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MICROECOSYSTEM OF THE LARGE INTESTINE AS A TARGET-PLACE FOR PROBIOTICS AND 
PREBIOTICS USED AS FUNCTIONAL COMPOUNDS OF DIET – A REVIEW
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The conditions occurring in the large intestine, including benign environment, regular supply of substrates, regular emptying, and long transit 
time, create the most friendly habitat for microbial growth found within the whole gastrointestinal tract. The normal adult colon contains ~200 g 
of digesta, of which ~60% (dry weight basis) are microorganisms. Colonic microflora comprises ~10 dominating genera reaching the mean popu-
lation numbers of 108–1010 cells per gram of contents. However, they were determined in a wide range of several log cycles in individuals, signifi-
cantly influenced by host diet providing colonic food as substrates for bacterial growth and development. The activity of microflora makes large 
intestine the organ with the greatest metabolic activity in the whole body. Close contact of a variety and multiplicity of microbes as well as microbes 
and host, via enterocytes and gut-associated lymphoid tissue, produces interaction with epithelium resulting in systemic effects. Therefore, it seems 
reasonable to address the colon as target-place of probiotics and prebiotics exerting microflora-mediated effects. Their implementation to more 
and more western-type diet may result in the improvement of the health status of the population. Moreover, they also seem to be promising in 
clinical cases, however that statement needs confirmation in the controlled clinical trials. The review passes around scientific knowledge on the 
microecosystem of colon being the basis for use of probiotics and prebiotics as functional food compounds. 

INTRODUCTION

The competition amongst microorganisms and their 
influence and interaction with host has been evolving for 
millions of years. The fact that a human is able to survive in 
the environment captured by microorganisms is, in a signifi-
cant part, owing to the ability of commensal bacteria to pro-
tect the host from microbial-induced disease processes [Reid 
et al., 2001]. Even though up-to-now knowledge on health 
impact of specific gut bacteria is fairly incomplete, two gen-
era of intestinal bacteria, Lactobacillus and Bifidobacterium, 
are considered as entirely beneficial for host’s health and 
important for normal development and maturation of nor-
mal bowel functions and the systemic body functions of the 
host. The human gastrointestinal tract evolved to adapt to a 
daily supply of live lactic acid bacteria associated with plant 
material as a source of bacterial substrates (oligo- and poly-
saccharides), presumably before they were consumed with 
milk. Archaeological studies enable placing the invention of 
lactic acid fermentation since the time of ~1.5 million years 
ago and to associate it with the activity of Homo erectus 
already before leaving Africa [Molin, 2001]. Even though 
plant-derived lactic acid bacteria and non-digested oligosac-
charides (NDO) have accompanied the humankind from 
the beginning of its development, up-to-date ideas on their 
healthy activities are based on observations and premises 
rather than reliable scientifically proved results. The critical 
point seemed to be a change in the perception of the large 
intestine as the organ destined merely for conservation of 
water and mineral compounds, and faeces formation. As 

the polysaccharides of the plant cell wall (fibre) are no lon-
ger thought of as inert material passing through the gut, the 
colon started to be perceived as the important fermentation 
reservoir supplied with nutritive substrates for intensively 
growing microflora which via fermentation and per se affects 
the intestinal ecosystem, and moreover, influences compre-
hensive systems of the body, i.e. the human health [Stephen 
& Cummings, 1980].

In recent years, an increased activity of food industry 
and food science has been observed in the concept of func-
tional food, especially in the field of development of food 
supplements which are able to effectively act in the gastro-
intestinal tract by influencing the composition and activity 
of intestinal microflora. Modulation of intestinal microflora 
seems to be one of the most interesting and currently one 
of the most extensively studied direction of functional food 
development [Gibson & Roberfroid, 1999]. The colon and 
its microflora, including a variety of species – pathogenic, 
opportunistic, and beneficial for host’s health – functions as 
the most metabolically active organ in the body. Therefore, 
the modification of the composition and some metabolic 
activities of the colonic microflora by probiotics or the 
stimulation of the growth of endogenous benign bacteria by 
prebiotics seems to be reasonable and relevant. Beneficial 
action of probiotics for host’s health may cover multiply 
effects. Bacterial lactase improves the absorption of lac-
tose, the transient passage of lactic acid bacteria in the 
digestive tract may represent a microbial barrier against the 
development of pathogenic bacteria; probiotics reinforce 
the non-specific immune defence but also specific immu-
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nity; particularly the secretory immune system mediated by 
secretory IgA or IgM in response to the specific infectious 
antigens and perhaps to soluble food antigens; other pos-
sible mechanisms include the trophic effect on the intestinal 
layer, and a down-regulatory activity in cow’s milk allergy as 
well as anti-inflammatory effects [Heyman, 2000]. 

Unfortunately, bowel digesta do not constitute the 
optimal medium for faecal flora considering both pH and 
substrates available [Ballongue, 1997]. Carbon source con-
stitutes the main limiting factor. The lack of a carbon source 
directly usable by the bacteria induces competition between 
the genera and the species. Incorporation of prebiotics 
(for example fructooligosaccharides) to the diet provides 
additional pool of non-digestible food compounds, more-
over, substrates selectively fermented in the colon, able to 
modify the composition of intestinal microflora in favour of 
bifidobacteria [Ziemer & Gibson, 1998]. The advantage of 
prebiotics is the lack of the significant quantitative losses 
as compared to the problems with probiotic survivability 
during passage through the gastrointestinal tract. However, 
the advantage of probiotics is their use for special target 
purposes. Perhaps, the combined action of probiotics and 
prebiotics in the form of synbiotics (synergistic pairs) may 
bring additive effects, but it needs scientific confirmation. 
In the future, along with further development of genetic 
techniques for qualitative and quantitative determination 
of the variety of gut microflora, monitoring of changes 
influenced by the active factor will certainly facilitate the 
comprehensive characterisation of the health-promoting 
role of probiotics, prebiotics and synbiotics as functional 
compounds of the diet.

