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Short-chain fatty acids producedin vitro from fibre residues obtained from
mixed diets containing different breads and in human faeces during the
ingestion of the diets
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It was studied whether the type of bread (i.e. a low-fibre wheat—-rye mixed bread and coarse or
fine wholemeal rye bread) either as part of a diet or alone, had an influence on the short-chain
fatty acids (SCFA) produced during vitro fermentation. Fermentation substrates were dietary
fibre residues obtained from diets and breads. In addition, it was investigated whether the faecal
SCFA pattern in the inoculum donors, who ingested the experimental diets, could be predicted by
in vitro fermentation. Yields of SCFAn vitro were 031-0B2 g/g fermented polysaccharide.

In vitro, the molar ratios of butyrate were higher for the two high-fibre diets containing coarse or
fine wholemeal bread than for the low fibre diet containing wheat—rye mixed bread; the differ-
ence was significant for the coarde< 001), but not for the fine bread die €00678). The
coarse wholemeal bread alone produced a higher molar ratio of butyrate than the fine wholemeal
bread P < 005) and the wheat—rye mixed bred< 001). Ingestion by the inoculum donors of

the diets containing wholemeal bread led to higher faecal butyrate ratios (molar ratios: coarse
bread diet 18, fine bread diet 1I7) compared with the wheat—rye mixed bread-containing diet
(140), but the differences between the diets were not significant. For the diets investigated, there
were no significant differences between faecal endtro SCFA patterns.

Fermentation: Short-chain fatty acids: Mixed diets: Faeces

Colonic fermentation of NSP and resistant starch (RS) proximal colon, but they may reflect the substrates available
results in the formation of variable amounts and proportions in the distal large intestine (Mcintyegt al. 1991; Macfarlane

of the short-chain fatty acids (SCFA) acetate, propionate et al. 1994).

and butyrate. Butyrate is of particular interest because it is Recently, we reported that the extent of degradation in
the preferred fuel of distal colonic cells (Roediger, 1982) human subjects of NSP in five mixed diets and in single
and is supposed to be involved in the protective effect of fibre sources could be predicted byiarvitro batch system
fibre against colon cancer (Bingham, 1996). Because the(Wiskeret al. 1998). In one part of this studin vitro fer-
influence of dietary carbohydrates on the SCFA production mentations were performed during the ingestion of the
in the human colon is difficult to investigate, SCFA forma- experimental diets by the inoculum donors. Coarse or fine
tion is often studiedh vitro using human faecal inocula (e.g. wholemeal rye bread or a low fibre wheat—rye mixed bread
Englystet al. 1987; Adiotomreet al. 1990; McBurney & were the predominant fibre sources in these diets. An addi-
Thompson, 1990). An alternative approach is the deter- tional aim of that study was to investigate whether the type
mination of faecal SCFA (e.g. Scheppaeh al. 1988; of bread present in the diets had an influence on the SCFA
Cummingset al. 1996; Heijneret al. 1998). However, the  produced from fermentation. Therefore, we determined
ingestion of several types of unavailable polysaccharides ledthe formationin vitro of SCFA from fibre residues obtained

to faecal SCFA patterns that differed from those obtained from the diets and the corresponding breads. We also
vitro (Cummingset al. 1996; Heijneret al. 1998). This may measured faecal SCFA in the inoculum donors to see whether
have been due to the fact that most fermentation occurs infor these fibre sources faecal SCFA patterns could be
the proximal colon and that at least 95% of the SCFA predicted by the SCFA pattern obtain@dvitro. In contrast
produced are rapidly absorbed (Ruppiral. 1980). There- to readily fermentable fibres, lignified fibres such as those
fore, faecal SCFA do not reflect SCFA production in the present in wholemeal breads are slowly fermented (Van

