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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(Gāliņa 
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 & Śliżewska, 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 & Śliżewska, 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 & 
Śliżewska, 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(یراصح 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 & Śliżewska, 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 



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

352

Table1.The impression of probiotics on various diseases
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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(Gāliņa 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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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 & 
Śliżewska, 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 

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 
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Table 2. Fungi and yeasts as probiotics

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
1.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

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 is 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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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(Ścieszka & 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(Ścieszka & Klewicka, 2019). These 

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 
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Table4. Prebiotics, types and characteristics
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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 
& Śliżewska, 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(Currò 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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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 & Śliżewska, 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 
& Śliżewska, 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(Żółkiewicz 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, Zółkiewicz 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(Żółkiewicz 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 



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

363

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)
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Table 8. The impact of prebiotics on several diseases

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(Żółkiewicz 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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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 

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(Żółkiewicz 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(Vrzáčk-
ová 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(Żółkiewicz 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 
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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- α)
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-α release has been the 
focus of IBD-guided treatments for many years. 
Regulating TNF-α production may prevent se-
vere and persistent inflammation, which is cru-
cial in inflammatory diseases. Probiotics reduce 
inflammatory cytokines, such as TNF-α, espe-
cially in chronic diseases, to perform their an-
ti-inflammatory activities. The major regulators 
of TNF-α 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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