MICROECOSYSTEM OF HUMAN LARGE INTESTINE, 
PROBIOTICS, PREBIOTICS

The human gastrointestinal tract is an inhomogeneous 
environment containing more and less friendly niches 
for bacterial colonisation. The major factors determin-
ing the final composition and distribution of microflora 
throughout the gastrointestinal tract are: (1) host medi-
ated factors (pH, secretions such as immunoglobulins, bile, 
salts, enzymes; motility e.g. speed, peristalsis; physiology 
e.g. compartmentalisation; exfoliated cells, mucins, tissue 
exudate); (2) microbial factors (adhesion; motility; nutri-
tional flexibility; spores, capsules, enzymes, antimicrobial 
components; generation time); (3) microbial interactions 
- synergy/antagonism (metabolic co-operation/competition; 
growth factors and vitamin excretion; short-chain fatty 
acids, amines; alteration to Eh, pH, O2 tension; antimicro-
bial components, siderophores; nutritional requirements); 
(4) diet (composition, non-digestible fibre, drugs etc.) [Huis 
in’t Veld et al., 1997]. On the one hand, they constitute a 
powerful tool for efficient controlling of microbial growth 
and survival, on the other hand – promote their growth, 
colonisation and biochemical activity.

pH. One of the most significant factors influencing 
the composition of microflora is the pH level of digesta, 
different throughout the gastrointestinal tract. The envi-
ronment in the stomach is strongly acidified due to the 
secretion of gastric juice ~2.5 L/day, a water solution of 
hydrochloric acid and enzymes. In the duodenum, pancre-

atic juice (2.5 L/day), alkaline in nature because of a high 
concentration of bicarbonate ions, neutralises the digesta to 
the value ~6, and at the end of the small intestine the pH 
value is ~7.4. Further on, as a consequence of the increased 
bacterial activity, the pH decreases to ~5.7 in the caecum, 
and it is running at ~6.7 in the colon [Fallingborg, 1999]. 
Considering the modulating effect of diet on gastrointes-
tinal pH, it primarily affects the colonic pH. It should not 
be surprising when transit time at least is taken into consid-
eration, a few dozen longer in the colon than in the small 
intestine.

Colonic transit time. Small intestine is a ~4–5 m long 
organ of 2.5–5 cm diameter with short transit time of 
contents (4–5 h from mouth to the caecum). In the colon, 
relatively short (130–150 cm) and with 8 cm lumen, the 
digesta is slowly moved. Transit through different regions 
of the colon has been measured using radiopaque markers 
visible on abdominal X-ray. Reported times were 7–24 h for 
the caecum and right colon, 9–30 h for the left colon and 
12–44 h for the recto-sigmoid region [Cummings, 1997]. 
The normal values of total colonic transit time reported 
by Bouchoucha and Thomas [2000] were 44.3±29.3 h for 
males, and 68.2±54.4 h for females. The values of the mean 
colonic transit time for humans are difficult to generalise, as 
they depend the most on the diet and lifestyle, and vary a lot 
in different regions and populations. For example, in some 
countries, particularly in Africa, the normal gut transit time 
was estimated at 24–48 h, whereas in the United Kingdom, 
the reported values of mean transit time (MTT) and 
median MTT were 70 h and 60 h, respectively, with men 
55 h and women 72 h, with a wide range (95%) of 30–168 h 
[Cummings, 1997]. However, Antoine et al. [2000], study-
ing the transit time of elderly (60–75 years old), considered 
total transit time 40–55 h as slow, and above 55 h as very 
slow. 

Total colonic transit time was significantly shorter 
(p<0.05) in the non-constipated than in the constipated 
adolescents, 30.2±13.1 versus 58.3±17.4 h, respectively 
[Zaslavsky et al., 1998]. The similar values of total colonic 
transit time, 37.8±6.2 h vs. 59.9±5.4 h, were observed in 
the healthy and constipated children, respectively [Bautista 
Casasnovas et al., 1991]. When the influence of age, gen-
der, hormonal status and smoking habits on colonic transit 
time in 164 asymptomatic subjects was studied, Meier et al. 
[1995] noticed that it was significantly shorter in men than 
in women (30±2 vs. 42±3 h, p<0.05), shorter in non-smok-
ing males in comparison with smoking males (26±2 vs. 
40±5 h, p<0.05), and in females influenced only by height 
and menstrual cycle. 

Both diet and bacterial fermentation influence the inten-
sity of gut transit. In the native East Africans, shorter transit 
time was correlated with consuming a diet high in unrefined 
cereals, containing fibre, especially resistant starch [Topping 
& Clifton, 2001]. In study on 44 volunteers, 30 g barley bran 
flour accelerated gastrointestinal transit and increased fae-
cal weight [Lupton et al., 1993]. The gastrointestinal transit 
time also tended to shorten in 5 healthy subjects given dif-
ferent levels of dietary fibre [Saito et al., 1991]. The strains 
of probiotic bacteria may affect the colonic transit time in 
opposite directions. B. animalis DN- 173 010 was reported 
to shorten the colonic transit time in healthy women 
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[Marteau et al., 2002], whereas propionibacteria, ingested 
in the amount of 5×1010 cfu/day for 2 weeks, significantly 
slowed the left colon transit by av. 5 h [Bougle et al., 1999]. 

Microflora of the gastrointestinal tract. The physiologi-
cal, environmental and structural differences within the 
gastrointestinal tract affect the composition and numbers 
of microflora in the segments. In the stomach, the numbers 
of microflora are generally low, 105–106 /g in rats (relatively 
high pH), 103–104 /g in humans [Danone, 1998]. Human 
stomach microflora comprises mostly facultative anaerobic 
G(+) bacteria, like streptococci. Due to a strong bacteri-
cidal effect of stomach secretions and bile, microflora of the 
first segments of the small intestine is rather poor (104/g). 
Closer to distal parts, the numbers of bacteria increase to 
106–107/g, along with their variability. Next to Gram-posi-
tive bacteria, some Gram-negative facultative anaerobic 
bacteria start to appear, like enterobacteria. In the large 
intestine, anaerobic environment is reflected in the oxida-
tion-reduction (redox) potential of -200 mV [Simon & 
Gorbach, 1984], and strictly anaerobic bacteria are plenti-
ful, covering over 400 species, appearing in the concentra-
tion of up to 1011 per g of contents (or up to 1012 per g of 
dry weight). In spite of high diversity, the populations of a 
dozen or so species, belonging to Bacteroides, Eubacterium, 
Bifidobacterium, Ruminococcus, Peptostreptococcus, 
Peptococcus, Lactobacillus, Clostridium, Streptococcus 
(anaerobic), Fusobacterium, Methanobrevibacter and 
Desulfovibrio, are able to colonise the gut in the highest 
numbers [Macfarlane & Gibson, 1994; Cummings, 1997; 
Salminen et al., 1998; Naidu et al., 1999]. Facultative 
anaerobic bacteria are several log cycles less numerous, 
being a sub-dominant microflora, mostly opportunistic. 
Considering anaerobic metabolism of the vast majority of 
colonic bacteria which do not use oxygen as a terminal elec-
tron acceptor in respiratory processes, energy generation 
occurs primarily through substrate phosphorylation or fer-
mentation. Colonic bacteria are also unusually rich in pro-
tein, which comprises 55% of their dry matter, with RNA 
and lipid accounting for 20 and 9%, respectively [Cummings 
& Macfarlane, 1997]. Temperate environmental conditions, 
availability of nutrients, adequate morphological and physi-
ological parameters, and slow transit of digesta enable con-
sidering the colon as a fermenter of abundant microflora 
living in symbiosis with a host.

