lactis branched-chain a-keto acid decarboxylase involved in flavor forma-
tion. Appl Environ Microbiol 71(1): 303-311.

108. Tanous C, A Kieronczyk, S Helinck, E Chambellon, M Yvon (2002)
Glutamate dehydrogenase activity: a major criterion for the selection
of flavour-producing lactic acid bacteria strains. Antonie Leeuwenhoek
82(1-4): 271-278.

109. Amin M, Jorfi M, Khosravi A D, Samarbafzadeh A R, Sheikh A F
(2009). Isolation and identification of Lactobacillus casei and Lactoba-
cillus plantarum from plants by PCR and detection of their antibacterial
activity. Journal of Biological Sciences 9(8): 810-814.

110. Murphy J, Riley JP (1962) A modified single solution method for the
determination of phosphate in natural waters. Anal Chim Acta 27: 31-36.

111. Thomas Miiller, A Ulrich, E M Ott, Marina E H Miiller (2001) Identi-
fication of plant-associated Enterococci. Journal of Applied Microbiology
91(2): 268-78.

112. C M A P Franz, W H Holzapfel (2006) Enterococci. In: Emerging
Foodborne Pathogens. 20.2.1. Environment.

113. Lee Ko Eun, Radhakrishnan Ramalingam, Kang Sang Mo, You Young
Hyun, Joo Gil Jae, et al. (2015) Enterococcus faecium LKE12 Cell-Free Ex-
tract Accelerates Host Plant Growth via Gibberellin and Indole-3-Acetic
Acid Secretion. Journal of Microbiology and Biotechnology 25(9): 1467-
1475.

114. Thierry L, M G Mason, M A Ragan, P Hugenholtz (2014) Yeast as a
Bio-fertilizer Alters Plant Growth and Morphology. Crop Sciences 54(2):
461-862.

115. De Bellis P, A Sisto, P Lavermicocca (2021) Probiotic bacteria and
plant based matrices: An association with improved health-promoting
features. Journal of Functional Food 87: 104821.

116. Betoret N, L Puente, M] Diaz, M] Garcia, ML Gras, etal. (2003) Devel-
opment of probiotic-enriched dried fruits by vacuum impregnation. Jour-
nal of Food Engineering 56: 273-277.

117. Valerio F, MG Volpe, G Santagata, M Di Biase, SL Lonigro, et al.
(2020) The viability of probiotic Lactobacillus paracasei IMPC2.1 coating
on apple slices during dehydration and simulated gastro-intestinal diges-
tion. Food Bioscience 34: 100533.

118. Alvarez MV, MF Bambace, G Quintana, A Gomez Zavaglia, et al.
(2021) Prebiotic-alginate edible coating on fresh-cut apple as a new carri-
er for probiotic lactobacilli and bifidobacteria. Lebensmittel-Wissenschaft
und -Technologie- Food Science and Technology 137

119. Bolotin A, Wincker P, Mauger S, Jaillon O, Malarme K, et al. (2001)
The complete genome sequence of the lactic acid bacterium Lactococcus
lactis ssp. lactis IL1403. Genome Res 11(5): 731-753.

120. Parapouli M, Delbes-Paus C, Kakouri A, Koukkou Al, Montel MC, et
al. (2013) Characterization of a wild, novel nisin a-producing Lactococcus
strain with an L. lactis subsp. cremoris genotype and an L. lactis subsp.
lactis phenotype, isolated from Greek raw milk. Appl Environ Microbiol
79(11): 3476-3484.

121. Duwat P, Sourice S, Cesselin B, Lamberet G, Vido K, et al. (2001) Res-
piration capacity of the fermenting bacterium Lactococcus lactis and its
positive effects on growth and survival. ] Bacteriol 183(15): 4509-4516.

122. Garrigues C, Loubiere P, Lindley ND, Cocaign-Bousquet M (1997)
Control of the shift from homolactic acid to mixed-acid fermentation in
Lactococcus lactis: predominant role of the NADH/NAD+ ratio. ] Bacteriol
179(17): 5282-5287.

124. Christiansen ] (2018) Infections by the Numbers. Sci Am 318: 48-
49.

125. Tanwar J, Das S, Fatima Z, Hameed S (2014) Multidrug Resistance:
An Emerging Crisis. Interdiscip Perspect Infect Dis, pp. 541340.

126. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, et al.
(2018) Discovery, research, and development of new antibiotics: The
WHO priority list of antibiotic-resistant bacteria and tuberculosis. Lancet
Infect Dis 18(3): 318-327.

127. Hidron A I, Edwards | R, Patel ], Horan T C, Sievert D M, et al. (2008)
NHSN annual update: Antimicrobial resistant pathogens associated with
healthcare-associated infections: Annual summary of data reported to the
National Healthcare Safety Network at the Centers for Disease Control and
Prevention, 2006-2007. Infect Control Hosp Epidemiol 29(11): 996-1011.

128. WHO (2021) Antimicrobial Resistance.

129. Salminen S, Nybom S, Meriluoto ], Collado M C, Vesterlund S, et
al. (2010) Interaction of probiotics and pathogens— Benefits to human
health? Curr Opin Biotechnol 21(2): 157-167.

130. Janiszewska-Turak E, Hornowska %, Pobiega K, Gniewosz M,
Witrowa-Rajchert D (2021) The influence of Lactobacillus bacteria type
and kind of carrier on the properties of spray-dried microencapsules of
fermented beetroot powders. Int ] Food Sci Technol 56(5): 2166-2174.

131. Janiszewska-Turak E, Kotakowska W, Pobiega K, Gramza-Mi-
chatowska A (2021) Influence of Drying Type of Selected Fermented Veg-
etables Pomace on the Natural Colorants and Concentration of Lactic Acid
Bacteria. Appl Sci 11(17): 7864.

132. Blazenka K, Jasna B, Andreja Lebo$ P, Ksenija H, Sre’cko M, et al.
(2010) Antimicrobial Activity: The Most Important Property of Probiotic
and Starter Lactic Acid Bacteria. Food Technol Biotechnol 48(3): 296-307.

133. Maragkoudakis P A, Mountzouris K C, Psyrras D, Cremonese S,
Fischer ], et al. (2009) Functional properties of novel protective lactic acid
bacteria and application in raw chicken meat against Listeria monocyto-
genes and Salmonella enteritidis. Int ] Food Microbiol 130(3): 219-226.

134. Arasu MV, Kim D H, Kim P I, Jung M W, Ilavenil S, et al. (2014) In vi-
tro antifungal, probiotic and antioxidant properties of novel Lactobacillus
plantarum K46 isolated from fermented sesame leaf. Ann Microbiol 64:
1333-1346.

135. Kang HJ, Im S H (2015) Probiotics as an Immune Modulator. ] Nutr
Sci Vitaminol 61: S103-S105.

136. Garriga M, Rubio R, Aymerich T, Ruas-Madiedo P (2015) Potentially
probiotic and bioprotective lactic acid bacteria starter cultures antagonise
the Listeria monocytogenes adhesion to HT29 colonocyte-like cells. Benef
Microbes 6(3): 337-343.

