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Summary The awareness is in-
creasing that in the colon many
metabolic processes take place in
relation to the fermentation of our
food, which might be relevant for
health and disease. However, the re-
lation between food, colon metabo-
lism and health or disease is far
from clear. In this overview, the
physiology of colonic metabolism
and possibilities for its modifica-
tion by the use of pre- and probi-
otics are discussed. Results of in
vitro and animal studies indicate a
beneficial impact of probiotics on
adverse metabolic processes in the
colon, but confirmation in human

studies has to be extended. The ad-
ministration of prebiotics seems to
be promising with regard to their
capacity to modulate the bacterial
composition in the colon and there
are indications that prebiotics can
beneficially influence colonic me-
tabolism. Whether these modula-
tions brought about by pre- or pro-
biotics have an effect on the health
of the host, however, needs to be
established in most cases.
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Introduction

The relationship between colonic metabolism and
health has not been defined very well. This is partly due
to the relative inaccessibility of the colonic epithelium
and the diversity of the colonic bacterial metabolism.
Due to the development of new methods to identify and
quantify human bacterial flora, new challenges are cre-
ated to establish the link between colonic metabolism
and health. The colonic flora can be manipulated by pre-
biotics and probiotics as well as by indigestible food
components (also discussed elsewhere in this supple-
ment). In the following, the physiology of the colonic
metabolism will be described and possibilities for its
modulation by the use of pro- and prebiotics discussed.

Colonic metabolism
Components available for fermentation

The major part of our food is digested in the stomach
and small intestine, facilitated by a large number of di-
gestive enzymes. However, some of the food compo-
nents 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 sub-
strates and enzyme inhibitors. Also motility, affecting
the time of interaction between substrates and en-
zymes/transporters, is variable and influenced by a
number of factors (e. g., stress, physical activity) [1].
Normally, fats are digested by 90-95 %, which means
that from a load of 70 g/day 3.5 g of fat enter the colon.
The digestion of proteins is less complete; it is estimated
that about 3-9 g pass into the colon daily [2]. The vari-
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ous carbohydrates are digested to different degrees.
Monosaccharides are absorbed efficiently (>90%)
when consumed in physiological amounts. The absorp-
tion of fructose is limited when it is present in excess of
glucose [3,4]. Most disaccharides are digested well. Lac-
tose, an important energy source for new-born and
young infants, is digested and absorbed efficiently dur-
ing the first few years. In adults with lactase non-per-
sistence this is reduced to about 10 % - 50 % of the level
normally found in infants [5, 6]. Oligosaccharides pre-
sent in daily food are galacto-oligosaccharides (e. g., raf-
finose and stachyose in beans) and fructo-oligosaccha-
rides (e.g., in wheat, onion, bananas). They are not
digested due to their chemical composition and are fer-
mented in the colon. Recent studies have shown that hu-
man milk contains fucosylated and sialyated lactose-de-
rived oligosaccharides (e.g., lacto-N-fucopentaoses,
sialyl-lacto-N-tetraose) that are apparently not di-
gestible and seem to beneficially contribute to the
health of breast-fed infants [7, 8]. A number of factors
affect the biological availability of the polysaccharides.
The availability of starch (ci-glycosides) depends on its
pre-treatment (baking, cooking, subsequent cooling)
and its physical form or chemical structure [9]. It is es-
timated that in a Western diet about 10% of all starch
is not digested. This means that approximately 10-30 g
of resistant starch is passing into the colon daily [2].
Sources of resistant starch are cereals, legumes and
potatoes that are cooled after cooking. Polymers of the
B-glucosides (dietary fiber or non-starch polysaccha-
rides) are not digestible because they cannot be broken
down by pancreatic o-amylase. Dietary fiber is a nor-
mal constituent of most foods derived from plants.
Other food components becoming available as sub-
strates in the colon are minerals/trace elements, vita-
mins and bioactive components (redox influencing fac-
tors) which also might influence colonic metabolism.
Besides food components, digestive proteins (en-
zymes), mucus and desquamated intestinal cells enter
the colon [10]. The amount of enzymes and mucus en-
tering the colon is estimated to be 4-6g/day and
2-3 g/day, respectively [2].

Colonic microflora

A gradient of bacterial density exists along the gastroin-
testinal tract. The effects of the fermentative activity of
bacteria in the small intestine are generally neglected.
This might be justified because of the relatively small
number, but with respect to the more strategic position
of the bacteria towards substrates this might be a mis-
judgement.

