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The present study investigated whether the extent of fermentation of NSP in human subjects
could be predicted by aim vitro batch system. Fibre sources studied were five mixed diets
containing different amounts and types of fibre and three single fibre sources (citrus fibre
concentrate, coarse and fine wholemeal rye bread). Fermentation in human subjects was
determined in balance experiments in women who were also donors of the faecal inncula.
vitro fermentations were performed with fibre residues prepared from duplicates of the fibre-
containing foods consumed during the balance trials. Fermentation of totaliN@®o was
between 68 and 886 % for the mixed diets and 541 580 and 969 % for the coarse and fine
wholemeal rye breads and the citrus fibre concentrate respectively. For the mixed diets and the
citrus fibre concentrate, mean differences between the extent of NSP degradation afier 24 h
vitro incubation and thain vivo were betweenr-0-7 and 50 %. Differences were significant for

one diet P < 0-05). For the wholemeal rye breads, the fermentaitioritro exceeded thah vivo
significantly, but the magnitude of the difference in each case was small and without
physiological importance. Particle size of breads had no influence on the extent of NSP
degradation. These results indicate thatitheitro batch system used could provide quantitative
data on the fermentatian vivo of NSP in mixed diets and some single fibre sourcesinAritro
incubation time of 24 h was sufficient to mimic the NSP degradaitiorivo.

Fermentation: Non-starch polysaccharidesin vitro batch system

NSP are the predominant components of dietary fibre (DF). advantages over time-consuming and expensive human
Their susceptibility to bacterial fermentation is of major fermentation studiesln vitro systems are inexpensive,
significance for the actions of DF in the large intestine. different NSP sources can be fermented at the same time
Fermentation of NSP affects their structural properties and and they can be used for screening of new fibre sources not
water-holding capacity and thereby their effect on stool yet permitted for human consumptidn.vitro studies using
weight. Fibres that are extensively degraded have a lowerrat faecal inocula suggest that the energy values of NSP may
faecal bulking capacity than more resistant types of fibre be predicted by their fermentabilityy vitro (Barry et al.
(Stephen & Cummings, 1980). This is especially the case if 1995).
the fermentation is rapid and occurs mainly in the proximal  However, in a ring test on thim vitro fermentation of
colon (Edwardset al. 1990). The short-chain fatty acids several purified and semi-purified fibres which were chosen
(SCFA) acetate, propionate and butyrate formed from to cover a wide range of fermentability, the extent of
bacterial NSP breakdown are efficiently absorbed. Besidessubstrate degradation differed markedly between labora-
their contribution to the body’'s energy supply (McNeil, tories. The greatest differences were observed for fibre
1984), they have specific metabolic functions. Butyrate, for with intermediate fermentability (Barrgt al. 1995). The
example, is the preferred fuel of colonic epithelial cells reasons for these discrepancies are difficult to establigh. If
(Roediger, 1982) and is thought to contribute to the protec- vitro fermentation is to be used for quantitative purposes, for
tive role of fibre against large-bowel cancer (Bingham, example for the estimation of energy values of NSP for food
1990). labelling purposes, it will be necessary for the same degree
Fermentability of NSP and production of SCFA can be of NSP degradation to occur vitro andin vivo. Therefore,
studied rather easily witin vitro batch systems utilizing  the fermentability of NSP obtaineth vitro should be
faecal bacteria. Thesén vitro systems have several validated using human balance studies.

Abbreviations: DF, dietary fibre; SCFA, short-chain fatty acids.
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Fibre sources such as those studied by Batgl. (1995) Diets

have specific properties and may be used for Spec'alAIIfood consumed during the experiments was provided by

purposes as food ingredients. However, normal human S !
diets consist of mixtures of different fibres derived from the institute and Was.vyelghed to the nearest gram. In _each
study, two DF-containing menus of similar composition

natural or manufactured foods, which are ingested at various . ; . . ; :
iake fevel. Processing o oods such as eating o rndt ' S 7118101, g each experimert) pericd,
ing may modify the sicochemical properties o an " . . ; :
thgrebg affectf}[/he supscéptibility of NSIEtopbacterial fermen- Additional fibre-free foods were provided in amounts that
tation (Guillonet al. 1996). At present, there is not much covered individual energy requirements, but were _kept
information about whethein vitro syétems are able to constant for each subject during the experimental periods.
pedit e fermentabiiy. in human subjecs, ‘of NP 2% LY DRI 96t e consumed 56 ool
processed in different ways Matao, Brazil) providing 2@ g NSP was added to bread,
The objective of the présent study was to determine ‘kaa)‘rk, (arlf":jd of cottage chees(vje)_, _‘chIBmll_ch’(Lerrlnen:c_ebd
T : milk), mashed potatoes, soup and juice. During the low-fibre
whether the extent of fermentation in human subjects of . . . :
S ) S ' : . diet these foods were consumed without added citrus fibre
NSP in mixed diets, and in single fibre sources contained in (Table 1). The low-fibre control diet and the high-fibre diet

these diets, could be predicted quantitatively byiraxitro . .
: ; . . provided 1% and 402 g NSP/d, 3@ and 6% % of which
batch system. The diets studied differed in the amounts andwas derived from fruits, vegetables and potatoes.

