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A controlled study with eight healthy free-living subjects was carried out, in which energy intake
was adjusted to the individual energy requirements. On administration of inulin, blood lipids, the
faecal microflora, short-chain fatty acids and accompanying gastrointestinal symptoms were
characterized in order to investigate the long-term effect of inulin. During the run-in phase (8 d),
subjects received a typical Western diet providing 45 % energy as fat and 40 % energy as
carbohydrate. Subsequently, the subjects consumed a fat-reduced diet which provided 30 %
energy as fat and 55 % energy as carbohydrate for a period of 64 d using inulin as a fat replacer.
The amounts of inulin consumed by the subjects (up to 34 g/d) were based on individual energy
requirements with the aim to keep the diet isoenergetic with that used in the run-in period. To
assess the effects of inulin administration, a control study (run-in and intervention) was carried
out in which subjects consumed the same diet but devoid of inulin during the whole course of the
study. To investigate the effect of inulin on faecal flora composition total bacteria and
bifidobacteria in the faeces were enumerated byin situ hybridization with 16S rRNA targeted
oligonucleotide probes. Inulin significantly increased bifidobacteria from 9⋅8 to 11⋅0 log10/g dry
faeces and caused a moderate increase in gastrointestinal symptoms such as flatulence and
bloatedness, whereas blood lipids and short-chain fatty acids remained essentially unaffected.

Inulin: Blood lipids: Bifidobacteria

In contemporary Western societies the lifestyle is char-
acterized by a high dietary energy input due to a surplus
of alimentary fat and reduced physical activity, leading to
an increased incidence of adiposity. To meet dietary guide-
lines aimed at lowering fat consumption to prevent over-
weight and, at the same time, satisfying the consumer’s
enjoyment, the food industry has developed low-fat pro-
ducts using fat replacers. Such a fat replacer is inulin from
chicory (Cichorium intybus) roots or Jerusalem artichoke
(Helianthus tuberosus), which may help to improve the
acceptability of low-fat food products by the consumer
while also contributing to decreases in energy intake and
body weight (Dreonet al.1988; Grundy, 1991; Bruhnet al.
1992; Hautvast, 1992; Klesgeset al. 1992; Wattset al.
1992; Silva, 1996).

Interest in inulin for human nutrition originates also from
its fibre nature. Since inulin is not degraded by human
intestinal enzymes, it reaches the colon where it undergoes
almost complete fermentation by the colonic microflora
(Roberfroid, 1993). Previous studies have demonstrated that
inulin and fructooligosaccharides selectively stimulate the

growth of bifidobacteria in the colon (Gibsonet al. 1995;
Gibson & Roberfroid, 1995; Kleessenet al. 1997; Rober-
froid et al. 1998). Moreover, it has been shown that the
fermentation in the colon may favour the formation of short-
chain fatty acids (SCFA) such as acetate, propionate and
butyrate. Since butyrate is the preferred energy substrate for
colonocytes (Roediger, 1980; Cummings, 1981; Cummings
& MacFarlane, 1997) the microbial formation of SCFA has
an impact on the mucosa (Scheppach, 1994).

The purpose of the present study was to evaluate inulin
under free-living conditions in an energy-controlled fat-
reduced dietary programme over a period of 10 weeks
with respect to gastrointestinal compatibility and effects
on faecal microflora, SCFA and blood lipid variables.

Materials and methods

Materials

The inulin (FIBRULINEt) was obtained from Cosucra s.a.,
Fontenoy, Belgium. The polymer, which is extracted from
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chicory roots ranges in a degree of polymerization from 2 to
50 and has an average degree of polymerization of 9.

Subjects

Eleven healthy subjects, five female and six male indivi-
duals, aged 26–53 years, were recruited from the staff of the
institute. They were free of any medication. Blood lipid
variables of all subjects were in the normal range. The mean
BMI of the females and males were 22⋅8 (SD 4⋅4) and 25⋅8
(SD 1⋅6) kg/m2 respectively. Informed consent was obtained
from all subjects after the experimental procedures had been
explained. The protocol for the study was approved by the
Ethical Committee of Brandenburg.

