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Prebiotics and synbiotics: concepts and nutritional properties
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The main rôle of diet is to provide enough nutrients to meet the requirements of a balanced diet,
while giving the consumer a feeling of satisfaction and well-being. The most récent knowledge in
bioscience supports the hypothesis that diet also controls and modulâtes various functions in the
body, and, in doing so, contributes to the State of good health necessary to reduce the risk of some
diseases. It is such an hypothesis which is at the origin both of the concept of 'functional food'
and the development of a new scientific discipline of 'functional food science'. In the context of
this paper the potential 'functional foods' to be discussed are the prebiotics and the synbiotics.
The prebiotics developed so far are the non-digestible oligosaccharides and especially the non-
digestible fructans among which chicoty fructans play a major rôle. The chicory fructans are ß
(2-1) fructo-oligosaccharides classified as natural food ingrédients. They positively affect various
physiological functions in such a way that they are already or may, in the future, be classified as
functional food ingrédients for which claims of functional effects or of disease risk réduction
might become authorized. They are classified as prebiotic and hâve been shown to induce an
increase in the number of bifidobacteria in human faecal flora. As part of a synbiotic-type
product, they are already bifidogenic at a dose of 2-75 g/d and the effect lasts for at least 7 weeks.
The other potential functional effects are on the bioavailability of minerais, but also, and more
systemically, on the metabolism of lipids. Potential health benefits may concern réduction of the
risk of intestinal infectious diseases, cardiovascular disease, non-insulin-dependent diabètes,
obesity, osteoporosis and cancer. However, except for the prebiotic effect, and tentatively the
improvement of calcium bioavailability, the évidence to support such effects is still missing in
humans though hypothèses already exist to justify nutrition studies.

Functional foods: Prebiotics: Synbiotics: Gut flora: Bifidobacteria: Chicory fructans:
Fructooligosaccharides

Functional foods: concept and strategy

The main rôle of diet is to provide enough nutrients to meet
the requirements of a balanced diet, while giving the
consumer a feeling of satisfaction and well-being. The
most récent knowledge in bioscience supports the hypo-
thesis that diet also controls and modulâtes various func-
tions in the body, so as to contribute to the maintenance of
a state of good health and reduce the risk of some diseases.
It is such an hypothesis which is at the origin both of the
concept of 'functional food' and the development of a new
scientific discipline of the 'functional food science'.

A 'functional food' is a 'food which contains (in adéquate
concentration) one or a combination of components which
affects functions in the body so as to hâve positive cellular
or physiological effects' (Roberfroid, 1996). Research and
development of 'functional food' is part of the science of
nutrition and the benefit associated with its intake has to be
evaluated in the context of the diet. The strategy for research
and development of a 'functional food' requires:

(1) the démonstration of an interaction with (a) function(s)
in the body;

(2) some understanding of the mechanism thereof;
(3) the establishment of the effect in relevant biological

Systems;
(4) the formulation of sound hypothèses;
(5) the testing of thèse hypothèses in human nutrition

studies.

The concepts of prebiotics and synbiotics

In the context of this paper the potential 'functional foods'
to be discussed are the prebiotics and the synbiotics (Gibson
& Roberfroid, 1995). A prebiotic is defined as "a nondigest-
ible food ingrédient that beneficially affects the host by
selectively stimulating the growth and/or activity of one or a
limited number of bacteria in the colon' (Gibson & Rober-
froid, 1995). It is a substance which modifies the com-
position of the colonie microflora in such a way that a few of
the potentially health-promoting bacteria (especially lacto-
bacilli and bifidobacteria) become prédominant in numbers.
A synbiotic is the product in which both a probiotic and a
prebiotic are combined in a single product. It is defined as "a
mixture of a probiotic and a prebiotic that beneficially
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affects the host by improving the survival and the implanta-
tion of live microbial dietary suppléments in the gastro-
intestinal tract, by selectively stimulating the growth and/or
by activating the metabolism of one or a limited number of
health-promoting bacteria'. The prebiotics developed so far
are the non-digestible oligosaccharides (Delzenne & Rober-
froid, 1994) and especially the non-digestible fructans
among which chicory fructans play a major rôle.

