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■ Summary Background The ther-
apeutic effects of indigestible car-
bohydrates in the human colon are
well known. Most fermentation
studies have examined only single
carbohydrates. Considering the
idiosyncratic actions of individual
carbohydrates and the dose re-
quired, it is unlikely that any one
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carbohydrate will provide ideal
physiological actions without hav-
ing some undesirable effects. Little
is known of how mixing non-di-
gestible carbohydrates affects their
fermentation. This necessitates fer-
mentation studies using different
carbohydrates in mixtures. Aim of
the study The aim of this study was
to test the effect of mixing Rafti-
lose™ (R) and guar gum (G) on
short chain fatty acid (SCFA) pro-
duction in in vitro cultures of hu-
man faecal bacteria. Method The
fermentation of the individual car-
bohydrates (10 mg/ml) was com-
pared with that of a 50:50 mixture
in anaerobic in vitro cultures of hu-
man faeces. Results Cultures of R/G
mixtures produced significantly
more n-butyrate than 100 mg G

alone at 8 and 24 hours (p < 0.02).
There was no significant difference
in the production of n-butyrate be-
tween cultures of 100 mg R and the
R/G mixture at 8 and 24 hours. R
(100 mg) produced a propionic/bu-
tyric (p/b) acid ratio of 1.18 com-
pared with 3.88 for 100 mg G,
whereas R/G mixture produced a
p/b ratio of 2.01. Conclusion The
fermentation of R/G mixture was
different compared with 100 mg of
R or G alone. There was no loss of
n-butyrate in the culture contain-
ing R/G (50 mg of each) mixture
compared with the 100 mg R cul-
ture.

■ Key words fermentation – short
chain fatty acids – raftilose – guar
gum – fructooligosaccharides
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Introduction

The physiological actions of individual dietary fibres or
indigestible carbohydrates are determined mainly by
their physiochemical properties. Soluble dietary fibres
tend to be more fermentable and have been shown to de-
crease the rate of absorption in the small intestine
whereas insoluble fibres increase stool output [1]. Di-
etary fibres may be fermented to short chain fatty acids
(SCFA) by the microflora in the large intestine. The ex-
tent of fermentation and proportions of the different
SCFA produced may be important determinants of their
health benefits [2]. SCFA are potentially protective
against colon diseases such as colon cancer [3, 4]. Bu-
tyric acid, in particular, has been shown to induce apop-

tosis and differentiation in colon carcinoma cells [5, 6].
Propionic acid influences peripheral metabolism and
has been proposed to inhibit the hepatic lipogenesis
[7–10]. The SCFA profiles depend on the physicochemi-
cal characteristics of the carbohydrate. For example G
has been shown to have a SCFA profile with increased
propionate, whereas, R produced more butyrate com-
pared with propionate [11].

Most fermentation studies have tested a single car-
bohydrate [12] and did not take into account potential
synergistic or antagonistic interactions of different car-
bohydrates. Considering such interactions is important
as the human diet contains many different sources of
non-digestible carbohydrate and a mixed composition
may determine the role of fermentation of carbohydrate
in the colon. It is likely that carbohydrates with diffe-

EJN
 537

371_376_Edwards_EJN_537  22.08.2005  13:51 Uhr  Seite 371



372 European Journal of Nutrition (2005) Vol. 44, Number 6
© Steinkopff Verlag 2004

rent fermentative properties will interact when com-
bined together and will affect the SCFA production pro-
file.

Several mixtures of non-digestible carbohydrates
have now been incorporated into foods or dietary sup-
plements [13–19]. In a recent study Henningsson and
colleagues [13] reported significantly higher butyrate
production from the fermentation of a mixture of G and
pectin compared with their SCFA profiles and concen-
trations when fermented individually. This shows that
the extrapolation of results from fermentation of indi-
vidual carbohydrates may not be the best approach to
predict the fermentation of mixtures. The fermentation
of a mixture may take a different route to the fermenta-
tion of its individual ingredients. This necessitates the
testing of each carbohydrate mixture.

In the present study, Raftilose™ (R), a butyrate pre-
dominant, and guar gum (G), a propionate predominant
fermenting carbohydrate, were fermented in vitro sepa-
rately and in mixture using human faecal bacteria. SCFA
production was measured in the culture supernatant at
different time points.