137. Abdel-Daim A, Hassouna N, Hafez M, Ashor M S, Aboulwafa M M
(2013) Antagonistic activity of Lactobacillus isolates against Salmonella
typhi in vitro. Biomed Res Int, pp. 680605.

138. Nuryshev M Z, Stoyanova L, Netrusov A [ (2016) New Probiotic
Culture of Lactococcus lactis ssp. lactis: Effective Opportunities and Pros-
pects. ] Microb Biochem Technol 8: 290-295.

139. Cotter P D, Hill C, Ross R P (2005) Bacteriocins: Developing innate
immunity for food. Nat Rev Microbiol 3: 777-788.

140. Savadogo A, Ouattara C, Bassolé I, Traore A (2004) Antimicrobial
Activities of Lactic Acid Bacteria Strains Isolated from Burkina Faso Fer-
mented Milk. Pak ] Nutr 3: 174-179.

141. Soundharrajan I, Kim D, Kuppusamy P, Muthusamy K, Lee H J, et al.
(2019) Probiotic and Triticale Silage Fermentation Potential of Pediococ-
cus pentosaceus and Lactobacillus brevis and Their Impacts on Pathogen-

123. Soundharrajan I, Yoon Y H, Muthusamy K, Jung J S, Lee H ], et al. ; ; . . )
(2021) Isolation of Lactococcus lactis from Whole Crop Rice and Deter- ic Bacteria. Microorganisms 7(9): 318.
mining Its Probiotic and Antimicrobial Properties towards Gastrointesti- 147 Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: Molec-
nal Associated Bacteria. Microorganisms 9(12): 2513.
Copyright@ SG Borkar | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007655. 39746


https://dx.doi.org/10.26717/BJSTR.2023.48.007655
https://pubmed.ncbi.nlm.nih.gov/15640202/
https://pubmed.ncbi.nlm.nih.gov/15640202/
https://pubmed.ncbi.nlm.nih.gov/15640202/
https://pubmed.ncbi.nlm.nih.gov/15640202/
https://pubmed.ncbi.nlm.nih.gov/12369193/
https://pubmed.ncbi.nlm.nih.gov/12369193/
https://pubmed.ncbi.nlm.nih.gov/12369193/
https://pubmed.ncbi.nlm.nih.gov/12369193/
https://www.cabdirect.org/cabdirect/abstract/20103044295
https://www.cabdirect.org/cabdirect/abstract/20103044295
https://www.cabdirect.org/cabdirect/abstract/20103044295
https://www.cabdirect.org/cabdirect/abstract/20103044295
https://www.sciencedirect.com/science/article/abs/pii/S0003267000884445
https://www.sciencedirect.com/science/article/abs/pii/S0003267000884445
https://pubmed.ncbi.nlm.nih.gov/11473591/
https://pubmed.ncbi.nlm.nih.gov/11473591/
https://pubmed.ncbi.nlm.nih.gov/11473591/
https://pubmed.ncbi.nlm.nih.gov/25907061/
https://pubmed.ncbi.nlm.nih.gov/25907061/
https://pubmed.ncbi.nlm.nih.gov/25907061/
https://pubmed.ncbi.nlm.nih.gov/25907061/
https://pubmed.ncbi.nlm.nih.gov/25907061/
https://www.sciencedirect.com/science/article/abs/pii/S0260877402002686
https://www.sciencedirect.com/science/article/abs/pii/S0260877402002686
https://www.sciencedirect.com/science/article/abs/pii/S0260877402002686
https://www.sciencedirect.com/science/article/abs/pii/S2212429218310411
https://www.sciencedirect.com/science/article/abs/pii/S2212429218310411
https://www.sciencedirect.com/science/article/abs/pii/S2212429218310411
https://www.sciencedirect.com/science/article/abs/pii/S2212429218310411
https://pubmed.ncbi.nlm.nih.gov/11337471/
https://pubmed.ncbi.nlm.nih.gov/11337471/
https://pubmed.ncbi.nlm.nih.gov/11337471/
https://pubmed.ncbi.nlm.nih.gov/23542625/
https://pubmed.ncbi.nlm.nih.gov/23542625/
https://pubmed.ncbi.nlm.nih.gov/23542625/
https://pubmed.ncbi.nlm.nih.gov/23542625/
https://pubmed.ncbi.nlm.nih.gov/23542625/
https://pubmed.ncbi.nlm.nih.gov/11443085/
https://pubmed.ncbi.nlm.nih.gov/11443085/
https://pubmed.ncbi.nlm.nih.gov/11443085/
https://pubmed.ncbi.nlm.nih.gov/9286977/
https://pubmed.ncbi.nlm.nih.gov/9286977/
https://pubmed.ncbi.nlm.nih.gov/9286977/
https://pubmed.ncbi.nlm.nih.gov/9286977/
https://pubmed.ncbi.nlm.nih.gov/34946115/
https://pubmed.ncbi.nlm.nih.gov/34946115/
https://pubmed.ncbi.nlm.nih.gov/34946115/
https://pubmed.ncbi.nlm.nih.gov/34946115/
https://www.scientificamerican.com/article/global-infections-by-the-numbers/
https://www.scientificamerican.com/article/global-infections-by-the-numbers/
https://pubmed.ncbi.nlm.nih.gov/25140175/
https://pubmed.ncbi.nlm.nih.gov/25140175/
https://pubmed.ncbi.nlm.nih.gov/29276051/
https://pubmed.ncbi.nlm.nih.gov/29276051/
https://pubmed.ncbi.nlm.nih.gov/29276051/
https://pubmed.ncbi.nlm.nih.gov/29276051/
https://pubmed.ncbi.nlm.nih.gov/18947320/
https://pubmed.ncbi.nlm.nih.gov/18947320/
https://pubmed.ncbi.nlm.nih.gov/18947320/
https://pubmed.ncbi.nlm.nih.gov/18947320/
https://pubmed.ncbi.nlm.nih.gov/18947320/
https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
https://pubmed.ncbi.nlm.nih.gov/20413293/
https://pubmed.ncbi.nlm.nih.gov/20413293/
https://pubmed.ncbi.nlm.nih.gov/20413293/
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.14915
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.14915
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.14915
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.14915
https://www.mdpi.com/2076-3417/11/17/7864
https://www.mdpi.com/2076-3417/11/17/7864
https://www.mdpi.com/2076-3417/11/17/7864
https://www.mdpi.com/2076-3417/11/17/7864
https://hrcak.srce.hr/file/87212
https://hrcak.srce.hr/file/87212
https://hrcak.srce.hr/file/87212
https://pubmed.ncbi.nlm.nih.gov/19249112/
https://pubmed.ncbi.nlm.nih.gov/19249112/
https://pubmed.ncbi.nlm.nih.gov/19249112/
https://pubmed.ncbi.nlm.nih.gov/19249112/
https://annalsmicrobiology.biomedcentral.com/articles/10.1007/s13213-013-0777-8
https://annalsmicrobiology.biomedcentral.com/articles/10.1007/s13213-013-0777-8
https://annalsmicrobiology.biomedcentral.com/articles/10.1007/s13213-013-0777-8
https://annalsmicrobiology.biomedcentral.com/articles/10.1007/s13213-013-0777-8
https://pubmed.ncbi.nlm.nih.gov/26598815/
https://pubmed.ncbi.nlm.nih.gov/26598815/
https://pubmed.ncbi.nlm.nih.gov/25488261/
https://pubmed.ncbi.nlm.nih.gov/25488261/
https://pubmed.ncbi.nlm.nih.gov/25488261/
https://pubmed.ncbi.nlm.nih.gov/25488261/
https://www.hindawi.com/journals/bmri/2013/680605/
https://www.hindawi.com/journals/bmri/2013/680605/
https://www.hindawi.com/journals/bmri/2013/680605/
https://www.walshmedicalmedia.com/open-access/new-probiotic-culture-of-lactococcus-lactis-ssp-lactis-effectiveopportunities-and-prospects-1948-5948-1000299.pdf
https://www.walshmedicalmedia.com/open-access/new-probiotic-culture-of-lactococcus-lactis-ssp-lactis-effectiveopportunities-and-prospects-1948-5948-1000299.pdf
https://www.walshmedicalmedia.com/open-access/new-probiotic-culture-of-lactococcus-lactis-ssp-lactis-effectiveopportunities-and-prospects-1948-5948-1000299.pdf
https://pubmed.ncbi.nlm.nih.gov/16205711/
https://pubmed.ncbi.nlm.nih.gov/16205711/
https://scialert.net/abstract/?doi=pjn.2004.174.179
https://scialert.net/abstract/?doi=pjn.2004.174.179
https://scialert.net/abstract/?doi=pjn.2004.174.179
https://pubmed.ncbi.nlm.nih.gov/31487912/
https://pubmed.ncbi.nlm.nih.gov/31487912/
https://pubmed.ncbi.nlm.nih.gov/31487912/
https://pubmed.ncbi.nlm.nih.gov/31487912/
https://pubmed.ncbi.nlm.nih.gov/29722887/

