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Abstract

The human gastrointestinal tract includes a rich and complex microbiota that plays an essential role in the
functioning of the gastrointestinal tract, immunological processes and the path of some diseases, including
dysbiosis. According to research, the gastrointestinal microbiota can increase or decrease the microbiome
population of the skin, nervous system, and other human body parts. Consumption of beneficial dietary supple-
ments is emerging as a potential and promising strategy for regulating the intestinal microbiota and improving
its effects.Probiotic supplements can include yeasts, bacteria, and prebiotics, including indigestible polysac-
charides of plant, microbial, fungal, and algal origin. The combination of probiotics and prebiotics leads to the
production of synbiotic products with stronger effects in improving human health. In addition, postbiotics are
metabolic byproducts released from probiotics and, after bacterial degradation, has several beneficial impacts
such as regulating intestinal health and strengthening the immune system, like probiotics. To date, studies have
proven the effects of increasing intestinal probiotics, the use of prebiotics and the anticancer, anti-inflammatory
and immunomodulatory effects of postbiotics and synbiotics on the gastrointestinal microbiome. Therefore,
the preparation of beneficial supplements and their consumption has increased.
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Introduction

Recently, with increasing concerns about hu-
man health, the physiological functions of food
have received much attention (Arihara, 2006).
Researchers are also looking for natural growth
promoters such as organic acids, probiotics,
prebiotics and phytobiotics(Daneshmand et al.,
2011). The human gastrointestinal tract (GIT)
has diverse microorganisms that play a crucial
role in health and disease(Cheung et al., 2020).
The human gut consists of trillions of micro-
organisms, including bacteria, protozoa, fungi
and viruses, also known as gut microbiota and
comprise about 5% of the bodyweight(Angge-
raini et al., 2021; Valdes et al., 2018).Dysbiosis,
or imbalance in the gut microbiota, can lead to
various diseases, including cancer and gastroin-
testinal disorders. New strategies for treating this
deficiency include dietary intervention, intake of
probiotics, and faecal microbiota transplantation.
It seems that some natural products can modulate
the gut microbiota and are also used to help treat
diseases(Cheung et al., 2020).

Bacteroidetes and firmicutes, Rominococcus,
Lactobacillus and Clostridium, make up more
than 90% of known phylogenetic groups and
affect healthy intestinal microbiota(Anggeraini
et al., 2021). Yeast in the stomach and colon are
good candidates as probiotics, as probiotics en-
tering the gastrointestinal tract must resist local
stresses, such as the presence of digestive en-
zymes, bile salts, organic acids, and significant
changes in pH and Temperature resistance. The
natural resistance of yeasts to antibacterial anti-
biotics is the main reason for their use in patients
treated with antibiotics(Czerucka et al., 2007).
Probiotics and fungal yeasts have the potential
as food additives; however, they have long been
ignored. Fungal additives in animal feed can in-
crease the growth and health of livestock(Galina
et al., 2020).

An article in 2000 stated that many drugs with
powerful and unique health-boosting properties
have recently been isolated from fungi with me-
dicinal properties and distributed worldwide.
Many are not pharmaceutical products but repre-
sent a new class of dietary supplements or nutri-

ents(Wasser et al., 2000).In addition, instead of
using synthetic materials, people have turned to
boosters with natural food sources such as plants.
Increasing consumer demand has led to the emer-
gence of various health products, called dietary
supplements, designer foods, and special foods,
nutritious and functional foods. These terms refer
to foods that have beneficial effects, primarily on
humans(Aida et al., 2009).

The concept of probiotics is first derived from
Elie Metchnikoff’s theory that swallowing cer-
tain selected bacteria beneficially affects the hu-
man gastrointestinal tract. He said that because
of the dependence of intestinal microbes on food,
it is possible to change the body’s microflora and
replace harmful microorganisms with beneficial
microorganisms; this idea has been further de-
veloped over the decades. The word “probiotics”
is originated from Greek and means “prolife.”
Lilly and Stillwell used the word for substanc-
es produced by microorganisms that promote
the growth of other microorganisms. Parker also
defined probiotics as “organisms and substances
that provide colonic microbial balance”. Sever-
al scientists and researchers have discussed new
definitions of probiotics until the World Health
Organization and the Food and Agriculture Or-
ganization explain probiotics as “living microor-
ganisms that have health benefits for the host if
consumed in sufficient amounts”. The last update
on the definition of probiotics was in 2013, as-
sembled by the International Scientific Associa-
tion for Probiotics and Prebiotics, in which the
definition of probiotics by FAO/WHO. Even-
tually, in partial grammatical changes, it was
thought of as “living microorganisms that, when
adequately administered, contribute to the host’s
health”.This definition includes three main as-
pects of probiotics: microbial, viable, and ben-
eficial to health(Shokryazdan et al., 2017). The
term probiotics refer to products such as probiot-
ic drugs (including pharmaceutical products, live
biotherapy products for humans), medical equip-
ment, probiotic foods (such as food, dietary sup-
plements or foods for specific medical purposes),
directly fed microorganisms (For animal use) and
genetically modified probiotics. Human related
probiotics are mainly: Lactobacillus, Bifidobac-
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terium and lactococcus, Streptococcus, Entero-
coccus (Markowiak & Slizewska, 2017). The
most commonly applied are lactic acid bacteria,
particularly Lactobacillus and Bifidobacterium
species. Plus, the yeast Saccharomyces boulardii
seems to have health benefits. Probiotic bacteria
reduce the intestinal pH by producing lactic acid,
acetic acid, and propionic acid, suppressing the
growth of various pathogenic bacteria, and ad-
justing the intestinal flora(Williams, 2010).

Criteria for the selection of probiotic

according to the opinions of WHO, FAO and
EFSA (European Food Safety Organization), in
selecting probiotic strains, what should consider
both safety and performance criteria and issues
related to technological usefulness(Markowi-
ak & Slizewska, 2017).In evaluating the safety
of probiotic products, topics such as infection,
pathogenicity, excessive immunosuppression
in susceptible individuals, risk factors (toxicity,
metabolic activity and essential properties of mi-
crobes) should be considered(Ishibashi, 2001).
Criteria such as competitiveness for the microbi-
ota inhabiting the intestinal ecosystem, ability to
survive and manage metabolic activity and grow
in the target site, and antagonistic activity against
pathogens and bacteriocin resistance are criteria
for selecting the appropriate strain(Markowiak &
Slizewska, 2017).

The consumption of probiotics

Bacterial probiotic products involve dairy
products, especially probiotic yoghurt, non-
dairy foods such as probiotic sweets, and non-
food supplements such as powders and cap-
sules(zu=ls et al., 2019). Probiotics are used to
prevent and treat various medical conditions and
to support general health. The impacts of probi-
otics are particular, and their products might be
varied. The common purpose of most probiotics
are gastrointestinal diseases include acute rota-
virus infection in children, Crohn’s disease, ul-
cerative colitis (UC), Irritable Bowel Syndrome
(IBS), Helicobacter pylori infection and others
due to their ability to restore the gut microbio-
ta(Markowiak & Slizewska, 2017; Williams,
2010).Other significant applications of probiotic
supplements are in the poultry industry; for in-
stance, in laying hens, consumption of probiotic

supplements (such as Clostridium butyricum or
a combination of Pediococcus acidilactici and
S.boulardii) could improve Ovulation function,
dietary change, egg quality, eggshell strength
and intestinal health of laying hens(Xiang et al.,
2019). In poultry feeding, probiotic species such
as Lactobacillus, Candida, Aspergillus, Strepto-
coccus and Bifidobacterium are used; they have
potentially beneficial effects on modulating the
gastrointestinal microflora and at the same time
inhibiting pathogenic bacteria(Higgins et al.,
2007).

Fungi and yeasts as probiotics

The discovery of several fungal strains as pro-
biotics have started a new era in the probiotic
family. Fungi are significant candidates for pro-
biotics due to their unique cellular structure and
better ability to survive in the challenging envi-
ronment of the gastrointestinal tract. A group of
fungal have been reported as new candidates in
the probiotic family, including: Candida humilis,
Debaryomyces hansenii, Debaryomyces occi-
dentalis, Kluyveromyces lactis, Kluyveromyces
lodderae, Kluyveromyces marxiamus, Saccharo-
myces cerevisiae var. boulardii, Pichia kluyveri,
Issatchenkia orientalis, Pichia kudriavzevii, Can-
dida tropicalis, Meyerozyma caribbica, Candida
saitoana, Candida pintolopesii, Cryptococcus al-
bidus and Torulaspora delbrueckii.

One of the most promising commercial probi-
otic yeasts is Saccharomyces boulardii because
it has favourable effects both in the natural state
and in the unfavourable physiological conditions
of the host body. Yeasts have been reported to
affect the gastrointestinal tract alone or in com-
bination with other types of probiotics (Banik et
al., 2019).

The role of plants as probiotics

The concept of plant probiotics includes all
the microorganisms, especially fungi and bacte-
ria recognised as plant growth promoters accord-
ing to their valuable role in the general growth
of plants and their faster adaptation to environ-
mental changes, such as drought, heat or salin-
ity(Carro & Nouioui, 2017). Herbal and dietary
supplements (HDS) have been used for health
purposes for over 5,000 years and are used in all
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Tablel.The impression of probiotics on various diseases

Conditions

Probiotics impacts

Reference

Dhgestive
dizease

Accelerate the healing of stomach uleers by L
rharmnos s

Treatment and prevention of constipation

Decreased pH

Increased muscle contractions and smoky bowel
maovements

Increased mucus secretion

Reduction of intestinz] inflammation by B. infaris
strain 35624

Improves bloating and pain

Fix intestinal movement problems

(Hesari, 2019)

H pylori
infection

Intlabitory activity against & pvlori

Reduce the side effects of antibiotics

Decrease in J pylori count

Eeduction of bacterial load in specific doses by 5
bowladii and L. jolmsonii Lal

(Hesari, 2019)

Urtnary and
vaginal
infections

The effect of L rhowmmosis m people with
Gardnerella vaginalis and C. albicans infections

(Hesari, 2019)

Liver dizeaze

Decreazed bacterial urease activity reduces ammonia
in the portal system

Decreased ammomia absorption by
intestinal pH and permeability

Prevent the absorption of toxing

Eeduce inflammation and oxidative

lowering

(Hesari, 2019)

COVID-19

E. faeciom  inhibitz the  replication of
enteropathogenic COTONavirus transmissible
gastroenterthis virus in pig testicular cells.

Fight agamnst COFID /9 az aresult of modulating the
imrne system.

Reduce secondary risks of dizease

Feduce diseaze sevenity and meorality by
manipulating the immune svstem

Kurianetal )
(2021

Mlental
disorders

Decreased Hamilton Depression Rating Scale
Decreased C-reactive protein (CEP), mterleukin 10
(IL-10) and malondialdelyde (MDA) levels

No significant change in Beck Depression Inventory
score, tumour necrosis factor-u (TINF-a), interleukin
& (IL-6), nitric oxide (NO), Glutathione (GSH) and
Total Anticocidant Capacity (TAC) Levels

Amirani etal. )
(2020
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Gut o Improves intestinal microbial population Cristofori et )
mnflammation * Increased mucus secretion (al. 2021
¢ Prevent the degradation of tightly bound proteins by
reducing the number of Lipopelysacchandes (LPS)
¢ Increased inflammatory markers as a result of
binding of endothelial LPS to the Toll like2 receptor
(TLE-2) and dendritic activation of cells and
macrophages
¢+ FBeduction of dysbiosis and thus munimizes the
development of nflammatory biomarkers and
unnecessary activation of the inmumuone system.
¢ Differentiation of Teell to T helper 2 (Thl) and
development of cytolanes including IL- 4 and IL-10
Antibiotic- » Reduce diarrhoea causzed by antibiotics Cremonim et )
associated » Not all probiotic strains are effective under any al., 2002;
diarrhoea circumstances. No reduction in the number of | Hicksonetal,
diarthoea  cases in  adults  hospitalized  with 2007,
Lactebacillus GG McFarland,
» Reduction of additional cases of diarrhoea using L. (2006
casei, L. bulgaricus and 5. thermophilus
¢ BReduction of C. difficile mfection vsing 5 bowlardii
with metronidazole or vancomvcin
Infection o Reduced diarrhoea time by 0.7 in studies Allenetal, )
diarrhoea in o Short-term duration of diarrhoea 2010,
children # Decreaszed stool frequency Guandalini et
» Beneficial effects on the treatment of acute diarrhoea | 2l 2000; Van
Nieletal,
(2002
IBS ¢ Improve some symptoms Choung & )
¢ Eeduction of pain caused by IBS Locke 3rd,
2011; Islam,
2018;
McFarland &
{Dublin, 2008
IED » Pozzibility of modulating intestinal microflora and | )Islam, 2016;
creating an immune response in the gut Jakubezyk et
al., 2020,
I{m;ﬂer L'I'Dl
Miolder et al.,
2014
Atopic v Regulatory effects of the immune system Fautavaetal., )
dizease o Mothers who use Laciobacillus GGT, their infants are (2002

less likely to develop atopic dermatitis in the first two
years.
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Celiac o Hydrolysis of toxic gliadin peptides in BALE / c mice | de Almeida et )
dizease with an improvement of enteropathy and reduction of al., 2020;
histological damage and  production  of | Olivaresetal,
proinflammatory cytokines by Saccharomyces and | 2012; Papista et
boulardii KEJ (al., 2012
o Reducing the toxic and inflammatory effects of
gliadin-derived peptides by Bifidobacterium longum
CECT 7347
» Helps proteclysis of intact gluten proteins, gliadins
and glotenins and reduces cytotoxicity and
proinflammatory response in intestinal epithelial
cells by Bacferium species like B. bifidum B5-G90,
B longum BLG301 B breve BB-G 95 and B. animals
L-Glod
Crohn's o Improves gut microbiome Limketkai et )
dizeaze (al., 2020
Colorectal » Anti cancer effects on the immune system of rats. Shams et al., )
cancer (2021
Weakness in o Lactobacillus Increazed host immune response. (Hesari, 2019 )
the immune o Lactobacillus reuferi induces the secretion of
system apoptotic agents 1n myeloid leukaemia cells.
o Increased levels of cytolines and immunoglobuling
o Activate macrophages and increase the activity of
autcimmune modulation and stimulation of Natural
kriller cells {INEL)
Fespiratory o Lactobacillus rhammosus GG Reduce respiratory | Markowiak & )
dizeaze infections Slizewska,
(2017

communities worldwide. HDS are complemen-
tary and alternative medicine usually used as a
health tonic or to prevent or treat diseases. Some
of these supplements are applied to lose weight
or to increase physical fitness. There is almost
no scientific evidence of their beneficial effects,
and most of them have no medicinal value, and
their use has long been based on belief(Stickel
& Shouval, 2015). Although many modern med-
icines are derived from herbal sources, they can
have beneficial and side effects. However, herbal
supplements may be safer than Chemical medi-
cine(Cohen & Ernst, 2010). Complementary and
alternative medicines (CAM) are popularly used
by people in the United States and other countries
to treat conditions such as hypertension (HTN),

cardiovascular disease (CVD), heart failure, hy-
perlipidemia, and other conditions(Chrysant,
2016). Among the plants used for this purpose,
we can mention Echinacea(Lee & Werth, 2004).
The study of the effect of probiotics and herbal
products on histomorphological and immunolog-
ical growth showed that probiotics increase the
number of Lactobacillus spp in small and large
intestines, and consumption of plant powder
shows a dual effect on CD3+ cell distribution and
in the large intestine. Plants also increase CD3 +
cells in the lamina propria(Galina et al., 2020).
However, the medical community is con-
cerned that herbs that stimulate the immune sys-
tem may interfere with the immunosuppressive
effects of corticosteroids and cyclosporine and
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exacerbate autoimmune diseases; despite this, no
report on this theory is available(Lee & Werth,
2004). The use of phytobiotics and natural prod-
ucts such as herbs as food additives in the poul-
try industry may also be successful. The use of
phytobiotics and natural products such as herbs
as food additives in the poultry industry may also
be successful(Daneshmand et al., 2011).