The role of intestinal microflora. As the effect of recip-
rocal adaptation, human large intestine and microflora 
colonising therein constitute a complex balanced ecosystem 
which enables the normal functioning of the host, unless it 
is dominated by harmful or pathogenic bacteria. Normal 
intestinal microflora is responsible for proper working of 
mechanisms providing resistance of the host to pathogen 
colonisation. This important first line of defence against 
pathogens was described in the bibliography as bacte-
rial antagonism, barrier effect, or colonisation resistance 
[Tancrede, 1992]. The mechanism of creating the colonisa-
tion resistance covers several activities, including competi-
tion for the limited nutrients metabolised under the condi-
tion of low redox potential and ability to utilise variable 
available oligosaccharides, producing the inhibitory sub-
stances by dominating bacterial populations, and bacterial 

adhesion to the intestinal mucosa. Therefore, under in vivo 
conditions, interactions among bacteria occur and possible 
results are mutual stimulation, partial or total inhibition, or 
exchange of genetic material. The second line of defence is 
mediated via normal intestinal microflora and enables the 
activation of the secretory immune system associated with 
gut mucosa, resulting in the secretion of antibodies of IgA 
class (sIgA). The dual impact of the intestinal microflora 
on the immune system should be emphasised. Bacteria are 
considered either as a source of antigens or as non-spe-
cific immunomodulators. During the first months of life, 
intestinal microflora, dominated by bifidobacteria, plays 
an important immunomodulative role regarding matura-
tion and moulding of intestinal and systemic immune 
mechanisms [Koletzko et al., 1998]. The normal colonisa-
tion of the mammalian intestine with commensal microbes 
is hypothesised to drive the development of the humoral 
and cellular mucosal immune systems during neonatal life 
and to maintain the physiologically normal steady state of 
inflammation (non-inflammatory immune stimulators) in 
the gut throughout the subsequent life [Cebra, 1999]. As the 
intestinal microflora drives the maturation of the immune 
system, changes in its composition may play a role for the 
higher prevalence of allergy [Björkstén, 1999]. There is 
accumulating evidence that host microbial populations may 
significantly contribute to the pathogenesis of autoimmune 
diseases.

Despite the fact that the complex microflora contains 
potentially pathogenic bacteria, in the state of health, both 
host and microflora exist in harmony [Raibaud, 1992]. 
However, the outer factors, like invasive bacteria, antibiotic 
treatment, radiotherapy, marked change of diet, or stress, 
may disturb homeostasis of the normal microflora, which 
facilitates multiplying and even overgrowth of potentially 
pathogenic bacteria, expression of toxicity, and may cause 
infection or even acute or chronic diseases [Van Laere 
et al., 1997]. Clostridium difficile, an indigenous colonic 
bacteria, was linked to pseudomembranous colitis as the 
primary causative agent, however, infection occurs due to 
the disruption of normal gut flora homeostasis arising from 
antibiotic treatment [Barbut & Petit, 2001]. Acute inflam-
matory reactions may cause diarrhoea and can be manifest-
ed by a number of bacterial genera, including Salmonella, 
Shigella, Campylobacter, Yersinia, Aeromonas, Clostridium 
and Escherichia [Macfarlane & Gibson, 1995]. Due to the 
complexity of intestinal microflora, the correlation between 
concrete bacterium and disorder is sometimes difficult to 
prove. As a result of various epidemiological studies, bac-
terial aetiology of inflammatory bowel disease, including 
ulcerative colitis and Crohn’s disease, was ascribed general-
ly to the functionally altered resident flora, and particularly 
to clinical isolates of Mycobacterium paratuberculosis and 
Listeria monocytogenes, or increased antibody responses to 
Peptostreptococcus, Eubacterium, Coprococcus, Bacteroides 
and E. coli in the case of Crohn’s disease, and Desulfovibrio 
(sulphate-reducing bacteria), Bacteroides, Streptococcus, 
Escherichia, Fusobacterium, or Shigella in the case of ulcer-
ative colitis, however their influence remains unproven 
[Sartor, 1997; Ziemer & Gibson, 1998; Farrell & Pepercorn, 
2002; Loubinoux et al., 2002]. Probiotic attempt to modify 
disease by favourable altering of bacterial composition, 
immune status, and inflammation may provide a simple and 
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attractive way of treatment [Gionchetti et al., 2002], how-
ever clinicians urge for well-designed, randomised clinical 
studies to define the role of probiotics as therapeutic agents 
in inflammatory bowel disease [Tamboli et al., 2003].

Probiotics. The term probiotic is derived from Greek 
and means for health. The definition of probiotics has been 
developed within years reflecting our understanding of 
mechanisms of affecting the human health and well-being. 
The most widely used one has been proposed by Fuller 
[1989] who called probiotic a live microbial feed supple-
ment that beneficially affects the host animal by improving its 
intestinal microbial balance. Yet, for the purposes of human 
nutrition, Salminen et al. [1998] suggested that probiotic is 
a live microbial food ingredient that is beneficial to health. 
However, when the mechanisms of probiotic action were 
focused on the role of concrete cellular substances, the 
definition covering live and not-live probiotics arose as 
follows: probiotic is a microbial dietary adjuvant that ben-
eficially affects the host physiology by modulating mucosal 
and systemic immunity, as well as improving nutritional and 
microbial balance in the intestinal tract [Naidu et al., 1999]. 
Recently, Schrezenmeir and de Vrese [2001] revised the 
existing definitions, describing probiotic as a preparation of 
or a product containing viable, defined microorganisms in suf-
ficient numbers, which alter the microflora (by implantation or 
colonisation) in a compartment of the host and by that exert 
beneficial health effects in the host.