Volume 48- Issue 3

DOI:.10.26717/BJSTR.2023.48.007655

ular Evolutionary Genetics Analysis across Computing Platforms. Mol Biol
Evol 35(6): 1547-1549.

143. Casarotti S N, Penna A L B (2015) Acidification profile, probiotic in
vitro gastrointestinal tolerance and viability in fermented milk with fruit
flours. Int Dairy ] 41: 1-6.

144. de Lacerda ] R M, da Silva T F, Vollu R E (2016) Generally recognized
as safe (GRAS) Lactococcus lactis strains associated with Lippia sidoides
are able to solubilize/mineralize phosphate. SpringerPlus, pp. 828.

145. Alemayehu D, Hannon JA, McAuliffe O, Ross RP (2014) Characteri-
zation of plant-derived lactococci on the basis of their volatile compounds
profile when grown in milk. Int ] Food Microbiol 172: 57-61.

146. Altier N, Beyhaut E, Pérez C (2013) Bacteria in agrobiology: crop
productivity. Springer Berlin, pp. 167-184.

147. Balemi T, Negisho K (2012) Management of soil phosphorus and
plant adaptation mechanisms to phosphorus stress for sustainable crop
production: a review. ] Soil Sci Plant Nutr 12(3): 547-561.

148. Bashan Y, Kamnev AA, de Bashan LE (2013) A proposal for isolating
and testing phosphate-solubilizing bacteria that enhance plant growth.
Biol Fertil Soils 49: 1-2.

149. Beneduzi A, Moreira F, Costa PB, Vargas LK, Lisboa BB, et al. (2013)
Diversity and plant growth promoting evaluation abilities of bacteria iso-
lated from sugarcane cultivated in the South of Brazil. Appl Soil Ecol 63:
94-104.

150. Chen W-M, Tang Y-Q, Mori K, Wu X-L (2012) Distribution of cultur-
able endophytic bacteria in aquatic plants and their potential for bioreme-
diation in polluted waters. Aquat Biol 15(2): 99-110.

151. Chung H, Park M, Madhaiyan M, Seshadri S, Song ], et al. (2005) Iso-
lation and characterization of phosphate solubilizing bacteria from the
rhizosphere of crop plants of Korea. Soil Biol Biochem 37(10): 1970-1974.

152. Cock LS, de Stouvenel AR (2006) Lactic acid production by a strain
of Lactococcus lactis subs lactis isolated from sugar cane plants. Eletron ]
Biotechnol 9(1): 40-45.

153. da Silva TF, Volld RE, Jurelevicius D, Alviano DS, Alviano CS, et al.
(2013) Does the essential oil of Lippia sidoides Cham. (pepper-rosmarin)
affect its endophytic microbial community? BMC Microbiol 13: 29.

154. De Angelis M, Gallo G, Corbo MR, McSweeney PLH, Faccia M, et al.
(2003) Phytase activity in sourdough lactic acid bacteria: purification and
characterization of a phytase from Lactobacillus sanfranciscensis CB1.
Food Microbiol 87(3): 259-270.

155. Dobbelaere S, Vanderleyden ], Okon Y (2003) Plant growth-pro-
moting effects of diazotrophs in the rhizosphere. Crit Rev Plant Sci 22(2):
107-149.

156. Golomb BL, Marco ML (2015) Lactococcus lactis metabolism and
gene expression during growth on plant tissues. ] Bacteriol 197(2): 371-
381.

157. Gronemeyer JL, Burbano CF, Hurek T, Reinhold-Hurek B (2012) Iso-
lation and characterization of root-associated bacteria from agricultural
crops in the Kavango region of Namibia. Plant Soil 356: 67-82.

158. Hammer @, Harper DAT, Ryan PD (2001) Paleontological statistics
software package for education and data analysis. Palaeontol Electron 4:
9-18.

159. Hankin L, Anagnostakis SL (1975) The use of solid media for detec-
tion of enzymes production by fungi. Mycologia 67(3): 597-607.

160. Huang H, Shi P, Wang Y, Luo H, Shao N, et al. (2009) Diversity of be-
ta-propeller phytase genes in the intestinal content of grass carp provides
insight into the release of major phosphorus from phytate in nature. Appl
Environ Microb 75(6): 1508-1516.

161. Kpomblekou K, Tabatabai MA (1994) Effect of organic acids on re-
lease of phosphorus from phosphate rocks. Soil Sci 158(6): 442-453.

162. Kumar V, Behl RK, Narula N (2001) Establishment of phosphate-sol-
ubilizing strains of Azotobacter chroococcumin the rhizosphere and their
effect on wheat cultivars under greenhouse conditions. Microbiol Res 156:
87-93.

163. Maliha R, Samina K, Najma A, Sadia A, Farooq L (2004) Organic ac-
ids production and phosphate solubilization by phosphate solubilizing
microorganisms under in vitro conditions. Pak ] Biol Sci 7(2): 187-196.

164. Massol-Deya AA, Odelson DA, Hickey RF, Tiedje JM (1995) Bacteri-
al community fingerprinting of amplified 16S and 16-23S ribosomal DNA
gene sequences and restriction endonuclease analysis (ARDRA). Molecu-
lar microbiology ecology manual, pp. 289-296.

165. Mendes R, Garbeva P, Raaijmakers JM (2013) The rhizosphere mi-
crobiome: significance of plant beneficial, plant pathogenic, and human
pathogenic microorganisms. FEMS Microbiol Rev 37(5): 634-663.