Disadvantages of probiotics

According to reports, the mortality of healthy
people due to the consumption of probiotic bac-
teria are infrequent, and the percentage of fatal
infections caused by Lactobacillus is deficient.
Nonetheless, even if probiotic bacterial strains
are considered safe, they may rarely cause bac-
teremia or endocarditis as opportunistic bacte-
ria(Doron & Snydman, 2015; Van den Nieuwbo-
er et al., 2014).

The most critical risk factor in using probiotic
microorganisms is the lack of awareness of their
activity. Given that the side effects of probiotics
have been recorded, it is necessary to fully un-
derstand the mechanisms of activity of probiot-
ic bacteria(Sanders et al., 2010). Rare cases of
sepsis, endocarditis and liver abscess have been
observed while using Lactobacillus. In addition,
some cases of fungal diseases have also been re-
ported in patients with severe disease after using
S. boulardii. Most probiotics are safe. However,
safety precautions should be considered when
prescribing probiotics to patients with severe dis-
ease or immunodeficiency(Horwitch et al., 1995;
Snydman, 2008).

Prebiotics

Prebiotics are indigestible oligosaccharides
and polysaccharides that promote the growth of
beneficial bacteria in the GIT and exert antago-
nistic effects on opportunistic and pathogenic
bacteria. The concept and definition of prebiot-
ic were expressed in 1995 by Gibson et al with
the following criteria: resistance to gastric acid-
ity, improved gastrointestinal absorption and se-
lective stimulation of the growth of beneficial
bacteria residing in the gastrointestinal tract. It
remained unchanged for 15 years(Bhakta & Ku-
mar, 2013; Davani-Davari et al., 2019). The re-
searchers found that the description of prebiotic

is more or less coincident with the description of
dietary fibre, except for its selectivity for certain
species. Cummings, Macfarlane, and Englyst, on
the other hand, classified prebiotics in 2001 as
relatively short-chain carbohydrates(Aida et al.,
2009).In 2008, the Sixth Session of the Interna-
tional Scientific Association of Probiotics and
Prebiotics (ISAPP) identified “dietary prebiot-
ics” as a “selective fermented component leading
to specific changes in the composition and/or ac-
tivity of the GIT microbiota”.As a result, it pro-
vides benefits to the health of the host. The word
“selectivity”, or prebiotic power to stimulate spe-
cific gut microbiota, was another critical element
of the original definition; however, the concept
has recently been questioned(Davani-Davari
et al.,, 2019).Prebiotics are naturally present in
various foods, including asparagus, sugar beet,
garlic, chicory, onions, leeks, wheat and honey,
bananas, barley, tomatoes, rye, soy, human and
cow milk, peas, beans and more. They have also
recently been found in seaweed and microal-
gae (Davani-Davari et al., 2019; Markowiak &
Slizewska, 2017). Lactic acid-producing bacteria
use these substances, and the short-chain fatty
acids (SCFAs) produced in this process are used
as an energy source for epithelial cells. Ultimate-
ly, prebiotics modulate intestinal immunity and
prevent the adhesion of pathogenic bacteria(-
Johnson-Henry et al., 2016).

Types of prebiotics

Most prebiotics are a subset of carbohydrate
groups, and most are oligosaccharides carbohy-
drate. There are also some evidences that prebi-
otics are not just carbohydrates.

There are different criteria for classifying food
compounds as prebiotics, such as:

Prebiotics are resistant to acidic stomach pH
and indigestible in the upper gastrointestinal
tract. Therefore, they not be hydrolyzed by mam-
malian enzymes and will effectively stimulate
the growth of beneficial bacteria such as Bifido-
bacterium and Lactobacillus.

Another criterion is the ability of the intesti-
nal microbiota to ferment prebiotics. Prebiotics
should selectively stimulate the growth and/or
activity of intestinal bacteria, thereby improving
host health. It is also advantageous for the health
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Table 2. Fungi and yeasts as probiotics

Responses range from low effect to positive effect.

It does not alter dry matter intake consumption and
weight gain for livestock.

Yeast Beneficial and probiotic effects Reference
Saccharomyce Increased bacterial cells in the rumen of ruminants Mahyuddin & )
5 cerevisiae Beneficial effect on milk and meat production Winugroho,

Different responses in animal performance (2010

Saccharomyce
5 boulardii

Preventive and therapeutic agent for antibiotic-
related diarrhoea and C. difficile

Used as an immunobiotic

Not affected by antibacterial agents

Increased intestinal enzyme activity such as
disacchandes, o-glucosidases, alkaline phosphatases
and aminopeptidases
Secretion of leucine
pathogens

Reduce the time of diarthoea in infants and ramd
return of lost weight

Increase the absorption of D-glucose 1n the intestine
and finally the absorption of water and electrolytes
during diarrhoea

The therapeutic agent in several acute and chronic
gastrointestinal diseases

Immune regulatory properties

aminopeptidase  against

Czeruckaet)
al., 2007; Luyer
et al , 2010;
Oak & JTha,
(2019

Pichia
kudriavzevii

Increase food folate content with folate production
and high phvtase activity

Improves taste with proteolytic activity

The secretory metabolites of Pichia tudriavzevii AS
12 have anticancer activity on colon cancer cells by

Greppretal )
2017; Saber et
(al. 2017

inhibiting their growth and inducing apoptosis

of the host and is consistent in food processing.

In addition, two criteria distinguish fibre from
carbohydrate-derived prebiotics :( 1) Fibres are
carbohydrates with a degree of polymerization
equivalent to or greater than 3. (2)Small intes-
tine enzymes cannot hydrolyze them(Aida et al.,
2009; Davani-Davari et al., 2019).

Profits of prebiotics

l.Increase the growth of beneficial bacteria and
slow down the overgrowth of pathogenic bacte-
ria.

2.Reduces glucose adsorption and insulin resist-
ance and improves blood sugar.

3.Diminish LDL cholesterol and triglycerides
and raise the risk of coronary heart disease while
increasing HDL cholesterol.

4.Prevents inflammation of the intestinal epithe-
lium and leaky gut syndrome and promotes or
prevents chronic inflammation.

5.Helps to regulate the immune system and in-
hibits infections, some autoimmune diseases
such as allergies, asthma and eczema(Bhakta &
Kumar, 2013).

Fungi as a prebiotic source

Medicinal fungi have been used as a dietary
supplement or medicinal food in China for more
than 2,000 years, and their extractable compo-
nents have been shown to enhance the biologi-
cal function of the human body. Fungi are rich in
indigestible dietary fibre, including glucan, chi-
tin, and heteropolysaccharides. As a result, these
fungi are potential candidates for prebiotic com-
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Table3. Plants as probiotics

Plant Description Reference
Plane « Contains flavonoids, alkaloids, terpenoids, iridoids, fatty | Adometal.,)
trees acids, phenolic acids and vitamins (2017

e Significant role 1n wound management, bacterial and wiral
infections, pain, inflammation and diarrhoea
Nettles * Rich in bioactive compounds and nutrients Nematgorgani )
+ Inhibition of proinflammatory cytokine production (etal, 2017
s Decreased levels of CRP
* Increased superoxide dismutase
s  High anti-inflammatory and antioxidant effects
Milk * Hypericin and hyperforin are bioactive components with an | Saddige et al.. )
thistle antidepressant role. (2010
» Has antibacterial, antiviral and anti-inflammatory properties
Hemp * No psychoactive effect Nissen et al., )
* In the food industry, as raw materials (2021
* Cholesterol-free seeds, nich in protein, vitamins and
minerals, high in fibre and biologically active substances
s FRich in terpene with antioxidant activity

pounds. Various fungi produce different types of
polysaccharides that can be soluble or insoluble
in water(Aida et al., 2009; Bhakta & Kumar,
2013).In 2009 Synytsya et al. Reported that oys-
ter mushroom contains soluble fibre compounds,
especially non-starch glucans, and small amounts
of other glucans such as chitin and galactoman-
nan, which benefit the Lactobacillus population(-
Daneshmand et al., 2011). Some studies have
shown that polysaccharides in fungi may act as
immune boosters or immune modulators and
exhibit antibacterial, antiviral, and antiparasitic
biological activities. Some studies have shown
that polysaccharides in fungi may act as immune
boosters or immune modulators and exhibit an-
tibacterial, antiviral, and antiparasitic biologi-
cal activities. Phenolic compounds in them may
also act as antioxidants and etcetera (Khan et al.,
2019). Edible mushrooms are also considered a
good food because they contain a high portion of
protein, carbohydrates, fibre and vitamins(Aida
et al.,, 2009). Common fungi used in nutrition-
al programs include Saccharomyces cerevisiae,
Antrodia cinnamomea, Pleurotus spp, Aspergil-
lus oryzae, Cordyceps militarist and Flammuli-
na spp. Moreover, Cordyceps spp and Antrodia
spp are among the medicinal fungi (Chuang et
al., 2020; Wu et al., 2020). Species that can be

extensively used for prebiotic purposes include:

Agaricus Bisporus, Agaricus bitorquis, Agari-
cus Blazei, Auricularia auricular-judae, Boletus-
erythropus, Calocybe indica, Flammulina Veluti-
pes, Ganoderma Lucidium, Geastrums saccatum,
Hericium erianaceus, Lentinus edodes, Phellinus
linteus, Pleurotuseryngii, Pleurotus florida, Pleu-
rotusostreatus(Bhakta & Kumar, 2013).

Among these fungi, Ganoderma lucidum, also
known as “Ling Zhi”, “Rishi” and ‘“Mannen-
take”, has been used for thousands of years as a
traditional medicine to prevent and treat various
human diseases in Asia(Bulam et al., 2019; Xu et
al., 2010), and it plays a prebiotic role in many
strains of probiotics. Ganoderma lucidum, as the
‘king of herbs’, contains polysaccharides, flavo-
noids and alkaloids, amino acids, steroids, oligo-
saccharides, proteins, mannitol, vitamins B1, B2,
B6, choline and inositol. Among amino acids,
glutamic acid, aspartic acid, glycine and alanine
have the highest relative abundance, and methio-
nine has the lowest relative abundance. This fun-
gus i1s rich in leucine and lysine, and it also has
a type of high oxygen triterpenoids and the main
bioactive components to inhibit cancer growth
called ganoderic acids(Bulam et al., 2019). Gan-
oderic acids have potential applications such as
antitumour activity, anti-HIV activity, and anti-
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hypertensive effects, antihepatotoxic, antihyper-
tensive, prevents histamine release, and affects
blood cholesterol and platelet aggregation. In
addition, as a prebiotic, they affect the growth of
intestinal probiotic bacteria and are used as an
analgesic, anti-ageing supplement, and in cos-
metic formulations(Xu et al., 2010).

Ganoderma lucidum polysaccharides enhance
gut Lactobacillus and its probiotic features to a
large extent and modulate intestinal microbiota
compounds(Bulam et al., 2019).In 2012, Yam-
in S et al. researched to discover the ability of
oligosaccharides from Ganoderma lucidum pol-
ysaccharide extract (GLCP) and the second frac-
tion of polysaccharide fractions (2PF) to selec-
tively increase the growth of Bifidobacterium
strains and expose the effect of GLCP and PF-2
as prebiotic towards the bacterial microflora in
human faeces. They discovered that these pol-
ysaccharides could increase the growth of three
selected strains of Bifidobacterium and ultimate-
ly enhance the health of the host gut. Moreover,
increasing the growth of Bifidobacterium due to
GLCP and 2 PF causes the generation of acetic
acid and lactic acid, which repress the growth of
pathogenic bacteria(Yamin et al., 2012).

Studies in obesity have proved that a high-fat
diet can degrade the number of Bifidobacterium
and Lactobacillus and cause chronic systemic en-
dotoxemia, which eventually leads to metabolic
diseases(Anggeraini et al., 2021). The discovery
of Ganoderma lucidum as a prebiotic led to stud-
ies on the effects of this fungus in the treatment
of obesity. In one of these studies, the effect of
this fungus on mice fed a high-fat diet was in-
vestigated. With the use of Ganoderma lucidum,
fat mass, glucose homeostasis, inflammation of
adipose tissue and liver in mice improved and
serum lipopolysaccharide levels decreased, and
as a result, the hepatic activity of the Toll4 re-
ceptor pathway was repressed. In the meantime,
the abundance of several species of bacteria also
changed(Delzenne & Bindels, 2015).

