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Introduction
Around 460 to 370 BC, the “Father of Medicine”,Hippocrates opined that “Death sits in the bowels” and “Bad
digestion is the root of all evil”; emphasizing the importance of the intestines on human health and wellbeing.
Following greater understandings over the functionality of gastrointestinal microﬂora through application of next
generation tools, a new era in the biological science has emerged on the critical role of the “newly designated
organ” i.e. “gut microbiome” in health and disease. The gut microbiome is also currently termed as “forgotten
organ” of human body. Albeit, the gastrointestinal tract is sterile during birth, nevertheless, it is being colonized
with advancement of age by numerous microorganisms. According to the modern scientiﬁc dogma, the human
is believed to be “Superorganism”, the consortium of numerous Eukarya, Bacteria, Archaea and Viruses.Upon
introspection on the function of gut microorganisms, it is amply clear that some of these tiny creatures have the
ability to make human healthy and well; while the other members are responsible for predisposition and
progression of diseases. The earlier one offers the opportunity to the nutraceutical researchers for application
of prebiotics towards restoration of normal microﬂora or supremacy of beneﬁcial microorganisms. In this
perspective, about 25 years ago, a class of short chain oligosaccharides, termed as prebiotic, was recognized
for their ability to shift the composition as well as metabolic signatures of the gut microﬂora towards beneﬁcial
direction to ensure health and wellbeing. During these periods, only limited number of oligosaccharides were
considered to be ﬁt under the classiﬁcation of prebiotic by virtue of selective growth stimulation of beneﬁcial gut
bacteria. Currently, the concept of prebiotic has been expanded because of application of modern tools for
microbiome research (high through put sequencing), its application potentiality at other microbe dominated
sites (skin, vagina etc.), identiﬁcation of newer molecules etc.
Evolution of concept of prebiotic
Prebiotics are a group of bio-molecules grouped together by virtue of their indigestibility at the upper
gastrointestinal tract, but its digestibility (fermentation) in the large intestine (primarily caecum and colon) by
beneﬁcial gut microﬂora. Even though, the term “prebiotic” emerges in the ﬁeld of functional food sciences only
during mid-nineties of previous century, nevertheless, historical evidences suggest that the people of Indus
valley civilization (3300 - 1700 BC) were cultivating and propagating the crops (wheat, barley, lentils, tubers)
rich in prebiotic for better health. In 1995, Professor G.R. Gibson and M.B. Roberfroid introduced the concept
of prebiotic and deﬁned it as“Non-digestible food ingredients that beneﬁcially affects the host health by
selectively stimulating the growth and/or activity of one or a limited number of bacteria in the colon”.In view of
the growing interest on prebiotic application around the world, the Food and Agriculture Organization (FAO)
deﬁnes prebiotic as “a non-viable food component that confers a health beneﬁt on the host associated with
modulation of the microbiota” in 2007. With the rising global attention on research and development, the
deﬁnition of prebiotic undergoes several rounds of revision. Finally, in 2017, the International Scientiﬁc
Association for Probiotics and Prebiotics deﬁnes prebiotic as “a substrate that is selectively utilized by host
microorganisms conferring a health beneﬁt”. The present theory of prebiotic expands the concept to incorporate
non-carbohydrate substances, applications to body sites other than gastrointestinal tract, and diverse
categories; other than food.
Criteria of prebiotics
According to the recent concept, the criteria (Fig. 1) to qualify a molecule as prebiotic are as follows:
1. A substrate that is selectively utilized by host gut microorganism conferring a health beneﬁt;
2. Besides oral administration, it offers scope for direct application at other microbial habitats such as
genital tract and skin;
3. Health effect includes beneﬁts to the gastrointestinal tract (inhibition of pathogens, immune stimulation),
cardio-metabolism (reduction of blood lipids, effects upon insulin resistance), mental health (metabolites
that inﬂuence brain function, energy and cognition), bone (mineral bioavailability);
4. In addition to carbohydrates, other substances such as polyphenols and polyunsaturated fatty acids
(PUFA) are also included under prebiotic;
5. The beneﬁcial effects of prebiotic should be conﬁrmed in the target subjects (human/ animals) for its
intended use and microﬂora mediated actions.
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Figure 1 Distinguish between prebiotic and non-prebiotic

Common prebiotics
The prebiotics are naturally present in numerous plants and vegetables, but at a very low concentration.
Therefore, the quantity ingested through natural sources is inadequate to ensure beneﬁts. Hence, it is extracted
from plants or synthesized from the precursor molecules/ apply microorganism for its synthesis. The commonly
used prebiotic and their process of production is presented in Table 1.
Name of prebiotic
Inulin

Fructooligosaccharides (FOS)

Xylooligosaccharides (XOS)

Galactooligosaccharides(GOS)
Pectin oligosaccharides (POS)

Arabionogalactans

Mannan
(MOS)

oligosaccharides

D-tagatose

Source/ raw materials
Chicory, onion, garlic, bamboo
shoots, jicama, yam, Jerusalem
artichoke, banana, leek etc.
Sucrose

