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Abstract: This review scrutinizes the physiological effects of prebiotic consumption, and how these

materials relate to the concept of dietary fiber and finally focused on the role prebiotics and explains their

impact on gut health. Because of their unique chemical structure, prebiotics, may be classified as

functional food ingredients, and also because of Bifidogenic properties these materials reach the colon,

where they may be completely unfermented. Therefore, they are absorbed and metabolized in the

glycolytic pathway, or directly stored as glycogen. This substance is quantitatively fermented by the

indigenous intestinal microbiota; for that reason, it is considered to be a functional food. After reviewing

their chemistry, origin, and physiological effects, it is the opinion of the authors that prebiotics have the

basic common characteristics dietary fiber. That is resistance to digestion, absorption in the small intestine,

fermentation in the colon to produce short-chain fatty acids that are absorbed and metabolized in various

parts of the body. In addition, consumption of prebiotics / dietary fiber help to shorten fecal transit time,

increase fecal bulk and reduce constipation.
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INTRODUCTION

There is mixed philosophy on the issue of

prebiotics, and other things called Functional foods.

The basic idea of prebiotics is that these are naturally

occurring sugars that are bound in such a way that

animals, including humans, cannot digest them.

However, certain bacteria can - not all bacteria, only

some. Ruminants such as cows can process these

because of the bacteria in their four stomachs and

colon region. Human only have one stomach and pre-

biotics are not digested in them. Prebiotics are not

digested or absorbed in the small intestine either

according to studies (although maybe in some scenarios

bacteria in the small intestine might). However, the

bacteria that reside in the colon can digest them and

.put them to good use, such as bifidobacteria[23,25]

Functional food science opens new perspectives in

nutrition and food sciences. The systematic

investigation of the interactions between food

components or food ingredients and genomic,

biochemical, cellular, or physiological functions is a

unique way to improve both our knowledge and the

role of nutrition in maintaining good health and in

preventing disease. However, such basic knowledge is

insufficient to justify claims, unless it is confirmed

through re levant nutrition studies aimed a t

demonstrating the same effects and its positive

consequences in humans. In the first stage, this

demonstration in most cases will justify functional

(physiological) claims (e.g., bifidogenic efect for

p reb io t ics ,  b u lking  e ffec t  fo r  nondigestib le

.carbohydrates [47,65]

Bifidogenic Factors: The large intestine is the most

heavily colonized region of the digestive tract, with up

to 10  bacteria for every gram of intestinal content[11]

Gut bacteria are comprised of one hundred different[47]. 

species that include both beneficial and potentially

deleterious bacteria in a balance that affects how food

is digested and energy is obtained, When the main

types of generally recognized beneficial bacteria,

bifidobacteria and lactobacilli, are at optimum levels

they constitute approximately one-third of the bacterial

population in the gastrointestinal tract. In some cases,

the numbers of beneficial bacteria may be so low they

are undetectable The presence of bifidobacteria is[47]. 

regarded as a marker of the stability of the human

intestinal microflora, also for prevention of many

diseases and for maintaining good health. The use of
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selective carbohydrate substrates like inulin and

oligofructose in the diet for growth of bifidobacteria.

Because of their unique chemical structure, inulin and

oligofructose are not absorbed in the small intestine but

they are fermented in the colon to combustible gases,

lactate, and short chain fatty acids Inulin and[12]. 

oligofructose may also be classified as functional food

ingredients. This is due to they are not hydrolyzed or

absorbed in the upper part of the gastrointestinal tract

and are a selective substrate for one or a limited

number of potentially beneficial bacteria commensal to

the colon e.g., bifidobacteria and lactobacilli, which are

stimulated to grow, and be able, as a consequence, to

alter the colonic microflora toward a potentially more

healthy composition and/or activity. Therefore, any

food ingredient that enters the large intestine is a

candidate prebiotic. However, to be effective, selective

fermentation by the colonic microbiota is crucial. This

has been demonstrated that Bifidobacteria have been

identified as preferred target microorganisms for

prebiotics It has been suggested that the beneficial[47]. 

effect of inulin could be due to the ability of

bifidobacteria to change the colonic environment by

inhibiting detrimental bacteria via the formation of

bacteriocins, the successful competition for substrates

or adhesion sites on the gut epithelium, and stimulation

of the immune system . Inulin and oligofructose also[65]

help in the absorption of certain ions and the synthesis

of B-vitamins . The significance of native[23,25]

microflora inhabitants as a natural means to resist

possible pathogenic microorganisms was known by

Metchnikoff during research on cholera in the 19th

century, Decades later, the importance of a well-

balanced gut microbial ecosystem is becoming more

widely recognized for host health Stimulated further[39]. 

efforts to identify the role of bifidobacteria .and other[40]

lactic acid bacteria, mainly lactobacilli . with[55,56,59]

regard to host health, noted that bifidobacteria, even

though implicated in incidental opportunistic anaerobic

infections (as in individuals with weakened immune

systems), are generally regarded as safe. Stimulation of

bifidobacteria numbers as well as the numbers of

lactobacilli in the colon is beneficial to host health[37].

