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Abstract

Prebiotics are short-chain carbohydrates that are non-digestible by enzymes and selectively stimulate the growth
and activity of beneficial bacteria which are probiotic in nature. Prebiotics along with probiotic bacteria render
many health benefits in the large intestine such as reduction of risk of cancer, control GIT infection, absorption
of minerals like calcium and magnesium etc. Functional foods and nutraceuticals are now becoming a huge market
globally. Nutraceuticals are food or part of food that plays a significant role in modifying and maintaining
physiological functions in humans. Prebiotics, probiotics, dietary fibers, nutrients, herbal foods, and antioxidants
are categorized under nutraceuticals. FOS and insulin are commonly used prebiotics in the market. This article
aims to provide knowledge on prebiotics, their types, sources, industrial production, their benefits on human
health, application in the food sector, and how prebiotics can be a source ingredient for the development of

nutraceuticals beverages.
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1. Introduction

Industries are growing very fast, making a
new era for industrial development
globally. With a growing market with
upcoming innovations in different sectors,
their products are touching every field,
leading to economic development for the
countries. This also leads to pollution in all
three forms mainly because of the extensive
use of various chemicals, heavy metals,
magnetic waves, and other harmful man-
made items which supports an increase in
different types of diseases, physiological
problems etc. All these have raised
demands for  healthcare  facilities,
increasing medical expenditure with a high
risk of side effects, toxicity, more reliance
on food supplements for health
improvement, etc. Due to these,
pharmaceuticals and medicines failed in
providing natural ingredients to humans for
improving health. Due to these issues,

scientists and researchers were forced to
think about the addition of natural or
alternative medicines with their application
in the food sector. [1]. Our planet is
surrounded by varieties of plant species that
possess medicinal properties. A few of
them are were used for a long-time for the
immune building to prevent and treat
diseases [2]. Herbal medicines have always
been a form of therapy for livestock among
resources poor marginal farmers [3]. They
are used for the treatment of various
diseases like hepatitis, arthritis, chronic
heart diseases, cancer etc have been
mentioned in our “Ayurveda” and proven
scientifically by many researchers of
modern times [4].

Nutraceutical and functional food products
are becoming an important part of the diet
as consumers are more aware of their
contributions to general health and well-
being. They are lifestyle-changing foods
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and have increased globally in the market.
There is a number of unique and healthy
foods which have been developed by
combining food with herbal medicines
fortified with micronutrients. Few countries
follow and use traditional herbal products
as medicine in dietary supplements, daily
foods and functional foods, for
replenishment and health promotion
purposes. The term “nutraceutical” came
from the words “nutrition” and
“pharmaceutical” in 1989 by Stephen
DeFelice. Nutraceuticals were defined as
food or part of a food that provides medical
or health  benefits, including the
prevention/treatment of a disease” [5].
They are available in the market in the form
of capsules, pills, and powders, with a
broad range of products covering the food
areas like beverages, dietary supplements,
fortified foods, herbal products and
processed foods [6]. The functional foods
are regular foods with naturally occurring
bioactive substances (dietary fibre), foods
supplemented with bioactive substances
(probiotics, antioxidants), and derived food
ingredients introduced to conventional
foods (prebiotics). Nutraceuticals and
functional foods together are becoming part
of the human diet and provide health
benefits with a lower risk of chronic
diseases than those which provide good and
adequate nutrition.

There is a wide range of products which are
designed especially for health purposes like
energy drinks, fibre-rich foods and
supplements, mineral and vitamin-fortified
RTE foods, prebiotic, probiotic and
symbiotic supplements etc. Due to high
demand, these industries are growing
rapidly. Prebiotic, probiotic, and symbiotic
industries play a significant role in
nutraceutical and functional foods. Studies
show that there is a link between probiotics,

prebiotics and nutraceuticals for a good
healthy gut and immunological function.
Various types of microorganisms like gut
microbiota, are inhabitants of the human

gastrointestinal tract. Around 1010_1012
per gram probiotic cultures in the human
colon are crucial for health and gut
conditions [7]. The majority of these
microorganisms,  which are  mostly
anaerobes, live in the large intestine [8]. In
this review, we elaborate on different
aspects of prebiotics, covering the
definition of  prebiotics, probiotics,
nutraceuticals, types of prebiotics, their
sources, mechanisms, application on food
formulation, fermentation and selection
criteria and covering an area of how
prebiotics can be used as a food source for
development of nutraceutical beverages.

