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ABSTRACT

Prebiotics are moieties present in food which act by various means to increase levels of probiotic bacteria in the
human gut. Prebiotic foods include Asparagus, sugar beet, garlic, chicory, onion, Jerusalem artichoke, wheat,
honey, banana, barley, tomato, rye, soybean, banana and others. Fructooligosaccharides and
galactooligosaccharides are the active components of prebiotics. Prebiotics can lead to many health benefits by

enhancing levels of healthy or probiotic bacteria in gut. This review tries to address these issues.

KEYWORDS: prebiotics, fructooligosaccharides, galactooligosaccharides.

INTRODUCTION

The profile of Prebiotics: A specific category of
nutrients entitled prebiotics are decomposed by the gut
microbiota, which results in good growth of healthy or
probiotic bacteria in gut. Recent times have seen an
upsurge in pursuit of the ways they relate to generalized
human health. They have the capability to sustain the gut
bacteria, and the short-chain fatty acids they construct
while decomposition are distributed into the bloodstream,
which influences not solely the gastrointestinal tracts but
also adjacent organs.™"

A vast majority of microorganisms are present in the
large intestine, which are essential for human health. The
human colon contains 10'°-10" bacterial species per
gram.!

Formerly prebiotics have been defined as non-digestible
food ingredient that beneficially affects the host by
selectively stimulating the growth and/or activity of one
or a limited number of bacteria in the colon, and thus
improves host health.

Prebiotics exist in a plenty of forms. Asparagus, sugar
beet, garlic, chicory, onion, Jerusalem artichoke, wheat,
honey, banana, barley, tomato, rye, soybean, human and
cow's milk, peas, beans, seaweeds, microalgae, and more
count among the foodstuffs that organically possess
them.™™? Most of them are oligosaccharide carbohydrates
(OSCs), which are a specific group within the bracket of
carbohydrate.™

Carbohydrate structure has a considerable influence on
gut microbial fermentation and influences the colonic
ecology. Dietary fibre structure has a considerable
impact on fermentation. The effects of different
prebiotics on gut flora vary. Glycanases, either endo-
glycanases or exo-glycosidases, may be found inside
cells, on cell walls, or released. They are unique to the
anomeric structure and position of glycosidic linkages in
carbohydrates. A microorganism's enzyme production
has a significant impact on the carbohydrate structures
that it can breakdown for nutrition and energy.’

Prebiotic foods: Chicory, inulin, oats, garlic, fruits,
asparagus and banana (neither too unripe nor too ripe)
are excellent prebiotics due to their high content of
fructooligosaccharides and galactooligosaccharides.

Synbiotics: The prebiotic food (s) and the probiotic
bacteria they enhance in the body, together are called
synbiotics. There are many symbiotic foods.

Types of Prebiotics

a. Galacto-Oligosaccharides: (Alternatively known as
TOS or trans-galacto-oligosaccharides): This is a
resultant of actose extension, organically sourced
from human milk.*!

b. Fructans: This subset combines oligofructose and
fructo-oligosaccharide or inulin.™ Asparagus, garlic,
leek, onion, Jerusalem artichokes, and chicory roots
belong to several plant species that are rich in
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fructans and consumed  as
vegetables.®!

c. Starch and Glucose-Derived Oligosaccharides:
Resistant starch (present in foods like rice), and
polydextrose are two classical examples of this
group.[l‘6’7‘8]

d. Pectin Oligosaccharides: The polysaccharide's
lateral chains are connected to sugars like galactose,

arabinose, and xylose or ferulic acid.®

are frequently
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Fig. 1: Banana (neither too ripe nor raw), an ideal prebiotic (image: authors).

Mechanisms of Action: To enable digestion, metabolism,
and the biosynthesis of vital components, the digestive
tract, the body's second brain, must communicate with
hut microbial flora. Probiotics and prebiotics are
beneficial for individual wellness and nutrition.

Table 1: Summary of the mechanism of Prebiotics Source: Researchers’ compilation.!

e. Other types: Non-Carbohydrate Oligosaccharides,
includes cocoa-derived flavanols.™®°!
Fig. 1: below shows illustrative image of banana
(neither too ripe nor raw), an ideal prebiotic food.

Prebiotics are elements that probiotics may absorb and
metabolize for assistance in their metabolism and
reproduction, but the host cells cannot afford to digest
them. %

11]

Level Process Conseguences
Metabolic Short-chain fatty acid synthesis, fat Increase_d Calmgm, Iron,
e A Magnesium availability in
consequences utilization, and ion influx
the body
Immunity Optimizing the immunity of the host 19A geperatlon, cytokine
development regulation

How exactly prebiotics lead to increase in probiotic
bacteria: Probiotic bacteria release various enzymes like
hydrolases and glycosidases which break down
prebiotics and thereby the healthy bacteria derive
nutrition from the prebiotic foods. Bacteroides
cellulosilyticus initiates carbohydrate  degradation
through a surface endo-glycoside hydrolases, and
releases oligosaccharides that are further metabolised by
other members of the gut microbial flora.