The chicory fructans

The chicory fructans (inulin and its enzymatic hydro-
lysate oligofructose) are an important and emerging group
of dietary carbohydrate (Cummings & Roberfroid, 1997;
Roberfroid & Delzenne, 1998). They are ß (2-1) fructo-
oligosaccharides classified as natural food ingrédients
(Van Loo et al. 1995). In chicory inulin, both GpyFn

(o!-D-glucopyranosyl-[^-D-fructofuranosyl]„_]-D-fructo-
furanoside) and FpyFn (/3-D fructopyranosyl-[/3-D-
fructofuranosyl]„_1-D-fructofuranoside) compounds are
considered to be included under the same nomenclature
and n, the number of fructose units, varies from two to
more than sixty (De Leenheer & Hoebregs, 1994; De
Leenheer, 1996). Inulin-type fructans are présent in
significant amounts in miscellaneous edible fruits and
vegetables. Average daily consumption has been esti-
mated to be 1-4 g in the USA and 3-11 g in Europe,
the most common sources being wheat, onion, banana,
garlic and leek (Van Loo et al. 1995). Chicory inulin
and oligofructose are officially recognized as food
ingrédients in most European countries in which, for
food labelling purposes, they hâve also been given a
dietary fibre status and hâve a self-affirmed GRAS
(generally regarded as safe) status in the USA. Chicory
fructans positively affect various physiological functions in
such a way that they are already, or may in the future be,
classified as functional food ingrédients for which claims
of functional effects or of disease risk réduction might
become authorised (Roberfroid, 1995, 1996). The potential
functional effects are on the gastrointestinal physiology,
the bioavailability of minerais, but also, and more
systemically, on the metabolism of lipids. Potential health
benefits may include réduction of the risk of intestinal
infectious diseases, cardiovascular diseases, non-insulin-
dependent diabètes, obesity, osteoporosis and cancer.

Chicory fructans as prebiotics and functional
food ingrédients

The prebiotic effect

Chicory fructans resist digestion in the upper part of the
gastrointestinal tract (Ellegärd et al. 1996); moreover, there
is évidence that they are not absorbed to any significant
extent and are classified as 'colonie food', i.e. 'a food
entering the colon and serving as substrate for the endogen-
ous bacteria, thus indirectly providing the host with energy,
metabolic substrates' (Gibson & Roberfroid, 1995). The
prebiotic effect of chicory fructans is extensively discussed
in the paper by Gibson but, as a summary, it can be reported
that:

(1) chicory fructans are fermented by bacteria colonizing
the large bowel as shown by a large number of in vitro
(both analytical and microbiological) and in vivo studies
which, in addition, confirai the production of lactic and
short-chain carboxylic acids as endproducts of the
fermentation (Roberfroid et al 1997);

(3) in human in vivo studies, this fermentation leads to the
sélective stimulation of growth of the bifidobacteria
population, making chicory fructans the prototype
prebiotic (Gibson et al. 1995; Gibson & Roberfroid,
1995; Roberfroid et al. 1995, 1997; Kleessen et al.
1997).

Functional effects

Besides being prebiotic and bifidogenic, chicory fructans
hâve other nutritional properties which make them good
candidates for classification as functional food ingrédients.
The most extensively studied effects are on calcium bio-
availability, on lipid metabolism and on the risk of devel-
oping precancerous colonie lésions (i.e. aberrant crypt foci).

Improvement of calcium bioavailability. In growing
rats, it has been shown that chicory fructans enhance
calcium and magnésium absorption as well as iron and zinc
balance without having significant effect on copper bio-
availability (Delzenne et al. 1995). These conclusions are
based on minerai balance measurements. Doses of chicory
fructans in the rat diet varied from 5 to 20%. The
hypothèses most frequently proposed to explain this
enhancing effect on minerai absorption are: (a) the osmotic
effect; (b) acidification of the colonie content due to
fermentation and production of short-chain carboxylic
acids; (c) formation of soluble calcium and magnésium
salts of thèse acids; and (d) hypertrophy of the colon wall.
In addition and more recently, Ohta et al. (1997) reported
that feeding rats fructo-oligosaccharides reduced the con-
centration of calbimdin D9K in the small intestine while
enhancing it in the colon. Similar positive effects on
calcium absorption hâve been reported for other non-
digestible carbohydrates, in particular résistant starch
(Younes et al. 1996).