Experimental design

For a period of 8 d (run-in) volunteers consumed a typical
Western diet composed in such a way that fat, carbohydrates
and protein contributed 45, 40 and 15 % respectively to the
individual maintenance energy requirements. The specific
energy requirement of each volunteer was calculated on the
basis of prior measurements of the resting metabolic rate
(RMR) to which 13 % RMR was added for thermogenesis
and 26 % RMR for slight physical activity (free-time and
job as 26 % RMR) (World Health Organization, 1985;
Steinigeret al. 1987).

Using a calculation software program (DGE-PC version 1a;
GiVmbH, Goettingen, Germany) dishes were composed to
meet the individual maintenance energy requirements and
distributed by the institute’s canteen. Foods typically found
in everyday diets were prepared to simulate normal life
conditions. Of the individual energy requirements 26 % and
30 % were consumed at breakfast and the main meal
respectively. These portions of energy corresponded to the
size of meal usually eaten by the subjects. The composition
of breakfast was constant over the whole study. The main
meal was changed daily depending on the canteen’s offer,
but all subjects had the same diet, differing only in size
according to the individual energy requirements. The
participants in the study had supper at home. They were
instructed to continue their normal life habits but to keep the
diet on the given macronutrient ratio. The agreement with
these instructions was controlled daily by detailed nutrition
reports on a weight basis and, if necessary, corrected.

Following the run-in period, the diet was changed for a
period of 64 d. In this experimental phase 30 % total energy
was provided by fat, 55 % by carbohydrates and 15 % by
protein. However, the diet was isoenergetic with that of the
run-in phase. Typically, food items rich in carbohydrate
were consumed and inulin was used as a fat replacer.
Depending on the individual energy requirements of the
subjects, the amounts of inulin administered ranged from 22
to 34 g daily. Since the energy value of inulin is about 4 kJ/g
(Roberfroid et al. 1993), the amount of inulin consumed
corresponded only to 25 % of the energy coming from
carbohydrates which were used to compensate the fat
energy due to dietary fat reduction from 45 to 30 % in this
phase of the study. The individually calculated inulin load
was consumed entirely through commercially available
yoghurt at breakfast.

The main meal and supper were changed in such a way
that the proportions of carbohydrates were also increased to
meet the macronutrient ratio by energy. Again, the nutrition
scheme was controlled daily and corrected if required.

Following their usual habits, subjects had either tea or
coffee for breakfast throughout the whole study in the same
manner. Except at weekends, breakfast and main course
were always served at 08.15 hours and 12.30 hours respec-
tively.

As a control the study described was repeated with
the same subjects but without inulin. Within the intervention
phase the energy replacement of fat by carbohydrates
was accomplished by offering higher proportions of rice,
potatoes or bread.

Sampling

Blood. In the course of the study, three blood samples
were taken from each subject in the early morning: at
the end of the run-in period (day 8), in the middle of the
intervention phase (day 27) and at the end of the
intervention phase (day 64). Subjects fasted overnight and
the last meal was at least 12 h before sampling. Blood cells
were removed by centrifugation and the serum was analysed
immediately.

Stool. Stool samples were collected at the end of the
run-in phase (day 8), in the middle (day 27) and at the end of
the intervention phase (day 62), and 34 d following the end
of the study. For microbiological enumeration 0⋅5 g speci-
men was processed immediately. Portions were dried for
estimation of DM. For analysing SCFA, samples were
frozen and stored at−208. At 2 weeks following the end of
the study the samples were thawed and prepared for GC
analysis.

Analytical

Blood lipids. Total serum cholesterol and triacylglycerols
were determined spectrophotometrically with commercial
test kits Cholesterol Unimate 5 and Triglyceride GPO
Unimate 5 (Roche, Grenzach-Wyhlen, Germany) on an
autoanalyser Cobas Mira S (Hoffmann-La Roche, Basel,
Switzerland) according to the instructions of the manufac-
turer. HDL and LDL were determined in the same way as
total cholesterol but after previous precipitation by means
of phosphotungstic acid–MgCl2 and polyvinylsulfate
respectively.