Abbreviations: RS, resistant starch; SCFA, short-chain fatty acids.
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Soestet al. 1982), so it might be expected that at least parts together before the preparation of the dietary fibre residues.
of them would reach the distal colon and thus might have an Coarse bread alone was also comminuted to the particle size
effect on faecal SCFA. of the coarse meal. Total dietary fibre residues were pre-
pared according to a gravimetric method for dietary fibre
analysis (Proskyet al. 1985). For each diet and the fibre
Experimental methods concentrate respectively, dietary fibre residues were pre-
Subjects and study plan pared in an amount sufficient for all incubations and kept in
a desiccator until used.
Seven apparently healthy, free-living female students aged
22-31 years participated in the experiments. Subjects had
not taken antibiotics for at least 6 weeks before the begin-
ning of the experiments. The study was approved by the Freshly passed faeces were immediately homogenized for
Ethics Committee of the Medical Faculty of the University 3 min with four times their weight of distilled water, filtered
of Kiel. Details of the studies have been reported previously through four layers of cheesecloth to remove particles and
(Wisker et al 1998). In brief, the study included three immediately used as inoculum. Inoculum preparation was
experimental periods during which a low-fibre diet and performed under a constant flow of GQAliquots of the
two high-fibre diets were eaten. Subjects were randomly faecal homogenates were analysed for SCFA as described
assigned to start on one of the experimental diets and thenlater.
followed a different sequence of diets. Each study period
lasted 22 d; periods were separated from each other by 21 d.
In vitro fermentations were carried out between day 17 and
day 21 of each experimental period. During this time, from In each experimental period, portions of each faecal homo-
each subject one faecal sample was obtained fointkigro genate obtained from the individual subjects were incubated
fermentations and for faecal SCFA analysis. with the dietary fibre residues prepared from the fibre
sources eaten by these subjects during this period. Incuba-
Diets tions were performed for 0, 24 and 48 h. Flasks without
added substrate as blanks were also incubated for each time
The low-fibre diet and the high-fibre diets differed in the point with each inoculum source. In the present work, SCFA
amounts and types of bread. Wholemeal rye breads wereformation is reported for 24 In vitro fermentations (see
baked from one single batch of rye milled to two different p. 35).
particle sizes (coarse bread: 50% of particles2 mm, Fermentations were conducted in 125ml Erlenmeyer
90% >1mm,; fine bread: 99% of particlest 05 mm, flasks using the technique and the solutions described
58 % < 02 mm) (Federal Institute of Grain, Potato and Fat by Goering & Van Soest (1970). The basic components of
Research, Detmold, Germany). Wheat—rye mixed breadthis system include substrate, a carbohydrate-free culture
was typical German low-fibre bread. Bread provided 60, medium, reducing solution and faecal inoculum as described
82 and 83 % of NSP consumed during the low-fibre diet and previously (Wiskeret al. 1998). Culture medium (32 ml)
the high-fibre diets containing coarse or fine wholemeal rye was added to 400 mg substrate (dietary fibre residue) 12 to
bread respectively. The remainder of NSP was provided by 24 h before the start of the incubation to ensure complete
vegetables, fruits and potatoes. Although during each diet- hydration of the samples. Flasks were sealed with parafilm
ary period all subjects consumed the same amount of fibre-and stored in the refrigerator to limit the possibility of
containing foods, there were minor differences between the microbial growth. At 1-2 h before inoculation, the bottles
subjects in the NSP intake. This occurred because the studywere placed in a 3T shaking water bath, reducing solution
was performed in a crossover design; the NSP content of (116 ml) was added and then flasks were sealed with rubber
fruits, vegetables and potatoes which were bought freshstoppers. Stoppers were fitted with three openings (an inlet
varied somewhat between the three dietary periods. Intaketube, a Bunsen valve, and a gassing tube) connected to a
of NSP was 1& (sp 0[8), 382 (sp 08) and 377 (sp 07) g/d common manifold as described by Goering & Van Soest
(means = SD) for the low-fibre and the high-fibre diets (1970). The manifold was connected to supply of £énhd
containing coarse or fine wholemeal rye bread respectively. flasks were bubbled with CQInto each flask 8 ml faecal
suspension were injected through the inlet tube, and incuba-
tions were performed under a steady stream of (334 ml/
min). Flasks were gently shaken (shaking rate 50/min).
Dietary fibre residues obtained from freeze-dried mixtures Fermentation was stopped by adding 1 ml ethylmercurithio-
of the fibre-containing foods in the same proportions as salicylate (10g/l). From each incubation flask, & rl
consumed during thé vivo studies and from the breads portion was removed for SCFA analysis. The remaining
were fermentech vitro. With the exception of the substrates contents of the flasks were quantitatively transferred to
prepared from coarse bread, the freeze-dried foods werepretared beakers, freeze-dried and used for the determina-
milled through an B mm screen. For the diet containing tion of residual NSP.
coarse wholemeal bread, bread was dried separately from For the determination of faecal SCFA, 9 ml faecal homo-
the other foods and crumbled by hand to a particle size genate was mixed with 1 ml ethylmercurithiosalicylate
resembling that of the coarse meal used for bread making.(10g/l) and 10 ml distilled water and vortexed vigorously.
Bread and the other freeze-dried ground foods were mixed Then the samples were centrifuged at 12000r.p.m. for