166. Nautiyal CS (1999) An efficient microbiological growth medium for
screening phosphate solubilizing microorganisms. FEMS Microbiol Lett
170(1): 265-270.

167. Procépio REL, Aratjo WL, Maccheroni W, Azevedo JL (2009) Char-
acterization of an endophytic bacterial community associated with Euca-
lyptus spp. Genet Mol Res 8(4): 1408-1422.

168. Richardson AE, Simpson R] (2011) Soil microorganisms mediating
phosphorus availability. Plant Physiol 156(3): 989-996.

169. Rosado AS, Azevedo FS, Cruz DWG, Seldin L (1998) Phenotypic and
genetic diversity of Paenibacillus azotofixans strains isolated from rhizo-
plane or rhizosphere of different grasses. ] Appl Microbiol 84(2): 216-226.

170. Rosenblueth M, Martinez-Romero E (2006) Bacterial endophytes
and their interactions with hosts. Mol Plant Microbe Interact 19(8): 827-
837.

171. Ryan RP, Germaine K, Franks A, Ryan D], Dowling DN (2008) Bacte-
rial endophytes: recent developments and applications. FEMS Microbiol
Lett 278(1): 1-9.

172. Sakurai M, Wasaki ], Tomizawa Y, Shinano T, Osaki M (2008) Anal-
ysis of bacterial communities on alkaline phosphatase genes in soil sup-
plied with organic matter. Soil Sci Plant Nutr 54(1): 62-71.

173. Salama MS, Musafija-Jeknic T, Sandine WE, Giovannoni SJ (1995)
An ecological study of lactic acid bacteria: isolation of new strains of
Lactococcus including Lactococcus lactis subsp. cremoris. | Dairy Sci
78(5):1004-1017.

174. Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a lab-
oratory manual. Cold Spring Harbor Laboratory Press.

175. Sharma SB, Sayyed RZ, Trivedi MH, Gobi TA (2013) Phosphate sol-
ubilizing microbes: sustainable approach for managing phosphorus defi-
ciency in agricultural soils. Springer plus 2: 587.

176. Somers E, Amke A, Croonenborghs A, van Overbeek LS, Vanderley-
den ] (2007) Lactic acid bacteria in organic agricultural soils. Plant Re-
search International.

177. Sridevi M, Mallaiah KV, Yadav NCS (2007) Phosphate solubilization
by Rhizobium isolates from Crotalaria species. ] Plant Sci 2(6): 635-639.

178. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGAG6:
molecular evolutionary genetics analysis version 6.0. Mol Biol Evol 30(12):
2725-2729.

179. Thompson ]D, Higgins DG, Gibson TJ (1994) CLUSTAL W: improv-
ing the sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight matrix
choice. Nucleic Acids Res 22(22): 4673-4680.

Copyright@ SG Borkar | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007655.

39747


https://dx.doi.org/10.26717/BJSTR.2023.48.007655
https://pubmed.ncbi.nlm.nih.gov/29722887/
https://pubmed.ncbi.nlm.nih.gov/29722887/
https://www.sciencedirect.com/science/article/pii/S0958694614001952
https://www.sciencedirect.com/science/article/pii/S0958694614001952
https://www.sciencedirect.com/science/article/pii/S0958694614001952
https://springerplus.springeropen.com/articles/10.1186/s40064-016-2596-4
https://springerplus.springeropen.com/articles/10.1186/s40064-016-2596-4
https://springerplus.springeropen.com/articles/10.1186/s40064-016-2596-4
https://www.sciencedirect.com/science/article/pii/S016816051300545X
https://www.sciencedirect.com/science/article/pii/S016816051300545X
https://www.sciencedirect.com/science/article/pii/S016816051300545X
https://www.researchgate.net/publication/278704623_Root_Nodule_and_Rhizosphere_Bacteria_for_Forage_Legume_Growth_Promotion_and_Disease_Management
https://www.researchgate.net/publication/278704623_Root_Nodule_and_Rhizosphere_Bacteria_for_Forage_Legume_Growth_Promotion_and_Disease_Management
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-95162012000300015
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-95162012000300015
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-95162012000300015
https://link.springer.com/article/10.1007/s00374-012-0756-4
https://link.springer.com/article/10.1007/s00374-012-0756-4
https://link.springer.com/article/10.1007/s00374-012-0756-4
https://www.sciencedirect.com/science/article/abs/pii/S0929139312002399
https://www.sciencedirect.com/science/article/abs/pii/S0929139312002399
https://www.sciencedirect.com/science/article/abs/pii/S0929139312002399
https://www.sciencedirect.com/science/article/abs/pii/S0929139312002399
https://www.researchgate.net/publication/271254196_Distribution_of_culturable_endophytic_bacteria_in_aquatic_plants_and_their_potential_for_bioremediation_in_polluted_waters
https://www.researchgate.net/publication/271254196_Distribution_of_culturable_endophytic_bacteria_in_aquatic_plants_and_their_potential_for_bioremediation_in_polluted_waters
https://www.researchgate.net/publication/271254196_Distribution_of_culturable_endophytic_bacteria_in_aquatic_plants_and_their_potential_for_bioremediation_in_polluted_waters
https://www.sciencedirect.com/science/article/abs/pii/S0038071705000957
https://www.sciencedirect.com/science/article/abs/pii/S0038071705000957
https://www.sciencedirect.com/science/article/abs/pii/S0038071705000957
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-34582006000100006
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-34582006000100006
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-34582006000100006
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-13-29
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-13-29
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-13-29
https://pubmed.ncbi.nlm.nih.gov/14527798/
https://pubmed.ncbi.nlm.nih.gov/14527798/
https://pubmed.ncbi.nlm.nih.gov/14527798/
https://pubmed.ncbi.nlm.nih.gov/14527798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4272587/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4272587/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4272587/
https://www.academia.edu/28502670/Isolation_and_characterization_of_root-associated_bacteria_from_agricultural_crops_in_the_Kavango_region_of_Namibia
https://www.academia.edu/28502670/Isolation_and_characterization_of_root-associated_bacteria_from_agricultural_crops_in_the_Kavango_region_of_Namibia
https://www.academia.edu/28502670/Isolation_and_characterization_of_root-associated_bacteria_from_agricultural_crops_in_the_Kavango_region_of_Namibia
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1540241
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1540241
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1540241
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2655465/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2655465/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2655465/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2655465/
https://journals.lww.com/soilsci/abstract/1994/15860/effect_of_organic_acids_on_release_of_phosphorus.6.aspx
https://journals.lww.com/soilsci/abstract/1994/15860/effect_of_organic_acids_on_release_of_phosphorus.6.aspx
https://www.sciencedirect.com/science/article/pii/S0944501304700142
https://www.sciencedirect.com/science/article/pii/S0944501304700142
https://www.sciencedirect.com/science/article/pii/S0944501304700142
https://www.sciencedirect.com/science/article/pii/S0944501304700142
https://scialert.net/abstract/?doi=pjbs.2004.187.196
https://scialert.net/abstract/?doi=pjbs.2004.187.196
https://scialert.net/abstract/?doi=pjbs.2004.187.196
https://link.springer.com/chapter/10.1007/978-94-011-0351-0_20
https://link.springer.com/chapter/10.1007/978-94-011-0351-0_20
https://link.springer.com/chapter/10.1007/978-94-011-0351-0_20
https://link.springer.com/chapter/10.1007/978-94-011-0351-0_20
https://academic.oup.com/femsre/article/37/5/634/540803
https://academic.oup.com/femsre/article/37/5/634/540803
https://academic.oup.com/femsre/article/37/5/634/540803
https://pubmed.ncbi.nlm.nih.gov/9919677/
https://pubmed.ncbi.nlm.nih.gov/9919677/
https://pubmed.ncbi.nlm.nih.gov/9919677/
https://pubmed.ncbi.nlm.nih.gov/19937585/
https://pubmed.ncbi.nlm.nih.gov/19937585/
https://pubmed.ncbi.nlm.nih.gov/19937585/
https://academic.oup.com/plphys/article/156/3/989/6109028
https://academic.oup.com/plphys/article/156/3/989/6109028
https://academic.oup.com/jambio/article/84/2/216/6723930
https://academic.oup.com/jambio/article/84/2/216/6723930
https://academic.oup.com/jambio/article/84/2/216/6723930
https://pubmed.ncbi.nlm.nih.gov/16903349/
https://pubmed.ncbi.nlm.nih.gov/16903349/
https://pubmed.ncbi.nlm.nih.gov/16903349/
https://pubmed.ncbi.nlm.nih.gov/18034833/
https://pubmed.ncbi.nlm.nih.gov/18034833/
https://pubmed.ncbi.nlm.nih.gov/18034833/
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1747-0765.2007.00210.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1747-0765.2007.00210.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1747-0765.2007.00210.x
https://www.sciencedirect.com/science/article/pii/S0022030295767169
https://www.sciencedirect.com/science/article/pii/S0022030295767169
https://www.sciencedirect.com/science/article/pii/S0022030295767169
https://www.sciencedirect.com/science/article/pii/S0022030295767169
https://www.cabdirect.org/cabdirect/abstract/19901616061
https://www.cabdirect.org/cabdirect/abstract/19901616061
https://springerplus.springeropen.com/articles/10.1186/2193-1801-2-587
https://springerplus.springeropen.com/articles/10.1186/2193-1801-2-587
https://springerplus.springeropen.com/articles/10.1186/2193-1801-2-587
https://www.wur.nl/en/Publication-details.htm?publicationId=publication-way-333637383237
https://www.wur.nl/en/Publication-details.htm?publicationId=publication-way-333637383237
https://www.wur.nl/en/Publication-details.htm?publicationId=publication-way-333637383237
https://www.researchgate.net/publication/282722339_Phosphate_Solubilization_by_Rhizobium_Isolates_from_Crotalaria_Species
https://www.researchgate.net/publication/282722339_Phosphate_Solubilization_by_Rhizobium_Isolates_from_Crotalaria_Species
https://pubmed.ncbi.nlm.nih.gov/24132122/
https://pubmed.ncbi.nlm.nih.gov/24132122/
https://pubmed.ncbi.nlm.nih.gov/24132122/
https://pubmed.ncbi.nlm.nih.gov/7984417/
https://pubmed.ncbi.nlm.nih.gov/7984417/
https://pubmed.ncbi.nlm.nih.gov/7984417/
https://pubmed.ncbi.nlm.nih.gov/7984417/