Chitin extracted from Trametes versicolor is
also a type of polysaccharide used to produce
chitosan and glucosamine. In a study conduct-
ed in 2020, the production of chitosan from the
medicinal fungus Trametes versicolor, native to

Iran, was performed by the Taguchi method, and
the antibacterial properties of this valuable sub-
stance were investigated. Chitosan antibacterial
activity for Staphylococcus aureus was higher
than in E. coli and more efficient than gram-pos-
itive bacteria(Yasrebi et al., 2020). Another pro-
ducer of chitin in the forests of northern Iran is
Schizophyllum commune, one of the most im-
portant food and medicinal fungi in the world,
which is widely used in industry and medicine,
and one of the significant polysaccharides of this
fungus is the chitin-glucan complex(Zeynali et
al., 2019).

Algae as a source of prebiotics

Algae are a group of ancient photosynthetic
organisms that extend from prokaryotic cyano-
bacteria to eukaryotic microalgae(Lee & Ryu,
2021). They grow in dry and aquatic environ-
ments as well as in fresh and saltwater. Algae are
mainly classified according to their colour, shape
and life cycle. They are divided into micro-and
macroalgae based on size and can generally be
classified into three groups: green (Chlorophyta),
red (Rhodophyta) and brown-kelp (Phaeophyta).
Arthrospira, Chlorella, Dunaliella, Nostoc and
Aphanizomenon are the representative species
of microalgae(Scieszka & Klewicka, 2019). Cy-
anobacteria, as prokaryotic microalgae, perform
a significant role in the natural ecosystem, espe-
cially in plant and microbial interactions(Lee &
Ryu, 2021). Algae generate an extensive range
of valuable bioactive secondary metabolites,
including proteins, carbohydrates, lipids, poly-
unsaturated fatty acids (PUFAs), omega-3 fatty
acids, polysaccharides, polyphenols, sterols, and
pigments. Chlorophylls, carotenoids, phycobi-
lins. Plus, the quality of the resulting protein is
lower than other plant protein sources. They are
a good source of dietary fibre and contain vita-
mins A, B1, B12, C, D and E, riboflavin, niacin
and pantothenic acid. These organisms are rich
sources of calcium, sodium, magnesium, phos-
phorus, potassium, iron, zinc, and iodine. They
can also absorb heavy metals such as cadmium,
zinc, lead, nickel and copper; therefore, they are
a good source of dietary and pharmaceutical sup-
plements(Scieszka & Klewicka, 2019). These
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Table4. Prebiotics, types and characteristicS

Prebiotics Tyvpes and Description Reference
Fructan e consists of mulin and fructo-oligosacchande | (Davam-
or cligofructosze Davan et

 alinear chain of fructose with p (2=*1) linkage | al.. 2019)
* Fructan chain length 1z a significant criterion
for determumng which bactena can ferment
them. As a result, other bactenial species can
be promoted directly or indirectly by fructans.

Galacto- ¢ the product of the lactose branch, are classified | (Davami-
DliEﬂSﬂCEhﬂ[’id&S [G-GS) mto two Suhgf,;}upgj Davari et
o GOS with addition galactose at C3, C4 al.. 2019)

or C6

o GOS made from lactose within
enzymatic  trans-glycosylation(trans-
galacto-oligosacchanides)

* Some galacto oligosacchandes are denved from
lactulose are also considered prebiotics.

¢ The other sorts are based on sucrose called
raffinose family oligosacchandes (RFO) that, their
effect on gut muicrobiota has not been clanified yet.

Starch and Glucose- |« Resistant starch (RS) promotes health by | (Davam-

Derived producing high butyrate levels and is resistant to | Davari et
Oligosaccharides upper gut digestion. al.. 2019)

* Polydextrose. a glucose-dertved oligosaccharide
that can stimulate Bifidobacteria (not vet
confirmed)

Other oligosaccharides | * Oligosacchanides onginated from pectin and are [ (Davam-
based on the extension of galacturonic acid or | Davar et
rhamnose. al., 2019)

« nulin is also included in this group and 1s used in
many probiotic groups.

Non-carbohydrate ¢ Flavonol 15 denived from cocoa 1s not in the | (Davam-
oligosaccharides carbohydrate group but is classified as a prebiotic. 3&1‘31‘i E’;
., 2019
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compounds have antibacterial, antifungal, anti-
oxidant, anti-inflammatory, antitumour and anti-
viral properties(Cherry et al., 2019).

Carotenoid, first produced by D. salina algae,
is a pigment with antiviral, antibacterial, antifun-
gal, antioxidant, anti-inflammatory and antitu-
mour properties and protects cells against oxida-
tive stress. The Dictyotacae family can produce
diterpenes such as Dictyodial, Dictyol C and
Dictyol H with antimicrobial, antiseptic and cy-
totoxic activity. Spirulina microalgae produce an
attractive group of Phycobiliprotein (water-solu-
ble proteins in Cyanobacteria, Rhodophyta and
Cryptomonad, et cetera), which have hepatopro-
tective, anti-inflammatory and antioxidant activi-
ties. Seaweeds also contain sufficient amounts of
structural polysaccharides, monosaccharides and
storage polysaccharides, the main of which are
sulfated polysaccharides, which have numerous
properties and potential applications in medicine,
food and pharmaceutical industries(Michalak &
Chojnacka, 2015). Sulfated polysaccharides from
seaweed can repress the proliferation of envel-
oped viruses such as HIV, Dengue, herpes sim-
plex virus (HSV), respiratory syncytial virus and
human cytomegalovirus(Vavilala & D’Souza,
2015). Research has shown that polysaccharides
derived from green algae, Fucoidan, Laminarin,
alginate from brown algae, Carrageenan derived
from red algae, and oligosaccharides derived
from algae can stimulate the immune response
and protection against plant pathogens(Michalak
& Chojnacka, 2015).

The consumption of prebiotics

The effect of prebiotics on organisms is indi-
rect because host metabolic enzymes do not di-
gest prebiotics, but microorganisms in the gas-
trointestinal tract digest them and eventually help
to increase the number of beneficial microorgan-
isms(Bhakta & Kumar, 2013). Inulin and oligof-
ructose as prebiotics in the diet can bring many
health benefits. Benefits include reducing blood
LDL levels, stimulating the immune system, en-
hancing calcium absorption, maintaining proper
intestinal pH, and diminishing the symptoms of
gastric ulcers and vaginal fungus. Other effects
include preventing cancer and supporting lactose

intolerance, or treating tooth decay (Markowiak
& Slizewska, 2017). Prebiotics have an appar-
ent effect on the immune system by modulating
the normal microflora; therefore, several factors
affect the composition of the gut microbial flo-
ra from birth. According to research, the intesti-
nal microbiota of breastfed infants is commonly
dominated by Bifidobacterium and lactic acid
bacteria. Colonization with these bacterias may
directly inhibit the growth of pathogenic micro-
organisms or indirectly induce an effective im-
mune response(Bruzzese et al., 2006).

The effects of prebiotics can be seen not only
in humans but also in poultry. Prebiotics may im-
prove the performance and health of poultry by
altering biological processes in the digestive tract
of chickens. They potentially affect the break-
down of indigestible nutrients, the synthesis of
nitrogen components and vitamins, and the di-
gestion of undesirable elements in the diet. With
rising antibiotic resistance, the use of most anti-
microbial growth promoters (AGPs) was banned
in the EU, which increased the desire for alterna-
tive growth stimulants and dietary supplements in
poultry production(Yaqoob et al., 2021). Hence,
prebiotics were added to the poultry diet to pre-
vent intestinal diseases(Elgeddawy et al., 2020).
Synbiotics

Synbiotic is a dietary supplement that com-
bines probiotic and prebiotic to enhance the level
and activity of beneficial microorganisms in the
gut(Curro et al., 2017). Since the word refers
to synergy, the definition should be allocated to
products in which the prebiotic compound selec-
tively supports the probiotic compound. For ex-
ample, a product including oligofructose and Bi-
fidobacterium could meet the definition, whereas
a product containing oligofructose and a probiot-
ic Lactobacillus casei strain could not(Schrezen-
meir & de Vrese, 2001). The mechanism of ac-
tion of synbiotic supplements is still unknown
and needs further investigation.

The crucial point about choosing the correct
synbiotic is choosing the appropriate probiot-
ic and prebiotic when combining the synbiotic
formula because the functional mechanism of
synbiotic will be based on the synergistic effect
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Table5. Types of fungal polysaccharides

Fungal Fungal origin Description
polvsaccharides
D-Glucan Agaricus bitorquis » It iz the main and the most polysaccharide
Agaricus bluzei extracted from Ganoderma lucidum.
Auricularia » Contains beta-glucans with a backbone of p-
auricula-fudas {1—3)linked D-glucopyranosyl residues,
Calocybe mdica with  bramche: of mono-, di- and
Ganodgrma olizosaccharide side chains replacing at the C-
fucidum 6 of the glucozyl residues in the main chain
Geastrum »  Ability to regulate the immune system
.m'cm:.:'um _ « Activators of Lacebacillus  rhammosus,
Phellinus ‘Imfﬁﬁ__ Bifidobacterium bifidum and Enterococcus
Pleurotus eryngii . . .
Sparassis crispa # Merging of f -1,3glucan to mnate mmune
Termitomyces cellz such as NK and macrophages
eurhizus * Merging of B- 1,6 glucan fo proteins or other
Termitomyces parts of sugar molecules and uze mn antitumonr
microcapus activity
» Reduced cholesterol and LDL levels
patients with hypercholesterclena
Lentinan Lentinus edodes » 3gtrand polysaccharides
» Activate £ coli and mhibit Salmonelia
* According to some research mn 1939, these
polysaccharides increase macrophagez and
thus mcrease phagocytic action.
Grifloan Grifola frondose *  Glucose molecule with f bond
* Has a tniple helical structure
o Activate Bifidobacterium and Laciobaciilus
o Inhibitory effect on Saimonella
« Has achivities like Lentman
o Stimulation of Imterlenlon (IL) and Tumour
necrosis factor (TINF-o) production
Glycoprotein Ganoderma * Protein-bound polyzaccharides
{ucidum » Includes compounds such az P-glucan with
protein, o-glocan  with  protem  and
heteropolyzacchanide with protem
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of prebiotic and probiotic in the large intestine.
Two types of synbiotic formulations are intro-
duced, complementary and synergistic(Roselli &
Finamore, 2020). A mixture of Bifidobacterium
or Lactobacillus with fructooligosaccharides in
synbiotic products appears to be the most com-
mon mixture. Two styles of synbiotic operation
are acknowledged (1) Action by enhancing the
sustainability of probiotic microorganisms ;(
2) Action by providing specific health impacts
(Markowiak & Slizewska, 2017).

The consumption of synbiotics

The application of synbiotics leads to a sig-
nificant increase in SCFAs, ketones, carbon di-
sulfides, and methyl acetate, which ultimately
positively affects the host’s health and have an-
tibacterial and anti-allergic effects. They prevent
the decay processes in the gut and inhibit consti-
pation and diarrhoea. They also seem to be very
efficient in preventing osteoporosis, reducing fat
and blood sugar, regulating the immune system,
and treating brain disorders associated with ab-
normal liver function. Advantageous effects of
synbiotics on humans include:

Increase in the number of Lactobacillus, Bi-
fidobacterium bacteria and maintain the stability
of gut microbiota; improving liver function in
patients with cirrhosis; improve complementary
safety capabilities. Restrict bacterial transmission
and reduce nosocomial infections in patients af-
ter surgery and similar interventions (Markowiak
& Slizewska, 2017).

Experimental evidence suggests that synbiotic
supplementation may be a valid strategy for im-
proving IBD. As shown by reducing inflamma-
tory markers and improving clinical outcomes,
SCFA is produced by providing selected pro-
biotic strains and prebiotic fibres(Roselli & Fi-
namore, 2020). The effects of synbiotics on oth-
er diseases, including autism spectrum disorder
(ASD), atopic dermatitis, chronic kidney disease
(CKD), diabetes, UC, necrotizing enterocolitis
(NEC) and others, have also been studied.

There are also several studies on the effect of
synbiotic supplements on livestock and poultry
and the quality of their products. For example,
in 2015, Tang et al. investigated the influences
of prebiotics, isomaltooligosaccharide (IMO),

PrimaLac probiotics, and their combination as
synbiotics on the chemical composition of egg
yolk and the egg quality of laying hens. The
results showed that IMO and Primalac sup-
plements alone or in combination might help
improve cholesterol content and modify the com-
position of egg yolk fatty acids without affecting
the egg quality of laying hens between 24 and
36 weeks. They also significantly increase eggs’
total unsaturated fatty acids, total omega-6, and
polyunsaturated fatty acid (PUFA), including li-
noleic acid and alpha-linolenic acid levels(Tang
et al., 2015).

Postbiotics

The concept of postbiotics is based on the
observation that the secretion of various metab-
olites mediates the beneficial effects of the mi-
crobiota. Still, its accurate description remains
under discussion(Zd6tkiewicz et al., 2020). They
are functional fermentation compounds, which
can be used in combination with nutrients to pro-
mote health(Wegh et al., 2019).

According to Tsilingiri et al., In 2013, post-
biotics contain any substance released due to
the metabolic activity of microorganisms and
has beneficial effects on the host. They create
these effects directly and indirectly(Tsilingiri &
Rescigno, 2013). Postbiotics are not considered
synbiotics and may not only have a positive ef-
fect on the gut microbiota but may also enhance
the gut microbiome. Therefore, Zotkiewicz et al.
believe that the term synbiotics should be further
explored and include the concept of postbiot-
ics. Postbiotics display beneficial health impacts
through similar mechanisms that characterize
probiotics. At the same time, since they are not
live microorganisms, it would minimize the risks
of using probiotics. Postbiotics like prebiotics
appear to have fewer side effects while having
similar efficacy to probiotics(Zétkiewicz et al.,
2020).