Faecal inoculum

Fermentations

Fermentation substrates
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15min and the supernatants used for SCFA analyses adactors. The comparison faeoalin vitro SCFA pattern was
described below. done as paired comparison by analysing the differences
between the molar ratio of SCF#& vitro and in faecal

Chemical analyses suspensions for the same subject, diet, and period. For these
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Freeze-dried samples of food and faeces were milled throughby t test whether they were significantly different from zero.
an 0% mm mesh screen. DM, N, neutral NSP, uronic acids Differences were regarded as significanPat O[05.

and RS were assayed as described previously (Westkair
1998). For the determination of SCFA[BONI portions of
thein vitro fermentation samples or supernatants of diluted
faecal homogenates were mixed witfB thl oxalic acid The amounts of polysaccharides fermeniadvitro are
(003 mol/l) and @ ml internal standard (30! pivalic acid/ shown in Table 1. Between6 and 480 g/l of polysac-

ml) and centrifuged (400¢) for 10 min. Supernatants were charides were fermented. For the low-fibre diet and the
used for the measurements of SCFA by GLC. Glass column corresponding wheat—rye mixed bread, less pentoses and
packing material was 4% Carbowax 20M/80/120 Carbo- more hexoses were broken down compared with the high-
pack B-DA (Supelco, Bellefonte, PA, USA). For quantita- fibre diets containing wholemeal breads and the correspond-
tion, analyses were performed with known SCFA standard ing breads. The quantities of degraded uronic acids were

Results

solutions. All samples were analysed in duplicate. between B4 and @1 g for the diets, and were only very
small for the breads. In all substrates, RS was completely
. degraded.
Calculations The amounts of acetate, propionate, and butyrate and the
The production (B of SCFAIn vitro was calculated as:;B molar ratios of these SCFA producetvitro are given in

(SCFAy;— By — (SCFA - B), where SCFAand SCFA, Table 2. SCFA concentrations (mmol/l) and the quantities
are the SCFA contents in flasks containing substrates at Oproduced per g fermented polysaccharide (N&S) were
and 24 h respectively, and,Bnd B,, are SCFA contentsin  significantly higher for the low-fibre diet than for the high-
blank flasks without added substrate at 0 and 24 h respecibre diets containing coars®  001) or fine wholemeal
tively. Molar ratios of SCFA comprised acetate, propionate bread P < 005) respectively. Compared with the low-fibre
and butyrate. The differences between the molar ratios of diet, the molar ratios of butyrate were higher for the two
SCFAIn vitro and in faecal suspensions were calculated for high-fibre diets; the difference was significant for the coarse
the same subiject, diet, and period. (P < 0M@1), but not for the fine bread didP £0[0678). The
coarse bread diet yielded a non-significantB=0[0678)
higher molar ratio of butyrate than the fine bread diet.

For the single breads, no significant differences were
The statistical analyses were performed using the procedurefound in the concentrations (mmol/l) of total SCFA, but
MIXED of SAS Release [2 (Statistical Analysis Systems the amounts produced per g fermented polysaccharide were
Institute Inc., Cary, NC, USA). Least squares means were higher for the wheat—rye mixed bread than for the whole-
estimated and compared liytest. The Bonferroni-Holm  meal breads. There were no differences between the breads
adjustment of P values was used for all multiple compari- in the molar ratios of acetate. The coarse wholemeal bread
sons. Data were analysed as crossover design with subjectproduced a higher percentage of butyrate and a lower
as random factor, and study periods and substrates as fixeghbercentage of propionate compared with the fine wholemeal

Statistical analyses

Table 1. Non-starch polysaccharides and resistant starch fermented in vitro*
(Mean values with their standard errors for seven subjects)

Non-starch polysaccharides

Total
Substrates (g/l) ... Pentosest Hexosest Uronic acids Resistant starch  polysaccharides
Mean SD Mean SD Mean SD Mean SD Mean SD
Diets
Low-fibre diet 158 002 144 ol1 0B1 om1 075 000 4[38 on4
High-fibre diet (coarse wholemeal bread) 203 06 120 oaz 0B4 o001 100 000 a7 o4
High-fibre diet (fine wholemeal bread) 231 003 125 omas3 0B4 om1 0B1 000 481 om3
Breads
Wheat-rye mixed bread 201 0m2 152 (o] u 0] 007 0om3 0[5 000 4116 o3
Coarse wholemeal bread 2[45 05 100 oas 005 0m2 009 000 4[49 oaz
Fine wholemeal bread 315 0m3 133 od1 008 om1 0143 000 480 oa1

*Data are calulated from the composition of substrates and their fermentability as presented by Wisker et al. 1998. For details of substrate preparation see p. 32, and
for details of diets see p. 32 and Wisker et al. 1998.