proportions of cereal, fruit and vegetable fibres they con- Study 2 The diets consisted of a low-fibre control diet and

tained. The single fibre sources investigated were whole- ., b finre diets, which differed in the type of bread they
meal rye breads of two different particle sizes and a citrus contained (Table 1). During the low-fibre control diet, 200
fibre concentrate. Fermentatiam vivo was determined in low-fibre bread an d.75 g gake were eaten daily V\/hen tﬁe
B;lla‘l’;lr:]ci;);%(ﬁghme%ntsé:‘sﬁm;/r;ttzt:gnegtg%r\a%s Ee\r;g:]mgg est, hig?—ﬁb(rje l;Jlie:tgs5 \(/)vere consumeg%l;)w—;ibre brr]efl:ld andI cakebwerg
1970) using human faecal inocula. The subjects participat- replaced by soU g coarse or g fine wholemea rye brea
S . (high-fibre diets containing coarse and fine wholemeal rye
:Ecg)cll;]lathe balance trials were also donors of the faecal bread respectively). Daily intakes of NSP were71G£0-3),

' 382 (se0-3) and 377 (Se0-3) g, when the low-fibre diet and
the high-fibre diets containing coarse or fine wholemeal rye
bread respectively, were consumed. Cereal foods contributed
) 601, 825 and 830 % respectively, to total NSP intake on
Subjects these diets. Low-fibre bread was bought in a single batch in an

A total of seventeen healthy, free-living female students amount sufficient for all experimental periods and stored at

aged 22—31 years took part in the balance experiments. The— 20 until consumed. Wholemeal rye breads were baked from

subjects were highly motivated students in nutritional On€ Single batch of rye milled to two different particle sizes
sciences, who were interested in the objectives of the (COarse bread: 50% of particles>2mm, 90%>1mm; fine
study. They had not taken antibiotics for at least 6 weeks Pread: 99 % of particles 05mm, 58 %< 0-2mm) (Federal
before the beginning of the experiments. Informed written !NStitute of Grain, Potato and Fat Research, Detmold,
consent was obtained from all volunteers. The study was G&rmany) and kept frozen until used.

approved by the Ethics Committee of the Medical Faculty of

the University of Kiel. Balance technique

Experimental: human balance studies

Balances were performed during the last 7 d of each
Study plan experimental period. Duplicates of all foods consumed
; - . ; - were weighed, homogenized and freeze-dried. Acid brilliant
Two studies with a total of five experimental periods were green (E142, provided by H. Schulz, Dragoco, Holzminden,

performed. Study 1 included two experimental periods of G : lati | : f | K
28d each; periods were separated from each other by 28 d. ermany) in a gelatin capsule was given as a faecal marker

The low-fibre control diet and the high-fibre diet were at the beginning and gnq of each collection period. Faeces
consumed in a crossover design. Study 2 included threeVere collected quantitatively from the appearance of the

experimental periods during which the low-fibre control diet 'St marker until the appearance of the second marker.
and two high-fibre diets were eaten. Subjects were randomly " 2€C€S weire coIIefcted separﬁtelly in plastic pots rtlhat were
assigned to start on one of these diets and then followed a:cmmedlaAtfey tranﬁ Errled to the dabforatory, bwe_lg de?‘l and
different sequence of diets. Each study period lasted 22 d;T0Zen- After each balance period, faeces obtained from a
periods were separated from each other by 21 d. During the9/Ve" Subject were combined, thawed, homogenized and
studies, subjects had a controlled food intake that main- one sample was freeze-dried.

tained their body weight in the rangel kg of their starting

weight. The subjects had lunch together in the institute; Experimental: in vitro fermentation studies

foods for all other meals were prepackaged and eaten at
home. To ensure compliance, three of the authors (MD, EW,
WF) ate lunch with the subjects and talked with them about Study1. In-vitro fermentations were carried out 3—4 months
potential problems arising during the study. after the balance experiments when subjects were consuming

General procedure

ssa.d Ansseniun abpriquied Aq auljuo paysiignd S0EL0086S L LL000S/ZLOL 0L/BIo 10p//:sdny


https://doi.org/10.1017/S0007114598001305

Fermentation in human subjects andvitro 255

Table 1. Dietary fibre sources consumed (g/d) during the balance experiments*

Study 1 Study 2
High-fibre diets containing:
Low-fibre High-fibre Low-fibre coarse whole- fine whole-