The consumption of postbiotics

Directly available groups of postbiotic drugs
include: supernatants (without cell or cell), ex-
opolysaccharides, enzymes, vitamins, amino ac-
ids, peptides, cell wall fragments, SCFAs, bac-
terial lysates and metabolites are produced by
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Table7. Potential of seaweed, macroalgae and microalgae as prebiotics and food and drug supple-
ments(Alves et al., 2019; Gomez-Zavaglia et al., 2019; Gupta et al., 2017; Hemantkumar & Rahimb-

hai, 2019; Ngo-Matip et al., 2015; Ricigliano & Simone-Finstrom, 2020)

Frebiotics

Algae origin

Impacts

Keterence

Alginate

Brown algze
(L aminoria
Japonica)

Increase m acetate and propionate
concentrafions
Stimulate bactenial growth

(Aletal, 2U15)

Brown algae

INo change in bactenial population
SCEFA, acetate and proplonate
with high molecular weight were

EEI.

Fammnam et )
{al, 2012

Laminarin

Brown algze

MNo reduction m Bifidsbacterium
and Lactobacilius populations
Decreazed pH in the gut
Increased expression of neufral
mucm m the rat clone

Dewnlle et al., )
2007; Machel &
Macfarlane,
(1994

Brown algae

higher expression of 3GLTI,
GLUT] and GLUT2 m the
piglets tleum

mecreasing the populations of
Bifidobacterium and
Lactobacillus spp

merease n average daily gain

the lower proportion of proplonic
acid

Hemetal,)
(2014

Brown algae

Increase of Total Short Cham
Fatty Acids (Total SCFA) and
Acetate in Cecum
Decreased colomc expression of
precursor cytokines

Walshetal, )
(2013

Fuocoidan

Brown algze
{Ascaophyiium
rodosim)

Mo production of SCFA and
gazes was found.

Michel &)
Macfarlane,
(1996

Brown algae
{(Lonicera

Jjaponicd)

Increase produchon of acetate,
butyrate and lactate

More EBifidobacterium,
Lactobacilius and Enterobacteria

Kongetal )
(2016

Carrageenan

Agar and

Eed algae

Alzinate oligosacchandes (Alg0)
mhubit the growth of pathogemic
bacteria such a3 Escherichia,
Shigella and Peptomiphiluz and
maodify gut microbiota
composition.

Agarose oligozacchandes (AOQ)
can modulate the gut to 2
healthier model.

Hanetal, )
(2019
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Type of [ Ihe name of algae | Potential as a prebiotic supplement
algae
Macroalgae | Ascophyiium o Increszsed the amount of Bacferoidefer and
rodasim Firmicutes
* Reduced the nsk of obesity
*» Reduced the fotal amownt of SCFAs  after
fermentation
* Improving human gut health
Ecklonia radiat » Decreased levels of tomic protemn fermentafion
products
* Increzsing the mumber of butyrate-producing
bacteria such as Faecalibacterium prousnitzii
* Decreased number of potentially pathogeme
Enferococcus
LAleromorpha » Fepulstion of entercendocnne secretion (secratory
polifera cells m the gut), blood glucose and lymd
Lomineria metabolism
japonica * Reducing the symptoms of metabolic syndrome
Forpryra * It comtams exciting amounts of glycerol
Yezoensis galactoside fermented by Bifidobacierium
microalgae | Chiorella » It contains fats carbohydrates, vitammms and
pantotheme acid
+ Increzsed the blood pressure and cholesterol levels
» Increzsed the immmme system
« Rehef of fibromvalgia (chronic musculoskeletal
pain syndrome)
» Rehef of lugh blood pressure
» Peliefof UC
» Stmulate beneficial flora such as Laciobacilius
and Bifidobacterium
* resolving constipation, IBS and other problems
Lhmaliella » It contains large amounts of beta carotene, ghycerol
and protein
» Excellent liver protection effects
* Reduction of the liver lezion mncidence
Chiorella « Immune stimulating qualibies
pyrenoidosa » Reproduction of Listeria Morocyiogenes
» Inhibition of Camdida albicars
Chiorella
ellipsoidea
Haematococous » Anti-inflammatory and anticancer agent for
pluvialis cardiovascular diseases

* Prevention of diabetes and neurological disorders
« Stimulation of mmumzation
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Aphanizomenon * [t contams C-phycocyanm
# It has anhomadant and anti-inflammatory properties
* Decreased cholesterol and friglycende levels
* Production of SCFAs
Spiruling = [t Contams C-Phycocyamn
» Has anhoxidant and anti-inflammatory qualifies
* It has a pomtive effect on the bicavalahlty of
probiotics
 Elimination of harmful bacteria £ coli and
Candida yeast
« Stmulztion of Biffdobacterium and Laciobacillus
+ Promote digestion
» Increzzed the number of Laciebacilius beneficial to
the zastromtestinal fract and excellent absorption
of vitamins
» Strengthen and  support  beneficial  gut
microorganisms to contend against gastromtestimal
dizeazes
* Treamment of zastric oleer, chromic gastribz and
duodenal uleer
» Repulate the fimetion of the mnmme system
Arthrospira » In patients with HIV 1:
platensis o Increased haemoglobm levels

o Sigmificant reduction in released viral levels

o Stimulate the Immune system

o Inhobit virus repheation

In bees that used it as 2 food source:

o Significant increase in body fat

o Improve bee health

o Increazed bactenial coumt of mbestmal
microbicta

o Stmulation of growth of Lactobaciifus and
other lactic acid bactena

o Femoval of pathogemc bactena
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¥-carrageenan  oligosaccharides
(ECO) mcreased abundance of

butyric zoid-producing bactena
Fed algze w-carrageenan oligosacchanides | Sumetal,)
mcreased  the growth of (2019
Prevotella and repressed the
growth of Bacferoides and
Parabactercides
Clvan Green algae Thev are poorlv destroved by Hobm-)
mtestinal bacteria. Dubigeon et al |
{1997
Polhyphenols BErown algze Promotes the bmdmg of| Coronaetal, )
{Ascophyiium polyphenols o methyl, | 2017; Corona
HodosLm) glucuronidated or sulfated forms | (etal, 2016
mstead of lydrolysis to aghycons
Brown algae Increazed Charoensiddhi )
(Eckionia Bacteroidetes «Clostridium (etal , 2017
radiata) coccoides  <E. coli  and
Faecalibacterium Prauswnitziii but
Commumities of Bifidobacierium
and Lactobacillus reduced after
24 hours.
Carotenoid Green  and Increazed abundance of [ Lyumetal,)
Eed algae Bifidobacterium in the cecum of (2018
astaxanthin-fad mice
Green  and Increased  population  of | Ramiloglu &)
Red algae Bifidobacterium, Capanoglu,
Lachnospiraceas (2018
Polyunsaturated | Seaweed Eicosapentaencic acid (EPA) and | Costantini et)
fatty acids Docozahexaenoic  zcid (DHA) al, 217,
havs anti-inflammatory | Menm etal
properties. 2017;
Decreased ratio of Firmicutes to | Fobertson et
Bacteroidetes, (al, 2018

Beduction of LPS -producing

bacteria
Increase population of
Bifidobacterium,

Lachnospiraceas
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Table 8. The impact of prebiotics on several diseases

Diseases Impact of prebiotics Reference

Gut microbiota Medification of gut microbiota JDavani-

deficiency The energy supply of microbiota and finally | Davartetal,
modulation of its composition and function 2019;
The reduction of acidic fermentation products | Gowrnshankar
improves the intestinal environment. etal., 2021;
The release of gases increases the volume of the Khalil et al,,
gut and reduces the time of food transfer. 2[:]21_;
Anti-constipation D#I?I_lﬁ_iﬂtﬁ.-‘lﬂk &
Maintain gut health by changing its microflora Shfg??éci

Hepatic Decreased blood ammeonia levels by prebiotic | JGowrishankar

encephalopathy lactulose etal 2021(

(HE)

Atopic dermatitis * Reduction of dermatitis (skin sensitivity) JGowrishankar

e Consumption of Galacto-oligosaccharides | etal, 2021(
reduces dehydration, pruritus and increases
CD44, Collagen type I and skin expression of
cell adhesion.

Kidney disease e Consumption of Galactooligosaccharides alone | JGowrishankar
or combined with Bifidobacterium by women | etal, 2021(
decreases dehydration and creatine formation
due to phenols.

Cardiovascular + Reduction of inflammatory components JGowrishankar

disease (CVD) * Reducing the risk of CVD etal, 2021(

o decreasing cholesterol and apolipoprotein
levels

the gut microbiota. Supernatants help prevent
cancer through the reduction of oxidative stress
and antitumour activity. Cell-free supernatants
contain biologically active metabolites secreted
by bacteria and yeast in the fluid around them
in cell culture medium, obtained directly from
these media. Biopolymers secreted outside the
cell wall during growth create a heterogeneous
group of substances called exopolysaccharides
(ESPs). These substances are applied as stabiliz-
ers in the food industry(Zétkiewicz et al., 2020).
ESPs modulate the immune response by interact-
ing with dendritic cells (DCs) and macrophages
and increasing the proliferation of T lymphocytes
and NKs(Makino et al., 2016).

Enzymes produced by microorganisms have
created defence mechanisms against the harmful
effects of reactive oxygen species (ROS), which
can damage lipids, proteins, carbohydrates, and
nucleic acids. Some enzymes controlling ROS

include Glutathione peroxidase (GPx), superox-
ide dismutase (SOD), catalase, and NADH-oxi-
dase.

Bacterial lipoteichoic acid (LTA) is found in
the cell wall of gram-positive bacteria and can
be released spontaneously into the environment,
showing the effects of immune stimulation.
Some believe that it stimulates the production of
cytokines by regulating immune activity, while
others believe that it does not decrease inflam-
matory processes and creates damage to gut tis-
sues. Its topical application enhances nonspecific
defence mechanisms and finally releases disin-
fectant peptides, including human beta-defensin
and colchicine. Therefore, it may be more widely
used to treat many skin infections, anti-inflam-
matory and anticancer activities. However, it can
create side effects and cause allergic and inflam-
matory reactions.

SCFAs result from the fermentation of plant
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polysaccharides by gut microbiota, and their
known types include acetic acids, propionic ac-
ids and butyric acids. Of these three types, bu-
tyrate is one of the most significant energy sourc-
es for enterocytes, which assists in regenerating
the intestinal epithelium and modulates gene
expression. Acetate directly regulates appetite
in the central nervous system and can be used to
prevent cardiovascular disease.

Bacterial lysates result from chemical or
mechanical degradation of gram-positive and
gram-negative bacteria; by stimulating the intes-
tinal DCs, they activate T and B lymphocytes and
finally exert their effect on the immune system.
Bacterial lysates mimic the presence of bacteria
in the body(Zo6tkiewicz et al., 2020).

The effect of postbiotics on diseases and health
states is directly on the body’s signalling path-
ways or indirectly on the metabolism and com-
position of the intestinal microbial flora(Vrzack-
ova et al., 2021).

Lactobacillus plantarum strains are the main
species of lactic acid bacteria that can produce
postbiotic metabolites with anticancer proper-
ties(Chuah et al., 2019). Due to their anti-inflam-
matory, immunomodulatory and antimicrobial
activities against pathogenic strains, postbiot-
ics are most commonly used in children due to
their susceptibility to intestinal disorders. Their
positive effects on microbiota growth, intestinal
maturity and various immunomodulatory actions
are significant and interesting, especially in chil-
dren(Morniroli et al., 2021).

Safety of using postbiotics

Fortunately, postbiotics eliminate the problem
of access to antibiotic resistance genes and vir-
ulence factors and the need for exposure to liv-
ing microorganisms, which is especially impor-
tant in children with immature immune systems
and leaky gut barriers(Zotkiewicz et al., 2020).
In order to investigate the safety of postbiotics,
the role of postbiotics in a systematic and ran-
domized controlled study in the prevention and
treatment of common infectious diseases among
children under five was evaluated. In this study,
only in 3 cases, side effects such as high vom-
iting and severe dehydration were reported, and

in the remaining cases, no unfavourable effects
of postbiotics were reported. However, there are
few studies on the potentially harmful effects
of the use of postbiotics. Due to their structure,
shelf life, stability, non-toxic impacts and market
conditions, postbiotics can be a safe alternative
to probiotics and used in the food and pharma-
ceutical industries (Rad et al., 2021).
Dysbiosis

Our body’s microbiome performs a variety
of vital functions for us. Without the presence
of microbes, human anatomy and physiology
would be completely different. The disorder in
this cooperative relationship will be called dysbi-
osis. Any dysbiosis in the microbial communities
that make up the microbiome can be controlled
by probiotics, prebiotics or synbiotics(Appanna,
2018). A wide range of intestinal microorgan-
isms, typically common, can become a potential
threat to the host in one step(Biswas & Kobayas-
hi, 2013). Dysbiosis in the intestine is related to
differences in the composition and activity of
intestinal microbiota, damaging effects on host
health through qualitative and quantitative chang-
es in intestinal bacteria, changes in their meta-
bolic activity or changes in their location(Levy
et al., 2017). Some commensal bacteria inhibit
the growth of opportunistic pathogens. For ex-
ample, during lactose fermentation, Bifidobacte-
rium decreases the intestinal pH, thus preventing
the colonization of pathogenic E. coli; therefore,
they prevent the growth of opportunistic patho-
gens(Douglas et al., 2020). Intestinal dysbiosis
reduces the mucosal barrier’s stability, disrupts
the immune system, and causes oxidative stress
and inflammation. Over time, intestinal dysbiosis
and bacterial transmission can increase the inci-
dence of a variety of diseases(Cristofori et al.,
2021). Impairment of intestinal mucosal home-
ostasis, influenced by genetic factors, intestinal
microbiome, immune system and environmental
contacts, predisposes to IBD(Shaw et al., 2016).
In 2016, a study investigated the mechanical
link between acute cerebral ischemia, microbio-
ta changes, and the immune response after brain
trauma. Decreased species diversity and bacterial
overgrowth of bacteroids were identified as signs