Populations of bifidobacteria can characterize up to

95% of the total intestinal microflora in breast-fed

infants, in comparison with about 25% in the adult

The mothers delivery canal and fecal flora[22;48]. 

inoculate the gastrointestinal tract of the newborn

during birth, it was also recognized that, fecal flora of

breast-fed infants is dominated by populations of

bifidobacteria, with only one percent enterobacteria[16].

By contrast, formula-fed infants have a more complex

microflora, with bifidobacteria, bacteroides, clostridia

and  s trep tococc i a l l  p reva len t .  A ltho ugh[22]

bifidobacteria have been considered to be the most

important organisms in infants, and lactobacilli and E.

coli are more numerous bacteria for children and adults

than bifidobacteria it has now become clear that

bifidobacteria also constitute one of the major

organisms in the colonic flora of healthy children and

adults . The fecal material of children and adults have[39]

bacteroidaceae, eubacteria and peptococcaceae that

outnumber bifidobacteria, which constitute 5 to 10% of

the total flora. The numbers of enterobacteriaceae and

streptococci in children and adults are also less than

b ac te ro ides ,  eub ac te r ia ,  pe p to co co cceae  and

bifidobacteria decreasing to less than 108 CFU per

gram of fecal material. Lactobacilli and veillonellae are

also present in children and adult fecal material, but in

numbers that usually are less than 108 CFU per

gram . In elderly persons bifidobaderia decrease or[40]

completely disappear, putrefactive bacteria like

clostridia including C. perfringens, significantly

increase. In addition, lactobacilli, streptococci, and

enterobacteriaceae also increase, Thus, it is thought that

presence of these healthy microorganisms in breast-fed

infants contributes to their alleged health advantages

compared to formula-fed infants, and the modification

of elderly and maintenance of weaned bifidobacteria

microflora patterns may provide a means to maintain

health and potentially prevent some gut-home diseases.

Following weaning, the microflora pattern in breast-fed

infants begins to resemble that of adults .[7]

Predominant gut microflora generally recognized as

producing health promoting inactions, are the

Bacteroides, Bifidobacterium, Lactobacilli, and

Eubacterium These beneficial microflora particularly[2]. 

the bifidobacteria and lactobacilli, may play critical

roles in all aspects of our immunological responses, by

either helping to resist infection, or by creating

conditions which reduce the number of pathogenic

bacteria. These beneficial bacteria may act as wards

regulating the activity of the other bacteria in the

colon. The other bacteria, such as Salmonella, Shigella,

Clostridia, Staphylococcus aureaus, Candida albicans,

Campylobacter jejuni, Escherichia coli, Veillonella, and

Klebsiella, have varying potential to cause disease and

are much less numerous. However, these pathogenic

bacteria and several strains of yeasts, most notably

Candida albicans, can produce harmful local and

systemic effects if they overgrow as a consequence of

a gut microflora imbalance . Research has revealed[17]

beneficial bacteria, predominantly bifidobacteria and

lactobacilli, keep these potential disease-causing

organisms under control, preventing several disease-

related dysfunctions related to an imbalance GI

situation . B ifidobacteria, while significantly[17]

influencing other colonic microflora, are also affected
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by many exogenous and endogenous factors. Factors

were affecting on intestinal flora, animal species habits;

age; sex; climate; diet; stress; exogenous organisms;

and immune mechanisms of the host . Other modifers[46]

of the gut microflora are surgery of the stomach or

small intestine, kidney or liver disease, cancer,

pernicious anemia, blind loop syndrome or a change in

the acidity of gastric juices . In addition, other[41]

pathogenic disorders, such as liver cirrhosis and

weaken intestinal motility may modify colonic

microflora. During stages of acute infection, antibiotic

therapy used to combat the bacterial invasion can also

induce digestive disorders due to alteration of normal

gut flora. Bifidobacteria have been shown to be

resistant to streptomycin, but have only moderate

resistance to penicillin, tetracycline, neomycin and

novobiocin . Bifidobacteria can be completely[32]

eradicated from the colon when antibiotics such as

erythromycin, spiramycin and chloramphenicol are used

to combat other bacterial infections. Reducing or

eliminating more of the healthy gut microflora, like

bifidobacteria, has its consequences. Recently, reports[64]

have documented the most of the bifidobacterial strains

were resistant to aminoglycoside, nalidixic acid,

polymyxin B, colistin and sulphonamide. The most

active microbial agents are all the cephalosporin tested,

b a c i t r a c i n ,  e r y t h r o m y c i n ,  o l e a n d o m y c i n ,

chloramphenicol, imipenam, nitrofurantoin, penicillin,

ampicillin, amoxicillin, carbenicillin and novobiocin.