Probiotic bacteria are commercially available mainly in 
fermented foods, especially dairy products. They belong 
mainly to the Lactobacillus and Bifidobacterium genera, con-
sidered to be safe [Adams & Marteau, 1995]. The current 
evidence suggests that probiotic effects are strain specific, 
therefore probiotics are identified at the strain level, and 
therefore beneficial results obtained for one strain cannot be 
extrapolated to other strains, even closely related ones. In the 
selection of probiotic strains several aspects should be taken 
into consideration, including: (1) safety – origin from healthy 
host, non-pathogenicity, antibiotic resistance; (2) functional-
ity – viability and persistence in the GI tract, immunomodu-
lation, antagonistic and antimutagenic properties; and (3) 
technological characteristics – ability to be manufactured 
under industrial conditions, necessity to survive and retain 
their functionality during storage, not producing off-flavours 
[Saarela et al., 2000]. The guidelines for the evaluation of 
probiotics for food use were prepared by a Joint FAO/WHO 
Working Group [Report, 2002]. The protocol covers: strain 
identification by phenotypic and genotypic methods (genus/
species/strain classification, strain should be deposited in the 
international culture collection); safety assessment in vitro 
and/or on animals and next in Phase 1 (safety) human study, 
along with functional characterisation using in vitro tests and 
in animal studies; and double blind, randomised, placebo-
controlled (DBPC) Phase 2 (efficacy) human trial or other 
appropriate design with sample size and primary outcome 
appropriate to determine if strain/product is efficacious, 
with results preferably confirmed in the second independent 
DBPC study. The resulting probiotic food should be labelled 
detailing contents – genus, species, strain designation, mini-
mum numbers of viable bacteria at the end of shelf-life, 
proper storage conditions and corporate contact details for 
consumer information.

Ingestion of probiotics resulted in several beneficial 
effects, both demonstrated and proposed, as: increased 
nutritional value (better digestibility, increased absorption 
of minerals and vitamins), alleviation of lactose intoler-
ance, positive influence on intestinal flora, prevention of 
intestinal tract infections, enhancement of the immune 
system, reduction of inflammatory reactions, prevention 
of cancer, anti-allergic activity, regulation of gut motility, 
reduction of serum cholesterol, prevention of osteoporosis, 
and improved well-being [Vaughan et al., 1999]. Among 
numerous health-promoting effects attributed to the use of 
probiotics, Schrezenmeir and de Vrese [2001] distinguished 
the following well documented ones: (1) lower frequency 
and duration of diarrhoea associated with antibiotics 
(Clostridium difficile), rotavirus infection, chemotherapy, 
and to a lesser extent, traveller’s diarrhoea; (2) stimulation 
of humoral and cellular immunity; and (3) decrease in unfa-
vourable metabolites, e.g. ammonium and procancerogenic 
enzymes in the colon.

The most widely reported probiotic strains are 
Lactobacillus rhamnosus GG (Valio); L. johnsonii LJ-1, pre-
viously L. acidophilus LC1 or La1 (Nestle); L. acidophilus 
NCFB1748 (Rhodia); L. casei Shirota (Yakult), L. planta-
rum DSM9843 (299v) (Probi), L. reuteri MM53 (BioGaia 
Biologics), L. casei CRL431 (Chr. Hansen), L. casei DN114 
(Danone), L. gasseri ADH, Bifidobacterium bifidum H1, 
B. lactis Bb-12 (previously B. bifidum Bb-12), B. longum 
BB536, Saccharomyces boulardii (Saccharomyces cerevisiae 
Hansen CBS 5926).

The minimum effective dose of probiotics is not pre-
cisely known. The oral administration in excess of 109 cfu 
per day is recommended to show a health effect, although 
dose response studies are often not included in clinical 
evaluations of probiotics [Sanders & Huis in’t Veld, 1999]. 
A comparison of survival rate of properly selected probiotic 
strains, between 10–40%, and their counts in faecal samples 
suggests that they may be capable for growth in the intesti-
nal tract, however the further research is essential to clarify 
this issue.

Substrates available for colonic microflora. The colonic 
microecosystem is characterised by a high fermenting 
capacity. Almost all bacteria dominating in the colon show 
saccharolytic potential (except for Fusobacterium), and 
some of them are amino acid fermenters. However, only 
two genera, Bifidobacterium and Ruminococcus, are able 
to degrade mucins, i.e. produce α-glycosidases specific for 
oligosaccharide chains of gut mucin glycoproteins [Falk et 
al., 1998]. However reciprocal action exists, as acidification 
of large intestinal contents and production of short-chain 
fatty acids from carbohydrate fermentation were reported 
to stimulate mucus synthesis and mucus secretion [Meslin 
et al., 1999]. The total amount of substrates reaching the 
colon per day was estimated at 20–60 g of carbohydrates 
and 5–20 g of protein. Daily amounts of substrates poten-
tially available for colonic microflora were estimated at 
5–35 g of resistant starch, 10–25 g of non-starch polysaccha-
rides, 2–8 g of oligosaccharides, 2–5 g of sugars and sugar 
alcohols, unpredictable amount of synthetic carbohydrates 
(lactulose, polydextrose, pyrodextrins, modified celluloses), 
1–12 g of dietary protein (Nx6.25), 4–8 g endogenous pro-
tein from pancreatic enzymes and other secretions, 0.5 g of 
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urea and nitrate, and unknown amounts of others, derived 
with mucus (3–5 g ?), bacterial recycling, sloughed epithe-
lial cells and organic acids [Cummings, 1997]. The above 
estimations may constitute the basis for establishing the 
level of e.g. prebiotic supplementation/modification of 
diet. The above saccharide concentrations are not minimal, 
compared to the composition of bacterial nutrient media. 
The crucial difference is in type, as in contrast to easily and 
rapidly utilised mono- or disaccharides in media, mainly 
polysaccharides are carbohydrates able to avoid digestion 
and absorption in the small intestine. Their utilisation as 
substrates for colonic microflora depends on chemical 
structure, composition of monomer units, degree of poly-
merisation, possible linear or branched structure, and water 
solubility [Van Laere et al., 1997]. Generally, saccharides 
with short and unbranched chains, and soluble in water are 
better fermented.