Food control diet diet Food control diet  meal rye bread meal rye bread
Wheat/rye mixed breadt 300 300 Wheat mixed bread 200
Tomato/chicken souptt 210 210 Cake 75 -
Mashed potatoest 205 2308 Coarse wholemeal rye bread - 350 -
Cucumber/Chinese leavest 150/40 150/40 Fine wholemeal rye bread - - 377
Strawberries/orangest 150 150 Potatoes 100 100 100
‘Quark’/‘Dickmilch’t1 118 1558 Salad/cucumbert 60/150 60/150 60/150
Orange juice/maracuja juicetf 500 500 Orange/strawberriest 150/150 150/150 150/150
Marmalade/honeyt 40/20 40/20 Marmalade/honey* 40/20 40/20 40/20

* Each subject consumed the same amounts of these foods daily during the low-fibre and the high-fibre diet periods respectively. Substrates for the in vitro fermentation
were prepared from these foods as described on p. 255.

T Foods were enriched with citrus fibre during the high-fibre diet period.

¥ Foods were consumed in rotation for 4 weeks (study 1) or 3 weeks (study 2) in each experimental period.

§ Weight of foods was increased during the high-fibre diet period because additional water was added.

their habitual diets. Seven of the ten subjects who took part Fermentations
in the balance experiments participated inithgitro trials;
three subjects had finished their studies and had left the
university. Subjects had not taken antibiotics during the
time between the balance trials and thevitro fermenta-
tions. From each subject, one faecal sample was obtaineo{
and prepared as described later.

Study 2. In vitrofermentations were performed between
day 17 and day 21 of each experimental period. During each
of the experimental periods one faecal sample from each
subject was prepared for the vitro trials.

Study 1 Portions of each faecal homogenate obtained from
each subject were incubated with the DF residues obtained
from the low-fibre diet, the high-fibre diet and the citrus
ibre concentrate respectively. Incubations were performed
or 0 and 24 h. Flasks without added substrate as blanks
were also incubated for 0 and 24 h with each inoculum. All
incubations were performed in duplicate.

Study 2 In each experimental period, portions of each
faecal homogenate obtained from the individual subjects
were incubated with the DF residues prepared from the fibre
) sources eaten by these subjects during this period. Incuba-

Fermentation substrates tions were performed for 0, 24 and 48 h. Flasks without
DF residues obtained from a freeze-dried mixture of the added substrate as blanks were also incubated for each time

fibre-containing foods in the experimental diets (Table 1), Point with each inoculum source. All incubations were
the citrus fibre concentrate and the coarse and fine whole-Performed in duplicate. _
meal breads were used as substrates foirthéro fermen- Fermentations were conducted in 125ml Erlenmeyer

tations. With the exception of the substrates containing flasks using the technique and the solutions as described
coarse bread, the freeze-dried foods were milled through aPy Goering & Van Soest (1970). The basic components of

0-5mm screen. For the diet containing coarse wholemeal this system include substrate, culture medium, reducing
bread, bread was dried separately from the other foods andSolution and faecal inoculum. The culture medium con-
crumbled by hand to a particle size resembling that of the t&ined (per litre): 2 g trypticase peptone;ag NHHCO;,
coarse meal used for bread making. Bread and the other87> g NaHCQ, 143 g NaHPQ, anhydrous, B5 g
freeze-dried ground foods were mixed together before the KH2POu anhydrous, @5 g MgSQ.7H,0, 1:25mg resa-
preparation of the DF residues. Coarse bread alone was alsgUrn, 165mg  CaC}.2H,0, 125mg MnCb. 4H,0,
comminuted to the particle size of the coarse meal. DF residuesl'25 Mg CoC} . 4H;0, and 10mg FeC}.6H,0. The
were prepared according to a gravimetric method for DF réducing solution contained (per litre): 269 cysteine
analysis (Prosket al. 1985) and freeze-dried. Filtration was —HCl, 169 NaOH, and @5g N3S.9H0. Culture
performed using Fibretec E filtration apparatus (Tecator, Medium (32ml) was added to 400 mg substrate (DF residue)
Hogaris, Sweden). For each diet and the fibre concentrate 12—24 h before the start of the incubation to ensure
respectively, DF residues were prepared in an amount suffi-Complete hydration of the samples. Flasks were sealed

cient for all incubations and kept in a desiccator until used. with Parafilm and stored in the refrigerator to limit the
possibility of microbial growth. At 1-2 h before inocula-

tion, the bottles were placed in a“33haking water bath,
reducing solution (B ml) was added and then flasks were
Freshly passed faeces were immediately homogenized forsealed with rubber stoppers. Stoppers were fitted with three
3 min with four times their weight of distilled water, filtered openings (an inlet tube, a Bunsen valve, and a gassing tube
through four layers of cheesecloth to remove particles and connected to a common manifold as described by Goering
immediately used as inoculum. Inoculum preparation was & Van Soest (1970). The manifold was connected to a
performed under a constant flow of GO supply of CQ, and flasks were bubbled with GOnto each