More recently, and based on consistently repeated obser-
vations in rats, in vivo human studies hâve been performed
which confirm the positive effect of chicory fructans on
the absorption and balance of dietary calcium but not of
iron, magnésium or zinc. In the first published report,
nine men (21-5 ± 2-5 years) taking in ±850mg calcium/d
and receiving a dietary supplément of 40g/d of chicory
inulin had a significant increase in the apparent absorption
(337 v. 21-3 %) and balance (+100mg/d) of calcium with-
out any change in urinary excrétion (Coudray et al. 1997). In
the second study, twelve 15-18-year-old boys consumed
15 g chicory fructans/d and their calcium balance, measured
by the double stable isotope technique, showed a significant
increase (60-1 v. 49-1 %; P < 0-05) with no effect on urinary
excrétion (van den Heuvel & Schaafsma, 1997). In conclu-
sion chicory fructans are likely to positively affect calcium
absorption and calcium balance, including in humans, with-
out modifying urinary excrétion. Within the strategy for
functional food development presented above, the évidence
for an effect of chicory fructans on calcium bioavailability
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has been assessed as 'promising' (Roberfroid & Delzenne
1998).

Effects on lipid metabolism. The effects of chicory
fructans on triglyceridaemia hâve been studied mainly in
rats, but preliminary human studies hâve already been
reported (see Table 1 for summary). In rats, a decrease in
sérum triglyceridaemia (both in fed and fasted state) has
consistently been reported in several studies. In healthy
normolipidaemic humans, only fasting lipid parameters
hâve been measured and the results are contradictory (Canzi
et al. 1995; Pedersen et al. 1997). Data concerning the
effects of chicory fructans on cholesterolaemia are scarce,
but one study performed on slightly hypercholesterolaemic
volunteers has reported a significant réduction both in total
LDL cholestérol (Davidson et al. 1998). In rats, feeding a
diet supplemented with chicory fructans (10% in the diet)
significantly lowers sérum triglycérides and phospholipid
concentrations (Delzenne et al. 1993), but does not modify
free fatty acid concentration in the sérum. The hypotrigly-
ceridaemia is mostly due to a decrease in the concentra-
tion of plasma VLDL (Fiordaliso et al. 1995). This effect
is likely to be due to a decrease in the hepatic synthesis
of triglycérides rather than to a higher catabolism of
triglyceride-rich lipoproteins (Kok et al. 1996a). Hepato-
cytes isolated from thèse rats hâve a 40% decreased
capacity to synthesize triglycérides from 14C-acetate
(Fiordaliso et al. 1995; Kok et al. I996a,b). These data
support the hypothesis of a decreased de novo lipogenesis
in the liver, through a coordinated réduction in the activity
of ail lipogenic enzymes as the key event in the réduction
of VLDL-triglyceride sécrétion in the chicory fructans
fed rats. Because hepatic de novo lipogenesis is likely to be
the target of the hypotriglyceridaemic effect of fructans
in the rats, the apparent lack of effect observed in healthy
humans, who eat much less carbohydrates but more lipids
than rodents, is not surprising and does not demonstrate
an absence of effect. Some experiments should be
performed either in obèse patients or in insulin-resistant
individuals, or in subjects eating high carbohydrate-
high calorie diets (Aarsland et al. 1996). When assessing
thèse data with regard to functional effects of chicory

fructans, it may be concluded that preliminary évidence
exists for an hypotriglyceridaemic effect but that, at the
présent stage of knowledge, it is impossible to conclude a
hypocholesterolaemic effect. Because a mechanism of the
hypotriglyceridaemic effect has tentatively been identified,
an hypothesis can be formulated which can be tested in
relevant human studies.

Réduction of risk of developing precancerous lésions in
the colon. Expérimental data hâve been recently published
which demonstrate that feeding rats with chicory fructans
significantly reduces the incidence of the so-called aberrant
crypt foci induced by colon carcinogens like azoxymethane
or dimethylhydrazine (Reddy et al. 1997; Rowland et al.
1998). Furthermore, Taper et al. (1997) hâve reported that
supplementing the diet of mice with thèse food ingrédients
slows down the growth rate of two différent types of
implanted tumours as compared to control-fed mice.
Fontaine et al. (1996) hâve reported that, in heteroxenic
rats harbouring a human colonie flora, inulin stimulâtes
the production of sulphomucin and a réduction in sialo-
mucin, two effects known to be associated with a reduced
risk of colon cancer (Cassidy et al. 1990; Satchithanandam
et al. 1990). In the strategy for functional food develop-
ment described above, thèse cancer-inhibitory effects in
expérimental animais correspond to the first step (i.e.
'identification' of effects) which, because of their potential
implications in human health, need careful évaluation
including in relevant human studies.