The bacterial mass is the highest in the caecum (10"
cells per gram of contents) [2, 11, 12] where the undi-
gested material enters the colon. Therefore the caecum

is the most important part of the colon with respect to
bacterial metabolism, followed by the colon ascendens,
colon transversum and the colon descendens. Due to dif-
ferences in substrate availability, the bacterial popula-
tions in the various sections of the colon differ with re-
spect to its diversity and numerical importance of the
diverse species [13]. To fully understand the role of the
colonic microflora in health and disease, a number of
questions need to be addressed: which bacteria are pre-
sent in the human colon, how do they interact and what
are their activities?

For detailed characterization of the colonic mi-
croflora, molecular techniques are now available.

The classical method to determine the quantitative
composition of bacteria from colonic contents is cultur-
ing on suitable growth media. The sample is diluted and
plated on a specific medium. The bacterial count of the
original sample is then determined by multiplying the
number of colonies that develop by the degree of dilu-
tion. There are two important problems using this tech-
nique. First, the bacterial count depends on the cultura-
bility of a bacterial species. Not all bacteria can be
cultured and therefore this will lead to an underestima-
tion of the quantitative contribution of certain genera.
Second, specific media are not truly specific and certain
bacterial species may be counted more than once on dif-
ferent specific growth media. This may lead to an over-
estimation of the quantitative contribution of certain
genera. The net result is an inaccurate picture of the
composition of the gut flora and this method is therefore
not suitable to study population dynamics in the intesti-
nal tract.

Advances in the field of molecular phylogeny have
made it possible to study bacterial populations by a cul-
ture-independent approach. The methodology is based
on the 16S ribosomal RNA (16S rRNA) [14]. Compari-
son of sequences of different bacterial 16S rRNAs (ap-
proximately 1500 nucleotides in length) shows that the
molecule contains segments with different degrees of
variability. This allows to construct phylogenetic trees
which reveal evolutionary relationships between species
[15, 16]. The different degree of variability also leads to
another application of the sequence information. Cur-
rently, more than 20,000 16S rRNA sequences are avai-
lable and this allows the design of DNA probes, usually
consisting of 18-27 nucleotides, that hybridize with a
particular sequence in the 16S rRNA molecule. Probes
are available directed at different phylogenetic levels
(Domain, Family, Genus, Species) of the bacterial king-
dom. Fluorescent in situ hybridization (FISH) with fluo-
rescently labeled 16S rRNA targeted oligonucleotides
[17-21] is one of the techniques that can be employed to
accurately determine the quantitative composition of
the bacterial microflora of the colon. Quantification of
positively hybridized bacteria can be performed by
means of visual counting. To improve the speed and ac-
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curacy, an automated microscopic counting procedure
was developed [22].

Table 1 gives an overview of the quantitative contri-
bution of various aerobic and anaerobic strains of bac-
teria to the microflora of the human colon determined
by culturing and by FISH.

A second technique to study changes in microflora
composition is denaturing gradient gel electrophoresis
(DGGE). It is based on sequence-specific separation of
16S rDNA amplicons [23]. First,a variable part of the 16S
rDNA is amplified by PCR with primers specific for all
bacterial 16S rRNA (or rDNA). These amplicons are sep-
arated on a polyacrylamide gel containing a gradient of
DNA-denaturing agents (urea/formamide) or on a tem-
perature gradient. In this way, the amplicons are sepa-
rated on the basis of their melting behavior and GC
content. After electrophoresis the gel is stained, thus,
producing fingerprints of the community present
within the sample. Individual amplicons (bands) can be
identified by comparing those with PCR products of
pure cultures or, by excising the band from the gel, re-
amplifying it and analyzing its sequence. This technique
has been applied successfully to study microbial popu-
lations in human fecal samples over time [24]. This
study showed that the 16S rDNA-derived banding pat-
terns were highly constant over a period of approxi-

mately half a year. Only some slight differences in the in-
tensities of the bands were observed in individual pat-
terns. This indicates that for healthy individuals the
dominant microbial composition remains quite con-
stant over time. The technique was also applied on fecal
samples to identify bifidobacterial populations [25] and
lactobacilli populations [26] using group-specific 16S
rDNA primers. Besides these studies confirming the sta-
bility of the microbial compositions on a species level,
they also show that with DGGE the changes in mi-
croflora composition due to modulation with pre- and
probiotics can be monitored [27]. Although DGGE
shows that the species composition is relatively stable, it
does not give information on the relative numbers of the
species present. It has been shown that these can fluctu-
ate over time [17]. However, the advantage of the DGGE
technique is that there can be a high throughput of sam-
ples, which can thus be screened for changes in the total
microbial flora as a result of administering pre- or pro-
biotics, even when these micro-organisms are not
known yet.