Faecal inoculum
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flask 8 ml of faecal suspension was injected through the inlet trials as well as in thé vitro fermentations were taken into

tube, and incubations were performed under a steady streanaccount with the calculations.

of CO, (3—4 ml/min). Flasks were gently shaken (shaking

rate: 50/min). Fermentation was stopped by adding 1 ml L

ethylmercurithiosalicylate (10 g/l). Residual NSP was deter- Statistical analyses

mined in the freeze-dried contents of the flasks. The comparisorin vitro v. in vivo was done as a paired
comparison by analysing the differences between the fer-
mentation of NSRn vitro andin vivo for the same subject,

Chemical analyses DF source and time. Data were analysed as a crossover
Freeze-dried samples of food and faeces were milled design with subjects as the random factor, and period (of the

through a @ mm screen. DM content of food and faeces balance experiments), diets and in study 2, fermentation
was determined by drying the freeze-dried samples at 105 Ume (24 and 48 h) as fixed factors. For the single fibre
for 8 h. N was assayed by a micro-Kjeldahl method. Protein sources (C'm_JS fibre concentrate,_coarse_ anq fine wholemeal
was calculated as N6:25. Starch in faeces, fermentation 'Y€ bread), differences betwegnvivo andin vitro fermen-

substrates and residues was determined by the method of . p S
Bjorck et al. (1986). Neutral NSP monomers in foods, and diet, because the fermentation of these filorgsrowas

faeces and in then vitro fermentation substrates and OPtained by differences between the fermentation on the
residues were determined by GLC as alditol acetates by Nigh-fibre and the corresponding low-fibre diet (see p. 256).
the Uppsala method C (Theander & Westerlund, 1986) Least squares means for the differences were estimated by
using 1-methylimidazole as a catalyst for the derivatization Mixed modelanalysis and testedtigst to see whether they

of NSP monomers. Corrections for hydrolytic losses and We'® S|gn|f|cantly_d|fferent from zero. The statistical ana-
detector response were made by performing the analyse§ySIS was do_”e using th‘? procedure MIXED of SAS Release
with known sugar standards. Uronic acids were measured in5-12 (Statistical Analysis Systems Institute Inc., Cary, NC,
the acidic hydrolysate according to the method of Engyst ~ USA)- Differences were regarded as significari®at 0-05.

al. (1982). Total NSP was calculated as the sum of neutral

sugars and uronic acids. NSP constituents and total NSP Results

were expressed as polysaccharides (weight of mono-
mersx 0-9).
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The compositions of the DF residues used as substrates for
thein vitro fermentations are shown in Table 2. Total NSP
accounted for 49-707 % of the substrates. In addition,
. substrates contained variable amounts of protein and some
Calculations starch resistant to the degradation by termamyl/amyloglu-
The fermentation of NSHn vivo was estimated as the cosidaseEC3.2.1.3). The pattern of NSP constituent sugars
apparent digestibility of NSP, i.e. the difference between depended on the foods the residues were prepared from.
dietary intake and faecal excretion, expressed as percentag&ruit and vegetable fibre sources (study 1: high-fibre diet
of intake. The fermentation of the additional NSP (citrus and citrus fibre concentrate) were especially rich in uronic
fiore, coarse or fine wholemeal rye bread) during the high- acids (i.e. pectin) and glucose (i.e. cellulose). In the residues
fiore diet periods was calculated from the difference in which cereal fibre sources predominated (study 1: low-
between intake and excretion of NSP during the high-fibre fibre diet, study 2: all fibre sources), the most abundant
(HF) diet and the corresponding low-fibre (LF) control diet constituent sugars were pentoses (arabinose and xylose) and

as: glucose. Compared with the NSP monomers ingested during
the balance experiments, the preparation of the residues had
fermentation(%) = [[(NSPhtake HFdiet — NSPrtake LE-diet) no major effect on the chemical composition of the NSP.
- (NSRaxcretion HFdiet — NSPexcretion LF-diet)]/ Study 1

NSR, et — NSR, et)] X 100 L . .
(NSFhiake Hediet intake L-dieu)] Fermentatiorin vivo of total NSP in all subjectsn(10) was