Microbiological studies. Total bacteria and bifidobac-
teria in the faeces were enumerated byin situ identification
using the following 16S rRNA targeted oligonucleotide
probes (59 labelled with the indocarbocyanine dye Cy3;
Biometra, Go¨ttingen, Germany): (1) an equimolar mixture
of five bacteria-directed probes EUB 338, EUB 785, EUB
927, EUB 1055, EUB 1088 (Amannet al.1995), referred to
as EUB mix, to detect all bacteria, and (2) BIF 164 to detect
bifidobacteria (Langendijket al.1995). Freshly voided faeces
(0⋅5 g) were homogenized in 4⋅5 ml sterile PBS (130 mM-
NaCl, 10 mM-Na2HPO4/NaH2PO4, pH 7⋅4), fixed in three
volumes fresh 40 g/l paraformaldehyde–PBS for 3 h, washed
once in PBS and resuspended in a 1 : 1 mixture of PBS and
960 ml/l ethanol. For fixation of bifidobacteria the faecal
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suspension was mixed with an equal volume of ice-cold
ethanol. All samples were stored at−208 and processed
within 10 d.

In situhybridization was essentially done as described by
Manzet al. (1993). For homogenization fixed samples were
treated for 4 min in a Uniprep-Gyrator (InViTek mbH,
Berlin, Germany) and spotted on 3-aminopropyltriethoxy-
silane (APES)-coated slides (20 g APES/l in 990 ml/l metha-
nol), and allowed to air-dry. Fixed cells were hybridized for
16 h at 468 in 50ml hybridization buffer (0⋅9M NaCl, 0⋅1 g/l
SDS and 10 mM Tris/HCl, pH 7⋅4) containing 5 ng probe/ml.
After hybridization the slides were washed in hybridization
buffer for 20 min at 488 and were examined with an
Optiphot-2 epifluorescence microscope (Nikon, Du¨sseldorf,
Germany) equipped with a 100×1⋅30 Plan Neofluor Ph4 oil
immersion objective, an HBO 100 W/2 Hg lamp, and the
filter block G-2A. All samples were counted in duplicate
using a net micrometer (twenty-five assays with> 120
cells per assay). The microbial counts are expressed as
log10 organisms/g dry faeces.

Short-chain fatty acids. Faecal SCFA were quantified
as previously described by Pomareet al. (1985) and
Scheppachet al. (1987, 1989) with modifications.

Sample preparation: samples were homogenized with
distilled water (1 : 5 w/v) using ultrasound and centrifuged
at 15 000 rev./min for 5 min. A portion (100ml) of the
supernatant fraction was acidified with 280ml HClO4

(0⋅36M) and 23⋅6ml i-butyric acid (12 mM) as an internal
standard; subsequently, 270ml NaOH (1M) was added. The
samples were thoroughly mixed, frozen in liquid N2, lyo-
philized, acidified with 100ml formic acid (5M), mixed with
400ml acetone and thoroughly vortex-mixed. Subsequently,
the supernatant fraction was transferred into a vial and
analysed automatically by GC. Two parallel preparations
were analysed.

GC: concentrations of SCFA were determined using an HP
5890 II GC (Hewlett-Packard GmbH, Waldbronn, Germany)
fitted with a capillary column coated with acid-modified PEG
(EC-1000: 30 m×0⋅32 mm×0⋅25mm; split: 1 : 4; flame-
ionization detection; injection volume: 1ml). He gas was
used as the carrier at a flow rate of 1⋅7 ml/min. Oven tempera-
ture was held initially at 908 for 2 min and programmed to
increase subsequently at a rate of 108/min to 1908. The
temperature of both the detector and injector was 2508.