2. Definitions

2.1 Prebiotics

Prebiotics are defined as food components
which are non-digestible but selectively
fermented compounds that stimulate the
growth of beneficial gut microbiota
providing health benefits to the host [9,10].
It consists of short-chain carbohydrates
oligo-saccharides present in the large
intestine helping them to modify their
composition and function as gut
microbiota. Healthy intestinal microbes like
Bifidobacterium and lactobacillus ferment
these non-digestible dietary substances and
are called prebiotics [10]. They serve as
substrates for selective enhancement and
metabolic activity of gut microbiota.
Prebiotics has the ability to degrade and
decrease the growth of pathogens in healthy
individuals by the addition of some
immunomodulatory  substances against
pathogens by lactic acid produced by
bifidobacterium and lactobacillus species
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which are probiotic bacteria. An ideal
prebiotic should be 1) Resistant to acidic
activity in the stomach, bile salts and
enzyme hydroxylation in the stomach, 2) It
should ferment in the large intestine by
beneficial microbes, 3) should not be
absorbed in upper GIT [11]. Prebiotics are
more useful as functional food and
nutraceuticals because of their ability to
mix in all types of foods than probiotics
[12]

Prebiotics travels from the small intestine
and goes to the lower gut where it is
accessible to probiotic bacteria without
being utilised by other intestinal bacteria.
Lactulose, galactooligosaccharides,
fructooligosaccharides, inulin and its
hydrolysates, malto-oligosaccharides, and
resistant starch are frequently used
prebiotics. The essential components of
carbohydrate metabolism are short-chain
fatty acids like acetic acid, propionic acid
and butyric acid, used by the host as an
energy source. It can also be found in
different plant sources such as chicory,
onion, garlic, asparagus, artichoke, leek,
bananas, tomatoes and many other plants.
Oligosaccharides are a combination of
sugars  with  different degrees of
polymerization [13]. Prebiotic
oligosaccharides can be manufactured by
three different methods: isolation from
plant resources, microbiological production
or enzymatic synthesis, and enzymatic
degradation of polysaccharides [13,14].
Most of the prebiotic oligosaccharides are
manufactured and are generally available in
the markets. Mixtures of probiotics and
prebiotics are used for their synergic effects
in application to food products called
symbiotics. A few other sources of
prebiotics are raw oats, soya beans,
unrefined barley, breast milk, non-

digestible carbohydrates, non-digestible
oligosaccharides, etc. [15]

2.2 Probiotics

Probiotics are live microorganisms, which
when ingested improve the intestinal
microbial balance. Bifidobacteria,
Lactobacilli, and Eubacteria  are
microorganisms which have probiotics
properties. ~ They help in improving
gastrointestinal health and inflammatory
bowel diseases by protecting the digestive
tract from pathogenic infection. They have
the ability to stimulate immune functions,
help in digestion, absorption of nutrients,
and also synthesize some nutrients such as
vitamins [16] Asian countries are very
prone to gastrointestinal diseases, and
probiotics are now becoming a trend as a
functional health food for prevention
against diseases. Probiotics are available in
different forms of food like dairy products
like yoghurt, buttermilk and cheese, and
some bacterially fermented foods like
Japanese miso, beer, sourdough, bread,
chocolate, kimchi, olives, pickles, tempeh
and sauerkraut. Out of these the dominant
foods in probiotics are yoghurts and
fermented milk, due to their relatively low
pH environment for the survival of
probiotic bacteria [17]. Lactobacillus and
Bifidobacterium comprise the majority of
probiotic microorganisms. Lactobacilli are
non-spore-forming  rod-shaped bacteria
with complex nutritional requirements
fermentative, anaerobic and acidophilic in
nature [18]. Some of the popularly used
probiotic microorganisms are Lactobacillus
rhamnosus, Lactobacillus reuteri,
bifidobacteria and certain strains of
Lactobacillus casel, Lactobacillus

acidophilus-group, and Bacillus
coagulants. Other lactic acid bacteria such
as Streptococcus, Lactococcus,
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Enterococcus, Leuconostoc,
Propionibacterium and Pediococcus are
also now included in probiotics [19].