774 (sb6-3), 885 (sp2-6) and 987 (sb6-3) % for the low-

The fermentation of NSB vitro was calculated as follows: fibre diet, the high-fibre diet and the citrus fibre concentrate

f tation(%) = [T(NSE: — B-) — (NSP — B. respectively. The extent of bacterial NSP degradation as
ermentation(%) = [[(NSFy o) — (NSR o measured in the balance experimenits\ivo) in the sub-
(NSRy, — Bg)] x 100, jects acting as inoculum donors (7) and in vitro is

presented in Table 3. Total NSP and all NSP monomers

where NSR and NSP are the NSP contents in flasks present in the low-fibre diet and the high-fibre diet were
containing substrates at time 0 and i respectively, apd B fermented to more than 70 ¥ vivo as well asn vitro. NSP
and B are NSP contents in blank flasks at time 0 and i in the citrus fibre concentrate was nearly completely
respectively. degraded. The differences betweim vivo and in vitro

For each subject differences between the fermentation offermentations are given in Table 4. Differences between
NSP in vitro and in vivo were calculated as percentage in vivo andin vitro fermentation of total NSP were small
fermentationin vitro — percentage fermentatidn vivo. In (50, 26 and—0-2 % for the low-fibre diet, the high-fibre
study 1, only the subjects (7) participating in the balance diet and the citrus fibre concentrate respectively), and were
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Table 2. Composition of the dietary fibre (DF) residues used as substrates for the in vitro fermentations and contribution of
NSP constituent sugars to total NSP in the DF-residues and the experimental diets (in vivo)*

Study 2
Wholemeal rye
Study 1 High-fibre diets containing: breads:
Citrus fibre coarse wholemeal  fine wholemeal
Low-fibre diet  High-fibre diet  concentrate Low-fibre diet rye bread rye bread coarse fine
Composition of DF residues (g/kg DM)
Total NSP 450 571 685 478 634 654 621 707
Resistant starch 54 23 0 80 106 54 105 46
Protein 345 230 153 295 170 25 140 90
NSP constituent sugars (g/100 g total NSP)
Arabinose
in vitro 189 152 130 18:0 202 217 23:8 250
in vivo 144 137 14-9 133 186 19-0 2019 220
Xylose
in vitro 25-1 114 31 238 315 336 385 421
in vivo 216 114 35 193 315 324 36:3 378
Mannose
in vitro 69 4-4 26 71 33 38 37 38
in vivo 4-6 36 36 60 34 32 33 24
Galactose
in vitro 8:0 81 7-2 84 52 61 31 34
in vivo 108 89 65 10-2 60 61 4-4 4-9
Glucose
in vitro 28:4 29-2 26-4 280 293 24-6 285 232
in vivo 314 287 308 343 315 30-2 308 293
Uronic acids
in vitro 127 317 47-7 14-6 104 101 23 24
in vivo 17-3 338 40-7 166 89 91 4-4 37

“ Dietary fibre residues were prepared from the fibre sources presented in Table 1. For details of the preparation of the residues, see p. 255.

only significant P < 0-05) for the low-fibre diet, mostly due  experiments i6 vivo) and in vitro after 24 and 48 h
to differences in the degradation of NSP-glucose which was incubation is shown in Table 5. Fermentability of these
111 % higherin vitro (P < 0-05). Where, for the other NSP  fibres was between 54 and 863%. The differences
constituent saccharides, significant differences were found,betweenin vivo and in vitro fermentations are given in
they were either small (e.g. for arabinose in the low- and Table 4. After 24 hin vitro fermentation, the breakdown of
high-fibre diets) or concerned monomers present in low total NSP in the mixed diets agreed very well with the
concentrations (e.g. xylose in the citrus fibre concentrate, fermentation of these NSP measured in the balance trials.
mannose and galactose in the low-fibre diet). For the main constituent sugars (pentoses and glucose), the
fermentability of arabinose in the low-fibre diet was
Study 2 slightly, but significantly higherR < 0-01) in vitro thanin
vivoand that of glucose in the high-fibre diet containing fine
The extent of NSP fermentation as measured in the balancewholemeal bread was approximately 10 % lovirervitro

Table 3. Study 1. Extent of fermentation (%) of NSP in mixed diets and citrus fibre concentrate as determined in human balance experiments (in
vivo) and in vitro*t

(Mean values with their standard deviations for seven subjects)

Arabinose Xylose Mannose Galactose Glucose Uronic acids Total NSP

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean sSD

Fermentation in vivo

Low-fibre diet 707 5:0 771 56 856 5:0 765 4-5 717 138 90-5 32 777 61

High-fibre diet 864 34 801 63 89-0 37 837 4-0 832 66 95-6 1-3 886 32

Citrus fibre concentrate 98-9 29 1000 00 94-3 61 92:2 6-1 920 9:0 97-3 13 96-9 4-0
Fermentation in vitro