Antibiotics that showed variable effectiveness are

tetracycline, moxalactam, furazolidone, nitrofurazone,

cloxacillin, oxacillin and fusidic acid.

When the human diet influences the species

composition and metabolic characteristics of the

intestinal microflora, toxic metabolite production is

affected, such as the conversion of procarcinogens to

active carcinogens . E. coli and clostridia are known[44,52]

to produce ammonia and amines, both liver toxins, and

carcinogens and cancer promoters such as nitrosamines,

phenols, cresols, indole and skatole, estrogens,

secondary bile acids and aglycones. It was reported that

reductive enzyme activities are lower in bifidobacteria

and lactobacilli relative to E. coli and clostridia[11].

Bacteroides are generally thought to be health

promoting, while Enterococcus faecalis produce

nitrosamines, aglycones and secondary bile acids, and

Proteus produces ammonia, amines and indole . In[39]

addition to producing toxic metabolites, several harmful

bacteria, such as Salmonella, Shigella, Listeria,

Bacteroldes, Proteus, E. coli, Clostridium perfringens

and Vibrio cholerae also have association with

diarrhea, infections, liver damage, carcinogenesis and

intestinal putrefaction. It is possible the health

promoting effects prompted by bifidobacteria and other

healthful bacteria is due to the growth inhibition of

harmful bacteria, stimulation of immune functions,

lowering of gas distention problems, improved

digestion/absorption of essential nutrients and synthesis

of vitamins Pathogenic effects associated with[45]. 

harmful intestinal microflora such as E. coli, Clostridia,

Bacteroides, Proteus, Salmonella, Shigella, and Vibrio

cholerae not only include colonic disorders but also

have implication with possible vaginal infections and

systemic disorders. Intestinal pathologies include

antibiotic-associated diarrhea (AAD), inflammatory

bowel diseases (IBD) such as ulcerative colitis and

Crohn's disease, colorectal cancer, necrotizing

entercolitis, and ileocecitis. Vaginal infections include

candidal vaginitis while systemic disorders include gut

origin septicemia, pancreatitis and multiple organ

failure syndrome , Major factors in the biology of[1]

these disorders are the overgrowth of pathogenic

bacteria such as clostridia, E. coli, as well as parasites,

viral infections, extensive burn injury, post-operative

stress, and antibiotic therapy. These disorders are often

associated with bacterial translocation due to intestinal

barrier failure . Mechanisms related to microflora[24]

modification to a more-healthy environment vary for

individual microflora groups. However, the antagonistic

effects of lactic acid bacteria have been attributed to

favorable competition for active sites on the colonic

epithelial wall, the production of primary metabolites,

such as acetic, lactic, propionic, butyric and benzoic

acids, and hydrogen peroxide and the secretion of

specific bacteriocins, e.g. Lactacins B, F and Lactocin

27 .[41]

The ability of lactic acid bacteria to produce

antibacterial substances, which are active against certain

pathogenic and putrefactive organisms . L. acidophilus[33]

strains produce three antibiotic substances, namely

acidolin, acidophilin and lactocidin L. bulgaricus

produces one antibiotic substance, bulgarican. Although

bifidobacteria do not produce hydrogen peroxide, but

it secretes a bacteriocintype substance that is active

against Clostridia, E. coli, Listeria, Shigella,

Salmonella, and Vibrio cholerae . Antibacterial[2, 26]

activity of different B.bifidum strains were tested, it

was shown that maximum inhibitory action shown by

one strain against M. flavus followed by Staph. aureus,

B. cereus, E. coli, Ps. flourescens, S. typhosa and Sh.

dysenteriae. Like lactobacilli, bifidobacteria produce

strong acids, i.e. acetic and lactic acid . The[57]

production of these acids reduces intestinal pH. One

effect of lowering the gastrointestinal pH might be the

protonation of toxic ammomia (NH3) to produce

ammonium ion (NH4+), which is non-diffusable and

could result in lower blood ammonia levels and a

reduced hepatic load . An additional, and potentially[33]
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more important effect is restriction or prohibition of the

growth of many potential pathogens and putrefactive

bacteria. Acetic acid has been observed to exert a

greater antimicrobial effect than lactic acid, most likely

due to a greater amount of undissociated acid at

intestinal pH values (5.8) common to bifidobacteria and

lactobacilli . Because bifidobacteria produce almost[41]

two-fold more acetate than lactate, the undissociated

acetic acid would be approximately 11 -fold greater

than lactate. This is an important factor as the growth

of many potential pathogenic bacteria is very sensitive

to concentrations of undissociated acid . [41]

The optimum pH for bifidobacteria is between 6.5

and 7.0 with little or no growth below the pH range of

4.5 to 5. 0 or above 8. 0 to 8.5 . specific growth[57]

rates of B. infantis, E. coli and Cl. perfringens were

approximately equal at neutral pH. As the pH was

lowered, the bifidobacteria growth rate remained

relatively unaffected while the growth of E. coli and

Cl. Perfringens was completely inhibited at pH 5.0 and

4.5 Bifidobacteria do not form aliphatic amines,[62]. 

hydrogen sulfide or nitrites . They produce vitamins,[2]

largely of the B-group, such as biotin, thiamine,

riboflavin, niacin, pyridoxine, cyanocobalamin, and

folic acid . These bacteria also produce digestive[15]

enzymes such as lactase-galactosidase . that may[38]

improve lactose tolerance and digestibility of dairy

products.