2.3 Synbiotics

Symbiotic is a combination of prebiotics
and probiotics which provides an additional
health benefit [19]. Symbiotic beneficially
affects the host by improving their survival
and also selectively stimulate the growth
and activity of health-promoting bacteria in
the gastrointestinal tract. The products in
which the prebiotic compound selectively
favours the probiotic organism are true
symbiotic [20].  Survival of probiotic
bacteria becomes easy. Fermented milk is
considered synbiotics as it provides both
live beneficial bacteria (probiotics) and
products of fermentation that may affect the
intestinal microflora in a positive way [21].
For symbiotic products, probiotic strains
like Lactobacillus, Bifidobacterium spp.,
Saccharomyces boulardii, Bacillus
coagulants, etc. are used, and prebiotics in
form of oligosaccharides like
fructooligosaccharide (FOS),
galactooligosaccharides (GOS) and xylose-
oligosaccharide (XOS), inulin are mostly
used. Prebiotics from natural sources like
chicory; and artichokes are also used.
Symbiotic benefits include (1) an increase
in the balance of gut microbiota, (2) an
improvement of liver function in humans
(3) an increased ability for the immune
building. [22]

2.4 Nutraceuticals:

The term Nutraceutical came from
“nutrition” and “pharmaceutical” in 1989
by Stephen DeFelice. He defined

nutraceuticals as “a food that provides
medical or health benefits, including the
prevention or treatment against disease”
[6]. Nutraceuticals are classified into basic
categories 1) dietary supplements, 2)
functional foods and beverages and 3)
nutraceutical ingredients (raw minerals or
oils) [6]. They are in the form of capsules,
pills and powders. Products like beverages,
dietary supplements, fortified foods, herbal
products and processed foods are said to
have nutraceutical contents. [6]
Nutraceutical ~ foods combine  both
nutritional and pharmaceutical effects
while providing medical or health benefits
prevention or treatment against diseases.
Nutraceuticals consist of a naturally
originated compound that positively affects
the human body with nutritional value.
Nutraceuticals can be naturally nutrient-
rich food such as garlic, oats, onion etc or a
specific component of food like omega-3
from salmon [23]. They are known also
known as medical foods, nutritional
supplements and dietary supplements.
Herbal foods, dietary foods and
supplements, genetically engineered foods,
processed foods, and therapeutic foods
come under the category of nutraceuticals
[24]. Mostly all functional foods are said to
have nutraceuticals present in them.
Nutraceuticals are composed of groups of
molecules, macronutrients, and
micronutrients which are responsible for
the beneficial effects on the host. The food
sources used as nutraceuticals are all
natural they are categorized as polyphenols,
Dietary fibres, Probiotics, prebiotics, poly
saturated fatty acids, antioxidants, minerals,
vitamins, and spices [23].
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Types Examples
Vitamins and mineral supplements Vitamins and inorganic minerals
Digestive enzymes Enzymes
Probiotics LAB, Bifidobacteria
Prebiotics Digestive enzymes

Cereals, grains and dietary Fibres

Fibres

Health drinks

Fruit and vegetable beverages

Antioxidants

Vitamin C, Vitamin B

Phytochemicals

Carotenoids

Table-1 Classification of nutraceuticals as per chemical composition: [25]

Nutraceuticals are classified into 3 groups
based on their source:

o Herbal products: Herbal products
in old days were considered a part of
medicine and were used in the
pharmaceutical industry it also helped in
reducing the risk of allergies and side
effects of antibiotics. They are mostly used
as concentrates. Ayurveda in India has the
oldest written natural remedies with
effective means for good health.

o Nutrients: A feed constituent in a
form and at a level that will help support the
life of an animal. Functional foods and
beverages give nutrients in form of
proteins, fats, carbohydrates, minerals and
vitamins.

o Dietary  Supplement: Dietary
supplements are basically defined as
products which are supplied with the diet

and contain one or more ingredients like
vitamins, minerals, proteins, herbs or other

botanicals, probiotics, prebiotics,
antioxidants, and enzyme.
3. Types and sources of prebiotics:

Carbohydrates  which are  non-
digestible can be considered as prebiotic if
they are {26]

(a) resistance to gastric acidity
(b) susceptible to fermentation by gut
bacteria, and
(c) Have the ability to enhance the activity
of beneficial microorganisms

Prebiotics are divided into
categories:
1) Naturally occurring in plants such as
bananas, asparagus, beans, and cereals
2) Synthesized from enzymatic digestion
of polysaccharides like starch.

Source of

Type of prebiotics prebiotics

Benefits References

FOS onion, honey,
banana, barley,

Beet sugar, garlic,
Asparagus, chicory,

tomatoes and rye

Improve mineral
absorption, decreases
triglycerides, immunity
improvement, inhibits [27]
pathogenic growth,
prevents cancer and
controls diabetes.