Materials and methods

■ Substrates

Raftilose™ P95 (an oligofructose from Raffinerie Tir-
lemontoise SA Brussels Belgium) was 93.2 to 95.8 %
oligofructose, being composed of 64 % Glucosyl (fructo-
syl) n-1 fructose (GFn)? GFm and 36 % homooligomers of
fructose (Fn) with a mean degree of polymerisation (m
or n) of 4.8. The fructose, glucose and sucrose, fructose
units are linked together by β [2–1] linkages, terminated
with a glucose unit [20].Low molecular weight guar gum
(Meyprogat 30 MR 4812 Meyhall Chemical AG, Kreuz-
lingen, Zaandam, Netherlands), a storage polysaccha-
ride derived from seeds of the cluster bean (Cyamopsis
tetragonoloba) was used in this study. The molecular
weight of the guar gum was 370,000 and it was com-
posed of 83 % galactomannan with a total nonstarch
polysaccharide content of 87.3 % (Dr P Ellis – unpub-
lished data).

■ In vitro model

An in vitro fermentation model using human feces in a
simple medium of minerals and tryptone [21] was
adopted. Raftilose™ and guar gum were used as the sole
extraneous sources of carbohydrate. The two carbohy-
drates were combined, using 50 mg each to make a total
100 mg of substrate in 10 ml culture. These carbohy-
drates were also incubated in vitro in separate portions
of 50 mg and 100 mg. A control culture, without added

carbohydrate, was incubated for each faecal slurry to al-
low for fermentation of endogenous carbohydrate.

The fermentation procedure was repeated eight
times with individual fresh human faecal samples from
eight different healthy subjects (age 26–57 years, four
males and four females). Faecal samples were processed
within the shortest possible time not exceeding, at any
time, one hour after defecation. A faecal slurry (32 %)
was made in phosphate buffer (pH 7.0) and 1 ml of this
slurry was added to 9 ml pre-reduced medium in Mc-
Cartney bottles (Merck Ltd., Lutterworth, UK) contain-
ing the test substrate or no carbohydrate in controls.
Each McCartney bottle was flushed with oxygen free ni-
trogen (OFN) before incubation. The incubation was
carried out at 37 °C in a shaking water bath at 50 strokes
per minute. Cultures were stopped at 0, 4, 8 and 24 hours
and centrifuged (1300 g, 4 °C) for 30 minutes. The su-
pernatants were stored at –20 °C for determination of
SCFA by gas liquid chromatograph [22].

Cultures from three subjects were incubated for an
extended period of 48 hours to allow more time for com-
plete fermentation of any residual substrate, as the cul-
tures from the first five subjects showed continuing fer-
mentation up to 24 hours. TLC was used to follow the
disappearance of R in these cultures from 4–24 hours
[23]. The presence of R was determined by comparison
with a standard solution containing mixtures of
raftilose, lactulose, sucrose and fructose.

■ Calculations and statistical analysis

In vitro net total SCFA were calculated by subtracting
the values of control cultures from the values with the
respective test substrate.A predictive value for the SCFA
produced from the mixture was calculated by addition
of the SCFA values from the fermentation of 50 mg indi-
vidual substrates. One-way ANOVA, paired and un-
paired t-test were performed for the comparison of
means where appropriate.

Results

■ In vitro fermentation

pH of cultures

The pH of all cultures decreased by 8 h (p < 0.0001). The
pH in 100 mg R alone cultures was significantly lower
than in 100 mg G alone and R/G mixtures at 8 and 24 h
(p < 0.05). None of these cultures showed any further re-
duction in pH after 8 h. There was no significant diffe-
rence in final pH (24 h) in cultures containing 100 mg G
alone or R/G mixtures (Table 1).
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Total SCFA

The R/G mixture produced significantly higher net total
SCFA than G alone (p < 0.002), but not significantly less
SCFA than 100 mg R alone at 8 h. There was no signifi-
cant difference in SCFA production between the diffe-
rent types of cultures at 24 h. The SCFA production rate
declined in cultures containing either 100 mg R or G
alone, whereas SCFA production in the cultures contain-
ing the R/G mixture continued to increase after 24 h.
SCFA concentrations in the cultures containing the R/G
mixture were as predicted from the addition of SCFA
produced in cultures containing 50 mg single substrates
at 8 and 24 h (Fig. 1).