Probiotics and Prebiotics: To minimize the potential

for imbalances in gut microflora which could lead to

intestinal, systemic and, possibly, vaginal infections,

researchers have investigated various means of

achieving a greater population of healthy gut

microflora. There is growing evidence that live selected

bacteria, such as bifidobacteria and lactobacilli, when

added to food (kefir or yogurt) or used as a dietary

aid, are beneficial for these purposes. Probiotics are

defined classically as a viable microbial dietary

supplement that beneficially affects the host through its

effects in the intestinal tract. This definition, however,

was initially intended for use with animal feed

products. For human nutrition, the following definition

has been proposed:a live microbial food ingredient that

is beneficial to health . In humans, lactobacilli, either[48]

as single species or in mixed culture with other

bacteria such as bifidobacteria and streptococci, are

common probiotics . When probiotics are added to[50]

the diet as a large bowel target to bring about

microflora balance, these organisms must reach their

intended destination intact and become viable. There is

evidence that some probiotics added in the diet are

able to reach the colon and provide health benefits .[60]

However, due to fluctuating activities in response to

substrate availability, redox potential, pH, oxygen

tension and colonic distribution, the survivability and

effectiveness of ingesting living microorganisms for

purposes of targeting colon microflora modulation is

variable. In addition, incorporation of healthy viable

bacteria into processed foods is also somewhat difficult

because of their high susceptibility to oxygen, shear,

heat, and pH Intake of food as a bolus and the[17]. 

development of species that are more oxygen and acid-

resistant is probably of importance. Further, due to

competition for nutrient sources and colonization sites

with previously well-established endogenous microflora,

individual probiotic fixation and activities are strain-

dependent. There is also evidence that probiotic effects

are transient. When consumption of the probiotic

product ceases, the added bacteria are excreted [6].

However, in order for bifidobacteria to benefit host

health, it is necessary that these organisms be

metabolically active in the lower gastrointestinal

tract . As a prerequisite to their survivability, these[30]

bacteria require a carbohydrate source to use for

fermentation that has not been metabolized by the

human digestive system before reaching the colon.

Selective non-digestible carbohydrate food sources that

promote the proliferation of bifidobacteria and

lactobacilli have been defined as prebiotics .[7,47]

Prebiotics that would have potential use, as ingredients

in foods should be non-digestible, very shelf stable,

require no refrigeration, be easily and effectively

incorporated into processed foods and nourish all

endogenous beneficial bacteria. The combined form of

.a probiotic and prebiotic, is termed a symbiotic [25,50,48]

Various in vitro and in vivo studies have shown

that a diet supplemented with (2-1) inulin/FOS provides

an effective means to promote growth of bifidobacteria

and lactobacilli, while selectively reducing the growth

of pathogenic microorganisms and potentially treating

intestinal dysfunctions . It was determined by[13]

consensus that there is now strong scientific evidence,

based on observations with over 100 volunteers

differing in sex, age, race and dietary habits, that (2-1)-

type fructans are prebiotic . In addition, inulin used[50]

as a general human gastrointestinal aid as a method[50] 

of treating ulcerative colitis and to inhibit C. dificile[19] 

infections Inulin considered as a good substrate for[19]. 

most Bacteroides and Bifidobacterium species, except

Bifidobacterium bifidum and some strains of B.

longum. Chain length is an important determinant for

some specific species, due to their inherent inulinase

activity. Inulin and oligofructose cannot be digested

except through bacterial activity; they can alter the

composition of human gut flora by a specific

fermentation which results in  a  community

predominated by bifidobacteria . Fn type of fructans[7]
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had a similar prebiotic effect in humans as reported

with Gfn type oligofructose. Because of the -

configuration of the anomeric C2 in their fructose

monomers, these fructans are resistant to hydrolysis by

human digestive enzymes (a-glucosidase, maltase,

isomaltase, sucrase) which are specific for a- glycosidic

bonds, and are thus classified as non-digestible

oligosaccharides on the basis of both in vitro and in

vivo data. Since the stomach hydrolysis of (inulin type)

fructans is of limited physiological significance, these

products pass undigested through the upper part of the

gastrointestinal tract into the colon. This has been

confirmed by in vivo studies of rats and humans. The

most convincing studies were done with the use of an

ileostomy model which provides a valuable alternative

to the study of digestive physiology in man and which

has often been used to quantify the small intestinal

excretion of nutrients, carbohydrates in particular It[36]. 