Volume 48- Issue 3

DOI: 10.26717/BJSTR.2023.48.007655

180. Vance CP (2001) Symbiotic nitrogen fixation and phosphorus acqui-
sition: plant nutrition in a world of declining renewable resources. Plant
Physiol 127(2): 390-397.

181. Vance C, Ehde-Stone C, Allan D (2003) Phosphorus acquisition and
use: critical adaptations by plants for securing a nonrenewable resource.
New Phytol 157(3): 423-447.

182. Velly H, Renault P, Abraham AL, Loux V, Delacroix-Buchet A, et al.
(2014) Genome sequence of the lactic acid bacterium Lactococcus lactis
subsp. lactis TOMSC161, isolated from a nonscalded curd pressed cheese.
Genome Announc 2(6): 1121-14.

183. Ward LJH, Davey GP, Heap HA, Kelly W], Roginski H, et al. (2002)
Lactococcus lactis. In: Encyclopedia of dairy science. Elsevier, pp. 1511-
1516.

184. Wessels S, Axelsson L, Bech Hansen E, De Vuyst L, Laulund S, et
al. (2004) The lactic acid bacteria, the food chain, and their regulation.
Trends Food Sci Technol 15(10): 498-505.

185. Zeng H, Wei Hu, Guoyin Liu, Haitao Shi (2022) Microbiome-wide as-
sociation studies between phyllosphere microbiota and ionome highlight
the beneficial symbiosis of Lactococcus lactis in alleviating aluminium in
cassava. Plant Physiology and Biochemistry 171: 66-74.

186. Michiel Wels, Roland Siezen, Sacha van Hijum, William ] Kelly, Her-
wig Bachmann (2019) Comparative Genome Analysis of Lactococcus lactis
Indicates Niche Adaptation and Resolves Genotype/Phenotype Disparity.
Front Microbiol 10(4).

187. Van Hylckama Vlieg, ] E Rademaker, ] L Bachmann, H Molenaar, D
Kelly, et al. (2006) Natural diversity and adaptive responses of Lactococ-
cus lactis. Curr Opin Biotechnol 17(2): 183-190.

188. Kelly W], Ward L ], Leahy S C (2010) Chromosomal diversity in Lac-
tococcus lactis and the origin of dairy starter cultures. Genome Biol Evol
2:729-744.

189. Siezen R ], Tzeneva V A, Castioni A, Wels M, Phan H T, et al. (2010)
Phenotypic and genomic diversity of Lactobacillus plantarum strains iso-
lated from various environmental niches. Environ Microbiol 12(3): 758-
773.

190. Bachmann H, Starrenburg M ], Molenaar D, Kleerebezem M, Van
Hylckama Vlieg (2012) Microbial domestication signatures of Lactococcus
lactis can be reproduced by experimental evolution. Genome Res 22(1):
115-124.

191. Kelleher P, Bottacini F Mahony ], Kilcawley K N, Van Sinderen D
(2017) Comparative and functional genomics of the Lactococcus lactis tax-
on; insights into evolution and niche adaptation. BMC Genomics 18: 267.

192. Siezen RJ, Marjo] C Starrenburg, Jos Boekhorst, Bernadet Renckens,
Douwe Molenaar, et al. (2008) Genome-Scale Genotype-Phenotype Match-
ing of Two Lactococcus lactis Isolates from Plants Identifies Mechanisms
of Adaptation to the Plant Niche. Applied and Environmental Microbiology
74(2): 424-36.

193. De Bellis Palmira, Angelo Sisto, Paola Lavermicocca (2021) Pro-
biotic bacteria and plant-based matrices: An association with improved
health-promoting features. Journal of Functional Foods 87: 104821.