Dietary fibre. Colonic fermentation of different sub-
strates via produced short-chain fatty acids affects the bowel 
structure and physiology. Moreover, it may bring some ben-
eficial effects to the host. Some groups of colonic saccha-
rides, like dietary fibre or prebiotics, were specified due to 
their effects. The principal acknowledged beneficial effects 
of dietary fibre were included in the recently proposed defi-
nition, read as follows: dietary fibre consists of: carbohydrate 
polymers (DP≥3) of plant origin, which may or may not be 
associated in the plant with lignin or other non-carbohydrate 
components (polyphenols, waxes, saponins, cutin, phytates, 
phytosterols, etc.) OR carbohydrate polymers (DP≥3), pro-
cessed (by physical, enzymatic or chemical means) or synthet-
ic, included in the attached list whose contents may change on 
the basis of AFSSA recommendations. IN ADDITION dietary 
fibre is neither digested nor absorbed in the small intestine. 
It has at least one of the following properties: increase stools 
production, stimulate colonic fermentation, reduce pre-
prandial cholesterol levels, reduce post-prandial blood sugar 
and/or insulin levels [Champ, 2002]. In parallel, the claims 
‘source of fibre’ corresponding to a quantity of 3 g/100 g or 
1.5 g/100 kcal, and ‘rich in fibre’ corresponding to a quantity 
of 6 g/100 g or 3 g/100 kcal were proposed for foods. Some 
foods, like the wholemeal bread, muesli, fresh not peeled 
apple, fresh orange pulp, strawberry, cooked lentils, cooked 
carrots, raw lettuce, cooked zucchini, are able to fulfil these 
criteria and can be recognised as rich in fibre.

The group of compounds covered by dietary fibre 
definition is not homogeneous due to functionality. Non-
digestible oligosaccharides, just since 1980, were recognised 
as components of ‘functional foods’, as they reach the 
colon undegraded and provide a carbohydrate substrate 
particularly suited to the growth of bifidobacteria, which 
was regarded as beneficial to health [Playne & Crittenden, 
1996]. Low calorie, prevention of tooth decay, intestinal 
control by enhancement of bifidobacteria, and dietary 
fibre-like effects are considered to be the main physi-
ologically functional effects of NDO. The most intensive 
research on functional food properties of NDO has been 
focused on their prebiotic effect in human subjects, impact 
on bowel habit, increased calcium absorption, functioning 
of lipid metabolism and prevention against colon cancer 
[Van Loo et al., 1999]. Another constituent, resistant starch 
(RS), especially that retrograded, may be distinguished by 

butyrogenic and bifidogenic properties. Brouns et al. [2002] 
suggested that increasing the RS content in the daily diet 
will be of benefit to the maintenance of gut health and to 
the reduction of risk factors associated with the develop-
ment of intestinal inflammation and colorectal cancer. The 
proposed mechanism of RS action may include: stimulation 
of the local immune system (GALT), modulation of blood 
immune parameters, modulation of DNA synthesis and 
repair by butyrate, inhibition of abnormal cell growth and 
development by butyrate, and promotion of recovery from 
epithelial inflammation.

Prebiotics. Some non-digestible oligosaccharides and 
non-starch polysaccharides of dietary fibre recognised as 
capable to modify the composition of endogenous gut micro-
flora and characterised with specific bifidogenic attributes 
were named prebiotics [Delzenne & Roberfroid, 1994]. 
According to the definition, a prebiotic is a non-digestible 
food ingredient that beneficially affects the host by selectively 
stimulating the growth and/or activity of one or a limited num-
ber of bacteria in the colon, and thus improves host health 
[Gibson & Roberfroid, 1995]. The targeted bacterial genera 
are indigenous Bifidobacterium and Lactobacillus, as mark-
ers of healthy microflora [Van Loo et al., 1999]. Prebiotics 
of proven efficacy that are commercially available are fruc-
tooligosaccharides (FOS), galactooligosaccharides (GOS), 
and lactulose. They all preferentially promote bifidobac-
terial growth in the large intestine. Many other prebiotic 
candidates are currently studied, including soybean oligo-
saccharides, glucooligosaccharides, maltooligosaccharides, 
and sugar alcohols (lactitol, xylitol, maltitol). Some authors 
consider also one type of resistant starch, namely high amy-
lose maize starch, as a prebiotic able to promote the survival 
of lactic acid bacteria [Topping & Clifton, 2001]. However, 
the interaction of RS with the microflora in general remains 
to be elucidated.

The established effects of prebiotics include non-digest-
ibility and low energy value, a stool bulking effect and mod-
ulation of the gut microflora, promoting bifidobacteria and 
repressing clostridia [Rastall & Gibson, 2002]. Postulated 
areas to be developed in the future might include preven-
tion of intestinal disorders (e.g. ulcerative colitis, irritable 
bowel syndrome) and gastrointestinal infections including 
diarrhoea, modulation of the immune response, prevention 
of colon carcinogenesis, reduction in serum triacylglycerols 
and cholesterol and the improvement of bioavailability 
of minerals such as calcium and magnesium. Up-to-date, 
the greatest scientific interest has been focused on the 
nutritional and health benefits of oligofructose and inulin 
[Kleessen et al., 1997; Roberfroid & Milner, 1999; Rao, 
2001; Biedrzycka & Bielecka, 2004].

In populations consuming a Western-type diet, the 
intake of fructans has been estimated in the range of 1–4 g/
day [Van Loo et al., 1995]. Although no recommendation 
for daily dose of prebiotics exists, values from 3 to 20 g/day 
were shown to be effective. Non-digestible oligosaccharides 
and sugar alcohols may retain water and thus increase stool 
weight, whereas high amounts of these compounds, espe-
cially of short chain length, may cause diarrhoea, due to 
the increased osmotic pressure. However, as constipation is 
one of the most prevalent gastrointestinal complaints in the 
Western world, mildly laxative effect may be appreciated. 
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Hata and Nakajima [1985] determined the maximum effec-
tive dose without diarrhoea at ~21–24 g/day of short chain 
FOS, and dose with diarrhoea experienced by 50% of the 
tested subjects at ~50–55 g/day of short chain FOS. They 
also demonstrated that sorbitol caused diarrhoea at much 
lower doses. However, comparing lactulose and lactitol, 
possible side-effects of using lactulose, like nausea, vomit-
ing, abdominal cramps, and diarrhoea, were not associated 
with lactitol [O’Sullivan, 1996].

When higher doses of low polymerised fructooligosac-
charides (DP 2–4) were consumed, undesired side effects, 
like excessive flatus (>30 g FOS/day), borborygmi and 
bloating (>40 g/day), lastly, abdominal cramps and diar-
rhoea (50 g/day), were observed [Briet et al., 1995]. When 
inulin with high chain length (DP 25) was administered to 
healthy volunteers in the amount of 15 g/day, the incidence 
(number of days per week) of abdominal cramps or flatu-
lence observed in inulin vs. placebo groups was 1.2 vs. 0.0 
or 0.8 vs. 0.0, respectively, however, the differences did not 
reach significance [Den Hond et al., 2000]. 