T Sum of arabinose and xylose.

FSum of glucose, galactose and mannose.
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Table 2. Short-chain fatty acids (SCFA) produced during the fermentation in vitro of substrates prepared from the mixed diets and single fibre
sources contained in these dietst

(Least squares means with their standard errors for seven subjects)

Fermentation substrate ... Total SCFA% Acetate Propionate Butyrate

mmol/g fermented

mmol/l  polysaccharide§ molar ratio
Diets
Low-fibre diet 4612 108° 6901 193 113°
High-fibre diet (coarse wholemeal rye bread) 413° 8mB° 6403 1600 19072
High-fibre diet (fine wholemeal rye bread) 4207° omP 6503 1903 156%
SE 13 03 20 212 15
Breads
Wheat—rye mixed bread 44107 1062 658 2192 12@°
Wholemeal rye bread (coarse) 403 8P 6302 1507° 20092
Wholemeal rye bread (fine) 410 8mP 6401 2028 1507°
SE 13 04 23 23 16
Difference between diet and corresponding bread
Low-fibre diet—wheat rye mixed bread 20 33* —-2[4* -1M0
High-fibre diet (coarse wholemeal rye bread)—coarse wholemeal rye bread 10 1a 03 -12
High-fibre diet (fine wholemeal rye bread)—fine wholemeal rye bread 17 1a -00* -0
SE 0™ 0B 03 0B

3P For each study and group of substrates, values within a column with unlike superscript letters were significantly different (P < 0[05). For details of statistical
procedures see p. 33.

Values were significantly different from zero: *P < 0[05. For details of statistical procedures see p. 33.

T For details of diets see p. 32 and Wisker et al. (1998).

F Total SCFA, sum of acetate, propionate and butyrate.

§ Polysaccharides, sum of non-starch polysaccharides and resistant starch.

bread P < 0[05) and the wheat—rye mixed bredi< 0[01). Faecal SCFA during the ingestion of the experimental
Although the butyrate ratio for the fine wholemeal bread diets and the differences betweiarvitro and faecal SCFA

was higher than that for the wheat—rye mixed bread, the molar ratios are shown in Table 3. Although the concent-
difference was not significanfP(=0[0880). The diet con-  rations of faecal SCFA differed between the single diets,
taining the coarse bread and the coarse bread itself were thehe differences were not significant because of large indivi-
only substrates leading to higher butyrate than propionatedual variations. Molar ratios of butyrate were enhanced
ratios. Significant differences between mixed diets and during the intake of the diets containing wholemeal bread,
corresponding breads were observed for the ratio of acetatebut the differences to the diet containing wheat—rye mixed
(P < 0M01) and propionateR(< 001) for the couple low-fibre  bread were not significant (coarse bread Bietd00903, fine

diet/wheat—rye mixed bread and for the ratio of propionate bread dietP =0[3294). Similarly toin vitro, the high-fibre

for the couple high-fibre diet containing fine wholemeal rye diet containing coarse bread led to higher faecal butyrate
bread/fine wholemeal rye bread € 0[01). than propionate ratios. For all three diets, there were only

Table 3. Concentrations and molar ratios of faecal short-chain fatty acids (SCFA) and differences between in vitro and faecal
molar ratios of SCFA*T

(Least squares means with their standard errors for seven subjects)

Acetate Propionate Butyrate

Total SCFAT
(nmol/g wet faeces) Molar ratio

Low-fibre diet 640 635 216 1409
High-fibre diet (coarse wholemeal bread) 756 623 17® 198
High-fibre diet (fine wholemeal bread) 958 6138 204 177
SE 150 301 21 1
Difference between in vitro and faecal molar ratios of SCFA

Low-fibre diet 56 -20 -3B

High-fibre diet (coarse wholemeal bread) 20 -1 o

High-fibre diet (fine wholemeal bread 30 -1a -20

SE 19 13 138

* Differences between concentrations and molar ratios of SCFA in faeces were not significant. For details of the statistical procedure see p. 33.