Isomaltulose

Sugarcane, honey

Improve gastrointestinal

flora [28]
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Galactooligosaccharide

Milk from humans
and cow

Increase Bifidogenic
activity

[29]

Cyclodextrin

Water soluble
glucans

They are dietary fibres
useful for controlling body
weight and lipid profile in

the blood

[30]

Raffinose
oligosaccharide

Legumes, lentils,
peas, chickpeas,
Mustard

Oligosaccharides

[31]

Soyabean
Oligosaccharides

Soyabean

Prevents constipation with
an increase in the
production of SCFA,
increases gut activity with
the of vitamins protects the
liver by reducing the
production of toxic
metabolites, and colon
cancer risk is less and
improves the absorption
rate of calcium and other
minerals.

[32]

Lactulose

Milk lactose

Being a synthetic sugar it is
used to treat constipation.
Helps to break down the
colon with products that
pull water out from the
body and into the colon. It
softens the stools.
Lactulose is also used to
reduce the ammonia
content in the blood of
patients with liver disease

[33]

Palatinose

Sucrose

Being called a low Gl
carbohydrate it helps to
balance and sustain the

energy supply to the body,
it improves metabolism
and promotes fat burning.

[28]

Maltooligosaccharides

Starch

They are functional
oligosaccharides used in
the food, beverage,
cosmetic, and
pharmaceutical industries.

[34]
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Used as an ingredient in
functional foods for
treating constipation or
improving intestinal health
giving beneficial effects on
GIT.

Isomaltooligosaccharide Starch

IMO is a functional
oligosaccharide, and it can
modulate the composition

and metabolic activity of
gut microbiota improving
the health of the host.

[34]

Table-2 Types of prebiotics and their sources:

3.1 Naturally occurring prebiotics:
Various non-digestible carbohydrates are
naturally found in different plants [26]
3.1.1. Chicory Roots

Chicory is a member of the Asteraceae
family has excellent medicinal value and
scientifically is known as Cichorium
intybus. [35]. Fresh chicory contains
slightly less amount of inulin compared to
sucrose, protein, cellulose, ash, and other
compounds in contrast to dried chicory,
which contains more inulin than other
compounds [36]. Other than phenolic
compounds, chicory leaves also contain
minerals and vitamins [37]. The non-
digestible prebiotic found in chicory root is
inulin. Being a polymer of fructose it is
linked through the B (2-1) glycosidic
linkage and helps in nourishing probiotic
bacteria [38]. FOS and insulin differ only in
chemical structure i.e. the molecular chains
of FOS are shorter than those of inulin [39].
Inulin has become a replacement for sugar
and fat in different food products [40].
3.1.2. Chia Seeds

Chia seeds scientifically known as Salvia
hispanica; come under the Lamiaceae
family. It is an annual herb plant [41]. These
seeds provide a rich source of proteins and

fats and have a high content of amino acids
and dietary fibres [42]. The dietary fibre in
chia seeds is higher than in cereals, dry
fruits and nuts [43]. They contain a-
linolenic acid, and other fatty acids such as
oleic, palmitic, and linoleic acids are found
in significantly lower amounts [44]. Studies
have proven that chia seeds help in
increasing the growth of gut microbes. [45].
Incorporating chia seeds into the diet can
directly enhance gut health and
functionality, as well as increase the
absorption of minerals like zinc and iron
[46].

3.1.3. Flaxseeds

Flaxseed also called linseed is a functional
food. Its scientific name is Linum
usitatissimum [47]. They are a rich source
of nutrients like minerals, soluble fibres,
proteins, and phenolic compounds which
provides health benefits to humans [48].
Consumption of flaxseed decreases the
growth of Porphyromonadaceae and
Proteobacteria in the gut and may also
positively affect the alcoholic liver
condition [49]

3.1.4. Garlic

Allium sativum commonly known as Garlic;
is high in FOS, which contributes to the
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protection of GUT and also the prevention
of various diseases [50]. Garlic fructan is
one of the significant components of garlic,
almost 75% of its dry weight, possesses
prebiotic potential and influences gut
microbiota. The effect of Garlic fructan on
gut microbiota stimulates the
Bifidobacteria while suppressing Clostridia
species which can support the growth of
other pathogens. [51].