Chicory fructans in synbiotic préparations

Whereas the concept of prebiotic has become very popu-
lär since its introduction in 1995 (Gibson & Roberfroid,
1995), the concept of synbiotic has, up to now, not really
been applied to the development of new foods especially
functional foods. Furthermore, even when new products
indeed contain a mixture of pro- and prebiotics they are
seldom presented or defined as synbiotics. This concept
thus remains open for validation and further research
is needed. For chicory fructans, which, as reviewed
above, are prebiotics, two examples already exist of

Table 1. Summary of the effect of chicory fructans on sérum lipids in rats and humans

Dose Duration (weeks) Effects Références

Rats

Humans

hypercholesterolaemic*

10 % in diet

20% in diet

14g/d

9g/d

18g/d

5

4
4

5

4

4

3

Hypo TG/VLDL
Hypo chol
Hypo TG
Hypo TG

Hypo TG
Hypo chol (LDL)

No change TG/chol

Hypo TG
Hypo chol

Hypo chol (LDL)

Fiordaliso et al. (1995)

Delzenne & Roberfroid (1994)
Kok et al. (1996a)

Delzenne étal. (1993)

Pedersen ef al. (1997)

Canzi étal. (1995)

Davidson ef al. (1998)

Hypo = statistically significant réduction in TG (triglycérides) or chol (cholestérol). LDL indicates that, in addition to an effect on total cholestérol, there was also
an effect on LDL cholestérol.

'These particular volunteers were slightly hypercholesterolaemic.
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synbiotic-type products which may hâve additional inter-
esting properties.

Synbiotics and the composition of the faecal flora

When combining both a probiotic and a prebiotic in a
single food product, the expected benefits are, as stated in
the synbiotic définition, an improved survival during the
passage of the probiotic bacteria through the upper intestinal
tract and a more efficient implantation in the colonie
microbiota together with a stimulating effect of the prebiotic
on the growth and/or the activities of both the exogenous
(probiotic) and endogenous bacteria (e.g. bifidobacteria).

Without specifically referring to it as a 'synbiotic
approach', Bouhnik et al. (1996) hâve assessed, in healthy
humans, the effects of prolonged ingestion of Bifidobacter-
ium spp. fermented milk with or without inulin (équivalent
to 18 g/d) on faecal bifidobacteria. They concluded that the
Bifidobacterium spp. fermented milk substantially increased
the number of bifidobacteria colony-forming units (cfus) in
the faecal flora, but that the concurrent administration of
inulin did not enhance the effect. This observation is not
surprising in view of the fact that the number of bifido-
bacteria cfus in the faeces of probiotic-feed volunteers was
already so much increased (from 107'7 to 109) that they
could hardly be additionally increased by the prebiotic.
Indeed it has recently been argued that the stimulation of
growth of bifidobacteria by prebiotics very much dépends
on their initial level (Roberfroid et al. 1997). Moreover, an

in-depth analysis of the data reported by thèse authors
reveals that 2 weeks after stopping the consumption of the
dairy products, the volunteers (n = 6) who received the
synbiotic-type product still had a significantly (F<001)
higher number of bifidobacteria cfus than those (« = 6)
receiving the probiotic alone. This could indicate either a
better implantation of the probiotic bifidobacteria in the
colonie microbiota or a prebiotic-type effect on endogenous
bifidobacteria.

Another trial has been performed at the Institut Paul
Lambin Brüssels, Belgium (Menne et al. personal commu-
nication) who hâve fed a group of human volunteers
(« = 11; aged 20-50 years; BMI 18-25) a daily supplément
of a synbiotic composed of 125 ml Lactobacillus-fermented
milk containing 2-75 g oligofructose continuously for 7
weeks. Every week, freshly collected faecal samples were
analysed for total anaerobes, bifidobacteria, lactobacilli
and coliforms using sélective média as described by
Gibson et al. (1995). A MANOVA-type statistical analysis
of the results (Fig. 1) revealed that, globally, the treatment
had a statistically significant effect {P = 0-02) on the
composition of faecal flora and that this effect was most
exclusively due to an increase (P = 0-025) in the number of
bifidobacteria cfus leading to an équivalent and parallel
increase in total anaerobes cfus (P = 0.02). The coliform
cfus were not modified (P> 005) but, surprisingly, the
number of lactobacilli cfus was decreased (P = 0-02).
Even though this study does not really demonstrate the
efficacy of the synbiotic approach, the results are interesting