The possibilities and limitations of these techniques
are still not fully exploited. Development and applica-
tion of these techniques might have a major impact on
understanding colon food physiology and its modula-
tion by pre- and probiotics.

Table1 The normalfecal microflora of healthy adult

Bacteria per gram wet feces

humans
Genus by culturing? by FISH
Non-sporing anaerobes
Bacteroides spp. 10°-10" including Prevotella 4x10°-2x 10"
Bifidobacterium spp. 10"-10" <107-4x10°
Atopobium group nd¢ 8x108-1x10™
Eubacterium spp. 10°-10' E.cylindroides group 1x10-2x10°
E. rectale-C. coccoides group ~ 3x10°~1x10'
Eubacterium low G + Q2 3x108%-8x10°
Propionibacterium spp. 10°-10" nd
Veillonella spp. 10°-108 <10’-1x 108
Ruminococcus group nd 2x108-1x10'
Phascolarctobacterium group nd <10-7x 108
Sporing anaerobes
Clostridium spp. 10°-10° C. histolyticum group <107-2x 108
C. lituseburense group <107-4x107
Sporing aerobes
Bacillus spp. 10%-10° nd
Microaerophiles
Lactobacillus spp. 10-10° lactobacilli-enterococci group < 107-3 x 107
Streptococcus spp 10-10° <10’-5x 107
Enterococci 10°-107 nd
Facultative organisms
Coliforms 107-10° Enterobacteriaceae <10’-5x 108
other Enterobacteria 10°-10°

2 from Role of Gut Bacteria in Human Toxicology and Pharmacology (M. J. Hill, Ed.) Taylor & Francis, London,

1995. [28]

b from Harmsen AEM 2002 [81], Franks 1998 [17] and unpublished results

¢ nd not determined
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Fate of components in the colon

The undigested material entering the colon will be
(partly) fermented leading to several metabolites. Fer-
mentation products of resistant starch and water soluble
fibers are gases like H,, CO, and CH, and the short chain
fatty acids (SCFAs) acetate, propionate and butyrate. An
increased production of those acids leads to a decreased
luminal pH. Both acetate and propionate are absorbed
from the colonic lumen. Propionate is transported to the
liver for gluconeogenesis and acetate to various tissues
as a fuel. Butyrate is oxidized by the colonic epithelium.
Proteins are fermented in the more distal part of the
colon and are broken down to SCFAs, branched chain
fatty acids (isobutyrate, methylbutyrate, isovalerate)
and also to potential toxic agents like ammonia, amines,
phenols and indoles [29-32]. Part of these metabolites
are re-used again as a nitrogen source for bacterial
growth. Another part of these products, however, will be
taken up by colonocytes and transported into the blood
stream. Little is known about the first pass metabolic ca-
pacity of the colonocytes and the clearance capacity of
the liver of these metabolites. Fats are only partly me-
tabolized in the colon. Toxic metabolites can be formed
like hydroxy fatty acids from unsaturated fatty acids, di-
acylglycerol from triglycerides and lysophospholipids
from phospholipids. Various phytohormones and phy-
tosterols are metabolized in the colon leading to bioac-
tive components which can be absorbed by the colono-
cytes.

It can be concluded that a variety of substrates, de-
pendent on the diet consumed, become available for fer-
mentation and affect the metabolic processes that take
place in the colon. What are the consequences of this for
the colon and ultimately for the health of the host? How
can possible adverse effects be modified?

Effects of colonic metabolism on health
and disease

Table 2 gives an overview of a number of metabolic
processes resulting from the interaction of the bacterial
population with the substrates present in the colon.
These processes can have a beneficial or detrimental ef-
fect on the health of the host. However, the scientific ev-
idence for these health- or disease-related effects is in
many cases not (yet) well established.