was found that 8688% of the dose (10, 17, 30 g) of

inulin and oligofructose was recovered in the ileostomy

effluent which supported the idea that inulin and

oligofructose are practically indigestible in the small

intestine of man It was demonstrated that while[21]. 

working in vitro with several Bifidobacteria strains, Cl.

perfringens and E. coli, demonstrated that native

chicory inulin (modal DP 10 units) allowed more rapid

development of B. infantis, B. pseudolongum and B.

angulatum as compared to glucose. B. longum had a

slower development in comparison to glucose, and the

development of four other species was not significantly

different. Inulin (modal 10 DP units) was demonstrated

to significantly suppress the growth of both E. coli and

C. perfringens. During the fermentation of inulin,

mainly CO2, medial H2 and relatively no CH4 were

produced It has also been demonstrated that in[21,22]. 

vitro fermentation study with monocultures of 125

strains of human intestinal bacteria of 18 different

genera, including 29 strains from 5 species of

Bifidobacterium on media containing 5 different

c a r b o h y d r a t e  s u b s t r a t e s :  r e f i n e d  s o y b e a n

o l i g o s a c c h a r i d e s ,  s t a c h y o s e ,  r a f f i n o s e ,

fructooligosaccharide or glucose. The multiple unit

carbohydrate sources elicited a slower growth rate than

glucose  fo r  Lactobacillus,  Bactero ides, and

Enterococcus and did not support the growth of

potential pathogenic Clostridium species, Veillonella, E.

co l i ,  a nd  k leb s ie l la .  T h e  g ro w th  ra te  o f

Bifidobacterium, except B. bifidus, was similar on all

carbohydrate sources . The reported data emphasized[54]

that the molecular weight of a carbohydrate be

relatively large and that its reducing end be occupied

by fructose to selectively grow bifidobacteria. Bacterial

generation times were equal for inulin fractions,

irrespective of the molecular weight (from 1200 to

4500). It was further shown that B. infantis required

about 4 hours for adaptation to these substrates.

Consequently, when inulin is used as substrate with B.

infantis, the bifidobacteria should be adapted to it and

ingested at the same time .The growth and inulinase[32]

p r o d u c t i o n  b y  B i f i d o b a c t e r i a  s p p .  o n

fructooligosaccharides was characterized and in was

observed that these strains to grow equally well on

short-chain fructooligosaccharides (average DP 3.7) and

inulin as a native extract of chicory root (modal DP 10

monomer units). Several strains of animal origin (B.

thermophilum, B. minimum, and B. cuniculi grew

significantly better than strains from human origin on

inulin (DP> 15, modal value of 22 units) . Several[35]

references identified Klebsiella pneumoniae as an

inefficient or non-inulin fermenter . The relative[35]

growth parameters of K. pneumoniae are chain

dependent, as the organism does not possess highly

active intracellular 2, 1 P-D-fructan-fructanohydrolase

(EC 3.2.1.7) enzyme. As analytical grade, long chain

inulin (DP> 15, modal value of 22 units) has typically

been used as control substrate in research and for

identification of K. pneumoniae. Negative growth data

is widely reported for this organism. The pathogen K.

pneumoniae is indicated as growing well on short chain

f r u c to o l i g o s a c c h a r i d e s ,  I - k e s t o s e ,  n y s t o s e ,

fructosylnystose, and FOS synthesized from sucrose and

composed of GFm [n=B(2-1) linked fructose moieties

bound to a glucose molecule; 2< n <41 In addition[35]. 

to bacteria, some yeasts also have active exo-inulinase

enzyme to break the 2, 1 - of inulin. They can

potentially grow in periods following antibiotic therapy

or in individuals that are immune-compromised.

Further, dietary habits can also alter normally healthy

gut microflora and create situations for opportunistic

yeast overgrowth, cause thrush in breast feed infants,

and other health problems related to candidiasis.

However, because yeasts are primarily opportunistic

pathogens their overgrowth is normally controlled and

candidiasis prevented by competition provided from

healthy, lactic acid producing organisms that are

nourished selectively by inulin. Of approximately 590

species of yeasts, only 13 have clinical significance and

only five of the 13 have positive or variable growth on

.inulin  As for in vivo studies, working with a short-[48]

chain inulin fraction (average DP 3.7) observed fecal

bifidobacteria increases in healthy humans is dose-

response related  They noted that doses of 5 and 10[1;6].

g/d significantly increased colonic bifidobacteria

(p<0.05) while doses equal to or less than 2.5 g/d

showed no statistically significant modification effects.

