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ABSTRACT
Growth and activities of probiotics and microflora of gut, beneficial for human health and wellbeing, are enhanced by
natural as well as synthetic prebiotics. Prebiotics are polysaccharide substances that are able to survive acidic and
enzymatic digestion within small intestine and pass to large intestines where they are fermented by probiotics into short-
chain fatty acids, vitamins, and other compounds, which can promote regular bowel movement, increase immunity
against diseases, prevent cancer, improve mineral absorption, and lower cholesterol. Inulin, oligofructose,
galacooligosaccharides, and lactulose are some of the examples of prebiotics.  Prebiotics may be incorporated as
nutritional ingredients into various functional foods, or presented as nutraceuticals in the form of tablets or capsules,
sometimes with probiotic cultures, for the benefit of consumer’s health.
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INTRODUCTION
Short-chain carbohydrates (SCCs) that cannot be digested by digestive enzymes in humans are prebiotics, they
are also called resistant SCCs [1]. They are sometimes referred to as non-digestible oligosaccharides (NDOs)
which are soluble in 80% ethanol. They are food components that shift to colon and are selectively fermented
there by specific microbes. Prebiotics benefit the host by selectively stimulating growth and/oractivity of one
or a limited number of bacteria that are beneficial for host health[2]. The definition of prebiotics overlaps
significantly with the dietary fibre definition; except for its selectivity for several genus or kinds of indigenous
bacteria.  Presently food components that are claimed to provide prebiotic characters are non-digested
carbohydrate (CHO) molecules, a range of di-, oligo-, and polysaccharides, resistant starches and sugar
polyols.

Prebiotics escape digestion in small intestines and pass to lower gut where they are accessible for probiotic
bacteria without being utilized by other intestinal bacteria. Common prebiotics used in the human diet are
lactulose, galactooligosaccharides, fructooligosaccharides, inulin and its hydrolysates, maltooligosaccharides
and resistant starch. Short-chain fatty acids, particularly acetic acid, propionic acid and butyric acid which are
the essential end products of carbohydrate metabolism are used by the host organism as an energy source.
Different prebiotic sources are chicory, onion, garlic, asparagus, artichoke, leek, bananas, tomatoes and many
other plants [3]. Recent studies have shown that gut microflora plays a very important role in host’s well-
being and health than previously realized and prebiotics selectively modulated this gut microbiota.  A wide
range of polysaccharides can act through different mechanisms, including (i) selective fermentation; (ii) the
gut pH; (iii) fecal bulking; (iv) the prevention of gut colonization by pathogens; (v) putrefactive bacteria
control, thus reducing toxic metabolite exposure of the host.

TYPES AND SOURCES OF PREBIOTICS
There are two types of prebiotics, i.e., those naturally occurring in plants such as banana, asparagus, beans,
and cereals, and those synthesized from enzymatic digestion of polysaccharides, such as starch.

To be considered as prebiotics non-digestible carbohydrates must fulfill the following criteria
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(A) gastric acidity and mammalian enzymes resistance; (B) ability to be fermented by gut bacteria; and (C)
ability to selectively stimulated growth and/or activity of probiotics [4].

The most commonly known prebiotics are Galactooligosaccharides (GOS), fructooligosaccharides (FOS) and
inulin. Lactose that occurs naturally in mammalian milk as chains of galactose monomers is the source of
GOS. Soluble dietary fibres include Inulin and inulin-type fructans [5]. Additionally, dietary fibre containing
several non-starch polysaccharides, such as cellulose, dextrins, pectins, beta-glucans, waxes, and lignin can
adjust the transfer time through the gut, thus offering the same useful effects as those of inulin-type fructans
[6].

Oligosaccharide family raffinose and resistant starch are also considered as prebiotic carbohydrates as they
escape absorption in intestines and stimulate growth of probiotics in the gut [7, 8]. Some plant cell wall
polysaccharides, such as xylans and pectins, also are potential sources of polysaccharide for new prebiotic
production [9].

Resistant starch is classified in one of four ways

1. RS1, physically inaccessible starch (e.g., starch in whole grains)
2. RS2, granular starch (e.g., starch in green bananas or uncooked potatoes)
3. RS3, retrograded starch (e.g., starch in cooked, then cooled, potatoes)
4. Chemically modified starch (e.g., esterified starch) [10].

RS2 and RS3 have been studied for their prebiotic capabilities. Both RS2 and RS3 have shown to be effective
prebiotics in humans [11].Resistant starch has been noted in several studies to increase bifidobacteria and/or
lactobacilli populations [12, 13, 14, 15, 16]and to increase short-chain fatty acids, especially butyrate [17].

Health benefits of Algal oligo- and polysaccharides are similar to and sometimes better than oligosaccharides
from other sources. Their chemical structures include, at least partly, some of these oligosaccharides and some
of the PS produced by seaweeds and marine microalgae that are not degraded by enzymes in the upper part of
the GI tract.  Polysaccharides from algae can have great potential for direct use as prebiotics, in the case of
microalgae, or as dried biomass or nutraceuticals, after suitably extracted from the biomass or culture
medium. They may be included in food and/or feed, or administered as pills. Recent developments in enzyme
technologies along with new marine bacteria and mollusks enzymes will enable to utilize these
polysaccharides and provide novel prebiotics.

APPLICATION OF PREBIOTICS IN NUTRACEUTICAL AND FUNCTIONAL FOOD
Prebiotics provide health benefits when they are incorporated into nutraceutical and functional food products.
Examples of the products that have taken advantage of prebiotic are.

1. Inulin and oligofructose containing functional beverages that improve digestive system efficiency,
strengthen the bone, and increase immunity against diseases.

2. Increased amount of dietary fiber in breakfast cereals through prebiotic addition increase digestive system
efficiency and enhances the growth of probiotics.

3. Infant food with an addition of prebiotics improves digestive system efficiency and immunity against
diseases. Inulin, oligofructose and galactooligosaccharides, when added individually or in combination, to
infant food has shown increase in the numbers of Bifidobacteria and Lactobacilli in infant’s digestive system
from 31 to 59% of total gut microflora during their first six weeks, like breastfeeding.

4. Dairy product like fermented dairy beverages and yoghurt containing probiotics, are called synbiotics with
prebiotic addition. Among other benefits, they are helpful in calcium absorption.

5. Nutraceuticals, where prebiotics are made into tablets or capsules; some also contain probiotics. They are
taken daily to increase the amount of pro and/or prebiotics in the gastrointestinal system.

6. Other products, e.g., weight management products, where sugar is replaced by prebiotics; some have a
similar sweetness as sugar.
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Special care is to be taken while using prebiotics as food product ingredients. Prebiotics compatibility with the
products in terms of physical (particle size, solubility, viscosity), sensory (color, taste, flavor), and nutritional
(health benefits, potential hazards, dosage, stability) properties needs to be studied well. Properly used, they
can be an additional tool to combat ailments and to improve the health and wellbeing of consumers.

CONCLUSION
Prebiotics have a significant effect on human health and have greater possibilities for incorporation into a
wide range of common foodstuffs. Their role is played by fermentable carbohydrates, which stimulate,
preferentially, the growth of probiotic bacteria (bifidobacteria and lactic acid bacteria), thus enhancing the
gastrointestinal and immune systems. In addition, prebiotics have been shown to increase the absorption of
calcium and magnesium, influence blood glucose levels and improve plasma lipids.
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