Low-fibre diet 76-6 19 802 26 92:0 2:4 830 14 824 4-5 91-1 4-2 825 11

High-fibre diet 90-1 16 842 37 917 32 852 19 90-0 53 977 13 914 16

Citrus fibre concentrate 979 11 896 56 90:0 5-8 89-3 1-3 94-8 2:1 99-4 0-3 96-7 0-8

* For details of the determination of NSP fermentation in vivo, see p. 254 and p. 256.
T For details of the determination of NSP fermentation in vitro, see pp. 254—256.
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Table 4. Differences (%) between the fermentation of NSP in human balance experiments (in vivo) and in vitrot$
(Least squares means with their standard errors for seven subjects)

Arabinose Xylose Mannose Galactose Glucose Uronic acids Total NSP
Study 1
Mixed diets
Low-fibre diet 5-9** 33 6-5* 6-5** 11-1* 06 5-0*
High-fibre diet 36 38 2:6 16 63 21 2:6
SE 16 25 2:1 15 4-6 12 19
Citrus fibre concentrate -10 —10-4* —4-4 -29 2:8 2:1% -0-2
SE 09 21 34 25 2:9 05 14
Study 2
Mixed diets: 24 h in vitro fermentation
Low-fibre diet 4-3%* 30 36 6-8** -7-2 2:6 10
High-fibre diet, coarse bread -06 06 02 5:4* -36 5-6* -07
High-fibre diet, fine bread 0-3 -0-2 4.:2* 6-6** —10-3* 6-5** -11
Mixed diets: 48 h in vitro fermentation
Low-fibre diet 5:2%* 4-4* 7-8** 9-0** 69 5-0* 6-3*
High-fibre diet, coarse bread 3:9* 6-0** 8:4** 8:8** 9-8 5-0* 7-0**
High-fibre diet, fine bread 2:2 1-8 Q- 7** 10-8** 0-4 7-2*%* 32
SE 15 19 2:1 2:0 4-9 21 2:2
Coarse wholemeal rye bread
24 h in vitro fermentation 7-5%* 5-8 36-6** 23-7* 126 n.c. 8-8*
48 h in vitro fermentation 7-1** 8-8* 42-4** 25-5* 19-9* n.c. 12:6**
SE 21 27 9:3 8:6 6:0 31
Fine wholemeal rye bread
24 h in vitro fermentation 9-9** 6-4** 50-9* 17-0** 2:4 n.c. 8-1**
48 h in vitro fermentation 9-6** 6-1** 53:0* 23:1** 7-5* n.c. 9-5%*
SE 2:0 15 16-3 32 2:8 13

n.c., not calculated.

Differences were significantly different from zero: * P < 0-05; ** P < 0-01.

T For the calculation of the differences between the fermentation in vivo and in vitro, see p. 256.
t For the statistical analysis of the differences see p. 256.

thanin vivo (P < 0-05). After 48 hin vitro fermentation, the ~ no changes were detected in individual transit time which
breakdown of NSP present in the low-fibre diet and the could be related to the stage of menstrual cycle (Wymtan
high-fibre diet containing coarse bread was significantly al. 1978; Marlettet al. 1981). Hence, cycle-related effects
higher P < 0-05 andP < 0-01 respectively) than that vivo on the fermentatioim vivo seem to be rather unlikely.

due to a higher breakdown of all NSP constituent sugars Large differences have been found in the fermentation of
vitro. For the diet containing the fine wholemeal bread, NSP between human subjects eating the same diets (South-
however, differences betweé@mvivo fermentation and 48 h  gate & Durnin, 1970; Bach Knudsest al. 1994). Several

in vitro fermentation were small and not significant with the investigators have also reported differences in the capacity
exception of the minor NSP components (mannose, galac-of individual faecal inocula to ferment a given substriaite
tose and uronic acid), which were more fermentailétro. vitro (McBurney & Thompson, 1989; Bourquet al. 1993).