Rao [2001] showed that even a dose of oligofructose, 
close to the minimum effect level deduced by means of a 
meta-analysis [Roberfroid et al., 1998], 5 g/day, still has a 
significant bifidogenic effect. He also confirmed a hypoth-
esis that the initial count of bifidobacteria, and not just the 
dose of oligofructose, is the influential factor in determining 
the relative increase in bifidobacteria, as it was adversely 
related to their initial count [Rao, 2001]. Therefore, 
elderly people and formula-fed infants, with significantly 
decreased colonic populations of bifidobacteria, may con-
stitute the promising target groups for efficient prebiotic 
action. Kleessen et al. [1997] observed that inulin given to 
10 elderly persons suffering from constipation in a dose of 
20–40 g/day for 19 days significantly increased bifidobacte-
ria by 1.3 log cycle and decreased enterococci in the number 
and enterobacteria in frequency, showed a better laxative 
effect than lactose and reduced functional constipation 
with only mild discomfort. As to prebiotics for infants, on 
the basis of scientific data on tolerance and effectiveness of 
fructooligosaccharides (FOS, oligofructose) and galactooli-
gosaccharides (GOS), the Scientific Committee on Food at 
the European Commission [2001a, 2001b] accepted both 
oligosaccharides for use in follow-on formulae intended 
for older infants, in a concentration of up to 0.8 g/dL in the 
product ready for consumption (September 27, 2001), and 
next (December 14, 2001), extended the acceptance for a 
combination of 90% GOS and 10% oligofructose in infant 
formulae (aged between 0 and 6 months) and follow-on for-
mulae (age >6 months) in the concentration as above.

Synbiotics. The consumption of appropriately selected 
probiotics as well as prebiotics may enhance the beneficial 
effect of each of them. The synbiotics, as a combination of 
probiotics and prebiotics, have not been extensively studied 
so far (reviewed recently by Rastall and Maitin [2002]). 
They stimulate indigenous bifidobacteria but also can 
improve the survival of the bacteria crossing the upper part 
of the gastrointestinal tract, thereby enhancing their effects 
in the large bowel [Fooks et al., 1999; Roberfroid, 2000]. 
Perhaps individual advantages of probiotic and prebiotic 
component might be additive or even synergistic but this 
statement needs to be qualified. Generally, there are sparse 

studies on the development of synbiotics from properly 
selected probiotics and prebiotics, followed by the examina-
tion of their in vivo effectiveness. 

CONCLUDING REMARKS

Due to species and metabolic diversity and complexity, 
the human colonic microecosystem plays a crucial role in 
host health. Probiotics and prebiotics, as functional food 
compounds, are used to control infections, protect against 
disease and maintain gut functions. They both optimise 
bodily function of the host influencing the composition of 
the colonic microflora and through microflora-mediated 
effects. The effects of probiotics in some of these conditions 
have been directly observed, in others they have been only 
suggested on the basis of in vitro studies and from experi-
mental animal models. The official demands for probiotics 
are crystallising, including the confirmation of efficiency 
of probiotic strains with fully characterised properties in 
properly controlled, randomised clinical trials. Emphasis is 
placed on measurable effects. Special attention should be 
paid to the probiotic specialisation due to different age pop-
ulations (especially children, aged people), immunoaltered 
patients and particular diseases. The same populations with 
altered microflora are promising target groups for prebiot-
ics. The mechanisms of prebiotic action against colorectal 
cancer and irritable bowel disease, in human lipid metabo-
lism and enhancement of mineral absorption still remains to 
be elucidated. However, the ground for functionality stud-
ies is a thorough knowledge of the colonic microecosystem. 
New advances may bring development and application of 
molecular methods for qualitative and quantitative determi-
nation of intestinal microflora and its functionality.

REFERENCES

1. Adams M.R., Marteau P., On the safety of lactic acid 
bacteria. Int. J. Food Microbiol., 1995, 27, 263–264.

2. Antoine J.M., Meance S., Cayuela C., Turchet P., 
Raimondi A., Lucas C., Effect of the specific probiotic 
BIO on gut transit time in elderly. FASEB, 2000, 14, 
A218.

3. Ballongue J., Technical problems related to in vitro study 
of colon microflora. Scand. J. Gastroenterol., 1997, 32 
(Suppl. 222), 14–16.

4. Barbut F., Petit J.C., Epidemiology of Clostridium diffi-
cile-associated infections. Clin. Microbiol. Infect., 2001, 
7, 405–410.

5. Bautista Casasnovas A., Varela Cives R., Villanueva 
Jeremias A., Castro-Gago M., Cadranel S., Tojo Sierra 
R., Measurement of colonic transit time in children. J. 
Pediatr. Gastroenterol. Nutr., 1991, 13, 42–45.

6. Biedrzycka E., Bielecka M., Prebiotic effectiveness of 
fructans of different degrees of polymerisation. Trends 
Food Sci. Techn., 2004, 15, 3-4, 170–175.

7. Björkstén B., Environment and infant community. Proc. 
Nutr. Soc., 1999, 58, 729–732.

8. Bouchoucha M., Thomas S.R., Error analysis of colonic 
transit time estimates. Am. J. Physiol. Gastrointest. 
Liver Physiol., 2000, 279, G520-G527.

9. Bougle D., Roland N., Lebeurrier F., Arhan P., Effect of 
propionibacteria supplementation on fecal bifidobacte-



148 E. Biedrzycka 149Microecosystem of the large intestine

ria and segmental colonic transit time in healthy human 
subjects. Scand. J. Gastroenterol., 1999, 34, 144–148.

10. Briet F., Archour L., Flourié B., Beaugerie L., Pellier P., 
Franchisseur C., Bornet F., Rambaud J.-C., Symptomatic 
response to varying levels of fructo-oligosaccharides 
consumed occasionally or regularly. Eur. J. Clin. Nutr., 
1995, 49, 501–507.

11. Brouns F., Kettlitz B., Arrigoni E., Resistant starch and 
“the butyrate revolution”. Trends Food Sci. Tech., 2002, 
13, 251–261.

12. Cebra J.J., Influences of microbiota on intestinal 
immune system development. Am. J. Clin. Nutr., 1999, 
69, 1046S–1051S.