194. Murthy K Narasimha, Malini M, Savitha ], Srinivas C (2012) Lactic
acid bacteria (LAB) as plant growth promoting bacteria (PGPB) for the
control of wilt of tomato caused by Ralstonia solanacearum. Pest Manage-
ment in Horticultural Ecosystems 18(1): 60-65.

195. Esther R Miller, Patrick ] Kearns, Brittany A Niccum, Jonah O Mara
Schwartz, Alexa Ornstein (2019) Establishment Limitation Constrains the
Abundance of Lactic Acid Bacteria in the Napa Cabbage Phyllosphere. Ap-
plied and Environmental Microbiology 35(13).

196. John R Lamont, Olivia Wilkins, Margaret Bywater Ekegard, Donald
L Smith (2017) From yogurt to yield: Potential applications of lactic acid
bacteria in plant production. Soil Biology and Biochemistry 111: 1-9.

197. Trias Mansilla Rosalia, Bafieras Vives Lluis, Montesinos Segui
Emilio, Badosa Romaié Esther (2008) Lactic acid bacteria from fresh fruit
and vegetables as biocontrol agents of phytopathogenic bacteria and fun-
gi. Int Microbiol 11(4): 231-236.

198. Solvsten, Manichanh Chaysavanh, Nielsen Trine, Pons Nicolas, Lev-
enez Florence, et al. (2010) A human gut microbial gene catalogue estab-
lished by metagenomic sequencing. Nature 464(7285): 59-65.

199. Kenneth Todar (2012) The Normal Bacterial Flora of Humans. To-
dar’s Online Textbook of Bacteriology.

200. Hvas Christian Lodberg, Baunwall Simon Mark Dahl, Erikstrup
Christian (2020) Faecal microbiota transplantation: A life-saving therapy
challenged by commercial claims for exclusivity. EClinical Medicine 24:
100436.

201. Clauss Matthieu, Gérard Philippe, Mosca Alexis, Leclerc Marion
(2021) Interplay Between Exercise and Gut Microbiome in the Context of
Human Health and Performance. Frontiers in Nutrition 8: 637010.

202. Gao Z, Yin ], Zhang ], Ward RE, Martin R], et al. (2009) Butyrate Im-
proves Insulin Sensitivity and Increases Energy Expenditure in Mice. Dia-
betes 58(7): 1509-1517.

203. Valerio F, P De Bellis, SL Lonigro, L Morelli, A Visconti, et al. (2006)
In vitro and in vivo survival and transit tolerance of potentially probiotic
strains carried by artichokes in the gastrointestinal tract. Applied and En-
vironmental Microbiology 72(4): 3042-3045.

204. Valerio F S De Candia, SL Lonigro, F Russo, G Riezzo, et al. (2011)
Role of the probiotic strain Lactobacillus paracasei LMGP22043 carried
by artichokes in influencing faecal bacteria and biochemical parameters in

human subjects. Journal of Applied Microbiology 111: 155-164.

205. Valerio F, SL Lonigro, M Di Biase, S de Candia, ML Callegari, et al.
(2013) Bioprotection of ready-to-eat probiotic artichokes processed with
Lactobacillus paracasei LMGP22043 against foodborne pathogens. Jour-
nal of Food Science 78: 1757-1763.

206. Riezzo G, A Orlando, BD’Attoma, V Guerra, F Valerio, et al. (2012)
Randomised clinical trial: Efficacy of the Lactobacillus paracasei enriched
artichokes in the treatment of patients with functional constipation - a
double-blind, controlled, crossover study. Alimentary Pharmacology &

Therapeutics 35: 441-450.

207. P De Bellis P, F Valerio, A Sisto, SL Lonigro, P Lavermicocca (2010)
Probiotic table olives: Microbial populations adhering on olive surface in
fermentation sets inoculated with the probiotic strain Lactobacillus para-
casei IMPC2.1 in an industrial plant. International Journal of Food Micro-

biology 140: 6-13.

208. Argyri AA, AA Nisiotou, A Mallouchos, EZ Panagou, CC Tassou
(2014) Performance of two potential probiotic Lactobacillus strains from
the olive microbiota as starters in the fermentation of heat shocked green

olives. International Journal of Food Microbiology 171: 68-76.

209. Blana VA, N Polymeneas, CC Tassou, EZ Panagou (2016) Survival
of potential probiotic lactic acid bacteria on fermented green table olives
during packaging in polyethylene pouches at 4 and 20 °C. Food Microbi-
ology 53: 71-75.

210. Rodriguez-Gémez F, V Romero-Gil, FN Arroyo-Lépez, JC Roldan-
Reyes, R Torres-Gallardo, et al. (2017) Assessing the challenges in the
application of potential probiotic lactic acid bacteria in the large-scale
fermentation of spanish-style table olives. Frontiers in Microbiology 8:
10.3389.

Copyright@ SG Borkar | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007655.