In a related study, twelve elderly adults, aged 692 yrs,

ingested 8 g/d for 4 weeks and had bifidobacteria

counts increase from 8.520.26 to 9.170.17 log CFU/g
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(p<0.05) .However, log increases in bifidobacteria[2]

counts do not necessarily correlate with daily doses

administered, but rather depends more on the initial

number of bifidobacteria. Lower initial numbers of

bifidobacteria have been shown to produce greater

increases, irrespective of dose, within a range of 4-20

grams or more per day. An increase of bifidobacteria

less than one log unit is difficult to assess, and the

absolute increase in number of bifidobacteria is likely

to be less important than the statistical significance of

the increase .[51]

Furthermore it has also showed that humans

consuming 15 grams/day Inulin (DP 2 to 60; avg. 10

units) signif ican t ly  (p <0 .00 1 )  increased the

bifidobacteria: from log10 9.2 to log10 10. 1 per gram

in a two week period, rendering them the dominant

population. The numbers of-gram-positive cocci

decreased from log  6.0 to log  5,5 (p<0.001); and10 10

the total aerobic and anaerobic counts and the numbers

of other groups of bacteria stayed at the same level [6].

It was found that adding Neosugar to the diet of

healthy subjects increased anaerobes represented by

bifidobacteria from 3.4% to 9.5%. Total aerobes and

enterobacteria were less affected by Neosugar In a[5]. 

study to determine pre- and probiotic effects on

intestinal microbial composition, it was reported the

prolonged ingestion of Bifildobacterium sp increased

the proportion of bifidobacteria in the colonic flora of

healthy human subjects. However, the concurrent

administration of inulin did not enhance this effect. No

changes in fecal total anaerobe counts, pH, nitrate

reductase, nitroreductase and azoreductase activities

were found in either group .[9]

In another in vivo study involving 35 elderly

female subjects, mean age of 76.4 years and suffering

from constipation, inulin was compared to lactose to

determine effects on fecal microflora, microbial activity

and bowel habit. Results showed a progressive increase

in inulin ingestion from 20 g/d to 40 g/d for 19 days

increased bifidobacteria significantly from 7.9 to 9.2

log10/g dry feces, and decreased enterococcl in number

and frequency, while not changing the total bacterial

counts Inulin may also affect intestinal and hepatic[6]. 

enzymes important in the elimination of toxic

compounds from the body. this study indicate that the

specific activity of glutathione-S-transferase (GSH-T) in

rats fed inulin was significantly higher than in rats fed

other dietary fibers. The effects on the zenobiotic-

metabolizing enzymes (XEM) could not be predicted

based on the solubilities of the fibers In[51]. 

supplemented a controlled diet of 12 healthy human

subjects with four grams of Neosugar. Neosugar

caused-glucuronidase and glycocholic acid hydroxylase

activities to decrease by 75% and 90%, respectively .[52]

Nitroreductase activity declined by 80% after the

control diet was started but was not affected by

neosugar. The responses by these three enzymes

suggest that they are regulated independently by

different factors and processes, and respond differently

to diet composition in a double-blind cross-over[52]. 

human study involving 12 healthy male volunteers on

a controlled inulin (DP 2 to 60; avg. 9 units) diet (20

g/day), showed significant increases in total anaerobes

(control-1.98 ElO CFU 1.65 E10 vs. inulin-2.82 E10

1.79 E10, p = 0.03) and lactobacillus species (control-

1.55 E09 2.44 E09 vs. inutin-2.85 E09 - 4,30 E09,

p=0.05) and a significant decrease in fecal ammomia

levels (control-87.50 42.90 vs. 51.50 28.68 ppm,

p=0.001) and -glucuronidase activity (control-15.49

3.94 vs. inulin-10.51 4.34 umol/L*g*h; p=0.02). The

study further showed a trend toward decreased -

glucosidase, fecal pH, clostridia and enterobacteriaceae

species. Glycocholic acid hydroxylase activity was

.unchanged by chronic inulin consumption[10]

Fermentation Products: The major part of our food

is digested in stomach and small intestine, however

some food component escape digestion and become

available for colonic metabolism, The efficiency of the

digestion in the small intestine is influenced by many

factors like the pH of the luminal content and the

presence of competitive substrates and enzyme

inhibitors. Also motility, affecting the time of

interaction between substrates and enzymes transporters,

is variable and influenced by a number of factors (e.

g., stress, physical activity) . [11;12]

Normally, more than 99 % of all microorganisms

ingested are destroyed in the stomach due to the pH-

level of 2.5 to 3.0. The microbe population increases

from 102 to 103/gin the stomach to 108/g in the

terminal small intestine (ileum). Apart from enterococci

and several gram-negative groups, mainly lactobacilli

(e. g. the acidophilic lactobacilli group) are present.