3.1.5. Onion

Onion is known as Allium cepa
scientifically and is a member of the
Liliaceae family [52]. It is a good source for
giving good nutritional value, as well as
medicinal properties [53]. The consumption
of onion provides carbohydrates, dietary
fibres, vitamins, and minerals [54].
Monosaccharides like glucose, fructose,
sucrose and FOS are the chief soluble
carbohydrates found in the dry matter of
onion [55] which has an excellent prebiotic
effect in improving the health of gut
microflora [56].

3.1.6 Oats

Oats scientifically known as Avena sativa
is a rich source of polysaccharides [57].
They are healthy cereals and contain a high
amount of fibre, minerals, vitamins, and
proteins [58]. The chief soluble constituent
is non-starch called B-glucan [59]. B-glucan
from raw oats can form highly viscous
solutions providing health benefits to the
human gut [60,61].

3.1.7 Barley

Barley is a crop with the scientific name
Hordeum vulgare. It is a member of the
Poaceae family [62]. It is a low-fat content
crop with high fibre, proteins, and vitamin
contents [63]. Wheat, barley, and oats are
cereal grains having good probiotic
properties and are used in a number of food
products such as bread, biscuits, beverages,
breakfast cereals, and cereal bars [64].

During  fermentation, the  probiotic
microbes from these cereals convert them
into a digestible form which helps to boost
the proliferation of gut microbes [65].
Barley contains polysaccharides,
oligosaccharides, vitamins, and minerals,
like calcium, iron, and zinc [66]. B-glucan
is one of the main components of barley and
it exerts immunomodulatory effects by
directly or indirectly regulating the gut
microbes [67]. Barley crop has a tendency
to lower cholesterol levels in the blood,
regulate blood sugar level, and improve
immunity [68]. Barley is one of the major
raw materials for developing functional
foods in the food industry [69].

3.2 Synthetic Prebiotics

3.2.1. Fructooligosaccharides (FOS)
Fructooligosaccharides also known as
oligofructose or oligofructose are low-
calorie-containing dietary fibres with
prebiotic potential [70]. FOS are considered
as natural food ingredients due to their
various beneficial effects on animal and
human health [71]. FOS is found naturally
in plants, cereal grains (barley, wheat, oats),
vegetables, and fruits (artichoke, asparagus,
bananas, garlic, leeks, and onions) [72].
FOS is considered to have a significant
class of bifidogenic oligosaccharides owing
to their high production volume [73].
Pharmaceutical industries due to zero
wastage have raised their FOS production
and the waste feedstock is now converted
into a nutraceutical product due to its
prebiotic nature [74]. It can be used as an
alternative sweetener Inulin and FOS
increase calcium absorption in the gut of
both humans and animals [75]. FOS have
numerous beneficial properties; 1) It can be
used as a low-intensity sweetener, 2) It is a
dietary fibre with non-carcinogenic
properties, control or stops the growth of
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pathogenic bacteria, improves immunity,
enhances mineral absorption, decreases
cholesterol levels, promotes vitamins
synthesis, regulates obesity and diabetes,
and prevent colon cancer progression [76].
FOS is also added to infant foods to give
beneficial gut microbes and prevent the
growth of pathogenic microbes [77].

The structure of FOS is made up of linear
chains of fructose joined via B (2-1) bonds

are added as a supplement in various food
products, and used as nutraceuticals as they
pass through GIT undigested and reach the
large intestine where intestinal bacteria
ferment them into SCFAs and lactate [79].
FOS are now available on the market as
functional food ingredients because they
seem to be an alternative to fat and prebiotic
ingredients [80]. Besides this, FOS is also
used in ice cream jam and confectionery

Type of prebiotics

Method of production

Insulin(FOS)

Hot water extraction from chicory root followed
by either enzymatic hydrolysis or polymerization

of fructose monomers

Galactooligosaccharides(GOS)

Enzymatic lactose transgalactosylation

Xylooligosaccharides(XOS)

Enzymatic hydrolysis of plant xylans

Lactulose

Isomerization of lactose

Soybean oligosaccharides(SOS)

Enzymatic hydrolysis of soybean

[78]. FOS are commercially produced and

product production as a sweetener [81].