368



Biotechnological Journal of

Environmental Microorganisms
(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 2(7) 2024 349-380

Table 9. The impact of synbiotics on several disorder

Dizorders Symbiotic Effect of Syabiotic Rezources Bezources
Ulcerative | Enterococcus flaecium, Selective stinmlation of imtestinal | JAlhm et al.,
colitis L. plovimrum bactaria 2019

5. thevmophilus Faduced CEP

B. lactis, Decreased disease activity

L. acidopiiius,

B lonzum

+ fmactoolizosaccharida
Necrotizing | Bjfidobacterium lactis Less occurrenca of NEC JAlm et al.,
enterocolitis | + inalin Limited maortzlity rate 2019
(NEC)

L. acidophilus Diminished the incidence znd| JAlhmetal.

B lovzum severity of NEC

E. Bjfidum 201

5. thermpophalez

+ fmrtoolizosaccharida
Obesity L plantarum Decreased appetite and  fasting [3]

5. thermpophilows blood sugar during consumption

B. bjfidum

+ fmrtaalizosaccharida
Autism B. pifentis Bi-26 Decreased totsl scors and ATEC| JAlhm etal.,
pecirm L. riumanosus HNVOGT subdomain  (Aotism  reatenent 2019(
dizorder B. [mctiz BL-04 evaluation checklist)

L paracacei LPFC37 Decreased (3] (gaswointestinzl

+ fmctoolizosaccharida severity indes)
Atopic B. breve Atopic  dermatological scoring | )Alhum et al
dermatitis Bjfidobactarim decTeazss over time in patients after lmg{

aeimalis subsp. Lactis synbiotic hathing

L.casei Improves prarimuz and dry skin

L. gamzert significantly improves

L. plavdtarum Improvement of microbioms

L rhammosus

+ maltodexin + inolin +

appls pectin
Chronic L caset Decreased levels of blood wea| JAltum et al.,
Lidney L acidaphilus nitropen. craatinine wric acid 2019(
dizease L Bulgaripus Other senm renal fmction indices

L .rhawmnosis did not show ziznificant changes

B. breve

B lownzum

3. thermvophilus

+ fructoolizosaccharide
Diabetes B Tacriz BB-17 Improve blood glucoss regulation. JAlhm et al .

L. acidophiiuz L4-5 Diecreased resistance to meolin and 2019

+imulin_ + hlonk Froit glycosylated hasmoglobin,

axiract

Improve 3SCFA leval: and gt
mmicrobiota status
Improve liver and kidnevs
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Tablel0. Effects of postbiotics consumption

Paxthiotic Alicroorzanizm®s Effects Eesourcex
SOUrCe
Cell-free Lacroharilius Anti-mflammatory and antioxidant | Dhe hdarco )
Tpernatants o P, mflvence on gut epithelial cells | (etal 2018
Lacrobacilius cazel rnacrophages and newrophils
Cell-free Lacrobaciflus casel Ability to prevent the invasion of | Ezcamillz)
SUPeTHArants Lacrobarilius rhammosus colorectal cancer cells (et zl, 2012
G
Cell-free Lacrobacilius Defend  enterocyte  cells  fom | Ehodsiiet}
FupeTHatants Bifidebacterium enterpinvazive Escherichia  coll (al., 2017
mwazion
Cell-free Lacrobarilius plantarus Positive effect on matarity and | Izueddinet )
Fnpernatants morphological struchore of intestinal al, 2014,
harriar Yue at al
prevantad tumoar development in (2020
roice with a high-fat diet
Cell-free Saccharoreces Boversad the state of intestinagl | Cananiciat’)
Tpernatants CEPEVLIITE, peristalziz cawzad by stresy stivmali 2l 2011; De
Saccharorgices bowlardii Boulardii exhibits anti-inflanvnatory | Mlarco etal.,
and sntiocidart activity similar to | 2018; Weast
bacterial cell supernatant. (et al, 2014
Accelerate wound  healing  and
mtesting] barrier rapair.
Cell-free Lacrobacilius rhamaosus Induction of apoptosiz play: an | Fajokast)
FupeTHatants SHALLL SHALLZ, anticancer rola by upregnlating BAD, (al., 2019
and SHAL13 Bax, Cazpazse-3, Caspase-§, Caspaze-
B and down-regulating ECL-2 ganes.
Cell-free Lacrobaciiius fermentum Induction  of  apoptomis by | Leeetal,)
FupeTHatants 2. upregulation of Caspase-3, Bax, (2012
BAK, and Moxa and EID gens
mEA expreszion
Cell-free Bjfidobacterium bifdum Decreased growth of cancer cells in | Bakumani ot }
TUPernatants Inarnan colan cancer (zl., 2019
Cell-free Bifidebacterium Inhibit the growth of cancer cells in | Eimetal, )
Tpernatants avfalescentis SPAMUIIE thres colan cancar cell lines (2008
Supernatant Bjfidobacterium breve Induces mataration and survival of | Hoarauet)
DiZs, mereases IL-10 sacration and (zl., 2002
repreases THE-q secTetion.
Influence on the invrnumes sysbemm
Supernatant Bacilluz coqpuias Increazad anti-inflanrnatory | Jeasenet)
cytokineg production  amd  ThI- (zl., 2010
dependant Immmine Tespanses
Supernatant Lacrobacillus rhammoss Defending lnmnan intestinal smooth | Cicenia et )
rouscha cells fom damage (al., 2016
Exopolyzaccharide | Lacfobacifius plararisn Induction of MO zacration Wang etal., )
{Tofiz) Increszed phagocytic  abiline  of (2018

rracrophages
Increazed [zA concentration in the

intestinal muco:ea
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Stirpulation af hrnphocyts

Exopolvsaccharide Lacrobacilius caseal # Az zn adjuvant, the effect of the foot- | Xinetal,)
and-maouth dizease vaccine increased. (2013
Exopolysaccharide | Lacrobacifus Sfreaing ®  Anfimicrobizl  and  antiomidant | Fhalilet)
olmted frome formented propertis: (al., 2018
Dlarieen fluit
Exopolvsaccharide | Lacrobacillur hebveficws Capability to bind iron fons Lietzl. )
Fesponsible for the antioxidant (2014
features of areen tag
Ex-upﬁ]}!accha:ide Lactobaciilus - [:Ia'l,a:.'ed the 3.]:.]'53,:1 of atherosclerosis Blaeds E‘t:l
(Eefir) Egfiramafiociens m & preclinical animal mode] (rakibit) 2l 2004,
#  Preventing high blood pressure and | Uchida st al,
mamtaining blood glucose levels in (2010
mice that conswmed too mmuch
chalesterol
Haz antiatharogenic properties
Exopolvsaccharide Pegnibaciiiuz Incidence of antioxidant propertiss Lizng etal., )
mucilaginosus (2014
TELDS2
Exopolyzaccharide | Lacrobacillus plantarum As amtinmmour agents in vitro Wangetal., )
ToBRIG Fopression of  tumowr  cell 2014
proliferation
Enzyme (GPx) d strams af #  Sirong anticrddant gualities Fimetal,}
Lacrobacilius (2005
JErmeniuwm
Enzvme (3000 or | Lacrobacilus # Altered straing provided svmptom | de LeBlaac)
catalaze relief in the mouse medal of Croha's | ot 2, 200E;
dizagse compared to wunchanged | LeBlancet
COUNLErparts, 2l 2011;
% Laciobacilius soains with disroutase | Tonmsiak-
like activity are more effective in | Plebanek ot
relieving gut inflammation than | (2l 2018
strains producing catalazs,
»  Genatically modified straing
expragzing  catalase  hawee  hean
suepactad to prevent chemical colan
CERCET ik mice,
Bactarizl (LTA) cell | Lacrobacilius #  Stirmulstion ofthe Mast Call responszs Wang etal., )
wall Fazmeants Bifidobacteria of the skin toward zame bacterizl and (2012
Srraiu viral infactionz
Bactarizl (LTA) cell | Lacrobacillus plastarusn & Anti-allergic antibuvor and sntiviral | Hirose et )
wall Fragmants JOM] 40 g effect: that l=ad to the T helpsr 1 (zl., 2010
Lacrobar s (Thl} mnmime respanse.
plataryse L-137
EBacterizl cell wall | Facillus coapulans # Incresze anti-inflammatory oyiokine | Teasenet)
fragments production and mumme Iespomses (al., 2010

dependent Thl
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Bactarial cell weall | Lacrobaciiius p&n‘ﬂﬂ'ﬂ.ﬂf # It reduce: cell pm'liﬁ:-'rnrl'nn arid Miozari E‘t:l
frazments il mdunces snontnziz z;md  tms  has (al., 2019
anficancer effects.
Peptide Lacrococcus lacris *  Showsd an antimicrobial effect. Carroll et )
(al., 2010
Protein Sraphplococcis  Rominis ®  Awti- Mcobacterium fubercufosis Ehuszro et
ALANFED (al., 2020
SCFA Roseburiag Fiesiinallz - Remjun ofaﬁmgmﬁg inthe rar | Easshara E‘t:l
EBufyrate mpdal of atherosclerosiz (al., 2018
#  Sigmificant reduction in endatoocrermia
and inflarmatory markers in serom
and aarta
ECFA Propionibacterivm ¢ Salectively induce: apoptosis in | Cousinet)
Prapionate Jrewdenraichii gastric cancer cells, (zl., 2013
& Antitenour activity.
SCFA Clostridivs Butyricwon # It suppresses the Wat / f-catenin | Chenetal, )
Propionate 2. signalling pathway and modulates (2020
mtesting]l microbiota composition,
thus having an anticancer effect.
Eactarial lysates Lacrobacillus  paracasei # Decrease the symptoms of dry eya | Dloritaet)
Folate Elled by heem syndrommna (al., 2012
Bacteriz] lysates Lacrobacilius  helveticuws #  Displayed antioxidant activity Ahire st gl )
Folate ] (2015

of dysbiosis after stroke, which was associated
with dysfunction of the intestinal barrier and de-
creased intestinal motility, which was detected
by detecting intestinal bolus in the body(Ricke,
2018).

Tumour necrosis factor (TNF- a)

It is one of the main inflammatory cytokines
and is responsible for creating strong inflamma-
tory processes in patients with IBD. Thus, re-
ducing or inhibiting TNF-a release has been the
focus of IBD-guided treatments for many years.
Regulating TNF-a production may prevent se-
vere and persistent inflammation, which is cru-
cial in inflammatory diseases. Probiotics reduce
inflammatory cytokines, such as TNF-a, espe-
cially in chronic diseases, to perform their an-
ti-inflammatory activities. The major regulators
of TNF-a expression include nuclear factor kap-
pa B (NF kB) and members of the mitogen-acti-
vated protein kinase (MAPK) family(Vincenzi et
al., 2021).

Conclusion

As mentioned, previous, one of the best ways
to help people stay healthy is through natural
products such as probiotics, prebiotics, synbiot-
ics and postbiotics. Due to their particular struc-

ture, these products can be beneficial and used as
a therapeutic or preventive agent. They can also
diminish the duration of symptoms. They have
revealed beneficial impacts in studies in the pre-
vention and treatment of disease, but the applica-
tion of prebiotics and postbiotics seems to be saf-
er in sensitive individuals due to the absence of
living microorganisms. Although, probiotic sup-
plements show a high ability to heal gastric ul-
cers faster with other drugs and prevent and treat
constipation and Helicobacter pylori disease, one
of the most annoying diseases of the gastroin-
testinal tract. Even during the recent coronavi-
rus pandemic, probiotics were used to decrease
symptoms in COVID-19, with successful results.
All four of these supplements are effective in
treating cancer, especially colorectal cancer.
Using different sources of probiotics and
prebiotics, such as fungi and algae, will be more
economical and less harmful. In addition, these
sources alone have many benefits for human,
livestock and poultry health. Probiotic, postbi-
otic, prebiotic and synbiotic supplements can be
used to treat and prevent apoptotic dermatitis,
kidney problems, lactose intolerance, prevent
osteoporosis and help improve some symptoms,
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especially gastrointestinal symptoms in patients
and especially used for children with autism and
others.

Nevertheless, this topic still requires more ex-
tensive research and investigation on the effects
of probiotics, prebiotics, synbiotics and postbiot-
ics supplements in the inhibition and treatment
of other conditions and the development of these
supplements.

Resources

Adom, M. B., Taher, M., Mutalabisin, M. F., Amri,
M. S., Kudos, M. B. A., Sulaiman, M. W. A. W., Sen-
gupta, P., & Susanti, D. (2017). Chemical constituents
and medical benefits of Plantago major. Biomedicine
& Pharmacotherapy, 96, 348-360.

Ahire, J. J., Mokashe, N. U., Patil, H. J., & Chaud-
hari, B. L. (2013). Antioxidative potential of folate
producing probiotic Lactobacillus helveticus CD6.
Journal of food science and technology, 50(1), 26-34.

Ai, C., Jiang, P., Liu, Y., Duan, M., Sun, X., Luo,
T., Jiang, G., & Song, S. (2019). The specific use of
alginate from Laminaria japonica by Bacteroides
species determined its modulation of the Bacteroides
community. Food & function, 10(7), 4304-4314.

Aida, F., Shuhaimi, M., Yazid, M., & Maaruf, A.
(2009). Mushroom as a potential source of prebiot-
ics: a review. Trends in Food Science & Technology,
20(11-12), 567-575.

Allen, S. J., Martinez, E. G., Gregorio, G. V., &
Dans, L. F. (2010). Probiotics for treating acute in-
fectious diarrhoea. Cochrane Database of Systematic
Reviews(11).

Altun, H. K., Yildiz, E. A., & Akin, M. (2019).
Effects of synbiotic therapy in mild-to-moderately
active ulcerative colitis: A randomized placebo-con-
trolled study. The Turkish Journal of Gastroenterolo-
gy, 30(4), 313.

Alves, C., Silva, J., Freitas, R., Pinteus, S., Reb-
oleira, J., Pedrosa, R., & Bernardino, S. (2019). Red
algae. In Nonvitamin and Nonmineral Nutritional
Supplements (pp. 375-382). Elsevier.