Many studies are conducted to examine the possible
beneficial effects of the formation of butyrate. Butyrate
is not only the preferred fuel of the colonic epithelial
cells but is also presumed to play a major role in the reg-
ulation of cell proliferation and differentiation [33, 34].
This might have implications for the prevention of colon
cancer and for nutrition in early life. Optimal levels of
butyrate are not yet defined. Another example of a meta-
bolic process with a possible health-promoting effect is
the conversion and (re)absorption of phyto-estrogens
(lignans and isoflavones) [35]. Bacterial metabolism of
bile acids (deconjugation or dehydroxylation) might

Table2 Metabolic processes in the colon and their disease- (A) or health-related (B) effects

A. Metabolic processes

-
y

Harmful effects

Production of toxic metabolites
Production of osmotic active substances

Formation of sulphide

Formation of toxic agents

Formation of secondary bile acids

Formation of hydroxy fatty acids and diacylglycerol
Formation of nitrite

Induction of diarrhea

Induction of colitis ulcerosa

Induction of colon cancer

B. Metabolic processes

Y

Beneficial effects

Formation of short-chain-fatty acids

Vitamin production (B-complex, K)

Nitrogen incorporation and fecal excretion
Phosphate incorporation and fecal excretion
Production of osmotic active substances
Degradation of oxalate

Removal of bile acids/neutral sterols

Conversion and (re)absorption of phyto-estrogens

— Prevention of colon cancer
— Proliferation of colonocytes
— Contribution to energy metabolism and reduction of malnutrition

Improving vitamin status

Treatment of hepatic encephalopathy
Treatment of chronic kidney failure

Treatment of constipation

Prevention of development of kidney stones
Reduction risk factors of cardiovascular disease

Role in breast cancer and fertility
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have impact on bile acid/cholesterol metabolism and is
also linked to colorectal carcinogenesis [36]. An adverse
effect is, for instance, also the changed extent of micro-
bial degradation of taurine due to an alteration of the in-
testinal microflora as a consequence of a canned heat-
processed diet in cats and dogs. This can lead to a
deprivation of taurine in the animal [37, 38]. Various
detrimental effects are related to the formation of toxic
bacterial metabolites. Examples of potentially patho-
genic processes are the formation of secondary bile
acids and the conversion of nitrate to nitrite. Toxic bac-
terial metabolites can have an effect on the epithelial
membrane (cytolytic effect) and effects inside the cell
for instance the formation of DNA adducts.

Several factors determine whether colonic processes
result in adverse health effects.

The production of potentially toxic metabolites. The
substrate determines to a great degree which metabo-
lites are produced (protein leading to amines, sulphur,
etc.). To what extent the bacterial composition of the
colonic flora plays a critical role in this process is not
clear. In addition, harmless substances present in the
colon (e. g., plant glycosides) can be converted to poten-
tially toxic agents by colonic bacteria or the toxicity of a
compound (e. g., nitrate, bile acids) can be increased by
bacterial conversion [35].

Luminal concentration of toxic metabolites. A high
flux of (non-fermented) dietary fiber increases fecal
weight and decreases transit time which results in a de-
creased concentration of toxic metabolites and a re-
duced exposure of the colonic mucosa to the toxins.

Luminal removal of toxic metabolites. A higher rate of
bacterial growth increases the demand on N- and S-
sources and thereby these metabolites will be removed
effectively. Little is known about the rate-limiting factors
of bacterial growth in the colon. There is some evidence
that removal of certain toxic compounds could be ac-
complished by binding to intestinal bacteria [39, 40].

Epithelial response to toxic metabolites. This com-
prises many processes like regulating uptake and release
of toxic agents, intracellular biotransformation as well
as apoptotic mechanisms.

Anincreased intake of dietary fiber is associated with
areduced risk of colorectal cancer [41] which is likely to
be due to its effect on the luminal concentration of toxic
metabolites, as stated above. A more direct effect on
metabolic processes involved in toxin production or re-
moval could be expected from interventions with pro-
or prebiotics.

Manipulation of colonic metabolism
Interventions with probiotics

The most widely used definition of a probiotic is “a live
microbial feed supplement which beneficially affects the
host (animal) by improving its intestinal microbial bal-
ance” [42]. Recently probiotics were defined as “micro-
bial cell preparations or components of microbial cells
that have a beneficial effect on the health and well-being
of the host” [43]. We prefer this extended definition be-
cause it also allows beneficial effects that are not neces-
sarily related to an improved microbial balance to be re-
garded as probiotic effects. Furthermore, it includes
effects brought about by microorganisms that do not
survive the passage through the gastrointestinal tract.
Microorganism mediated immune modulation, de-
crease in unfavorable metabolites and alleviation of
symptoms of lactose intolerance are examples of effects
that with this extended definition can now be termed
correctly probiotic.