For the coarse as well as the fine wholemeal bread, theln the present work, the faecal inocula were obtained from
fermentation of total NSP and most of their constituent subjects who also participated in tie vivo experiments,

saccharides was significantly highervitro thanin vivo for but two different study protocols were used. In study 1, the
the two incubation times; differences were higher after 48 h in vitro experiments were performed subsequent toithe
than after 24 hn vitro fermentation. vivo studies, i.e. subjects were eating their habitual diets

when providing faecal inocula, and different fibre sources
were fermented by portions of one inoculum per subject. As
such, thein vitro fermentations in study 1 agreed with the
We investigated, in young women in two studies, whether results of previoug vitro investigations (e.g. McBurney &
the extent of fermentatiom vivo, of NSP contained in five ~ Thompson, 1989; Bourquiet al. 1993; Barryet al. 1995).
mixed diets and three single fibre sources, could be pre-The validity of this experimental procedure is supported by
dicted quantitatively byin vitro fermentation. The fibre  results of McBurney & Thompson (1987) who reported that
sources studied contained variable proportions of NSP faeces collected on different occasions from the same
from fruits, vegetables and cereal foods and covered asubject yielded very similamn vitro fermentation results.
range of fermentabilityn vivo between 54 and 98%. For In study 1,in vitro fermentations were repeated in four
two of the diets and the wholemeal breads, the influence of subjects when they consumed the citrus fibre concentrate for
the particle size on NSP degradation was studied. The 2 weeks in addition to their usual diets. The adaptation to
experimental periods, during whicim vivo fermentation citrus fibre had no effect on the degradation of NSRitro

was determined, were arranged independently from the (results not shown). Previous studies also showed no effect
menstrual cycle of the subjects. In previous investigations on in vitro fermentation results of the adaptation of

Discussion
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Table 5. Study 2. Extent of fermentation (%) of the NSP in mixed diets and in wholemeal rye breads as determined in human balance experiments
(in vivo) and in vitro after 24 and 48 h incubation*t

(Mean values with their standard deviations for seven subjects)

Arabinose Xylose Mannose Galactose Glucose Uronic acids Total NSP

Mean SD Mean sD Mean SD Mean SD Mean sD Mean SD Mean sD

Fermentation in vivo

Low-fibre diet 79-8 39 822 51 859 51 742 6-7 758 134 904 56 805 71
High-fibre diet, coarse bread 597 31 713 73 766 94 589 31 591 197 824 57 658 93
High-fibre diet, fine bread 589 32 739 34 758 115 600 4-6 643 113 809 5-2 680 52
Coarse bread 507 4-1 67-3 84 41-0 297 115 186 44-1 258 n.c. 54-1 11-8
Fine bread 495 45 710 38 30:3 510 211 8:2 52:3 123 n.c. 578 50
Fermentation in vitro, 24 h
Low-fibre diet 839 26 851 39 89-2 52 812 55 682 2111 930 36 813 80
High-fibre diet, coarse bread 59-1 4- 7220 64 771 91 645 2:9 559 218 881 34 653 102
High fibre diet, fine bread 59-1 28 737 17 801 118 662 34 540 202 878 2:4 669 55
Coarse bread 582 41 731 41 777 79 352 34 566 164 416 100 628 74
Fine bread 59-4 22 774 16 811 103 381 5-:0 547 165 530 81 659 46
Fermentation in vitro, 48 h
Low-fibre diet 84-8 30 865 30 933 35 834 35 82:3 144 954 30 865 57
High-fibre diet, coarse bread 63:6 45 774 29 852 77 678 32 693 170 874 19 729 71
High-fibre diet, fine bread 611 43 756 29 856 76 705 4-7 647 127 881 34 7111 52
Coarse bread 579 52 761 30 835 74 370 8:4 639 198 487 8:0 666 79
Fine bread 59-1 18 771 15 833 84 442 4-5 59-8 110 590 158 673 35

n.c., not calculated.
* For details of the determination of NSP fermentation in vivo, see p. 254 and p. 256.
T For details of the determination of NSP fermentation in vitro, see pp. 254—-256.

inoculum donors to the cereal fibres under investigation (Van Soestet al. 1982),in vitro fermentations were per-
(Daniel et al. 1997). In study 2,in vivo and in vitro formed for 24 and 48 h. These vitro fermentation times
experiments were performed simultaneously, and the were in the range of the colonic transit times of healthy
fibres fermentedh vitro were derived from the fibre sources women, which were on average -8§se2-9) h (Metcalfet
actually consumed. So itis likely that in study 1 aswell asin al. 1987). For the three mixed diets, the extent of NSP
study 2 the capacity of the individual microflora was the breakdownin vitro after 24 h agreed very well with the
samein vivo and in vitro, provided that the inoculum degradation measured in the balance experiments. In the
preparation had no major effect on the microbial activity. fine and coarse wholemeal rye breads, NSP breakdown after
Previous investigators used very different concentrations of 24 h was highein vitro thanin vivo, but these differences,
faecal inocula which ranged between 3-15 g faeces/I although significant, were small (approximately 8%) and
(McBurney & Thompson, 1987; Titgemeyet al. 1991, certainly of no physiological importance. In a previous
Bourquinet al. 1992) and 160—250 g faeces/I (Guillenal. study, for three mixed diets containing NSP fermenited
1992; Barryet al. 1995). In the present investigations, at vivo between 59 and 84 %, differences between the fermen-
concentrations of 40 g faeces/| (Adiotomet al. 1990) tationin vitro after 24 h and thah vivowere also relatively
inocula had an activity sufficient to mimia vivo ferment- small (—4-9 to 88 %), although they were significant for
ability of the NSP sources studied. two diets. In the same study, the fermentation of rather
For the highly fermentable fibre sources investigated in resistant NSP present in a barley fibre concentrate, however,
study 1, arin vitro fermentation time of 24 h was sufficient was considerably higher (18%) in vitro than in vivo
to mimic the extent of fermentatioim vivo. This was not (Daniel et al. 1997).
only the case for uronic acids (i.e. pectic material) which  Differences betweem vivo andin vitro fermentability