13. Champ M. Dietary fibre: definition, analysis and nutri-
tion claims. Report on the Specialist Expert Committee 
on Human Nutrition (24 September 2002). AFSSA, 
Maisons-Alfort, France.

14. Cummings J.H., 1997, The Large Intestine in Nutrition 
and Disease, (ed. Institut Danone), pp. 1–155.

15. Cummings J.H., Macfarlane G.T., Colonic microflora: 
nutrition and health. Nutrition, 1997, 13, 476–478.

16. Danone. Digestive microflora, 1998, in: Nutrition
and Health Collection: Mechanisms of protection
of the digestive tract, (ed. J. Libbey). Eurotext, Paris, 
17–20.

17. Delzenne N.M., Roberfroid M.R., Physiological effects 
of non-digestible oligosaccharides. Lebensm-Wiss. 
Technol., 1994, 27, 1–6.

18. Den Hond E., Geypens B., Ghoos Y., Effect of high 
performance inulin on constipation. Nutr. Res., 2000, 
20, 731–736.

19. Falk P.G., Hooper L.V., Midtveldt T., Gordon J.I., 
Creating and maintaining the gastrointestinal
ecosystem: what we know and need to know from 
gnotobiology. Microbiol. Mol. Biol. Rev., 1998, 62, 
1157–1170.

20. Fallingborg J., Intraluminal pH of the gastrointestinal 
tract. Danish Med. Bull., 1999, 46, 183–196.

21. Farrell R.J., Peppercorn M.A., Ulcerative colitis. Lancet, 
2002, 359, 331–340.

22. Fooks L.J., Fuller R., Gibson G.R., Prebiotics, probiot-
ics and human gut microbiology. Int. Dairy J., 1999, 9, 
53–61.

23. Fuller R., A review: probiotics in man and animals. J. 
Appl. Bacteriol., 1989, 66, 365–378.

24. Gibson G.R., Roberfroid M.B., 1999. Preface in: Naidu 
et al. [1999], p. 14.

25. Gibson G.R., Roberfroid M.B., Dietary modulation of 
the human colonic microbiota: introducing the concept 
of prebiotics. J. Nutr., 1995, 125, 1401–1412.

26. Gionchetti P., Amadini C., Rizzello F., Venturi A., 
Palmonari V., Morselli C., Campieri M., Probiotics 
– Role in inflammatory bowel disease. Digest. Liver 
Dis., 2002, 34 (Suppl. 2), 558–562.

27. Hata, Y., Nakajima K., Studies on relationship between 
intake of fructooligosaccharides and abdominal symp-
toms – estimation of the maximum non-effective dose 
and 50% laxative dose. Geriatric Med., 1985, 23, 
817–828.

28. Heyman M., Effect of lactic acid bacteria on diarrheal 
diseases. J. Am. College Nutr., 2000, 19 (Suppl. 2), 
137S–146S.

29. Huis in’t Veld J.H.J., Snel J., Marteau Ph., The role of 
LAB in relation to human health: Progress over the last 
three years. 1997, in: Proceedings of the International 
Symposium “Non-digestible oligosaccharides: healthy 
food for the colon?” 4–5 December 1997, Wageningen, 
the Netherlands, pp. 107–124.

30. Kleessen B., Sykura B., Zunft H.J., Blaut M., Effects of 
inulin and lactose on fecal microflora, microbial activity, 
and bowel habit on elderly constipated persons. Am. J. 
Clin. Nutr., 1997, 65, 1397–1402.

31. Koletzko B., Aggett P.J., Bindels J.G., Bung P., Ferre P., 
Gil A., Lentze M.J., Roberfroid M., Strobel S., Growth, 
development and differentiation: a functional food sci-
ence approach. Br. J. Nutr., 1998, 81 (Suppl. 1), S5–45.

32. Loubinoux J., Bronowicki J.P., Pereira I.A.C., Mougenel 
J.L., Le Faou A.E., Sulfate-reducing bacteria in human 
feces and their association with inflammatory bowel dis-
ease. FEMS Microbiol. Ecol., 2002, 40, 107–112.

33. Lupton J.R., Morin J.L., Robinson M.C., Barley bran 
flour accelerates gastrointestinal transit time. J. Am. 
Diet. Assoc., 1993, 93, 881–885.

34. Macfarlane G.T., Gibson G.R., Metabolic activities of 
the normal colonic flora. 1994, in: Human Health: The 
Contribution of Microorganisms, (ed. S.A.W. Gibson). 
Springer, London, 17–52.

35. Macfarlane G.T., Gibson G.R., Bacterial infections and 
diarrhoea. 1995 in: Human Colonic Bacteria: Role in 
Nutrition, Physiology, and Pathology, (eds. G.R. Gibson 
and G.T. Macfarlane). CRC Press, Boca Raton, Florida, 
201–226.

36. Marteau P., Cuillerier E., Meance S., Gerhardt M.F., 
Myara A., Bouvier M., Bouley C., Tondu F., Bommelaer 
G., Grimaud J.C., Bifidobacterium animalis DN-173 010 
shortens the colonic transit time in healthy women: a 
double-blind, randomized, controlled study. Aliment. 
Pharm. Therap., 2002, 16, 587–594.

37. Meier R., Beglinger C., Dederding J.P., Meyer-Wyss B., 
Fumagalli M., Rowedder A., Turberg Y., Brignoli R., 
Influence of age, gender, hormonal status and smoking 
habits on the colonic transit time. Neurogastroenterol. 
Motil., 1995, 7, 235–238.

38. Meslin J.-C. Fontaine N., Andrieux C., Variation of 
mucin distribution in the rat intestine, caecum and 
colon: effect of the bacterial flora. Comp. Biochem. 
Phys. A, 1999, 123, 235–239.

39. Molin G., Probiotics in foods not containing milk or 
milk constituents, with special reference to Lactobacillus 
plantarum 299v. Am. J. Clin. Nutr., 2001, 73 (2S), 
380S–385S.

40. Naidu A.S., Bidlack W.R., Clemens R.A., Probiotic 
spectra of Lactic Acid Bacteria (LAB). Crit. Rev. Food 
Sci. Nutr., 1999, 38, 13–126.

41. O’Sullivan M.G., Metabolism of bifidogenic factors by 
gut flora – an overview. Bull. IDF, 1996, 313, 23–30.

42. Playne M.J., Crittenden R., Commercially available oli-
gosaccharides. Bull. IDF, 1996, 313, 10–22.

43. Raibaud P., Bacterial interactions in the gut. 1992, 
in: Probiotics. The Scientific Basis, (ed. R. Fuller). 
Chapman & Hall (Publ.) London, pp. 9–28.