Resting metabolic rate. For the determination of RMR
concentrations of O2 and CO2 of fasting subjects were
measured early in the morning using Sensor Medics 2900
(NewMedics, Öhringen, Germany) equipped with a respira-
tory mask. Data were collected over a period of 2 h and eight
measurements (each for a period of 5 min) were averaged.
The RMR was calculated from the total O2 consumption and
the CO2 production according to the method of Erbersdobler
et al. (1976).

Assessment of gastrointestinal symptoms. Gastrointesti-
nal signals of inulin administration were assessed according
to van Munsteret al. (1994) and Pedersenet al. (1997). At
the end of the run-in and the intervention phases, subjects
were asked to express their complaints experienced during
the study. A list of eleven possible symptoms such as nausea,
vomiting, belching, acid reflux, bloatedness, flatulence,
diarrhoea, rumbling stomach, rumbling gut, cramps of

stomach as well as gut cramps could be selected as being
absent (0), mild (1), moderate (2) or severe (3).

Statistics

The results are expressed as means and standard deviations.
The data concerning diet, SCFA and blood lipids were
analysed by paired Student’st test for significance.

Before statistical analysis of the bacteriological data the
cell counts were transformed to log10 numbers. Effects of
diet on bacteriological numbers were tested by ANOVA and
by the non-parametric Kruskal-Wallis test (for small num-
bers of observations). The data collected over time were
analysed as a repeated measurement in time using Friedman
and Dunn-Rankin tests (Wilcoxon & Wilcox, 1964). The
significance of gastrointestinal symptoms was assessed by
comparing symptoms experienced in the run-in and inter-
vention phases of the inulin period using the Wilcoxon test.
In each case, differences were considered to be significant at
P, 0⋅05.

Results

General

Initially, eleven volunteers participated in the study, but
only eight finished the intervention phase of inulin admin-
istration. Two subjects dropped out of the group because of
gastrointestinal discomfort. Another subject became ill,
but the illness was not related to the inulin administered.
For all remaining subjects (n 8) complete data sets were
collected, and these were interpreted. The same subjects
were recruited for the control study.

Energy requirement and macronutrient proportions

Tables 1 and 2 give the average energy intakes and macro-
nutrient proportions during the two phases of the study,
covering both the controlled part and the free-living part of
the study. The latter comprised food intake in the evenings
and at the weekends. The results show that the subjects’
food intakes followed exactly the study plan: in the run-in
phase 44 % of the energy was provided in the form of fat;
this proportion changed to 30⋅4 % in the intervention phase.

Blood lipids

Blood lipid concentrations of the subjects are shown in
Table 3. Results demonstrate individual differences. No
significant changes were observed during inulin treatment.

Faecal microflora

The analysis of faecal bacterial counts revealed a significant
increase in the number of bifidobacteria by about 1 log after
ingestion of inulin compared with the corresponding run-in
period (Fig. 1). The follow-up period (34 d following the
end of the study) under a normal everyday diet without
inulin and restrictions to the macronutrient proportions
resulted in a decrease in bifidobacteria to 10⋅3 log10/g dry
faeces. In contrast, there were no differences in the number
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of total bacteria. Bacterial counts of control subjects
remained unchanged throughout all study periods and
were on average 11⋅0 (SD 0⋅4) log10/g for total organisms,
and 9⋅7 (SD 0⋅5) log10/g for bifidobacteria.

Short-chain fatty acids

Parallel to microbiological tests stool samples were analysed
for SCFA (Table 4). The results show great interindividual
differences. SCFA were not significantly different between
the phases of low-fat intervention (inulin and control).

Assessment of gastrointestinal symptoms

Regarding the evaluation of gastrointestinal symptoms as a
result of inulin administration, subjects generally observed
signals of discomfort (Table 5). However, these were
interpreted individually in different ways. Flatulence and
bloatedness were the most common complaints associated
with the inulin intervention phase, but they were ranked
mild (1) to moderate (2). The consistency of stool was

reported to be essentially unchanged and within the
normal range of day-to-day fluctuations. There were no
complaints about diarrhoea, nausea or other side-effects in
response to inulin administration. The participants in the
study also reported that flatulence and bloatedness, which
occurred in the first 2 weeks after the onset of inulin
intake, improved within 2–4 weeks thereafter. However,
there was still a significant difference in these symptoms
between run-in and intervention phases. Symptoms of dis-
comfort disappeared immediately on discontinuation of
inulin consumption.