Table-3 IHlustration of types of prebiotics synthetically produced

3.1.2. Galactooligosaccharides (GOS)

Galactooligosaccharides are prebiotics
which is not enzymatically digested but are
fermented by probiotic Bifidobacteria.
Oligolactose, oligogalactoses, and oligo
galactosyl lactose are a few carbohydrates
which come under GOS [82]. GOS helps to
boost the multiplication of Lactobacilli and
Bifidobacteria [83]. In infants,
Bifidobacteria show high growth upon
GOS ingestion [84]. Microbes like
Bacteroidetes, and Enterobacteria, also
show proliferation in the presence of GOS,
but their growth is slower than that of
Bifidobacteria [85]. Lactulose also shows
GOS derivatives, since lactulose-derived
GOS are considered as prebiotics [86].
GOS can be synthesized through
electrophilic and nucleophilic
displacement, but this method is not
economical when employed on an
industrial scale [87]. Enzymes

galactosidase and galactosyl-transferase
help to synthesize GOS in large quantities
[88]. A catalytic reaction is involved for
GOS, but it is an expensive approach [89].
To reduce costs, oligosaccharides from
human milk and globotriose production are
commonly used [90]. There are a number of
techniques which are involved in increasing
GOS production such as 1) increase in the
number of acceptors and donors in the
reaction, 2) reducing the water activity, 3)
eliminating the intermediate molecules and
direct shifting of the equilibrium reaction to
the endpoint [91].

3.1.3. Xylooligosaccharides (XOS)

Xylooligosaccharides are formed through
B-1-4 linkages with xylose molecules [92]
They are mostly found in food materials
like bran, fruits, honey, and vegetables [93].
With the ability to generate lactobacillus
and Bifidobacteria and improve gut health
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[94]. XOS is more beneficial than FOS, due
to the improvement in the count of
Bifidobacteria and reduced count of
pathogenic microbes [95] The benefits of
XOS include anti-freezing nature, high
water activity, non-digestible and non-
carcinogenic nature, positive effect on gut
microbiota, and their applicability in
pharmaceutical industries [96].

3.1.4. Fructans

Fructans are natural polymers found in
different functional foods, in vegetables
such as artichoke, asparagus, chicory roots,
garlic, leek, and onion, and are widely used
as prebiotics for improving human health
[97]. They are formed from a polymer of
fructose with B2-1 linkages [98]. Fructans
help for improvement in gut physiology by
enhancing the growth of Bifidobacteria and
Lactobacilli ~ with  prevention  from
pathogenic microbes [99]. The
consumption of fructans as prebiotics helps
to substantially improve glucose levels and
regulate lipid metabolism [100].

3.1.5. Soybean Oligosaccharides (SOS)
The oligosaccharides that are found in
soybean are termed soybean
oligosaccharides (SOS), which involve
stachyose and raffinose. These
oligosaccharides are not digested by the
stomach or intestine enzymes but are
hydrolysed by gut microbiota [101]. SOS
enhances the proliferation of Bifidobacteria
in the large intestine [102]. They are known
as bifidogenic which shows the same effect
as is [103]. SOS is also known as a-
galactosyl sucrose derivatives, as they are
obtained from soybeans. In soy germ
powder these oligosaccharides are observed
and their fermentation properties have been
assessed with Lactobacilli along with
inoculums of faecal bacteria [104].

4.0 Prebiotics on its selection,
fermentability and digestion

Studies provide a theory that carbohydrates
at the cecum work as substrates for
fermentation by bacteria. It is not
completely digested in the human gut and
large intestine. Prebiotics like inulin and
FOS in faeces are not detectable [105].
Studies and experiments prove that short-
chain fatty acids enhance the survival of
bacteria [106]. Growth of different strains
of bifidobacteria on oligofructose extracts
several prebiotics and examines their
fermentation by different strains of
Bifidobacterium, Clostridium, Bacteroides
and Lactobacillus at different sugar levels.
Results showed that the fermentation of
oligosaccharides showed a change in the
structure. Linear oligo-saccharides will
break down to a larger extent than those
with branched structures and bifidobacteria
use a low degree of polymerization
carbohydrates first whereas Bacteroides
utilised those with a high degree of
polymerization [107]. A Prebiotic is a
selective substrate for one or a limited
number of probiotics. The mechanism for
probiotics is designed in a way that is
stimulated to grow and produce short-chain
fatty acids by prebiotics. The selectivity of
prebiotics depends on the changes observed
in faecal microbiota during supplements of
prebiotics in vitro and in vivo experiments.
[108]

The digestibility of prebiotics depends on
their chemical structure. The prebiotics
reaches the cecum without being digested
and part of it which is not digested by
pancreatic and small bowel enzymes
reaches the large intestine. Improvement in
lipid metabolism helps in the absorption of
calcium ions which further improves bowel
and immunological activities [99]. It
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remains ineffective in reducing the number
of bacteria such as Clostridia, Bacteroides,
Enterococci, and Enterobacteria in the gut,
which have been shown to exhibit
detrimental effects on the host’s health.