Acetic acid

Cultures containing 100 mg R alone produced signifi-
cantly higher acetate concentration, compared with the
cultures containing 100 mg G alone at 8 and 24 h
(p < 0.05). The R/G mixture produced significantly
higher acetate concentrations than 100 mg G alone at 8 h
(p < 0.02), with no significant difference between the
two types of cultures at 24 h. Acetate concentrations
were significantly lower in actual mixtures than the pre-
dicted values from the 50 mg of two individual cultures
at 8 and 24 hours (p < 0.02; Fig. 1).

When the acetic acid concentration was compared as
a molar proportion of total SCFA, there was no signifi-
cant difference between the three types of cultures at 8 h.
However, at 24 h the proportion of acetate was signifi-
cantly higher in cultures containing 100 mg R than in
those containing 100 mg G alone (p < 0.05). R/G did not
show significantly different acetate ratios compared
with the cultures containing 100 mg G alone at 24 hours;
(Fig. 2).

Propionic acid

G cultures (100 mg) produced the highest propionate
concentrations (Fig. 1). At 24 h, 100 mg G alone cultures
produced a significantly higher proportion of propi-

Table 1 Changes in pH (mean ± SEM) of human faecal cultures containing
RaftiloseTM, guar gum and a mixture of the two over 24 h (n = 8) and 48 h (n = 3) af-
ter in vitro anaerobic incubation

Initial pH pH at 8 h pH at 24 h pH at 48 h

R (100 mg) 7.8±0.18a 5.7±0.19*a 5.9±0.11 5.8±0.10
G (100 mg) 7.7±0.18b 6.5±0.30b* 6.2±0.07 6.4±0.17
R/G mixture 7.8±0.18c 5.9±0.18c 6.1±0.09 6.1±0.11

R Raftilose; G Guar gum
pH was compared (ANOVA) between types of culture at 8 and 24 h. Values carrying
similar symbols are significantly different from each other. * p < 0.05
pH was compared with paired t test t between 0 and 8 hours for the same type of
culture a, b, c p < 0.0001

Fig. 1 Concentrations of short chain fatty acids (mmol/l; mean ± SEM) produced
by the fermentation of RaftiloseTM, guar gum and a mixture of the two with human
faecal bacteria over 24 h (n = 8) and 48 h (n = 3) incubation in vitro. Time points
with the same symbols are significantly different from each other (p < 0.05). Ex-
pected is the value calculated by addition of the amounts produced with 50 mg of
the individual carbohydrates
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onate than cultures containing 100 mg R alone
(p < 0.01). The R/G mixture did not show any significant
difference in the production of propionate from the two
individual carbohydrates at 24 hours and this produc-
tion, in contrast to cultures of 100 mg R alone, showed a
continuous increase in propionate production after 24 h.
Propionate concentrations in the R/G mixture were sig-
nificantly lower than predicted values from the addition
of the 50 mg single substrate cultures at 8 and 24 h
(p < 0.05; Fig. 1).

R/G mixtures did not show a significantly different
proportion of propionate from 100 mg G or 100 mg R
alone cultures. Cultures containing 100 mg G alone pro-
duced a significantly higher proportion than 100 mg R
alone at 8 h (p < 0.02). The proportions of propionate
were intermediate in the R/G mixture and significantly
different from cultures of 100 mg of individual con-
stituent carbohydrates at 24 h (p < 0.01; Fig. 2).

n-Butyric acid

R (100 mg) and R/G mixtures produced significantly
higher n-butyrate concentrations than 100 mg G cul-
tures at 8 and 24 h (p < 0.01). There was no significant
difference between the cultures containing 100 mg R
alone and R/G mixture at 8 and 24 h. n-Butyrate concen-
tration for the R/G mixture was not significantly diffe-
rent from the predicted value calculated by the addition
of the amounts produced by the 50 mg of individual sub-
strate cultures (Fig. 1).

R (100 mg) and R/G mixtures produced significantly
higher proportions of n-butyrate than 100 mg G alone at
8 and 24 h (p < 0.05). The proportion of n-butyrate was
not different in 100 mg R alone cultures and those con-
taining the R/G mixture at 8 and 24 h (Fig. 2).

Residual RaftiloseTM

There was no detectable residual R in cultures at 8 and
24 h.

Discussion

In this study, the colonic fermentation of a mixture of
two carbohydrates with different chemical composition
and physical properties was evaluated in vitro to deter-
mine whether the SCFA profiles and/or rate of fermen-
tation were different from that of the individual carbo-
hydrates.