T Differences between faecal and in vitro molar ratios of SCFA were not significantly different from zero. For details of statistical procedures see
p. 33.

$SCFA, sum of acetate, propionate, and butyrate.
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non-significant differences between faecal aindvitro The SCFA patterns obtained vitro were influenced by
molar ratios of acetate, propionate and butyrate; the overallthe particle size of the breads, although the particle size had
agreement was best for the high-fibre diet containing coarseno effect on the extent of NSP degradation (Wiskeial.
wholemeal bread. 1998). The percentages of butyrate measured for the coarse
wholemeal bread-containing diet and the coarse wholemeal
bread alone were similar to values reported for wheat and
oat bran (McBurney & Thompson, 1990; Adiotomeeal.
After 24 hin vitro fermentation of substrates obtained from 1991; Weaveet al. 1992). The butyrate ratios for the fine
mixed diets the amounts and patterns of SCFA varied wholemeal bread-containing diet and the fine bread, how-
depending on the types of bread present in the diets.ever, were lower. With the coarse wholemeal bread-contain-
Bread contributed more than 80% to total NSP in the ing diet and the coarse bread about twice the amounts of RS
high-fibre diets. Accordingly, there were only small differ- were fermented compared with the fine whole bread-con-
ences in the SCFA patterns between these diets and theaining diet and the fine bread. Starch presumably included
corresponding breads. For the low-fibre diet that contained ain coarse particles escaped the enzymic hydrolysis during
lower proportion of bread NSP (60 %), there were greater the preparation of the residues, and hence acted as fer-
differences between diet and bread SCFA patterns. mentation substrate. Starch was shown to yield relatively
In vitro fermentations were performed for 24 and 48 h high molar proportions of butyrate (mean 22 %) (Cummings,
(Wisker et al. 1998), but we evaluated the results with 1995).
respect to SCFA production only for the 24 h incubations.  Although the amounts of fermented RS were similar for
After that time the extent of NSP breakdowrvitro agreed the low-fibre wheat—rye mixed bread and the fine whole-
rather well with the degradation measuriedvivo, whilst meal rye bread, the latter yielded a higher ratio of butyrate
after 48 h the breakdown of NSR vivo was significantly (although only borderline significanB =0[088). Thisin
overestimated (Wiskest al. 1998). Furthermore, in a static  vitro finding may support results obtained in rats, in which
in vitro system after long incubation times substrates replacing white bread by increasing amounts of wholemeal
become depleted and bacterial metabolites accumulate pread led to increasing production of butyrate in the caecum
some of which may inhibit the bacterial acitivity (Brabech (Key & Mathers, 1993). Compared with the wheat—rye
Mortensenret al. 1991; Macfarlaneet al. 1994). mixed bread, for the substrates prepared from wholemeal
It cannot be excluded that the dilution of the freshly rye bread more pentoses (arabinoxylans) were fermented,
voided faeces with water (1:5) and the concentration of which in part originated from the outer layers of the rye
inocula (40 g/l) had an influence on the activity of the faecal grain (Selvendran, 1983). Recent studies in pigs on different
bacteriain vitro. However, previous vitro studies showed  milling fractions of rye indicate that comparatively high
that SCFA formation was not altered with osmolarity butyrate ratios may be ascribed to NSP present in the
changes in the range of 50 (dilution of faeces with plain aleurone layer (Glitset al. 1998).
water) to 600 mosmol, but was completely inhibited above = The concentrations of faecal SCFA during the consump-
2000 mosmol/l (Brgbech Mortenset al. 1991). Inoculum tion of the experimental diets were in the range of those
concentrations used in other studies varied. Adiotomre reported by other authors (Cummingtsal. 1996; Hyllaet al.
et al. (1991) and Weaveet al. (1992), for example, used 1998), but as in many previous studies (e.g. Cummaigd
the same or similar inoculum concentrations (40 and 50 g/l 1996; Heijneret al. 1998; Hyllaet al. 1998) they were not
respectively) as we did, but in other studies fermentations significantly affected by the diet consumed, most likely
were performed with inoculum concentrations between because most of the SCFA produced are rapidly absorbed
10 (McBurney & Thompson, 1989) and 250 g/l (Salvador (Ruppinet al. 1980). The molar proportions of faecal SCFA,
et al. 1993). The good agreement between the exteim of however, can be influenced by the substrates available in the
vivo and in vitro NSP degradation after 24 h incubation distal gut (Mcintyreet al. 1991; Macfarlanest al. 1994).
(Wiskeret al. 1998) suggests that the inocula had sufficient The higher butyrate ratios (although not significantly) for
activity. the wholemeal bread-containing diets compared with those
On a weight for weight basis, approximately 60—70 % of for the wheat—-rye mixed bread-containing diet probably
hexose monosaccharides can theoretically be converted tdndicate that parts of the NSP in the wholemeal breads
SCFA (Miller & Wolin, 1979; Cummings, 1994, 1995). resisted fermentation in the proximal colon and served as
Taking the molar ratios of SCFA into account, for the low- substrates for the bacteria in the distal gut. This would agree
fibre diet and the diets containing coarse or fine wholemeal with results in rats in which fermentation of wheat bran
rye bread, B2, 052 and @3 g SCFA respectively, were persisted until the distal large bowel (McIntyeeal. 1991).
produced per g fermented monosaccharide. The correspondfFaecal starch excretion was low and not significantly
ing values for the wheat—rye mixed bread, the coarse anddifferent between the diets, although there was a tendency
fine wholemeal rye bread weré3, 0534 and (B1 g respec- to higher losses for the coarse bread diet (Wisted. 1996).
tively. Thus, for the high-fibre diets and the corresponding So itis not clear whether the somewhat higher ratio of faecal
breads the SCFA yields were lower than the theoretically butyrate for the coarse compared with the fine wholemeal
possible amounts, while the conversion was more efficient bread diet was due to more starch reaching the distal colon
for the substrates prepared from the low-fibre diet and the with coarse particles.
wheat—rye mixed bread. The reasons for these differences For a given substrate, the molar ratios of SCFA did not
are not obvious; probably they are related to differences in change markedly between 12 and 24 hro¥itro fermenta-
the types of polysaccharides fermented. tion (McBurney & Thompson, 1990). If this were also the