Amirani, E., Milajerdi, A., Mirzaei, H., Jamilian,
H., Mansournia, M. A., Hallajzadeh, J., & Ghaderi, A.
(2020). The effects of probiotic supplementation on
mental health, biomarkers of inflammation and oxi-
dative stress in patients with psychiatric disorders: A
systematic review and meta-analysis of randomized
controlled trials. Complementary therapies in medi-
cine, 49, 102361.

Anggeraini, A. S., Massi, M. N., Hamid, F., Ah-
mad, A., As’ ad, S., & Bukhari, A. (2021). Effects

of synbiotic supplement on body weight and fasting
blood glucose levels in obesity: A randomized place-
bo-controlled trial. Annals of Medicine and Surgery,
68, 102548.

Appanna, V. D. (2018). Dysbiosis, probiotics,
and prebiotics: in diseases and health. In Human Mi-
crobes-The Power Within (pp. 81-122). Springer.

Arihara, K. (2006). Strategies for designing novel
functional meat products. Meat science, 74(1), 219-
229.

Bahmani, S., Azarpira, N., & Moazamian, E.
(2019). Anti-colon cancer activity of Bifidobacteri-
um metabolites on colon cancer cell line SW742. The
Turkish Journal of Gastroenterology, 30(9), 835.

Banik, A., Halder, S. K., Ghosh, C., & Mondal, K.
C. (2019). Fungal probiotics: Opportunity, challenge,
and prospects. In Recent Advancement in White Bi-
otechnology Through Fungi (pp. 101-117). Springer.

Benkeblia, N. (2015). Ganoderma lucidum poly-
saccharides and Terpenoids: profile and health bene-
fits. J Food Nutr Diet, 1, 1-6.

Bhakta, M., & Kumar, P. (2013). Mushroom pol-
ysaccharides as a potential prebiotics. Int. J. Health
Sci. Res, 3(8), 77-84.

Biswas, A., & Kobayashi, K. S. (2013). Regula-
tion of intestinal microbiota by the NLR protein fam-
ily. International immunology, 25(4), 207-214.

Bobin-Dubigeon, C., Lahaye, M., & Barry, J. L.
(1997). Human colonic bacterial degradability of di-
etary fibres from sea-lettuce (Ulva sp). Journal of the
Science of Food and Agriculture, 73(2), 149-159.

Bruzzese, E., Volpicelli, M., Squaglia, M., Tartag-
lione, A., & Guarino, A. (2006). Impact of prebiotics
on human health. Digestive and Liver Disease, 38,
S283-S287.

Bulam, S., Ustiin, N. S., & Peksen, A. (2019).
Health benefits of Ganoderma lucidum as a medic-
inal mushroom. Turkish Journal of Agriculture-Food
Science and Technology, 7(sp1), 84-93.

Canonici, A., Siret, C., Pellegrino, E., Pon-
tier-Bres, R., Pouyet, L., Montero, M. P., Colin, C.,
Czerucka, D., Rigot, V., & André, F. (2011). Saccha-
romyces boulardii improves intestinal cell restitution
through activation of the 021 integrin collagen re-
ceptor. PLOS one, 6(3), e18427.

Carro, L., & Nouioui, I. (2017). Taxonomy and
systematics of plant probiotic bacteria in the genomic
era. AIMS microbiology, 3(3), 383.

Carroll, J., Draper, L. A., O’Connor, P. M., Coftey,
A., Hill, C., Ross, R. P., Cotter, P. D., & O’Mahony,
J. (2010). Comparison of the activities of the lantibi-
otics nisin and lacticin 3147 against clinically signif-

373



Biotechnological Journal of

Environmental Microorganisms

(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 2(7) 2024 349-380

icant mycobacteria. Int J Antimicrob Agents, 36(2),
132-136.

Charoensiddhi, S., Conlon, M. A., Vuaran, M. S.,
Franco, C. M., & Zhang, W. (2017). Polysaccharide
and phlorotannin-enriched extracts of the brown sea-
weed Ecklonia radiata influence human gut micro-
biota and fermentation in vitro. Journal of Applied
Phycology, 29(5), 2407-2416.

Chen, D., Jin, D., Huang, S., Wu, J., Xu, M., Liu,
T., Dong, W., Liu, X., Wang, S., & Zhong, W. (2020).
Clostridium butyricum, a butyrate-producing probi-
otic, inhibits intestinal tumor development through
modulating Wnt signaling and gut microbiota. Can-
cer letters, 469, 456-467.

Cherry, P., Yadav, S., Strain, C. R., Allsopp, P. J.,
McSorley, E. M., Ross, R. P., & Stanton, C. (2019).
Prebiotics from seaweeds: An ocean of opportunity?
Marine drugs, 17(6), 327.

Cheung, M. K., Yue, G. G. L., Chiu, P. W. Y., &
Lau, C. B. S. (2020). A Review of the Effects of Nat-
ural Compounds, Medicinal Plants, and Mushrooms
on the Gut Microbiota in Colitis and Cancer. Front
Pharmacol, 11, 744.

Choung, R. S., & Locke 3rd, G. (2011). Epide-
miology of IBS. Gastroenterology Clinics of North
America, 40(1), 1-10.

Chrysant, S. (2016). The clinical significance and
costs of herbs and food supplements used by comple-
mentary and alternative medicine for the treatment of
cardiovascular diseases and hypertension. Journal of
human hypertension, 30(1), 1-6.

Chuah, L.-O., Foo, H. L., Loh, T. C., Alitheen, N.
B. M., Yeap, S. K., Mutalib, N. E. A., Rahim, R. A.,
& Yusoff, K. (2019). Postbiotic metabolites produced
by Lactobacillus plantarum strains exert selective cy-
totoxicity effects on cancer cells. BMC complemen-
tary and alternative medicine, 19(1), 1-12.

Chuang, W. Y., Hsieh, Y. C., & Lee, T. T. (2020).
The Effects of Fungal Feed Additives in Animals: A
Review. Animals (Basel), 10(5).

Cicenia, A., Santangelo, F., Gambardella, L., Pal-
lotta, L., Iebba, V., Scirocco, A., Marignani, M., Tel-
lan, G., Carabotti, M., Corazziari, E. S., Schippa, S.,
& Severi, C. (2016). Protective Role of Postbiotic
Mediators Secreted by Lactobacillus rhamnosus GG
Versus Lipopolysaccharide-induced Damage in Hu-
man Colonic Smooth Muscle Cells. Journal of Clini-
cal Gastroenterology, 50, S140-S144.

Cohen, P. A., & Ernst, E. (2010). Safety of herbal
supplements: a guide for cardiologists. Cardiovascu-
lar therapeutics, 28(4), 246-253.

Corona, G., Coman, M. M., Guo, Y., Hotchkiss,

S., Gill, C., Yaqoob, P., Spencer, J. P., & Rowland,
I. (2017). Effect of simulated gastrointestinal diges-
tion and fermentation on polyphenolic content and
bioactivity of brown seaweed phlorotannin-rich ex-
tracts. Molecular nutrition & food research, 61(11),
1700223.

Corona, G., Ji, Y., Anegboonlap, P., Hotchkiss,
S., Gill, C., Yaqoob, P., Spencer, J. P., & Rowland, 1.
(2016). Gastrointestinal modifications and bioavaila-
bility of brown seaweed phlorotannins and effects on
inflammatory markers. British Journal of Nutrition,
115(7), 1240-1253.

Costantini, L., Molinari, R., Farinon, B., & Mer-
endino, N. (2017). Impact of omega-3 fatty acids on
the gut microbiota. International journal of molecular
sciences, 18(12), 2645.

Cousin, F. J., Jouan-Lanhouet, S., Diman-
che-Boitrel, M.-T., Corcos, L., & Jan, G. (2012).
Milk Fermented by Propionibacterium freudenreichii
Induces Apoptosis of HGT-1 Human Gastric Cancer
Cells. PloS one, 7(3), €31892.

Cremonini, F., Di Caro, S., Nista, E. C., Bartoloz-
zi, F., Capelli, G., Gasbarrini, G., & Gasbarrini, A.
(2002). Meta-analysis: the effect of probiotic admin-
istration on antibiotic-associated diarrhoea. Alimen-
tary pharmacology & therapeutics, 16(8), 1461-1467.

Cristofori, F., Dargenio, V. N., Dargenio, C.,
Miniello, V. L., Barone, M., & Francavilla, R. (2021).
Anti-inflammatory and immunomodulatory effects of
probiotics in gut inflammation: a door to the body.
Frontiers in Immunology, 12, 178.

Curro, D., Ianiro, G., Pecere, S., Bibbo, S., &
Cammarota, G. (2017). Probiotics, fibre and herbal
medicinal products for functional and inflammatory
bowel disorders. British journal of pharmacology,
174(11), 1426-1449.

Czerucka, D., Piche, T., & Rampal, P. (2007). yeast
as probiotics—Saccharomyces boulardii. Alimentary
pharmacology & therapeutics, 26(6), 767-778.

Daneshmand, A., Sadeghi, G., Karimi, A., &
Vaziry, A. (2011). Effect of oyster mushroom (Pleu-
rotus ostreatus) with and without probiotic on growth
performance and some blood parameters of male
broilers. Animal feed science and technology, 170(1-
2), 91-96.

Davani-Davari, D., Negahdaripour, M., Karimza-
deh, 1., Seifan, M., Mohkam, M., Masoumi, S. J.,
Berenjian, A., & Ghasemi, Y. (2019). Prebiotics: defi-
nition, types, sources, mechanisms, and clinical ap-
plications. Foods, 8(3), 92.

de Almeida, N. E. C., Esteves, F. G., dos San-
tos-Pinto, J. R. A., Peres de Paula, C., da Cunha, A.

374



Biotechnological Journal of

Environmental Microorganisms

(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 2(7) 2024 349-380

F., Malavazi, 1., Palma, M. S., & Rodrigues-Filho, E.
(2020). Digestion of Intact Gluten Proteins by Bifido-
bacterium Species: Reduction of Cytotoxicity and
Proinflammatory Responses. Journal of agricultural
and food chemistry, 68(15), 4485-4492.

de LeBlanc, A. d. M., LeBlanc, J. G., Perdigon,
G., Miyoshi, A., Langella, P., Azevedo, V., & Sesma,
F. (2008). Oral administration of a catalase-producing
Lactococcus lactis can prevent a chemically induced
colon cancer in mice. Journal of Medical Microbiolo-
gy, 57(1), 100-105.

De Marco, S., Sichetti, M., Muradyan, D., Piccio-
ni, M., Traina, G., Pagiotti, R., & Pietrella, D. (2018).
Probiotic cell-free supernatants exhibited anti-inflam-
matory and antioxidant activity on human gut epi-
thelial cells and macrophages stimulated with LPS.
Evidence-Based Complementary and Alternative
Medicine, 2018.

Delzenne, N. M., & Bindels, L. B. (2015). Gano-
derma lucidum, a new prebiotic agent to treat obesi-
ty? Nature reviews Gastroenterology & hepatology,
12(10), 553-554.

Deville, C., Gharbi, M., Dandrifosse, G., & Peu-
len, O. (2007). Study on the effects of laminarin, a
polysaccharide from seaweed, on gut characteristics.
Journal of the Science of Food and Agriculture, 87(9),
1717-1725.

Doron, S., & Snydman, D. R. (2015). Risk and
safety of probiotics. Clinical Infectious Diseases,
60(suppl 2), S129-S134.

Douglas, C. A., Ivey, K. L., Papanicolas, L. E.,
Best, K. P., Muhlhausler, B. S., & Rogers, G. B.
(2020). DNA extraction approaches substantially in-
fluence the assessment of the human breast milk mi-
crobiome. Scientific reports, 10(1), 1-10.

Elgeddawy, S. A., Shaheen, H. M., El-Sayed, Y.
S., Abd Elaziz, M., Darwish, A., Samak, D., Batiha,
G. E., Mady, R. A., Bin-Jumah, M., & Allam, A. A.
(2020). Effects of the dietary inclusion of a probiotic
or prebiotic on florfenicol pharmacokinetic profile in
broiler chicken. Journal of animal physiology and an-
imal nutrition, 104(2), 549-557.

Escamilla, J., Lane, M. A., & Maitin, V. (2012).
Cell-free supernatants from probiotic Lactobacillus
casei and Lactobacillus rhamnosus GG decrease co-
lon cancer cell invasion in vitro. Nutrition and cancer,
64(6), 871-878.

Ferreira, 1. C., Heleno, S. A., Reis, F. S., Stojk-
ovic, D., Queiroz, M. J. R., Vasconcelos, M. H., &
Sokovic, M. (2015). Chemical features of Ganoder-
ma polysaccharides with antioxidant, antitumor and
antimicrobial activities. Phytochemistry, 114, 38-55.

Galina, D., Ansonska, L., & Valdovska, A. (2020).
Effect of probiotics and herbal products on intestinal
histomorphological and immunological development
in piglets. Veterinary medicine international, 2020.

Gomez-Zavaglia, A., Prieto Lage, M. A., Jime-
nez-Lopez, C., Mejuto, J. C., & Simal-Gandara, J.
(2019). The potential of seaweeds as a source of func-
tional ingredients of prebiotic and antioxidant value.
Antioxidants, 8(9), 406.

Gowrishankar, S., Kamaladevi, A., & Pandian, S.
K. (2021). Prebiotics Mechanism of Action: An Over
View. In Advances in Probiotics (pp. 137-148). Else-
vier.

Greppi, A., Saubade, F., Botta, C., Humblot, C.,
Guyot, J.-P., & Cocolin, L. (2017). Potential probiot-
ic Pichia kudriavzevii strains and their ability to en-
hance folate content of traditional cereal-based Afri-
can fermented food. Food microbiology, 62, 169-177.

Guandalini, S., Pensabene, L., Zikri, M. A., Dias,
J.A., Casali, L. G., Hoekstra, H., Kolacek, S., Massar,
K., Micetic—Turk, D., & Papadopoulou, A. (2000).
Lactobacillus GG administered in oral rehydration
solution to children with acute diarrhea: a multicenter
European trial. Journal of pediatric gastroenterology
and nutrition, 30(1), 54-60.