10

Total Anaerobes

Bifidobacteria

Lactobacilli

E. coli

4

Weeks

Fig. 1. Evolution, as a function of time (week 1 -7), of various bacterial populations in fresh faecal samples of healthy human volunteers consuming
daily 2-75 g of oligofructose in 125 ml of a lactobacilli-fermented milk. Data are présentée! as means of eleven individual values expressed as log10

of the number/g of faeces of the colony forming units (cfus) in sélective culture média. A MANOVA statistical analysis revealed that, globally, the
treatment had a statistically significant effect (P = 002) on the composition of the faecal microflora mainly due to an increase in the number of
bifidobacteria cfus (P = 0025) which induced a parallel increase in total anaerobes (P = 0-02). In addition there was a decrease in lactobacilli cfus
(P = 0 02) but no change in coliform cfus.
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because they demonstrate the bifidogenic/prebiotic effect
of quite a low daily dose (2-75 g) of a chicory fructan
(oligofructose) continuously fed over a period of 7 weeks.
It may be hypothesized that such an effect could resuit
from the synbiotic-type product, but this needs further
investigation.

Synbiotics and the réduction ofrisk of precancerous lésions

In their study reporting an inhibitory effect of chicory
fructans on the development of aberrant crypt foci in the
colon of rats treated with azoxymethane, Reddy et al. (1997)
hâve used a prebiotic-type approach. More recently
Rowland et al. (1998) hâve revisited the same hypothesis
but using a synbiotic-type treatment. Indeed, they hâve
supplemented the rat diets with either 5 % chicory inulin,
Bifidobacterium longum 25 (7-108cfus/g) or both. In rats
previously treated with azoxymethane (2 x 12-5mg/kg s.c.)
and fed thèse diets for 12 weeks, both inulin and B. longum
showed a statistically significant réduction in the total
number of aberrant crypt foci (—29 % and —21 %, respec-
tively) as well as in the number of foci with one to three
aberrant crypts (—41 % and —26 %, respectively) but not in
the number of larger foci ( s four aberrant crypts). The most
interesting observation is that the synbiotic product was the
most efficient treatment for reducing the total number of
aberrant crypt foci, the number of foci with one to three
aberrant crypts/foci and the number of large foci (^ four
aberrant crypts/foci) by 74 %, 80 % and 59 %, respectively.
These data support the hypothesis that, at least for some of
the health-promoting effects, a synbiotic could be more
efficient than either a probiotic or a prebiotic alone. This
needs further research to be fully validated.

Conclusion

The non-digestible oligosaccharides (Delzenne & Rober-
froid, 1994), especially the chicory fructans, hâve nutri-
tional properties which make them potential candidate
functional food ingrédients. They are classified as prebiotics
and hâve been shown to induce an increase in the number of
bifidobacteria in the faecal flora. This bifidogenic activity
may already be statistically significant for a daily intake
as low as 2-75 g for up to 7 weeks. Associated with
Bifidobacterium longum in a fermented milk product, they
prolong, at least partly, the bifidogenic effect for at least
2 weeks. Chicory fructans are thus good candidates for
incorporation into synbiotic products, even if this concept
still needs to be further validated.

Besides modifying the composition of the faecal flora,
the daily consumption of chicory fructans may increase
the bioavailability of calcium ions in humans. Moreover,
expérimental data and preliminary évidence in humans
support the hypothesis that thèse natural food ingrédients
could help to balance the metabolism of lipids, especially
triglycérides. In a strategy for functional food development,
the time has come for hypothesis-driven human studies.
Finally, the inhibitory effect on aberrant crypt foci which
are recognized as "markers' for colon cancer risk, an effect
which is moreover supported by similar data on other
non-digestible oligosaccharides such as the synthetic

fructo-oligosaccharides (Koo & Rao, 1991; Pierre et al.
1997), open interesting perspectives which need further
investigations.

The colonie foods, i.e. the probiotics, the prebiotics and
the synbiotics are promising tools for the development of
functional foods. Indeed, miscellaneous interactions with
body functions hâve been identified and demonstrated in
relevant models, some mechanisms of thèse effects are
already understood and human data are accumulating.
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