5.0 Industrial production of prebiotics:
Inulin and oligofructose are utilised in pure
form as ingredients in many food products
giving nutritional support [109]. Industrial
production methods have been used to
produce non-digestible carbohydrates from
natural sources by means of hydrolysation
of  polysaccharides, enzymatic and
chemical synthesis from disaccharides, and
extraction methods to produce soybean
oligosaccharides and raffinose [110].
Microencapsulation technology is an
effective method for increasing the delivery
of bioactive chemicals like probiotics,
prebiotics, and nutraceuticals within the
food are one of the most promising
solutions in order to retain high viability
levels etc.

6.0 Applications of prebiotics in food
products:

Prebiotics in form of food components has
multiple advantages. Their utilization is
mostly to improve the sensory features of
food, and to provide a well-balanced
nutritional composition for humans [111].
They are used as fat replacers in bakery,
beverage industries, etc. In bakery products
and breakfast cereals, prebiotics gives a
classic comparison with dietary fibre. The
freshness in snacks and cereals with a good
shelf life are also provided by prebiotics.
They keep the moisture level in pieces of
bread, cakes are maintained their freshness
for a longer time. Their solubility allows
fibre incorporation in liquid systems such
as drinks, dairy products and table spreads.
Prebiotics are often utilised as dietary fibre
in form of tablets, and functional foods,

such as dairy products, as prebiotic
ingredients enhance the viability of healthy
intestinal bacteria [112].

Having a good gelling property helps in the
improvement of low-fat foods without any
effect on taste and texture. This property of
prebiotics is a boon for products like table
spreads, butter-like products, dairy spreads,
cream cheeses, and processed cheeses.
Prebiotics in the diet is a replacement for fat
and maintains the emulsion levels with a
good spreadable texture. Exceptional
results have been found in water-in-oil
spreads [113]. The addition of prebiotics to
fat-reduced meat products leads to a
creamier, juicier mouthfeel and constancy
because water hold is maintained. In the
chocolate industry, prebiotics has also been
added as fibre and a low-energy ingredient
without the addition of sugar. The dairy
market has shown huge development with
these dietary products like fruit-based
yoghurt which have prebiotic properties
[114]. The addition of prebiotics in dairy
products provides a good mouthfeel and
gives a synergistic taste result in
combination with non-sweeteners like
aspartame and acesulfame K, without any
increase in calories.

7.0 Application of prebiotics:

There is a number of ways for incorporating
prebiotics as a source of energy in the food
sector:

7.1. Food Beverages having prebiotics like
inulin and oligo-fructose helps in
improving the efficiency of the digestive
system, as the addition of cereals in food
helps in strengthening bones, and develops
immunity against diseases.
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7.2. Addition of prebiotics in infant food
helps to improve the efficiency of the
digestive system and it helps to increase
immunity against diseases. Individual or
combination of different types of prebiotics
like inulin, oligofructose and
galactooligosaccharides (GOS) in infant
foods have shown an increase in the number
of Bifidobacteria and Lactobacilli in the
digestive system [115].

7.3. Probiotic products like dairy-based
food and beverages have synbiotics when it
fortified with prebiotics. It helps to increase
mineral content.

7.4. Other than the pharmaceutical industry
for providing nutrients and minerals in form
of tablets or capsules nutraceuticals have
become a category where with the addition
of prebiotics and some probiotics it can also
be made in form of tablets, capsules or
powder. They are taken daily or are
prescribed with a certain amount of dose to
increase the amount of pro- and/or
prebiotics in the gastrointestinal system. [6]

7.6. Prebiotics can be used as fat replacers.
For diabetic patients or healthy living sugar
can be replaced by prebiotics for sweetness.
It can be used in different combinations of
foods. [116]

7.7. Fruits and vegetables are good sources
of prebiotics, antioxidants and
phytochemicals. Combining the prebiotics
with these antioxidants and phytochemicals
like beta carotene, flavonoids provide
additional nutrition to humans. [117]

8.0 Prebiotics as a source of energy for
nutraceuticals:

Food nutrients which are isolated and
purified are generally sold in form of

medicine like capsules or tablets and not as
food components. They are called
nutraceuticals. It can be defined as a
supplement to a regular diet that delivers a
concentrated form of a biologically active
component of food in a non-food matrix to
improve health. A balanced intake of
vegetables, fruit, beans, and grains can
provide a variety of beneficial compounds.
Prebiotics can be used in the development
of nutraceuticals in form of beverages.
Technologies like high-pressure
processing, fermentation, extrusion, aseptic
processing etc are the methods used for
food processing in industries.