Process of production
Extraction

Enzymatic
(Fructosyltransferase)
Inulin
Enzymatic (Inulinase)
Corn cobs and husks, natural grass, Autohydrolysis, mild acid
wheat bran, rice barn, sugarcane hydrolysis,
enzymatic
bagasse, wheat straw, rice straw, (Xylanase)
almond shell, peanut shell, green
coconut husks, bajra stovers, pigeon
pea stalks etc.
Lactose
Enzymatic
(Beta
galactosidase)
Mild
acid
hydrolysis,
Cell walls of fruits and vegetables
(Endo like apple pomace, citrus peels, enzymatic
Exo sugar beet pulp, potato fibers, polygalacturonase,
polygalacturonase)
sunflower head etc
Leek seeds, carrots, ryegrass, carrot, Natural secretion of Acacia
radish, black gram beans, pears, plants, water extraction,
wheat, tomato, ragweed, sorghum, enzyme application.
bamboo grass, larch tree etc.
Guar seed, locust bean, gum, tuber Mild
acid
hydrolysis,
of konjac, copra meal, coffee seed, enzymes
(Endo yeasts cell walls etc.
polygalacturonase,
Exo polygalacturonase)
D-galactose
L -arabinose isomerase

Health beneﬁts of prebiotic
The health beneﬁts of prebiotics are attributed as a result of its selective utilization by the beneﬁcial microﬂora
present in the gastrointestinal tract. Evidently, the fermentative action of beneﬁcial microﬂora over prebiotic
molecules leads to the enhanced production of numerous fatty acids (lactic acid, acetic acid, propionic acid,
butyric acid), increased stool mass, reduction of colonic pH/ nitrous end products/ harmful faecal enzymes,
boosting of immunity and ﬁnally good health (Fig. 2). The short chain fatty acids are the key regulators for
intestinal health and are capable to inﬂuence certain aspects of several physiological functions including
immunity, lipid metabolism, appetite, gut homeostasis, energy metabolism, renal function etc. In fact, bile acid
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metabolism is mediated by bile slat hydrolase secreted by Lactobacillus spp. in order to protect the gut from
the harsh bile salt environment. This prebiotic mediated action helps in regulation of lipid metabolism, peripheral
circadian rhythm, gut barrier function, reduced anxiety and body weight etc. adequate consumption of prebiotic
reduces the development of atopic dermatitis and eczema in children. The external application of prebiotic
offers the alternative therapeutic scope against psoriasis, acne, dermatitis, eczema etc. The overall effects of
prebiotic consumption are increased population of beneﬁcial gut microﬂora, correctional of intestinal pH,
enhanced mineral absorption, reduced gut carcinogenic enzymes, intestinal homeostasis, immune stimulation,
reduced blood LDL and cholesterol, prevention of colon cancer and ﬁnally upkeeping of health.

Figure 2 Mechanism of prebiotic function
Currently, a number of diseases are linked with altered gut microﬂora composition. Usages of antibiotics or
modern medicines leads to several complications including developments of antimicrobial resistance (AMR),
allergy, depression, weakness and many other side effects. In light of those perspectives, application of
prebiotic or synbiotic (combination of prebiotic and probiotic) offers safe recovery from several diseases like
diarrhoea, colitis, colorectal cancer, necrotizing enteritis, autism spectrum disorders, diabetes etc.
Safety
At the doorsteps of third decade of twenty ﬁrst century, the people’s attraction towards nutraceuticals
compounds has been increased several folds because of their conﬁdence on the philosophy of “Prevention is
better than cure”.
Among the list of nutraceuticals, prebiotic occupies signiﬁcant niches because of its local (gastrointestinal) and
systemic effects (brain, lipid and glucose metabolism, immunity, mineral absorption, antioxidant etc) in addition
to its acceptable food technological properties such as resistance to heat, cold, acidic/ alkaline pH, sweet taste,
lower caloriﬁc values etc. As a result, prebiotic could be used in food and beverages, dietary supplements,
value added confectionary and bakery products, dairy/ meat products, baby foods etc. According to available
reports, consumption of Fructooligosaccharides @20g/day for three weeks does not cause any adverse effects
on human volunteers. Currently, the COVID-19 pandemic also broadens the scope of prebiotic as it could boost
up the gut mediated immunity.
Conclusion
The microorganism outnumbers the human cells by a factor of ten to one, and collectively their genes
outnumber human genes by one hundred folds. The function of the gut microﬂora includes digestion,
metabolisms, mineral absorption, immune development, angiogenesis, CNS development, gut maturation, and
so on. The present knowledge of gut microbiology unravels the existence of intricate balance between
beneﬁcial and harmful microﬂora in the gastrointestinal tract. Alteration of microﬂora balance towards harmful
bacteria leads to breakdown of gut microbial homeostasis, followed by progression and onset of various
disease, ranging from inﬂammation to obesity. Therefore, reestablishment of healthy microﬂora composition or
restoration of microﬂora balance through consumption of prebiotic offers potential strategy for maintenance of
health vis a vis amelioration of several gastrointestinal disorders.
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