In two ways the proposed beneficial effects of probi-
otic microorganisms can be exerted:

Bacteria or components of bacteria, that are not re-

sistant to the gastrointestinal conditions (low pH,

presence of bile, proteases) exert its effect in the
small-intestinal tract (proposed mechanism involved

in, e. g., improved lactose digestion [44]).

Bacteria that are resistant to the digestive conditions

arrive in the colon and compete with the endogenous

flora.

Because we are dealing with positive and negative as-
pects for the host, it is tempting to classify the bacteria
as “good” and “bad” [45]. Lactic acid producers as lacto-
bacilli and bifidobacteria are considered to be “good”
and clostridia to be “bad” bacteria. Enterococci, E. coli
and bacteroides can belong to both categories. For cate-
gorizing bacteria, it is necessary to define the desired ef-
fect first. When butyrate production is required, bu-
tyrate producers can be considered as positive. For
reducing the net ammonia production, other bacterial
groups are most likely effective. Thus, good and bad
might overlap considerably. Also, one has to be aware
that many qualities might be strain- and not species-
specific. Until now mainly lactic acid bacteria are con-
sidered as important probiotic microorganisms in food
and nutrition [46]. But also other microorganisms might
have probiotic properties, which was shown for, e. g., the
yeast Saccharomyces boulardii [47, 48]. Oxalobacter
formigenes is another probiotic candidate and the possi-
bility to treat calcium-oxalate kidney stone disease by
interventions with this microorganism is currently un-
der investigation [49, 50].

Effects of probiotic interventions are commonly
thought to depend on the adherence capacity of the ad-
ministered strain to the colonic epithelium as prerequi-
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site for the ability to colonize the human colon [51].
However, a discussion is ongoing whether there is a per-
manent bacterial flora with specific adherence sites to
epithelial membranes or to biofilms and a transient flora
susceptible to the flux of substrates. Recent results do
not confirm the existence of a mucus or epithelial cell-
adherent flora in the human colon [52]. Furthermore,
the general concept at the moment is that the colonic
flora tends to develop to a dynamic balance; within this
balance only minor changes seem to take place [24].
Also, a well-balanced flora is thought to be able to pre-
vent colonization by exogenous bacteria (colonization
resistance) [53]. In line with this, there is currently no
evidence that administration of probiotics results in col-
onization in humans, despite the apparent property of
certain probiotic microorganisms to adhere to intestinal
cells in vitro [54, 55]. However, some data suggest that
colonization might not be required to exert probiotic ef-
fects [54, 55].

For an exact evaluation of probiotic effects, the tech-
niques used to identify and quantify the colonic mi-
croflora are important: techniques with an increased
sensitivity will reveal more subtle changes. Further-
more, the question as to what extent of change in bacte-
rial numbers is relevant with respect to aimed health ef-
fects needs to be answered.

So far, it seems that administration of probiotics is
most effective in cases of disturbed microbial balance.
The risk and duration of antibiotic associated diarrhea
is shown to be decreased by interventions with S.
boulardii [44, 55] and Lactobacillus rhamnosus GG 1is
able to reduce the duration of diarrhea due to rotavirus
infection [57]. The beneficial impact of probiotics on
human colonic metabolism and their colon cancer-pre-
venting potential is less clear. Numerous studies were
conducted to investigate the anti-carcinogenic activities
of probiotic microorganisms. Their results were recently
evaluated by several authors [58-60]: There is evidence
from experimental and animal studies that lactic acid
bacteria have the property to bind and degrade poten-
tial carcinogens and to produce antitumorigenic or an-
timutagenic compounds. Also, the metabolism of for-
eign compounds or endogenously produced agents
could be altered by certain probiotics since a decrease of
enzymes that are implicated in the carcinogenic process
(e.g., P-glucuronidase, nitroreductase) in the human
colon was observed. Whether this effect can contribute
to a reduction of cancer rates has to be established. Fur-
thermore, mechanisms observed in vitro or in animal
models do not necessarily take place in humans [59, 35].
Therefore, despite the apparent beneficial impact of pro-
biotics on certain adverse metabolic processes, there is
no evidence yet that this could inhibit colon cancer de-
velopment in humans. Possible effects on the immune
response are discussed elsewhere in this supplement.