Discussion

The partial replacement of dietary fat by inulin in an
otherwise isoenergetic diet which was consumed by eight
subjects for a period of 64 d distinctly promoted the growth
of bifidobacteria. The administration of inulin did not affect
any of the following variables significantly: total choles-
terol, HDL, LDL and triacylglycerols in serum, total faecal
SCFA, molar ratios of faecal SCFA.

Considerable efforts have been made to manipulate the
composition of the intestinal microflora in such a way
that colonization of the gut by potential pathogenic organ-
isms and production of toxic bacterial metabolites is sup-
pressed (Roland, 1988; Gibson & Roberfroid, 1995). One
strategy of microbial flora manipulation is based on the
consumption of particular food ingredients such as oligo-
fructose or inulin, which become available for microbial
fermentation by potentially health-promoting bacteria such
asBifidobacteriumand Lactobacillus(Gibsonet al. 1995;
Kleessenet al. 1997).

Recent advances in molecular biology have made it
possible to enumerate bacterial populations without prior
cultivation. The results obtained with these methods give a
more realistic picture of the composition of the intestinal
microflora (Wellinget al. 1997). Using 16S rRNA targeted
oligonucleotide probes that either detect all bacteria
(EUB mix) or bifidobacteria (BIF 164) we studied the
long-term effects of inulin on faecal flora. The bifidogenic
effect of inulin observed in our study agrees with
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Table 1. Energy intakes (kJ/d) of subjects consuming a control diet or a diet containing inulin during
run-in and intervention phases of the study*

(Mean values and standard deviations for eight subjects)

Control Inulin

Phase of study Mean SD D§ (%) Mean SD D§ (%)

Run-in (high-fat)†
Maintenance energy 9629 1726 9629 1726
Energy intake 9670 1529 9394 2191

0⋅4 −2⋅4
Intervention (low-fat)‡

Maintenance energy 9629 1726 9629 1726
Energy intake 9117 1768 9448 1500

−5⋅3 −1⋅9

* For details of diets and procedures, see p. 376.
† Average of energy intake of 8 d, 45 % energy as fat, 40 % energy as carbohydrate.
‡ Average of energy intake of 64 d, 30 % energy as fat, 55 % energy as carbohydrate.
§ Maintenance energy =100 %.

Table 2. Proportions of fat, carbohydrate and protein (% energy) in
the food of subjects consuming a control diet or a diet containing inulin

during run-in and intervention phases of the study*

(Mean values and standard deviations for eight subjects)

Control Inulin

Mean SD Mean SD

Run-in (high-fat)†
Fat 44⋅0 2⋅4 44⋅1 2⋅1
Carbohydrate 42⋅3 2⋅6 42⋅0 1⋅9
Protein 13⋅7 1⋅3 13⋅9 1⋅1

Intervention (low-fat)‡
Fat 30⋅4 1⋅5 30⋅6 1⋅4
Carbohydrate 54⋅7 1⋅9 54⋅9 1⋅9
Protein 14⋅9 1⋅2 14⋅5 0⋅8

For details of diets and procedures, see p. 376.
† Average of energy intake of 8 d, 45 % energy as fat, 40 % energy as

carbohydrate.
‡ Average of energy intake of 64 d, 30 % energy as fat, 55 % energy as

carbohydrate.
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previous findings ofin vitro (Gibson & Roberfroid, 1995)
andin vivostudies (Gibsonet al.1995; Bouhniket al.1996;
Buddington et al. 1996; Kleessenet al. 1997) in which
oligofructose, galactooligosaccharides and inulin were used
as non-digestible carbohydrates.