8.1 Use of plant-based products as a
source  of  prebiotics to form
nutraceuticals

There are a number of plant-based products
like Chicory, flaxseeds, onion, garlic, chia
seeds etc which are rich sources of
prebiotics and dietary fibres and also
enriched with minerals and nutrients. [118]
Functional foods and nutraceuticals have a
great demand globally for the usage of these
products fortified with minerals and
vitamins. It is now becoming a huge
industry altogether with the promotion of
probiotics, prebiotics and symbiotics in the
market. The functional ingredient industry
has become a large parallel industry
producing nutraceutical and functional
ingredients for the nutraceutical and
functional industry. Prebiotic, probiotic,
and symbiotic industries form a significant
part of the nutraceutical and functional food
industry [119]. Fruits and vegetables are a
good source of vitamins and minerals
which provides proper health. A balanced
intake of vegetables, fruit, nuts and grains
provides a variety of beneficial compounds
consisting of antioxidants like carotenoids
and flavonoids also  known as
phytochemicals. There are more than 1000
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phytochemicals present in vegetables,
fruits, beans and grains [120]. Common
phytochemicals are Allyl sulphides,
anthocyanidins, catechins, carotenoids,
flavonoids, flavones, isoflavones,
isothiocyanates,  phytonutrients,  and
polyphenols. They are called powerful
antioxidants which pOSSess
pharmacological properties making them
attractive for the development of functional
as well as nutraceuticals foods/beverages
keeping  probiotics,  prebiotics and
antioxidants as sources of energy.

8.2 Use of cereals, grains, and nuts as a
source of nutraceuticals with prebiotics
effect.

Barley, oats, millet, rice and nuts like
almonds, and pistachio are good sources for
prebiotics and probiotics foods. Prebiotics
help beneficial bacteria to grow in the gut.
Prebiotics works with probiotics providing
healthful bacteria or yeasts, for good health
and improvement. Mostly the majority of
research around gut health is focused on
probiotics and now prebiotics is a new area
to focus on. More research is necessary to
uncover all of the health benefits of
prebiotics, but they are likely to be a
valuable dietary component which can be
the resourceful raw material for prebiotic
nutraceutical foods.

8.3 Reutilization of fruits and vegetable
waste and by-products as nutraceutical
products:

Extraction and identification of dietary
fibres and prebiotic compounds from food
waste is a new area of interest. The by-
products resulting from the processing of
apples have 20-30% waste including seed,
peel and pulp. [121] The apple pomace
contains high content of dietary fibre
compared to apples themselves. [122]
Similarly, cactus fruit residues represent

25-30% of total fruit mass. [123] The
residues contain a large intake of dietary
fibre, phytochemicals and natural dyes. The
fibres include cellulose, hemicellulose,
simple sugars and pectin. Oligosaccharides
from cactus fruit residues have prebiotic
properties. Extraction methods for dietary
fibre from pomace are achieved by multi-
phase cleaning, grinding, micro ionization
and pasteurization. The residues from
vegetables like cabbage, artichokes, and
black carrot have a good content of dietary
fibres and prebiotic properties. [124].
Consumer demand growing drastically for
the consumption of food enriched with
natural supplements bringing health
benefits to mankind. The consumption of
dietary fibres in large amounts helps to
prevent and reduce cardiovascular diseases
with low cholesterol levels and GIT
problems. The soluble and insoluble fibres
is incorporated into the products with solid
consistency and for liquid products, soluble
fibres are most desirable.

9.0 Conclusion:

Prebiotics, probiotics and symbiotics have
a significant role in human health. Their use
is nutritionally very important in the area of
research and development on various
foodstuffs. Prebiotics works on fermentable
carbohydrates which can stimulate the
growth of probiotic bacteria and enhance
the gastrointestinal system. Prebiotics are
available naturally in plants, grains, seeds,
nuts etc such as artichokes, garlic, and
barley, as well as synthetically produced
which when added to the food provide
health benefits to the host. As nutraceuticals
are huge in the market; they have the great
possibility of incorporating a wide range of
foods and beverages with prebiotics as their
main source.
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