Discussion
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casein vivo, the best agreement betweiarvitro and faecal breakdown by mixed populations of human faecal bacteria.
SCFA pattern might be expected for polysaccharides the FEMS Microbiology and Ecolog95, 163—-171.

fermentation of which could persist to the distal end of the Glitse LV, Brunsgaard G, Hgjsgaard S, Safidst8 & Bach
bowel. For the diets investigated, there were no significant Knudsen KE (1998) Intestinal degradation in pigs of rye dietary

: L : fibre with different structural characteristiddritish Journal of
differences betweein vitro and corresponding faecal SCFA Nutrition 80, 457—468.

patterns, but the agreement was best for t_he di.et contain_ingGoelring HK & Van Soest PJ (197@)rage Fiber Analyses. Agri-
the coarse wholemeal bread. The NSP in this latter diet ~ . 1ure Handbookno. 379. Washington, DC: United States

probably was more slowly fermented than NSP in the other  pepartment of Agriculture, U.S. Government Printing Office.
diets, because the coarse particles might have impeded the4ejjnen ML-A, van Amelsvoort, JMM, Deurenberg P & Beynen
access to bacterial enzymes. AC (1998) Limited effect of consumption of uncooked (fr8r

In conclusion, our studies showed that after 24 kitro retrograded (R§ resistant starch on putative risk factors for
fermentation the SCFA patterns obtained for total diet colon cancer in healthy memmerican Journal of Clinical
residues were influenced by the breads present in theHy’;f;”Siticg‘oizh;Zi—gilsé |G, Anger H, Bartram H-P, Christl SU
glr?(;f)-sggre”r\(lj.e\?vﬁ()eleﬁ’fl ez?t;ﬁjcjlr?nénlde.thberer;’;l:rti?:ggp;rzeed hf;%m Kasper H & Scheppach W (1998) Effect of resistant starch on

. Co the colon in healthy volunteers: possible implications for cancer
an effect on the molar ratios of SCFA produdedvitro. prevention.American Journal of Clinical Nutritior67, 136—

The type of bread had also an effect on faecal SCFA 71,5
pattern, but the differences between the different bread- ey FB & Mathers JC (1993) Gastrointestinal responses of rats fed

containing diets were less pronounced tiawitro. For the on white and wholemeal breads: complex carbohydrate digesti-
diets investigatedin vitro and faecal SCFA pattern were bility and the influence of dietary fat contef@ritish Journal of
similar. Nutrition 69, 481-495.

McBurney Ml & Thompson LU (1989) Effect of human faecal
donor onin vitro fermentation variablesScandinavian Journal
Acknowledgements of Gastroenterologp4, 359—-367.
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