Gupta, S., Gupta, C., Garg, A., & Prakash, D.
(2017). Prebiotic efficiency of blue green algae on
probiotics microorganisms. J Microbiol Exp, 4(4),
00120.

Han, Z.-L., Yang, M., Fu, X.-D., Chen, M., Su, Q.,
Zhao, Y.-H., & Mou, H.-J. (2019). Evaluation of preb-
iotic potential of three marine algae oligosaccharides
from enzymatic hydrolysis. Marine drugs, 17(3), 173.

Heim, G., Walsh, A., Sweeney, T., Doyle, D.,
O’shea, C., Ryan, M., & O’doherty, J. (2014). Effect
of seaweed-derived laminarin and fucoidan and zinc
oxide on gut morphology, nutrient transporters, nu-
trient digestibility, growth performance and selected
microbial populations in weaned pigs. British journal
of nutrition, 111(9), 1577-1585.

Hemantkumar, J. N., & Rahimbhai, M. L. (2019).
Microalgae and its use in nutraceuticals and food
supplements. microalgae-from Physiology to Appli-
cation, 10.

Hamidi Hesari, M. (2019). -Probiotics and ther-
apeutic applications. Laboratory and Diagnosis,
10(42), 61-66.

Hickson, M., D’Souza, A. L., Muthu, N., Rog-
ers, T. R., Want, S., Rajkumar, C., & Bulpitt, C. J.
(2007). Use of probiotic Lactobacillus preparation
to prevent diarrhoea associated with antibiotics: ran-
domised double blind placebo controlled trial. Bmj,

375



Biotechnological Journal of

Environmental Microorganisms

(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 2(7) 2024 349-380

335(7610), 80.

Higgins, J., Higgins, S., Vicente, J., Wolfenden,
A., Tellez, G., & Hargis, B. (2007). Temporal effects
of lactic acid bacteria probiotic culture on Salmonel-
la in neonatal broilers. Poultry science, 86(8), 1662-
1666.

Hirose, Y., Murosaki, S., Fujiki, T., Yamamoto, Y.,
Yoshikai, Y., & Yamashita, M. (2010). Lipoteichoic
acids on Lactobacillus plantarum cell surfaces corre-
late with induction of interleukin-12p40 production.
Microbiology and immunology, 54(3), 143-151.

Hoarau, C., Martin, L., Faugaret, D., Baron, C.,
Dauba, A., Aubert-Jacquin, C., Velge-Roussel, F., &
Lebranchu, Y. (2008). Supernatant from bifidobacte-
rium differentially modulates transduction signaling
pathways for biological functions of human dendritic
cells. PLOS one, 3(7), €2753.

Horwitch, C. A., Furseth, H. A., Larson, A. M.,
Jones, T. L., Olliffe, J. F., & Spach, D. H. (1995).
Lactobacillemia in three patients with AIDS. Clinical
Infectious Diseases, 21(6), 1460-1462.

Ishibashi, N. (2001). Yamazaki S. Probiotics and
safety. Am J Clin Nutr, 73, 465S-470S.

Islam, S. U. (2016). Clinical uses of probiotics.
Medicine, 95(5).

Izuddin, W. 1., Loh, T. C., Foo, H. L., Samsudin, A.
A., & Humam, A. M. (2019). Postbiotic L. plantarum
RG14 improves ruminal epithelium growth, immune
status and upregulates the intestinal barrier function
in post-weaning lambs. Scientific reports, 9(1), 1-10.

Jakubczyk, D., Leszczynska, K., & Gorska, S.
(2020). The effectiveness of probiotics in the treat-
ment of inflammatory bowel disease (IBD)—a criti-
cal review. Nutrients, 12(7), 1973.

Jensen, G. S., Benson, K. F., Carter, S. G., & En-
dres, J. R. (2010). GanedenBC30™ cell wall and me-
tabolites: anti-inflammatory and immune modulating
effects in vitro. BMC Immunology, 11(1), 15.

Johnson-Henry, K. C., Abrahamsson, T. R., Wu,
R. Y., & Sherman, P. M. (2016). Probiotics, prebiot-
ics, and synbiotics for the prevention of necrotizing
enterocolitis. Advances in nutrition, 7(5), 928-937.

Kamiloglu, S., & Capanoglu, E. (2018). Models
for studying polyphenols and carotenoids digestion,
bioaccessibility and colonic fermentation. Non-ex-
tractable Polyphenols and Carotenoids, 5, 201.

Kasahara, K., Krautkramer, K. A., Org, E., Roma-
no, K. A., Kerby, R. L., Vivas, E. 1., Mehrabian, M.,
Denu, J. M., Béickhed, F., Lusis, A. J., & Rey, F. E.
(2018). Interactions between Roseburia intestinalis
and diet modulate atherogenesis in a murine model.
Nature Microbiology, 3(12), 1461-1471.

Khalil, E. S., Manap, A., Yazid, M., Mustafa, S.,
Alhelli, A. M., & Shokryazdan, P. (2018). Probiotic
properties of exopolysaccharide-producing Lacto-
bacillus strains isolated from tempoyak. Molecules,
23(2), 398.

Khalil, N. A., Eltahan, N. R., Elaktash, H. M., Aly,
S., & Sarbini, S. R. (2021). Prospective evaluation of
probiotic and prebiotic supplementation on diabetic
health associated with gut microbiota. Food Biosci-
ence, 101149.

Khan, S. H., Mukhtar, N., & Igbal, J. (2019). Role
of Mushroom as Dietary Supplement on Performance
of Poultry. J Diet Suppl, 16(5), 611-624.

Khodaii, Z., Ghaderian, S. M. H., & Natanzi, M.
M. (2017). Probiotic bacteria and their supernatants
protect enterocyte cell lines from enteroinvasive Es-
cherichia coli (EIEC) invasion. International journal
of molecular and cellular medicine, 6(3), 183.

Khusro, A., Aarti, C., Mahizhaveni, B., Dusthack-
eer, A., Agastian, P., Esmail, G. A., Ghilan, A.-K. M.,
Al-Dhabi, N. A., & Arasu, M. V. (2020). Purification
and characterization of anti-tubercular and anticancer
protein from Staphylococcus hominis strain MANF2:
In silico structural and functional insight of peptide.
Saudi Journal of Biological Sciences, 27(4), 1107-
1116.

Kim, H., Chae, H., Jeong, S., Ham, J., Im, S., Ahn,
C., & Lee, J. (2005). In vitro antioxidative properties
of lactobacilli. Asian-Australasian Journal of Animal
Sciences, 19(2), 262-265.

Kim, Y., Lee, D., Kim, D., Cho, J., Yang, J.,
Chung, M., Kim, K., & Ha, N. (2008). Inhibition of
proliferation in colon cancer cell lines and harmful
enzyme activity of colon bacteria by Bifidobacteri-
um adolescentis SPM0212. Archives of pharmacal
research, 31(4), 468-473.

Kirsner, J. B. (2001). Historical origins of current
IBD concepts. World journal of gastroenterology,
7(2), 175.

Kong, Q., Dong, S., Gao, J., & Jiang, C. (2016). In
vitro fermentation of sulfated polysaccharides from
E. prolifera and L. japonica by human fecal micro-
biota. International journal of biological macromole-
cules, 91, 867-871.

Kurian, S. J., Unnikrishnan, M. K., Miraj, S. S.,
Bagchi, D., Banerjee, M., Reddy, B. S., Rodrigues,
G. S., Manu, M. K., Saravu, K., & Mukhopadhyay,
C. (2021). Probiotics in Prevention and Treatment
of COVID-19: Current Perspective and Future Pros-
pects. Archives of medical research.

LeBlanc, J. G., del Carmen, S., Miyoshi, A.,
Azevedo, V., Sesma, F., Langella, P., Bermudez-Hu-

376



Biotechnological Journal of

Environmental Microorganisms

(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 2(7) 2024 349-380

maran, L. G., Watterlot, L., Perdigon, G., & de LeB-
lanc, A. d. M. (2011). Use of superoxide dismutase
and catalase producing lactic acid bacteria in TNBS
induced Crohn’s disease in mice. Journal of biotech-
nology, 151(3), 287-293.

Lee, A. N., & Werth, V. P. (2004). Activation of
autoimmunity following use of immunostimulato-
ry herbal supplements. Archives of Dermatology,
140(6), 723-727.

Lee, J.-E., Lee, J., Kim, J. H., Cho, N., Lee, S. H.,
Park, S. B., Koh, B., Kang, D., Kim, S., & Yoo, H. M.
(2019). Characterization of the anti-cancer activity
of the probiotic bacterium Lactobacillus fermentum
using 2D vs. 3D culture in colorectal cancer cells. Bi-
omolecules, 9(10), 557.

Lee, S.-M., & Ryu, C.-M. (2021). Algae as New
Kids in the Beneficial Plant Microbiome. Frontiers in
Plant Science, 12, 91.

Levy, M., Kolodziejczyk, A. A., Thaiss, C. A., &
Elinav, E. (2017). Dysbiosis and the immune system.
Nature Reviews Immunology, 17(4), 219-232.

Li, W, Ji, J., Chen, X., Jiang, M., Rui, X., & Dong,
M. (2014). Structural elucidation and antioxidant ac-
tivities of exopolysaccharides from Lactobacillus
helveticus MB2-1. Carbohydrate polymers, 102, 351-
359.

Liang, T.-W., Tseng, S.-C., & Wang, S.-L. (2016).
Production and characterization of antioxidant prop-
erties of exopolysaccharide (s) from Peanibacillus
mucilaginosus TKU032. Marine drugs, 14(2), 40.

Limketkai, B. N., Akobeng, A. K., Gordon, M.,
& Adepoju, A. A. (2020). Probiotics for induction of
remission in Crohn’s disease. Cochrane Database of
Systematic Reviews(7).

Luyer, B. 1., Makhoul, G., & Duhamel, J. (2010).
A multicentric study of a lactose free formula sup-
plemented with Saccharomyces boulardii in children
with acute diarrhea. Archives de Pédiatrie, 17(5),
459-465.

Lyu, Y., Wu, L., Wang, F., Shen, X., & Lin, D.
(2018). Carotenoid supplementation and retinoic acid
in immunoglobulin A regulation of the gut microbi-
ota dysbiosis. Experimental Biology and Medicine,
243(7), 613-620.

Maeda, H., Zhu, X., Omura, K., Suzuki, S., &
Kitamura, S. (2004). Effects of an exopolysaccharide
(kefiran) on lipids, blood pressure, blood glucose, and
constipation. Biofactors, 22(1-4), 197-200.

Mahyuddin, P., & Winugroho, M. (2010). Effect
of combination of yeast (Saccharomyces cerevisae+
Candida utilis) and herbs supplementation in finish-
ing diet on carcass characteristics of beef cattle. Jour-

nal of the Indonesian Tropical Animal Agriculture,
35(4), 251-256.

Makino, S., Sato, A., Goto, A., Nakamura, M.,
Ogawa, M., Chiba, Y., Hemmi, J., Kano, H., Takeda,
K., & Okumura, K. (2016). Enhanced natural killer
cell activation by exopolysaccharides derived from
yogurt fermented with Lactobacillus delbrueckii ssp.
bulgaricus OLL1073R-1. Journal of Dairy Science,
99(2), 915-923.

Markowiak, P., & Slizewska, K. (2017). Effects
of Probiotics, Prebiotics, and Synbiotics on Human
Health. Nutrients, 9(9).

McFarland, L. V. (2006). Meta-analysis of pro-
biotics for the prevention of antibiotic associated
diarrhea and the treatment of Clostridium difficile
disease. Official journal of the American College of
Gastroenterology| ACG, 101(4), 812-822.

McFarland, L. V., & Dublin, S. (2008). Meta-anal-
ysis of probiotics for the treatment of irritable bowel
syndrome. World journal of gastroenterology: WJG,
14(17), 2650.

Menni, C., Zierer, J., Pallister, T., Jackson, M. A.,
Long, T., Mohney, R. P,, Steves, C. J., Spector, T. D.,
& Valdes, A. M. (2017). Omega-3 fatty acids corre-
late with gut microbiome diversity and production
of N-carbamylglutamate in middle aged and elderly
women. Scientific reports, 7(1), 1-11.

Michalak, 1., & Chojnacka, K. (2015). Algae as
production systems of bioactive compounds. Engi-
neering in Life Sciences, 15(2), 160-176.

Michel, C., & Macfarlane, G. (1996). Digestive
fates of soluble polysaccharides from marine mac-
roalgae: involvement of the colonic microflora and
physiological consequences for the host. Journal of
Applied Bacteriology, 80(4), 349-369.

Morita, Y., Jounai, K., Miyake, M., Inaba, M., &
Kanauchi, O. (2018). Effect of Heat-Killed Lactoba-
cillus paracasei KW3110 Ingestion on ocular disor-
ders caused by visual display terminal (VDT) loads: a
randomized, double-blind, placebo-controlled paral-
lel-group study. Nutrients, 10(8), 1058.

Morniroli, D., Vizzari, G., Consales, A., Mosca,
F., & Gianni, M. L. (2021). Postbiotic Supplementa-
tion for Children and Newborn’s Health. Nutrients,
13(3), 781.

Mulder, D. J., Noble, A. J., Justinich, C. J., & Duf-
fin, J. M. (2014). A tale of two diseases: the history of
inflammatory bowel disease. Journal of Crohn’s and
Colitis, 8(5), 341-348.

Nematgorgani, S., Agah, S., Shidfar, F., Gohari,
M., & Faghihi, A. (2017). Effects of Urtica dioica leaf
extract on inflammation, oxidative stress, ESR, blood

377



Biotechnological Journal of

Environmental

Microorganisms

(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 2(7) 2024 349-380

cell count and quality of life in patients with inflam-
matory bowel disease. Journal of Herbal Medicine,
9,32-41.