One important finding of the study concerns the decrease
in bifidobacteria in the time following dietary intervention
(Fig. 1). Since the bifidobacteria increased during the con-
sumption of inulin and total organisms remained constant it
has to be concluded that other intestinal organisms such as
Bacteroides, clostridia or coliforms decreased in number
(Kleessenet al. 1997). The increase in bifidobacteria in the
intestine may contribute to the stabilization of the microflora
and to the health of the host (Fuller, 1991; Gibson & Wang,
1994). Future studies are needed to unravel the exact
mechanisms underlying the claimed health-promoting effects
of bifidobacteria.

Blood lipids were essentially unaffected. This may be due

to the fact that participants of the study were healthy and
cholesterol levels were in the normal range. This does not
necessarily mean that inulin is not effective in lowering
blood lipids in healthy individuals. Data from other human
studies are contradictory (Taylor & Williams, 1998). One
study reported a 27 % reduction in triacylglycerol at a dose
of 9 g inulin/d on a cereal breakfast (Canziet al.1996). This
result is surprising, since high-carbohydrate diets commonly
increase the levels of triacylglycerol caused by the stimu-
lated hepatic VLDL formation (Coulstonet al. 1983). On
the other hand, studies by Luoet al. (1996) and Pedersenet
al. (1997) which were similar to the one presented here
showed no alterations in blood lipids. It is conceivable that
effects can be observed only in hyperlipidaemic patients as
reported for diabetics (Yamashitaet al. 1984; Hidakaet al.
1991). However, Davidsonet al. (1998) reported only small
declines of cholesterol levels among hypercholesterolaemic
subjects after a 6-week treatment with inulin. Alterations in
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Table 3 . Fasting blood lipid concentrations (mmol/l) of subjects consuming a control diet or a diet containing inulin at the end of the run-in period
and on day 27 and at the end of the intervention period*

(Mean values and standard deviations for eight subjects)

Inulin Control

Run-in Intervention Run-in Intervention

End Day 27 End End Day 27 End

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Total cholesterol 5⋅5 0⋅7 5⋅2 0⋅6 5⋅0 0⋅5 5⋅8 0⋅8 5⋅4 0⋅7 5⋅3 0⋅8
HDL 1⋅4 0⋅2 1⋅2 0⋅2 1⋅2 0⋅2 1⋅3 0⋅2 1⋅1 0⋅3 1⋅1 0⋅2
LDL 3⋅7 0⋅7 3⋅5 0⋅5 3⋅4 0⋅4 4⋅2 0⋅8 3⋅8 0⋅5 3⋅6 0⋅6
LDL : HDL 2⋅9 0⋅6 2⋅9 0⋅7 3⋅0 0⋅8 3⋅4 0⋅6 3⋅4 0⋅5 3⋅3 0⋅3
Triacylglycerols 1⋅0 0⋅3 1⋅1 0⋅3 1⋅2 0⋅3 1⋅0 0⋅3 1⋅1 0⋅4 1⋅2 0⋅2

* For details of diets and procedures, see p. 376.

Fig. 1. Development of bifidobacteria (I) and total bacterial counts (D) with time in subjects consuming a diet containing inulin. Values are means
for eleven subjects with their standard deviations represented by vertical bars.
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blood lipid concentrations as indicated in animal studies
(Delzenneet al. 1993; Roberfroid, 1993) were not found.

The bifidogenic effect of inulin was not accompanied
by distinct changes in faecal SCFA (Table 4). The data
collected in the present study were highly variable, demon-
strating interindividual differences, and in accordance with
a short-term study with enterally fed patients (Sobotkaet al.
1997) in which alterations in faecal SCFA concentrations
could not be observed. In contrast to the results presented
here, a clinical study with elderly patients (Kleessenet al.
1997) showed slight changes in the relative proportions of
acetate and butyrate. The amounts of inulin applied in these
studies were in the same range.