39748


https://dx.doi.org/10.26717/BJSTR.2023.48.007655
https://pubmed.ncbi.nlm.nih.gov/11598215/
https://pubmed.ncbi.nlm.nih.gov/11598215/
https://pubmed.ncbi.nlm.nih.gov/11598215/
https://nph.onlinelibrary.wiley.com/doi/10.1046/j.1469-8137.2003.00695.x
https://nph.onlinelibrary.wiley.com/doi/10.1046/j.1469-8137.2003.00695.x
https://nph.onlinelibrary.wiley.com/doi/10.1046/j.1469-8137.2003.00695.x
https://pubmed.ncbi.nlm.nih.gov/25377704/
https://pubmed.ncbi.nlm.nih.gov/25377704/
https://pubmed.ncbi.nlm.nih.gov/25377704/
https://pubmed.ncbi.nlm.nih.gov/25377704/
https://www.worldcat.org/title/encyclopedia-of-dairy-sciences/oclc/51024241
https://www.worldcat.org/title/encyclopedia-of-dairy-sciences/oclc/51024241
https://www.worldcat.org/title/encyclopedia-of-dairy-sciences/oclc/51024241
https://www.sciencedirect.com/science/article/abs/pii/S0924224404000950
https://www.sciencedirect.com/science/article/abs/pii/S0924224404000950
https://www.sciencedirect.com/science/article/abs/pii/S0924224404000950
https://pubmed.ncbi.nlm.nih.gov/34971956/
https://pubmed.ncbi.nlm.nih.gov/34971956/
https://pubmed.ncbi.nlm.nih.gov/34971956/
https://pubmed.ncbi.nlm.nih.gov/34971956/
https://pubmed.ncbi.nlm.nih.gov/30766512/
https://pubmed.ncbi.nlm.nih.gov/30766512/
https://pubmed.ncbi.nlm.nih.gov/30766512/
https://pubmed.ncbi.nlm.nih.gov/30766512/
https://pubmed.ncbi.nlm.nih.gov/16517150/
https://pubmed.ncbi.nlm.nih.gov/16517150/
https://pubmed.ncbi.nlm.nih.gov/16517150/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2962554/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2962554/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2962554/
https://pubmed.ncbi.nlm.nih.gov/20002138/
https://pubmed.ncbi.nlm.nih.gov/20002138/
https://pubmed.ncbi.nlm.nih.gov/20002138/
https://pubmed.ncbi.nlm.nih.gov/20002138/
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-017-3650-5
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-017-3650-5
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-017-3650-5
https://pubmed.ncbi.nlm.nih.gov/18039825/
https://pubmed.ncbi.nlm.nih.gov/18039825/
https://pubmed.ncbi.nlm.nih.gov/18039825/
https://pubmed.ncbi.nlm.nih.gov/18039825/
https://pubmed.ncbi.nlm.nih.gov/18039825/
https://www.sciencedirect.com/science/article/pii/S1756464621004709
https://www.sciencedirect.com/science/article/pii/S1756464621004709
https://www.sciencedirect.com/science/article/pii/S1756464621004709
https://www.indianjournals.com/ijor.aspx?target=ijor:pmhe&volume=18&issue=1&article=008
https://www.indianjournals.com/ijor.aspx?target=ijor:pmhe&volume=18&issue=1&article=008
https://www.indianjournals.com/ijor.aspx?target=ijor:pmhe&volume=18&issue=1&article=008
https://www.indianjournals.com/ijor.aspx?target=ijor:pmhe&volume=18&issue=1&article=008
https://journals.asm.org/doi/10.1128/AEM.00269-19
https://journals.asm.org/doi/10.1128/AEM.00269-19
https://journals.asm.org/doi/10.1128/AEM.00269-19
https://journals.asm.org/doi/10.1128/AEM.00269-19
https://daneshyari.com/article/preview/5516279.pdf
https://daneshyari.com/article/preview/5516279.pdf
https://daneshyari.com/article/preview/5516279.pdf
https://www.nature.com/articles/nature08821
https://www.nature.com/articles/nature08821
https://www.nature.com/articles/nature08821
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30180-2/fulltext
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30180-2/fulltext
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30180-2/fulltext
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30180-2/fulltext
https://pubmed.ncbi.nlm.nih.gov/34179053/
https://pubmed.ncbi.nlm.nih.gov/34179053/
https://pubmed.ncbi.nlm.nih.gov/34179053/
https://pubmed.ncbi.nlm.nih.gov/19366864/
https://pubmed.ncbi.nlm.nih.gov/19366864/
https://pubmed.ncbi.nlm.nih.gov/19366864/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1449069/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1449069/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1449069/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1449069/
https://pubmed.ncbi.nlm.nih.gov/21447019/
https://pubmed.ncbi.nlm.nih.gov/21447019/
https://pubmed.ncbi.nlm.nih.gov/21447019/
https://pubmed.ncbi.nlm.nih.gov/21447019/
https://pubmed.ncbi.nlm.nih.gov/24245894/
https://pubmed.ncbi.nlm.nih.gov/24245894/
https://pubmed.ncbi.nlm.nih.gov/24245894/
https://pubmed.ncbi.nlm.nih.gov/24245894/
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2036.2011.04970.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2036.2011.04970.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2036.2011.04970.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2036.2011.04970.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2036.2011.04970.x
https://www.sciencedirect.com/science/article/abs/pii/S0168160510001054
https://www.sciencedirect.com/science/article/abs/pii/S0168160510001054
https://www.sciencedirect.com/science/article/abs/pii/S0168160510001054
https://www.sciencedirect.com/science/article/abs/pii/S0168160510001054
https://www.sciencedirect.com/science/article/abs/pii/S0168160510001054
https://pubmed.ncbi.nlm.nih.gov/24334091/
https://pubmed.ncbi.nlm.nih.gov/24334091/
https://pubmed.ncbi.nlm.nih.gov/24334091/
https://pubmed.ncbi.nlm.nih.gov/24334091/
https://www.sciencedirect.com/science/article/abs/pii/S0740002015001732
https://www.sciencedirect.com/science/article/abs/pii/S0740002015001732
https://www.sciencedirect.com/science/article/abs/pii/S0740002015001732
https://www.sciencedirect.com/science/article/abs/pii/S0740002015001732
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00915/full
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00915/full
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00915/full
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00915/full
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00915/full

Volume 48- Issue 3

DOI:.10.26717/BJSTR.2023.48.007655

211. Alves M, CM Peres, A Hernandez-Mendonza, MR Bronze, C Peres, et
al. (2015) Olive paste as vehicle for delivery of potential probiotic Lacto-
bacillus plantarum 33. Food Research International 75: 61-70.

212. Noorbakhsh R, P Yaghmaee, T Durance (2013) Radiant energy un-
der vacuum (REV) technology: A novel approach for producing probiotic

enriched apple snacks. Journal of Functional Foods 5(3): 1049-1056.

213. Régo A, R Freixo, ] Silva, P Gibbs, P Teixeira (2013) A functional dried
fruit matrix incorporated with probiotic strains: Lactobacillus plantarum
and Lactobacillus kefir. Focusing on Modern Food Industry 2(3): 138-143.

214. Emser K, ] Barbosa, P Teixeira, AMMB de Morais (2017) Lactoba-
cillus plantarum survival during the osmotic dehydration and storage of

probiotic cut apple. Journal of Functional Foods 38: 519-528.

215. Sarvan [, F Valerio, SL Lonigro, S De Candia, R Verkerk, et al. (2013)
Glucosinolate content of blanched cabbage (Brassica oleracea var. capita-
ta) fermented by the probiotic strain Lactobacillus paracasei LMG-P22043.

Food Research International 54: 706-710.

216. Beganovi¢ ], AL Pavunc, K Gjuraci¢, M §p01jarec, ] Suskovié, et al.
(2011) Improved sauerkraut production with probiotic strain Lactobacil-
lus plantarum L4 and Leuconostoc mesenteroides LMG 7954. Journal of

Food Science 76: M124-M129.

217. De Souza Leone R, E Forville de Andrade, L Neves Ellendersen, A
Tais da Cunha, AM Chupel Martins, et al. (2017) Evaluation of dried yacon
(Smallanthus sonchifolius) as an efficient probiotic carrier of Lactobacil-
lus casei LC-01. LWT. Food Science and Technology 75: 220-226.

218. Mosso AL, MO Lobo, NC Samman (2016) Development of a poten-
tially probiotic food through fermentation of Andean tubers. LWT. Food
Science and Technology 71: 184-189.

219. Russo P, N Pefia, MLV de Chiara, ML Amodio, G Colellj, et al. (2015)
Probiotic lactic acid bacteria for the production of multifunctional fresh-

cut cantaloupe. Food Research International 77: 762-772.

220. Shigematsu E, C Dort, F] Rodrigues, MF Cedran, JA Giannoni, et al.

(2018) Edible coating with probiotic as a quality factor for minimally pro-
cessed carrots. Journal of Food Science & Technology 55(9): 3712-3720.

221. Barbu V, M Cotérlet, CA Bolea, A Cantaragiu, DG Andronoiu, et al.

(2020) Three types of beetroot products enriched with lactic acid bacte-
ria. Foods 9(6): 786.

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2023.48.007655
SG Borkar. Biomed ] Sci & Tech Res

@ @ @ This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

222. Qin J, Li R, Raes ], Manimozhiyan Arumugam, Kristoffer Solvsten
Burgdorf, et al. (2010) A human gut microbial gene catalogue established

by metagenomic sequencing. Nature. 464: 59-64.