R is a fructo-oligosaccharide of low molecular weight
and may cause osmotic diarrhoea if used in large
amounts. On the other hand, it is considered to be a pre-
biotic, stimulating growth of bifidobacteria in the colon
[24]. G, a soluble and less rapidly fermenting polysac-
charide, can reduce postprandial glycaemia and plasma
cholesterol [25–27]. The two carbohydrates in the pres-
ent study were chosen because of their different
physicochemical properties but also because previous
studies have indicated a difference in their SCFA profile
when they were fermented individually. R has been
shown to promote butyric acid production whereas G is
known for increasing propionic acid concentration in
vitro [2, 11].

In the present study cultures containing 100 mg G
alone produced p/b acid ratio 3.14 at 8 h and 3.88 at 24 h

Fig. 2 Individual short chain fatty acids as a percentage of total short chain fatty
acids produced by the fermentation of RaftiloseTM, guar gum and a mixture of the
two with human faecal bacteria over 24 h (n = 8) and 48 h (n = 3) incubation in vitro.
Time points with the same symbols are significantly different from each other
(p < 0.05)
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whereas when 100 mg R alone was fermented the ratio
was 0.99 at 8 h and 1.18 at 24 h. These ratios were slightly
higher than the p/b ratios (2.03 and 0.85 at 24 h for G and
R respectively) that were reported in an in vitro recent
study, though the SCFA production patterns were simi-
lar [11]. The fermentation of the R/G mixture in vitro in
the present study with a p/b ratio of 1.55 at 8 h and 2.01
at 24 h was different compared with 100 mg of its con-
stituent carbohydrates. The R/G mixture also produced
significantly higher butyric acid concentration than the
100 mg G alone (p < 0.02) but not significantly less than
the 100 mg R alone cultures.Although the concentration
of propionate for the mixture fell half way between the
two, the level of acetate and butyrate production was
skewed toward that of 100 mg R alone. Acetate and pro-
pionate concentrations were less than that predicted by
addition of the values from fermentation cultures of
50 mg of the individual carbohydrates, whereas butyrate
did not show any significant difference from predicted
values.

Other studies in vivo have also shown interaction of
carbohydrates, with the added effect on transit time. A
delay in fermentation (breath hydrogen production)
was seen when psyllium and lactulose were fed together
to human subjects [15]. It is very difficult to access fer-
mentation in vivo in humans as most fermentation oc-
curs in the proximal colon, which is not accessible. Fae-
cal SCFA are the net result of production and absorption
and, therefore, may not reflect real changes in bacterial
fermentation. Thus, in vitro studies of human faecal cul-
tures are more useful. Most other studies of the fermen-
tation of carbohydrate mixtures have been carried out in
rats. Wheat bran and psyllium appeared to shift the fer-
mentation of resistant starch more distally and in-
creased the faecal excretion of SCFA in rats [13, 17].
Wheat bran was also shown to delay the fermentation of

the resistant starch in pigs [16]. Topping et al. [19]
achieved more efficient butyrate production by combin-
ing gum arabic and cellulose in the rat hindgut. In a re-
cent study a mixture of G and pectin produced signifi-
cantly higher butyrate compared with SCFA produced
by the caecal fermentation of the individual carbohy-
drates in rats. The SCFA profile by the fermentation of
mixture was also different compared with that expected
from fermentation of G, a propionate predominant, and
pectin, acetate predominant [13]. This is an important
finding, which suggests that the extrapolation from one
fermentation study to another will not be scientifically
valid as carbohydrates in mixture may behave totally
differently than when considered alone. Thus the fer-
mentation of a mixture may take a different route to the
fermentation of its individual ingredients. There are
several possible interactions that can happen when mix-
tures of different carbohydrates are fermented. For ex-
ample, individual bacterial species have substrate pref-
erences and may act in synergy for the fermentation of
carbohydrates in a mixture. Different substrates in a
mixture of carbohydrates may stimulate certain species
of bacteria, which may result in more efficient fermen-
tation of the other carbohydrate present in the mixture.
Other factors such as falling pH and viscosity may also
be important. It is not possible to determine which are
important in the present study.

In conclusion, R and G behaved differently during
fermentation when combined together in cultures of hu-
man faecal bacteria than when fermented as single car-
bohydrate sources. This resulted in the preservation of
butyrate production.
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