were almost completely fermentéu vivo andin vitro, but have several causes. For thevitro fermentation substrates,
also for NSP-glucose, i.e. mainly cellulose, which in the available nutrients were enzymically hydrolysed and sepa-
low-fibre diet was even more degraded -{1%) in vitro rated. Compared with the NSP ingested, the preparation of

thanin vivo. Bourquinet al. (1993) who determined the the DF residues had no major effect on the chemical
fermentationin vitro of substrates prepared from several composition of the NSP. However, in natural fibre sources
kinds of vegetables also found after 24 h a degradation of the structural properties of the three-dimensional cell walls
uronic acids of greater than 90 %, but a considerably lower may be more important for the fermentability than the
fermentation of NSP-glucose (42and 673 %). However, chemical componentger se(Guillon et al. 1992). Due to
there are no direct comparisons available to indicate to whatfreeze-drying and the predigestion procedure, changes in the
degree these fibre sources would have been degraded in theell wall structure, such as macro- and microporosity, could
colon of the inoculum donors. have occurred leading to increased susceptibility for faecal
In study 2, with the exception of the low-fibre diet, less- bacteria (Lebett al. 1996). If such effects occurred, they
fermentable fibre sources were investigated (i.e. mainly should have greater consequences for rather resistant types
cereal fibres containing, in addition to endosperm fibre, of NSP (e.g. NSP from outer layers of cereal grains), than
also lignified fibre from the outer hulls of rye). Because for those that are easy to ferment (e.g. fruit and vegetable
the fermentation of these fibres may require longer times fibres). Our findings that the less fermentable NSP were
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degraded to a higher exteintvitro thanin vivo, in contrast it is not known how far SCFA concentrations and propor-
to the more fermentable fibres, agree with these tions obtained at any timia vitro will be the same as those
assumptions. in the large intestine where fermentation conditions are
Differences betweetin vivo and in vitro fermentation more complex and where the SCFA produced are rapidly
may also be due to the difficulty in estimating accurately the absorbed (Ruppimt al. 1988). In staticin vitro systems,
fermentation of fibre supplemenis vivo. Normally, sup- SCFA accumulate and may undergo further reactions.
plements are added to diets that already contain NSP, theTherefore, most authors agree thatvitro fermentations
fermentation of which cannot be distinguished from the in static systems should not last longer than 24 h (Edwards
fermentation of the additional fibre. As in previous studies & Rowland, 1992).
(Wiskeret al. 1997), the fermentatioim vivo of NSP in the In conclusion this study indicates that threvitro batch
citrus fibre concentrate and the wholemeal breads wassystem used can provide quantitative data on the extent of
calculated from differences in NSP intake and excretion fermentation in the human colon of NSP in mixed diets
during the high-fibre diet and the corresponding low-fibre containing variable amounts and proportions of fruit, vege-
diet periods, i.e. basal fermentation was subtracted. Animaltable and cereal NSP and of single fibre sources such as
studies indicate that NSP supplements do not interfere with highly fermentable fibre concentrates. Although the degra-
the fermentation of NSP in the basal diet (Goodlad & dation of NSP in the wholemeal breads was significantly
Mathers, 1991; Key & Mathers, 1993), and therefore this higherin vitro thanin vivo, the magnitude of these differ-
procedure appears to be valid. However, the disadvantage ofnces was small and of no physiological importanceirin
this procedure is that it can lead to errors in the calculation vitro incubation time of 24 h was sufficient to mimic the
of NSP fermentation when small changes in basal fibre degree of NSP degradatiam vivo.
excretions occur due to real changes and/or analytical
errors. Accordingly, deviations from true fermentability
may be large with minor NSP components, especially Acknowledgements
when parts of the excreted amounts could be host-derived,
as may be the case for galactose and mannose (Hoskins
Boulding, 1981; Longland & Low, 1988). In the present
study, such errors could have caused the large difference
betweenin vivo andin vitro fermentation of mannose and
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