Interventions with prebiotics

Prebiotics are commonly defined as “non-digestible
food ingredients that beneficially affect the host by se-
lectively stimulating the growth and/or activity of one
or alimited number of bacteria in the colon, that can im-
prove the host health” [45]. Screening of potential prebi-
otics is focused on the selective stimulation of the
growth of lactic acid producing bacteria (especially bifi-
dobacteria) because of their potential positive effects on
human health [45]. Indeed, predominance of bifidobac-
teria in the colonic microflora of breast-fed infants is as-
sociated with prevention of diarrhea due to increased
colonic resistance to pathogens [55]. However, health
benefits of an increased bifidobacterial population in
adults are less clear [61, 62]. Mostly short-chain carbo-
hydrates (lactulose, fructo-, galacto-oligosaccharides,
etc.) are examined for their prebiotic potential, but also
saccharides with a higher degree of polymerization (in-
ulin and resistant starches) [63, 64] are studied. The ef-
fects of lactulose are discussed elsewhere in this supple-
ment. Inulin and fructooligosaccharides are most
widely used and have been shown to stimulate the
growth of bifidobacteria [65-67]. Since candidate prebi-
otics vary in molecular structure and chain length it is
unlikely that they are fermented at equal rates and/or in
the same part of the colon (proximal, distal). This could
lead to specific metabolic and biological effects and
might offer possibilities for modulating colonic metab-
olism at selected sites. Furthermore, some general ef-
fects on colonic processes of the various substrates are
possible, like a change of the luminal pH due to an in-
creased production of SCFAs or stimulation of the bac-
terial growth rate. A more acidic environment can result
in a decreased activity of various pro-carcinogenic en-
zymes (e. g., 7a-hydroxylase, nitroreductase) [68]. Stim-
ulation of colonic bacterial growth might lead to a re-
duction of toxic metabolites because nitrogen- and
sulphur-sources are needed for new bacterial cell mass
[69, 65]. Besides those general detoxifying effects, there
is some evidence from animal studies that interventions
with prebiotics might be able to suppress colon tumori-
genesis. As result of administration of inulin and fruc-
tooligosaccharide the number of preneoplastic lesions
(aberrant crypt foci: ACF), which are early indicators of
risk of tumor development, was reduced in
azoxymethane-treated rats [70, 71] and apoptosis in the
colon of rats treated with 1,2-dimethylhydrazine was
stimulated [72]. About the underlying mechanisms of
these observations can so far only be speculated. It is
suggested that the reduced ACF formation could be due
to an increase in the number of bifidobacteria that may
be able to bind carcinogens and to decrease the intesti-
nal pH by the production of lactic acid [73] with the
above mentioned positive effects on enzyme activity.
Upregulation of apoptosis could be related to an in-
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creased concentration of butyrate. However, until now
there are no human studies conducted to confirm the
suggested inhibitory effects of inulin and fruc-
tooligosaccharides on carcinogenesis. Resistant starches
were originally not considered prebiotics because of
their alleged quality to stimulate the growth and/or
metabolic activity of bacterial species “that are both po-
tentially harmful and beneficial” [61]. In the meantime
limited data suggest a prebiotic potential of resistant
starches [64,74]. Especially the capacity of certain types
of resistant starch to stimulate butyrate production in
vitro [75, 76] and in vivo [77-80] looks promising but
certainly needs to be studied more extensively.

Thus, there are indications that administration of
prebiotics could positively influence processes in the
colon that are potentially harmful to the host. To what
extent this modification impacts the health of the host
still needs to be established in most cases.

Relevance for food physiology and health
It has become clear that in the colon many metabolic

processes relevant for health and disease take place.
These processes can be influenced by food components,

but they can also be a target for pharmacological treat-
ment and pre- and probiotics. Not only prevention of, for
instance, diarrhea, constipation and colon cancer, could
be achieved by manipulating colonic processes but also
the treatment of various diseases (hepatic encephalopa-
thy, diarrhea, constipation, atopic eczema) seems feasi-
ble. Beneficial effects of dietary fiber are known, but
intake in the general population is lower than recom-
mended. Therefore, the significance of modifying
colonic processes by other means might be increased.
Especially in situations of unbalanced microflora or in
which genetically determined deviations of the normal
large intestinal metabolism occur leading to an in-
creased risk of disease, may the well-targeted manipula-
tion of colon metabolism be relevant.
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