Health Benefits of Prebiotics: Prebiotics lead to good
growth of live healthy bacteria like Lactobacillus and
Bifidobacterium spp. that, when present in adequate
amounts, provide many biological benefits that extend
basic nutrition. It can be detected in various foods, drug
products, and nutritional supplements. Prebiotics
indirectly raise immune system functionality, gut
integrity, decrease intestinal infections, inhibit allergic
reactions, and promote digestion and waste disposal, via
probiotic bacteria.l*

Enhancement of healthy Colon Transport duration:
Constipation is a prevalent medical illness which impact
on many people, particularly the older people, expectant
and lactating mother and those who are dieting to lose
weight and those who have affected their daily
schedules. Prebiotics can enhance stool volume and
regularity by rising microbial volume, reducing transport
time, minimizing colonic fluid resorption, and improving
stool regularity. An amalgamation of inulin-type fructans
and galactooligosaccharides has been found to boost
stool regularity in babies, enhances stool regularity and
hydrated stool formation in constipated elder men, and

decrease severe constipation in expectant
mother [11,12,11,13,14,15,16]

Formation of Short-Chain Fatty Acid: Prebiotics serve
as energy sources for the probiotic gut bacteria, which in
turn, produce short-chain fatty acids necessary for gut
tissue formation and metabolism. In the colon, acetate is
the most common short-chain fatty acid, following
propionate and butyrate. Acetate is synthesized by the
muscles, heart, and brain, while propionate inhibits the
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liver’s glucose output and cholesterol output. Butyrate
affects  colonocyte  differentiation,  improvement,
expression of gene, and transcriptional proteins. It
enhances the synthesis of glutathione S-transferase and
catalase, thereby boosts detoxification and protection
against antioxidant while suppressing the advancement

of cell cycle as well as reducing DNA repair pathways in
cancer CEHS [11,17,18,19,20,21,22,23]

Reduction of cancer development in the colon:
Colorectal cancer, considered to be the third most
prevalent cancer, is a multi-step illness that is composed
of genetic defects, adenomatous tumors, and advanced
and metastatic cancer. Cancer causing compound
delivered into the intestinal tract by food or generated by
gut bacteria trigger to the early stages of cancer.
Butyrate, a prebiotic fermentation product, has been
demonstrated to assist hinder the growth of colorectal
cancer. Prebiotics have been shown in culture and in
animal experiments to boost colon cell detoxification,
minimize the toxic metabolite formation in the gut as
well as provide protection against colonic tumour
growth. Bacterial growth enhances biomass and stool
quantity, declining intestinal transit time and lowering
exposure to possibly cancer-causing toxins. Prebiotics
like inulin-type fructans, galactooligosaccharides, and
xylooligosaccharides have been demonstrated to
decrease chemically generated colon cancer and
precancerous colon lesions. Synbiotics produce a more
powerful protective impact. Dietary inulin and
oligofructose supplementation also decrease the chance
of chemically generated breast cancer, delays
progression of tumour, prevent the metastatic cancer, and

upgrades cancer curative
performance [11,24,25,26,27,28,29,30,31,32]
Reduction of antimicrobial resistance: The

administration of prebiotic bacteria would cause increase
in probiotic bacteria in gut, and therefore would
indirectly mitigate the chances of occurrence of
foodborne infections. Consequenly, the presence of
antimicrobial-resistant foodborne bacteria would also
decrease. Here it is important to clarify that dietary fibre
is not synonymous with prebiotics. Dietary fibre are
complex polysaccharides while prebiotics are mostly
oligosaccharides and resistant starches.

The role of prebiotics in managing Obesity and
Diabetes: Obesity has been closely linked to gut
microbiota (GM) composition, particularly an increased
Firmicutes/Bacteroidetes ratio, which is commonly
observed in obese individuals. Firmicutes are more
efficient at extracting energy from food, leading to
higher calorie absorption and weight gain. However,
prebiotics play a crucial role in modulating this ratio by
promoting the growth of beneficial Bacteroidetes while
reducing Firmicutes abundance, thereby supporting
weight loss. Additionally, prebiotics enhance the
presence of beneficial bacteria such as Bifidobacterium

fat mass and lower systemic inflammation. Studies have
shown that supplementation with prebiotics like inulin
leads to increased proportions of these bacteria, which in
turn improve gut integrity and metabolic functions. By
restoring gut microbial balance, prebiotics help regulate
food intake, appetite, and lipid metabolism, making them
a valuable dietary intervention for obesity management.

Beyond obesity, prebiotics also play a significant part in
managing type 2 diabetes mellitus (T2DM) by
influencing glucose metabolism. The consumption of
prebiotics leads to the production of short-chain fatty
acids (SCFAs), which improve insulin sensitivity, lower
blood glucose levels, and stimulate glucagon-like
peptide-1 (GLP-1) secretion. Certain prebiotics, such as
fructooligosaccharides (FOS) and inulin-type fructans
(ITF), have been found to reduce fasting blood glucose
and enhance gut microbial diversity. Additionally,

compounds like chitooligosaccharides (COS) have
demonstrated  significant  benefits in  managing
hyperglycemia, hyperlipidemia, and inflammation,

further supporting their role in diabetes management. By
reducing gut permeability, bacterial translocation, and
lipopolysaccharide (LPS)-induced inflammation,
prebiotics help mitigate many adverse effects of
metabolic diseases.

CONCLUSION

Prebiotics are dietary elements which act by myriad
mechanisms to exert various helpful functions like
increase in count of probiotic bacteria. They consist
mainly ~ of  various  fructooligosaccharides and
galactooligosaccharides. They have other effects like
antihyperlipidemic and anticancer effects, other than its
noted effect on probiotic bacteria. More research awaits
the field of prebiotics to find novel applications like
reducing the burden of antimicrobial resistance caused
by microbes causing foodborne infections.
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