44. Rao V.A., The prebiotic properties of oligofructose at 
low intake levels. Nutr. Res., 2001, 21, 843–848.

45. Rastall R.A., Gibson G.R., Prebiotic oligosaccharides: 



150 E. Biedrzycka

evaluation of biological activities and potential future 
developments. 2002, in: Probiotics and Prebiotics: 
Where Are We Going? (ed. G.W. Tannock). Caister 
Academic Press, Wymondham, UK, pp. 107–148.

46. Rastall R.A., Maitin V., Prebiotics and synbiotics: 
towards the next generation. Curr. Opin. Biotech., 2002, 
13, 490–496.

47. Reid G., Howard J., Gan B.S., Can bacterial interfer-
ence prevent infection? Trends Microbiol., 2001, 9, 
424–428.

48. Report of a Joint FAO/WHO Working Group on 
Drafting Guidelines for Evaluation of Probiotics in 
Food. London, Ontario, Canada, April 30 and May 1, 
2002, pp. 1–11.

49. Roberfroid M.B., Prebiotics and probiotics: are 
they functional food? Am. J. Clin. Nutr., 2000, 71, 
1682S–1687S.

50. Roberfroid M.B., Milner J., Nutritional and health ben-
efits of inulin and oligofructose. J. Nutr., 1999, 129(7S), 
1395S–1502S.

51. Roberfroid M.B., Van Loo J., Gibson G.R., The bifido-
genic nature of chicory inulin and its hydrolysis prod-
ucts. J. Nutr., 1998, 128, 11–19.

52. Saarela M., Mogensen G., Fondén R., Mättö J., Mattila-
Sandholm T., Probiotic bacteria: safety, functional and 
technological properties. J. Biotechnol., 2000, 84, 
197–215.

53. Saito T., Hayakawa T., Nakamura K., Takita T., Suzuki 
K., Innami S., Fecal output, gastrointestinal transit time, 
frequency of evaluation and apparent excretion rate of 
dietary fiber in young men given diets containing differ-
ent levels of dietary fiber. J. Nutr. Sci. Vitaminol., 1991, 
37, 493–508.

54. Salminen S., Bouley C., Boutron-Ruault M.C., 
Cummings J.H., Franck A., Gibson G.R., Isolauri E., 
Moreau M.C., Roberfroid M., Rowland I., Functional 
food science and gastrointestinal physiology and func-
tion. Br. J. Nutr., 1998, 80 (Suppl. 1), S147–S171.

55. Sanders M.E., Huis in’t Veld J., Bringing a probiotic-
containing functional food to the market: microbio-
logical, product, regulatory and labeling issues. Anton. 
Leeuwenhoek, 1999, 76, 293–315.

56. Sartor R.B., The influence of normal microbial flora on 
the development of chronic mucosal inflammation. Res. 
Immunol., 1997, 148, 567–576.

57. Schrezenmeir J., de Vrese M., Probiotics, prebiotics, 
and synbiotics – approaching a definition. Am. J. Clin. 
Nutr., 2001, 73 (Suppl. 2), 361S–364S.

58. Scientific Committee on Food at the European 
Commission. 2001a. Statement on the use of resistant 
short chain carbohydrates (oligofructose and oligoga-
lactose) in infant formulae and in follow-on formulae. 
SCF/CS/NUT/IF/35 Final, 27 September 2001. pp. 1–6.

59. Scientific Committee on Food at the European 
Commission. 2001b. Additional statement on the use of 
resistant short chain carbohydrates (oligofructosyl-sac-
charose and oligogalactosyl-lactose) in infant formulae 
and follow-on formulae. SCF/CS/NUT/IF/47 Final, 14 
December 2001. pp. 1–3.

60. Simon G.L., Gorbach S.L., Intestinal flora in health and 
disease. Gastroenterol. 1984, 86, 174–193.

61. Stephen A.M., Cummings J.H., Mechanism of action 
of dietary fiber in the human colon. Nature, 1980, 284, 
283–284.

62. Tamboli C.P., Caucheteux Ch., Cortot A., Colombel 
J.-F., Desreumaux P., Probiotics in inflammatory 
bowel disease: a critical review. Best Pract. Res. Clin. 
Gastroenterol., 2003, 17, 805–820.

63. Tancréde C., Role of human microflora in health and 
disease. Eur. J. Clin. Microbiol. Infect. Dis., 1992, 11, 
1012–1015.

64. Topping D.L., Clifton P.M., Short-chain fatty acids and 
human colonic function: roles of resistant starch and 
nonstarch polysaccharides. Physiol. Rev., 2001, 81, 
1031–1064.

65. Van Laere K.M.J., Bosveld M., Schols H.A., Beldman 
G., Voragen A.G.J., Fermentative degradation of plant 
cell wall derived oligosaccharides by intestinal bacteria. 
1997, in: Proceedings of the International Symposium 
“Non-digestible oligosaccharides: healthy food for the 
colon?” 4–5 Dec. 1997, Wageningen, the Netherlands, 
pp. 37–46.

66. Van Loo J., Coussement P., De Leenheer L., Hoebregs 
H., Smits G., On the presence of inulin and oligofruc-
tose as natural ingredients in the Western diet. Crit. 
Rev. Food Sci., 1995, 35, 525–552.

67. Van Loo J., Cummings J., Delzenne N., Englyst H., 
Franck A., Hopkins M., Kok N., Macfarlane G., Newton 
D., Quigley M., Roberfroid M., van Vliet T., van den 
Heuvel E., Functional food properties of non-digestible 
oligosaccharides: a consensus report from the ENDO 
project (DGXII AIRII-CT94-1095). Br. J. Nutr., 1999, 
81, 121–132.

68. Vaughan E.E., Mollet B., de Vos W.M., Functionality 
of probiotics and intestinal lactobacilli: light in the 
intestinal tract tunnel. Curr. Opin. Biotech., 1999, 10, 
505–510.

69. Zaslavsky C., da Silveira T.R., Maguilnik I., Total 
and segmental colonic transit time with radio-opaque 
markers in adolescents with functional constipation. J. 
Pediatr. Gastroenterol. Nutr., 1998, 27, 138–142.

70. Ziemer C.J., Gibson G.R., An overview of probiotics, 
prebiotics and synbiotics in the functional food concept: 
perspectives and future strategies. Int. Dairy J., 1998, 8, 
473–479.

Received February 2004. Reviewed and accepted March 
2004.