Ngo-Matip, M.-E., Pieme, C. A., Azabji-Kenfack,
M., Moukette, B. M., Korosky, E., Stefanini, P., Ngo-
gang, J. Y., & Mbofung, C. M. (2015). Impact of dai-
ly supplementation of Spirulina platensis on the im-
mune system of naive HIV-1 patients in Cameroon:
a 12-months single blind, randomized, multicenter
trial. Nutrition Journal, 14(1), 1-7.

Nissen, L., Casciano, F., Babini, E., & Gianotti,
A. (2021). Prebiotic potential and bioactive volatiles
of hemp byproduct fermented by lactobacilli. LWT,
112201.

Nozari, S., Faridvand, Y., Etesami, A., Ahmad
Khan Beiki, M., Miresmaeili Mazrakhondi, S. A., &
Abdolalizadeh, J. (2019). Potential anticancer effects
of cell wall protein fractions from Lactobacillus par-
acasei on human intestinal Caco-2 cell line. Letters in
applied microbiology, 69(3), 148-154.

Oak, S. J., & Jha, R. (2019). The effects of probi-
otics in lactose intolerance: A systematic review. Crit
Rev Food Sci Nutr, 59(11), 1675-1683.

Olivares, M., Laparra, M., & Sanz, Y. (2012). Oral
administration of Bifidobacterium longum CECT
7347 modulates jejunal proteome in an in vivo gli-
adin-induced enteropathy animal model. Journal of
proteomics, 77, 310-320.

Papista, C., Gerakopoulos, V., Kourelis, A.,
Sounidaki, M., Kontana, A., Berthelot, L., Moura,
I. C., Monteiro, R. C., & Yiangou, M. (2012). Glu-
ten induces coeliac-like disease in sensitised mice
involving IgA, CD71 and transglutaminase 2 inter-
actions that are prevented by probiotics. Laboratory
investigation, 92(4), 625-635.

Rad, A. H., Aghebati-Maleki, L., Kafil, H. S., &
Abbasi, A. (2021). Molecular mechanisms of postbi-
otics in colorectal cancer prevention and treatment.
Critical reviews in food science and nutrition, 61(11),
1787-1803.

Rajoka, M. S. R., Zhao, H., Mehwish, H. M., Li,
N., Lu, Y., Lian, Z., Shao, D., Jin, M., Li, Q., & Zhao,
L. (2019). Anti-tumor potential of cell free culture su-
pernatant of Lactobacillus rhamnosus strains isolated
from human breast milk. Food Research Internation-
al, 123, 286-297.

Ramnani, P., Chitarrari, R., Tuohy, K., Grant, J.,
Hotchkiss, S., Philp, K., Campbell, R., Gill, C., &
Rowland, 1. (2012). In vitro fermentation and preb-
iotic potential of novel low molecular weight poly-
saccharides derived from agar and alginate seaweeds.
Anaerobe, 18(1), 1-6.

Rautava, S., Kalliomiki, M., & Isolauri, E. (2002).
Probiotics during pregnancy and breast-feeding might
confer immunomodulatory protection against atopic
disease in the infant. Journal of allergy and clinical
immunology, 109(1), 119-121.

Ricigliano, V. A., & Simone-Finstrom, M. (2020).
Nutritional and prebiotic efficacy of the microalga
Arthrospira platensis (spirulina) in honey bees. Api-
dologie, 51(5), 898-910.

Ricke, S. C. (2018). Focus: Nutrition and Food
Science: Impact of Prebiotics on Poultry Production
and Food Safety. The Yale journal of biology and
medicine, 91(2), 151.

Robertson, R. C., Kaliannan, K., Strain, C. R.,
Ross, R. P., Stanton, C., & Kang, J. X. (2018). Ma-
ternal omega-3 fatty acids regulate offspring obesity
through persistent modulation of gut microbiota. Mi-
crobiome, 6(1), 1-14.

Roselli, M., & Finamore, A. (2020). Use of synbi-
otics for ulcerative colitis treatment. Current clinical
pharmacology, 15(3), 174-182.

Saber, A., Alipour, B., Faghfoori, Z., & Khos-
roushahi, A. Y. (2017). Secretion metabolites of
probiotic yeast, Pichia kudriavzevii AS-12, induces
apoptosis pathways in human colorectal cancer cell
lines. Nutrition research, 41, 36-46.

Saddiqe, Z., Naecem, ., & Maimoona, A. (2010).
A review of the antibacterial activity of Hypericum
perforatum L. Journal of ethnopharmacology, 131(3),
511-521.

Sanders, M. E., Akkermans, L. M., Haller, D.,
Hammerman, C., Heimbach, J. T., Hérmannsperger,
G., & Huys, G. (2010). Safety assessment of probiot-
ics for human use. Gut microbes, 1(3), 164-185.

Schrezenmeir, J., & de Vrese, M. (2001). Probiot-
ics, prebiotics, and synbiotics—approaching a defi-
nition. The American journal of clinical nutrition,
73(2), 361s-364s.

Scieszka, S., & Klewicka, E. (2019). Algae in
food: A general review. Critical reviews in food sci-
ence and nutrition, 59(21), 3538-3547.

Shams, K., Larypoor, M., & Salimian, J. (2021).
The immunomodulatory effects of Candida albicans
isolated from the normal gastrointestinal microbiome
of the elderly on colorectal cancer. Medical Oncolo-
gy, 38(12), 1-12.

Shaw, K. A., Bertha, M., Hofmekler, T., Cho-
pra, P., Vatanen, T., Srivatsa, A., Prince, J., Kumar,
A., Sauer, C., & Zwick, M. E. (2016). Dysbiosis, in-
flammation, and response to treatment: a longitudinal
study of pediatric subjects with newly diagnosed in-
flammatory bowel disease. Genome medicine, 8(1),

378



Biotechnological Journal of

Environmental Microorganisms

(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 2(7) 2024 349-380

1-13.

Shokryazdan, P., Faseleh Jahromi, M., Liang, J.
B., & Ho, Y. W. (2017). Probiotics: from isolation to
application. Journal of the American College of Nu-
trition, 36(8), 666-676.

Snydman, D. R. (2008). The safety of probiot-
ics. Clinical Infectious Diseases, 46(Supplement 2),
S104-S111.

Stickel, F., & Shouval, D. (2015). Hepatotoxicity
of herbal and dietary supplements: an update. Arch
Toxicol, 89(6), 851-865.

Sun, Y., Cui, X., Duan, M., Ai, C., Song, S., &
Chen, X. (2019). In vitro fermentation of k-carra-
geenan oligosaccharides by human gut microbiota
and its inflammatory effect on HT29 cells. Journal of
Functional Foods, 59, 80-91.

Tang, S. G. H., Sieo, C. C., Kalavathy, R., Saad,
W. Z., Yong, S. T., Wong, H. K., & Ho, Y. W. (2015).
Chemical compositions of egg yolks and egg quality
of laying hens fed prebiotic, probiotic, and synbiotic
diets. Journal of food science, 80(8), C1686-C1695.

Tomusiak-Plebanek, A., Heczko, P., Skowron, B.,
Baranowska, A., Okon, K., Thor, P. J., & Strus, M.
(2018). Lactobacilli with superoxide dismutase-like
or catalase activity are more effective in alleviat-
ing inflammation in an inflammatory bowel disease
mouse model. Drug design, development and thera-
py, 12, 3221.

Tsilingiri, K., & Rescigno, M. (2013). Postbiotics:
what else? Beneficial microbes, 4(1), 101-107.

Uchida, M., Ishii, 1., Inoue, C., Akisato, Y.,
Watanabe, K., Hosoyama, S., Toida, T., Ariyoshi, N.,
& Kitada, M. (2010). Kefiran reduces atherosclerosis
in rabbits fed a high cholesterol diet. Journal of ather-
osclerosis and thrombosis, 1006100247-1006100247.

Valdes, A. M., Walter, J., Segal, E., & Spector, T.
D. (2018). Role of the gut microbiota in nutrition and
health. Bmj, 361.

Van den Nieuwboer, M., Claassen, E., Morelli, L.,
Guarner, F., & Brummer, R. J. (2014). Probiotic and
synbiotic safety in infants under two years of age.
Beneficial microbes, 5(1), 45-60.

Van Niel, C. W., Feudtner, C., Garrison, M. M.,
& Christakis, D. A. (2002). Lactobacillus therapy for
acute infectious diarrhea in children: a meta-analysis.
Pediatrics, 109(4), 678-684.

Vavilala, S. L., & D’Souza, J. S. (2015). Algal
polysaccharides and their biological applications.
Marine algae extracts: Processes, products, and ap-
plications, 411-451.

Vincenzi, A., Goettert, M. 1., & de Souza, C. F. V.
(2021). An evaluation of the effects of probiotics on

tumoral necrosis factor (TNF-a) signaling and gene
expression. Cytokine & Growth Factor Reviews, 57,
27-38.

Vrzackova, N., Ruml, T., & Zelenka, J. (2021).
Postbiotics, Metabolic Signaling, and Cancer. Mole-
cules, 26(6), 1528.

Walsh, A., Sweeney, T., O’shea, C., Doyle, D., &
O’doherty, J. (2013). Effect of dietary laminarin and
fucoidan on selected microbiota, intestinal morpholo-
gy and immune status of the newly weaned pig. Brit-
ish journal of nutrition, 110(9), 1630-1638.

Wang, J., Wu, T., Fang, X., Min, W., & Yang, Z.
(2018). Characterization and immunomodulatory ac-
tivity of an exopolysaccharide produced by Lactoba-
cillus plantarum JLKO0142 isolated from fermented
dairy tofu. International journal of biological macro-
molecules, 115, 985-993.

Wang, K., Li, W,, Rui, X., Chen, X., Jiang, M., &
Dong, M. (2014). Characterization of a novel exopol-
ysaccharide with antitumor activity from Lactobacil-
lus plantarum 70810. International journal of biolog-
ical macromolecules, 63, 133-139.

Wang, Z., MacLeod, D. T., & Di Nardo, A. (2012).
Commensal bacteria lipoteichoic acid increases skin
mast cell antimicrobial activity against vaccinia vi-
ruses. J Immunol, 189(4), 1551-1558.

Wasser, S. P., Sokolov, D., Reshetnikov, S. V., &
Timor-Tismenetsky, M. (2000). Dietary supplements
from medicinal mushrooms: diversity of types and
variety of regulations. International Journal of Me-
dicinal Mushrooms, 2(1).

Wegh, C. A., Geerlings, S. Y., Knol, J., Roeselers,
G., & Belzer, C. (2019). Postbiotics and their poten-
tial applications in early life nutrition and beyond.
International journal of molecular sciences, 20(19),
4673.

West, C., Stanisz, A. M., Wong, A., & Kunze,
W. A. (2016). Effects of Saccharomyces cerevisiae
or boulardii yeasts on acute stress induced intesti-
nal dysmotility. World journal of gastroenterology,
22(48), 10532.

Williams, N. T. (2010). Probiotics. American
Journal of Health-System Pharmacy, 67(6), 449-458.

Wu, L., Sun, H., Hao, Y., Zheng, X., Song, Q.,
Dai, S., & Zhu, Z. (2020). Chemical structure and
inhibition on a-glucosidase of the polysaccharides
from Cordyceps militaris with different developmen-
tal stages. International journal of biological macro-
molecules, 148, 722-736.

Xiang, Q., Wang, C., Zhang, H., Lai, W., Wei, H.,
& Peng, J. (2019). Effects of different probiotics on

379



Biotechnological Journal of

Environmental Microorganisms
(BJEM)

Biotechnological Journal of Environmental Microorganisms(BJEM) 2(7) 2024 349-380

laying performance, egg quality, oxidative status, and
gut health in laying hens. Animals, 9(12), 1110.

Xiu, L., Zhang, H., Hu, Z., Liang, Y., Guo, S.,
Yang, M., Du, R., & Wang, X. (2018). Immunostim-
ulatory activity of exopolysaccharides from probiotic
Lactobacillus casei WXDO030 strain as a novel adju-
vant in vitro and in vivo. Food and agricultural immu-
nology, 29(1), 1086-1105.

Xu, J.-W., Zhao, W., & Zhong, J.-J. (2010). Bio-
technological production and application of ganoder-
ic acids. Applied microbiology and biotechnology,
87(2), 457-466.

Yamin, S., Shuhaimi, M., Arbakariya, A., Fati-
mah, A., Khalilah, A., Anas, O., & Yazid, A. (2012).
Effect of Ganoderma lucidum polysaccharides on the
growth of Bifidobacterium spp. as assessed using Re-
al-time PCR. International Food Research Journal,
19(3), 1199.

Yaqoob, M., Abd El-Hack, M., Hassan, F., El-Saa-
dony, M., Khafaga, A., Batiha, G., Yehia, N., Elnesr,
S., Alagawany, M., & El-Tarabily, K. (2021). The po-
tential mechanistic insights and future implications
for the effect of prebiotics on poultry performance,
gut microbiome, and intestinal morphology. Poultry
science, 101143.

Yasrebi, N., Hatamian Zarmi, A. S., & Larypoor,
M. (2020). Optimization of Chitosan Production
from Iranian Medicinal Fungus Trametes-Versicolor
by Taguchi Method and Evaluation of Antibacterial
Properties. Iranian Journal of Medical Microbiology,
14(3), 186-200.

Yue, Y., Ye, K., Lu, J., Wang, X., Zhang, S., Liu,
L., Yang, B., Nassar, K., Xu, X., & Pang, X. (2020).
Probiotic strain  YYC-3 prevents colon cancer in
mice by regulating the tumour microenvironment.
Biomedicine & Pharmacotherapy, 127, 110159.

Zeynali, M., Hatamian-Zarmi, A., & Larypoor, M.
(2019). Evaluation of Chitin-Glucan Complex Pro-
duction in Submerged Culture of Medicinal Mush-
room of Schizophilum commune: Optimization and
Growth Kinetic [Original]. Iranian Journal of Med-
ical Microbiology, 13(5), 406-424.

Zotkiewicz, J., Marzec, A., Ruszczynski, M., &
Feleszko, W. (2020). Postbiotics—a step beyond pre-
and probiotics. Nutrients, 12(8), 2189.

380