223. Shanahan F (2002) The host-microbe interface within the gut. Best

Practice & Research Clinical Gastroenterology. 16(6): 915-931.

224. Martin JD, Mundt JO (1972) Enterococci in insects. Applied Micro-
biology 24(4): 575-580.

225. Schleifer KH, Kilpper-Balz R (1984) Transfer of Streptococcus fae-
calis and Streptococcus faecium to the genus Enterococcus nom.rev.as
Enterococcus faecalis comb. nov. and Enterococcus faecium comb. nov.

International Journal of Systematic Bacteriology.34(1): 31-34.

226. Johnston LM, Jaykus LA (2004) Antimicrobial resistance of Entero-
coccus species isolated from produce. Applied and Environmental Micro-

biology 70(5): 3133-3137.

227. Ronconi MC, Merino LA, Fernandez G (2002) Detection of Entero-
coccus with high level aminoglycoside and glycopeptide resistance in Lac-
tuca sative (Lettuce). Enfermedades Infecciosas y Microbiologia Clinica

20(8): 380-383.

228. Flach ], Vander Wall MB, Van den Nieuwboer M, Claassen E, Larsen
OF (2018) The underexposed role of food matrices in probiotic products:
Reviewing the relationship between carrier matrices and product param-

eters. Critical Reviews in Food Science and Nutrition 58(15): 2570-2584.

229. Ranadheera RDCS, Baines SK, Adams MC (2010) Importance of food

in probiotic efficacy. Food Research International 43(1): 1-7.

230. Holscher HD (2017) Dietary fiber and prebiotics and the gastroin-
testinal microbiota. Gut Microbes 8(2): 172-184.

231. Simpson HL, Campbell B] (2015) Dietary fibre-microbiota interac-
tion. Alimentary Pharmacology & Therapeutics. 42(2): 158-179.

232. Alves-Santos AM, Sugizaki CSA, Lima GC, Naves MMV (2020) Prebi-
otic effect of dietary polyphenols: A systemic review. Journal of Functional

Foods 74: 104-169.

233. Debelo H, Li M, Ferruzzi MG (2020) Processing influences on food
polyphenol profiles and biological activity. Current Opinion in Food Sci-
ence 32:90-102.

| Assets of Publishing with us
BIOMEDICAL

RESEARCHES ¢ Global archiving of articles

Immediate, unrestricted online access

B A .
Ov V6 <
[ Ty )
M T

Rigorous Peer Review Process
e Authors Retain Copyrights

¥ ;li e Unique DOI for all articles

ISSN: 2574-1241

https://biomedres.us/

Copyright@ SG Borkar | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007655.

39749


https://dx.doi.org/10.26717/BJSTR.2023.48.007655
https://biomedres.net/submit-manuscript.php
https://dx.doi.org/10.26717/BJSTR.2023.48.007655
https://www.sciencedirect.com/science/article/abs/pii/S0963996915002112
https://www.sciencedirect.com/science/article/abs/pii/S0963996915002112
https://www.sciencedirect.com/science/article/abs/pii/S0963996915002112
C://Users/Admin/Downloads/Radiant-energy-under-vacuum-REV-technology-A-novel-approach-for-producing-probiotic-enriched-apple-snacks_2013_Journal-of-Functional-Foods.pdf
C://Users/Admin/Downloads/Radiant-energy-under-vacuum-REV-technology-A-novel-approach-for-producing-probiotic-enriched-apple-snacks_2013_Journal-of-Functional-Foods.pdf
C://Users/Admin/Downloads/Radiant-energy-under-vacuum-REV-technology-A-novel-approach-for-producing-probiotic-enriched-apple-snacks_2013_Journal-of-Functional-Foods.pdf
https://repositorio.ucp.pt/handle/10400.14/14278?locale=en
https://repositorio.ucp.pt/handle/10400.14/14278?locale=en
https://repositorio.ucp.pt/handle/10400.14/14278?locale=en
https://pubmed.ncbi.nlm.nih.gov/21535775/
https://pubmed.ncbi.nlm.nih.gov/21535775/
https://pubmed.ncbi.nlm.nih.gov/21535775/
https://pubmed.ncbi.nlm.nih.gov/21535775/
https://journals.scholarsportal.info/details/00236438/v75icomplete/220_eodysapcolcl.xml
https://journals.scholarsportal.info/details/00236438/v75icomplete/220_eodysapcolcl.xml
https://journals.scholarsportal.info/details/00236438/v75icomplete/220_eodysapcolcl.xml
https://journals.scholarsportal.info/details/00236438/v75icomplete/220_eodysapcolcl.xml
http://www2.nkust.edu.tw/~ikuojm/file3/ref43.pdf
http://www2.nkust.edu.tw/~ikuojm/file3/ref43.pdf
http://www2.nkust.edu.tw/~ikuojm/file3/ref43.pdf
https://pubmed.ncbi.nlm.nih.gov/30150831/
https://pubmed.ncbi.nlm.nih.gov/30150831/
https://pubmed.ncbi.nlm.nih.gov/30150831/
https://pubmed.ncbi.nlm.nih.gov/32545898/
https://pubmed.ncbi.nlm.nih.gov/32545898/
https://pubmed.ncbi.nlm.nih.gov/32545898/
https://www.nature.com/articles/nature08821
https://www.nature.com/articles/nature08821
https://www.nature.com/articles/nature08821
https://pubmed.ncbi.nlm.nih.gov/12473298/
https://pubmed.ncbi.nlm.nih.gov/12473298/
https://journals.asm.org/doi/10.1128/am.24.4.575-580.1972
https://journals.asm.org/doi/10.1128/am.24.4.575-580.1972
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-34-1-31
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-34-1-31
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-34-1-31
https://www.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-34-1-31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC404399/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC404399/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC404399/
https://pubmed.ncbi.nlm.nih.gov/12372233/
https://pubmed.ncbi.nlm.nih.gov/12372233/
https://pubmed.ncbi.nlm.nih.gov/12372233/
https://pubmed.ncbi.nlm.nih.gov/12372233/
https://pubmed.ncbi.nlm.nih.gov/28609116/
https://pubmed.ncbi.nlm.nih.gov/28609116/
https://pubmed.ncbi.nlm.nih.gov/28609116/
https://pubmed.ncbi.nlm.nih.gov/28609116/
https://www.sciencedirect.com/science/article/abs/pii/S0963996909002749
https://www.sciencedirect.com/science/article/abs/pii/S0963996909002749
https://pubmed.ncbi.nlm.nih.gov/28165863/
https://pubmed.ncbi.nlm.nih.gov/28165863/
https://pubmed.ncbi.nlm.nih.gov/26011307/
https://pubmed.ncbi.nlm.nih.gov/26011307/
https://www.sciencedirect.com/science/article/pii/S1756464620303935
https://www.sciencedirect.com/science/article/pii/S1756464620303935
https://www.sciencedirect.com/science/article/pii/S1756464620303935
https://www.sciencedirect.com/science/article/abs/pii/S2214799320300205
https://www.sciencedirect.com/science/article/abs/pii/S2214799320300205
https://www.sciencedirect.com/science/article/abs/pii/S2214799320300205