The main groups of microbes in the large intestine are

after the anaerobic kinds of eubacteria and bacteroides

the bifidobacteria and clostridia. The prebioticconcept

is based on the fact that 30 to 45 g of carbohydrate

polymers, e.g. oligosaccharides, must be fermented to

short-chain fatty acids such as acetate, propionate and

butyrate in the colon to compensate for biomass losses,

accounting for about 15 g per day via the faeces. In

conjunction with this concept, only the promotion of

bifidobacteria and, in a very few studies, lactobacilli,

as well as a decrease of bacteroides through

carbohydrate polymers has been shown. Resistant

starch, in contrast to saccharose, can lead to a 10- to

100-fold increase in lactobacilli and bifidobacteria

populations. The formation of short-chain fatty acids
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(especially from carbohydrates) is estimated to be 300

mmol per day. These short-chain fatty acids are

absorbed to about 90 % and are oxidised in the

intestinal cells (especially butyrate) or are delivered to

the portal vein (especially acetate and propionate). In

contrast to the non-digestible polysaccharides such as

resistant starch and non-starch polysaccharides which

non-specifically stimulate the increase and metabolic

activity of the intestinal flora as a whole, only certain

non-digestible oligosaccharides (OS) such as fructo-OS,

galacto-OS, soybean-OS and raffinose, that are

naturally found in many plants, in milk and in yoghurt

as well as lactosucrose and lactulose, that are

synthetically produced, stimulate the growth of lactic

acid forming bacteria in the colon and fulfill the

criteria of a prebiotic. The short-chain fatty acids, that

originate from the fermentation in the distal colon,

create an acidic milieu; bacterial mass and faeces

volume increase whereby fructo-OS and galacto-OS

demonstrably promote especially the proliferation of

bifidobacteria. Whereas lactobacilli and streptococci

possess enzymes for the formation of anti-microbial

substances (hydrogen peroxide, bacteriocines), the

bac teria l  enzymes .-g lucuron idase , . -g lucosidase ,

azoreductase, nitroreductase and 7-. -dehydrogenase are

responsible for the formation of carcinogenic and

mutagenic substances in the colon and are seen in

connection with the development of colonic cancer. In

comparison to other anaerobic bacteria, lactobacilli and

bifidobacteria exhibit lower activities of these

enzymes . Upon reaching the large intestine inulin is[34]

preferentially utilized by a group of healthy bacteria,

bifidobacteria and lactobacilli, that are present in the

ceco-colon. During the fermentation process, energy is

provided for bacterial proliferation and increased cell

mass. A few species of lactobacilli produce carbon

dioxide gas during their fermentation . The bacterial[26]

mass and gas production are metabolically of no

benefit to the host. Gas production from inulin is likely

a result of its fermentation by strict anaerobic species,

such as bacteroides, some non- species of clostridia

and yeasts, anaerobic cocci, and some species of

lactobacilli. The hydrogen and carbon dioxide produced

from these bacteria may be further metabolized to

methane by methanogenic bacteria . However, it was[29]

found that rats colonized with human fecal microflora

and fed inulin at 116 g/kg/feed produced almost no

methane but significantly more hydrogen gas. In

addition to these fermentation products, short-chain

fatty acids (SCFA), acetate, proplonate, and butyrate

are also formed along with L-(+)-lactate. Rats

consuming inulin had significantly higher production of

short chain fatty acids (SCFA) in the cecum (p<0.05)

in comparison to other fibers tested: wheat bran, pea

hull, oat husk, cocoa seed and carrot fiber . SCFAs[14]

are important anions in the colonic lumen, affecting

both colonocyte morphology and function. By

stimulating sodium and water absorption, SFCAS act to

minimize effects due to diarrhea. SCFAS may enhance

ileal motility and increase intestinal cell proliferation by

local action and by increasing mucosal blood flow [60].

In addition to their effects on gut morphology and

function, the SCFAS are absorbed through the colonic

epithelial cells into the portal blood, thus becoming a

source for host energy and regulators of several

metabolic processes.

Nutrition M etabolism: Inulin is compared with

soluble-viscous-fermentable dietary fibers since it is not

hydrolyzed by the human digestive system but is

hydrolyzed and fermented by colonic microflora, which

affects systemic physiological functions . However,[48,50]

as mentioned, inulin may have significant systemic

influence to effect glucose absorption, most likely by

influencing gut inulin-like incretions and hepatic

enzymes. Inulin is defined as a "functional food", a

food when consumed in the course of the daily diet,

has specific physiological benefits. these characteristics

should allow inulin to be classified as a unique soluble

dietary fiber Dietary fiber is the edible parts of plants

or analogous carbohydrates that are resistant to

digestion and absorption in the human small intestine

with complete or partial fermentation in the large

intestine. Dietary fiber includes polysaccharides,

oligosaccharides, lignin, and associated plant

substances. Dietary fibers promote beneficial

physiological effects including laxation, and/or blood

cholesterol attenuation, and/or blood glucose

attenuation. "that are resistant to digestion and

absorption in the human small intestine.- Resistance to

digestion and absorption is the key to dietary fibers

unique position in the human diet. To be bioavailable,

nutrients other than dietary fiber must be broken down,

solubilized, or otherwise modified and absorbed

through the walls of the small intestine to be available

for bodily functions. Dietary fiber is unique in that it

must pass through the small intestine undigested to

reach the large intestine where it continues to impart its

f u n c t i o n a l i t y  D i e t a r y  f i b e r  i n c l u d e s[ 5 1 ] .  