An intensification of gastrointestinal symptoms was only
observed during inulin intake. The questionnaire filled in by
the participants of the study indicated that the consumption
of inulin caused a number of undesirable gastrointestinal
symptoms. Nine out of eleven categories describing these
symptoms were marked by the subjects. Two of these
categories (nausea and vomiting) were not reported by
any of the participants. Flatulence and bloatedness were
the major symptoms reported. These culminated 8–9 h after
the inulin intake. The formation of H2, which is a by-product
of bacterial fermentation in the colon, is most probably
the major cause of these symptoms. However, it has to

be emphasized that bifidobacteria are not capable of H2

formation.
Subjects confirmed that the discomfort experienced was

acceptable and that the symptoms perceived during inter-
vention did not change. The variation in the subjects’
responses may be due to individually different experience
related to dietary habits; i.e. individual differences in the
consumption of non-digestible carbohydrates. Because sub-
jects were interviewed at the end of both the run-in and the
intervention phases, statements of subjects may also reflect
adaptation to inulin. This appears to be reasonable because
it can be expected that the colonic flora which may be partly
responsible for effects of discomfort required some time to
adapt to inulin as the major substrate. The results of
Pedersenet al. (1997) are in contrast to the data presented
here. With the application of nearly the half of the inulin
dose used in this study, Pedersenet al. (1997) noted no
adaptation of subjects to inulin.

The statements of the participants are of particular
importance with respect to the use of inulin or fructooligo-
saccharides as a food supplement in everyday life, because
in the present study the long-term effect was studied.

In summary, the data indicate that a high-dose long-term
application of inulin is practicable. Alteration of the colonic
microbiota in favour of bifidobacteria was a clear effect of
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Table 4 . Concentrations of short-chain fatty acids (SCFA; mmol/g dry faeces) in the stools of subjects consuming a control diet or a diet containing
inulin at different stages during the run-in and intervention periods*

(Mean values and standard deviations for eight subjects)

Inulin Control

Run-in Intervention Run-in Intervention

End Day 27 End Follow-up‡ End End

SCFA† Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Acetate 168⋅4 101⋅1 198⋅9 104⋅7 209⋅9 54⋅4 205⋅4 88⋅4 140⋅8 59⋅4 99⋅0 39⋅1
Propionate 49⋅4 20⋅6 57⋅8 30⋅5 58⋅6 11⋅1 54⋅2 14⋅9 54⋅7 24⋅2 38⋅1 10⋅5
Butyrate 56⋅5 49⋅0 65⋅4 74⋅7 52⋅1 31⋅0 61⋅1 37⋅9 52⋅0 26⋅4 41⋅0 25⋅1

* For details of diets and procedures, see p. 376.
† Two preparations were separately analysed by GC and than averaged.
‡ 34 d following the end of the study under normal life conditions.

Table 5. Gastrointestinal symptoms and degree of discomfort after administration of inulin expressed as frequencies of scores of
eight subjects†

(Ranking: 0, absent; 1, mild; 2, moderate; 3, severe)

Run-in‡ Intervention§

Degree of discomfort . . . (0) (1) (2) (3) (0) (1) (2) (3) Difference

Flatulence 4 4 1 4 3 *
Bloatedness 5 3 2 1 4 1 *
Diarrhoea 7 1 3 4 1 *
Rumbling of stomach 7 1 5 2 1
Rumbling in the gut 6 2 0 2 2 1 *
Cramps of stomach 8 5 2 1
Cramps of gut 8 5 1 1 1

Differences between the groups were significant: * P , 0⋅05.
† For details of diet and procedures, see p. 376.
‡ The interview was conducted at the end of an 8 d period.
§ The interview was conducted at the end of a 64 d period.
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inulin administration. Since the majority of participants in the
study did not feel significantly affected by symptoms of
discomfort, inulin can be expected to be a useful fat replacer
supporting weight reduction of excess weight. While there
were no effects on blood lipids, future studies have to find
out whether inulin administration may influence other phy-
siological variables such as food intake and satiety perception.
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