polysaccharides....-Polysaccharides such as cellulose and

hemicellulose are the mainstay of dietary fiber. For

many dietary fibers, the large molecular size of the

cellulose gives fiber its fibrous appearance. For other

dietary fibers, thepolysaccharides such as beta-glucans

provide the gummy, gelatinous nature characteristic of

soluble dietary fibers. All nondigestible, fermentable

polysaccharides, whether they are polyglucoses such as

cellulose or beta-glucans, or polyfructoses such as
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inulin, or heteropolymers such as arabinoxylans and

arabinogalactans, or analogous carbohydrates are

included in the definition of dietary fiber.

oligosaccharides,.-Oligosaccharides, short chain

polysaccharides which, by convention, are chains with

a degree of polymerization (DP) between 3 and 10,

exhibit some of the same physiological properties as

their larger counterparts and thus are included in this

definition. Some fractions of oligosaccharides have

been included methodologically in practice for some

fibers since the first formal definition of dietary fiber

was proposed. lignin,.-Although lignin is not a

polysaccharide per se, lignin is intricately tied to the

dietary fiber polysaccharides in foods and increases the

resistance to digestion . Dietary fibers promote[48]

beneficial physiological effects.-For a component of the

diet to be considered important to nutrition and health,

it must have either a negative or positive impact. In the

case of dietary fiber, the historical definitions have

been used as the basis for the substantial body of

scientific research that has shown the positive

physiological benefits that are to be expected from

dietary fiber. Analogous carbohydrates fitting the

dietary fiber definition demonstrate at least one of the

positive physiological effects included in this definition.

evidence indicates these positive attributes for increased

dietary fiber consumption are important and relevant.

physiological definition of dietary fiber combines the

nutritional criteria of nondigestibility with the

physiological effects that are associated with regular

intake of dietary fiber. Potential physiological effects

attributed to nondigestible carbohydrates include both

local and systemic effects .[61]

Conclusion: The goal of the Functional Food Science

concerted action was to reach consensus on scientific

concepts of functional foods in Europe by using the

science base that supports evidence that specific

nutrients positively affect physiological functions [22].

The outcome proposes "a working definition" of

functional foods: foods can be regarded as functional

if they can be satisfactorily demonstrated to affect

beneficially one or more target functions in the body,

beyond adequate nutritional effects, in a way relevant

to an improved state of health and well-being and/or

reduction of risk of disease. Functional foods must

remain foods and they must achieve their effects in

amounts normally consumed in a diet. Bioavailability

of physiologically active compounds from foods will be

determined by the digestibility of foods that contain

these compounds, their subsequent absorption and

utilization by tissues. The physical structure of foods

contributes to the functional  effects  of  foods  as

well as to the availability of compounds from foods. 

Additionally, food structures such as the plant cell wall

change the availability of absorbable compounds along

the gastrointestinal contents. The areas of probiotics

and prebiotics have highlighted the potential importance

of gut microflora in health. Gastrointestinal physiology

and functions. Functional food escapes enzymatic

digestion in the upper gastrointestinal tract and enters

the caecum without change to their structure. None are

excreted in the stools, indicating that they are

fermented by colonic flora so as to give a mixture of

short-chain fatty acids (acetate, propionate and

butyrate), L-lactate, carbon dioxide and hydrogen. By

stimulating bifidobacteria, they may have the following

implications for health: 1) potential protective effects

against colorectal cancer and infectious bowel diseases

by inhibiting putrefactive bacteria (Clostridium

perfringens ) and pathogen bacteria (Escherichia coli,

Salmonella, Listeria and Shigella), respectively; 2)

improvement of glucid and lipid metabolisms; 3) fiber-

like properties by decreasing the renal nitrogen

excretion; 4) improvement in the bioavailability of

essential minerals; and 5) low cariogenic factor [53].

Thus, both inulin and oligofructose have most of the

characteristics of a dietary fiber and the proposal is

made to classify them as such. Moreover, they are

bifidogenic factors, because, due to still unknown

reasons, they are primarily fermented by bifidobacteria.

It is concluded from this review that "nondigestible

fructooligosaccharides," even though they are not

included in the carbohydrate fraction that is quantified

as dietary fiber by classic analytical methods, have

.most of the physiological effects of a dietary fiber[51]

To exploit this concept more fully, there is a need for

assessments of (a) improved determination of the gut

microbiota composition and activity; (b) the use of

molecular methodologies to assess accurately prebiotic

identities and develop efficient bacterial probing

strategies; (c) the prebiotic potential of raw and

processed foods; and (d) the health consequences of

dietary modulation. New research tools, as biomarkers

and advances in epithelial cell biology will give

emphasis to the development of functional foods in the

near future. From the point of view However, any new

product must undergo a thorough assessment of both

benefits and possible risks before it can be marketed.
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