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The content, chemical composition and structure, some physicochemical properties 
and fermentation characteristics of dietary fibres from Palmaria palmata (dulse) 
were studied. The marine red algae contains 33.2-33.5% total dietary fibres 
measured on a dry weight basis using conditions simulating the gastric and 
intestinal environment (pH, temperature, ionic strength and time of incubation) 
and measured by an enzymatic/gravimetric method, respectively. The yield of 
soluble fibres by the simulated digestive tract conditions was lower (12.2%) than 
by the enzymatic/gravimetric method (18-9%). 

All soluble fibre fractions consisted of linear/3-1,4//31,3 mixed linked xylans 
containing similar amounts of 1,4 linkages (70.5-80.2%). The insoluble fibres 
contained essentially 1,4 linked xylans with some 1,3 linked xylose and a small 
amount of 1,4-1inked glucose (cellulose). Low intrinsic viscosities were measured 
from the soluble fibres (49.4-97.0 ml g 1) and water holding capacities of dry 
dulse particles of 4.3 and 4.7 g g-l were measured in buffer at pH 3.0 and 7.3, 
respectively. 

Soluble fibres are fermented within 6 h by human faecal bacteria into short 
chain fatty acids. 

INTRODUCTION 

Although land plants have been used worldwide since 
ancient times as food or food sources, seaweeds are 
consumed traditionally only in Asia and marginally in 
the rest of the world (Chapman & Chapman, 1980). In 
western countries, seaweeds are essentially used for 
the production of gelling, thickening and stabilizing 
colloids used by the food industry (Davidson, 1980). 
The recent authorization in France for the human 
consumption of 11 algae as seasonings and vegetables 
(Fleurance, 1991) has stimulated interest in their dietary 
values. Known to be particularly rich in minerals and 
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vitamins (Ito & Hori, 1989), recent studies showed that 
edible seaweeds are also rich in dietary fibres (Kishi et 
al., 1982; Lahaye & Thibault, 1990; Fleury & Lahaye, 
1991; Lahaye, 1991; Nishimune et al., 1991; Lahaye & 
Jegou, 1993). With such characteristics, consumption 
of edible seaweeds could contribute to diversify and 
increase the content of fibre in western diets in which 
actual shortage has been correlated with 'civilisation 
diseases' (diabetes, obesity, heart diseases, some 
cancers, diverticular diseases, . . . ;  Southgate, 1990). 

Palmaria palmata (L.) Kuntze, also known as 
dulse, has been consumed by Europeans and North 
Americans living on coastlines since as far back 
as the eighth century in Iceland (Indergaard & 
Minsaas, 1991). Although the chemical constituents 
of dulse have been thoroughly reviewed (Morgan 
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et al., 1980), no detailed information exists in the 
literature regarding dietary fibre contents and charac- 
teristics. In this paper, the content, the chemistry and 
some physicochemical properties of dietary fibres from 
dulse are reported with their in-vitro fermentability by 
human faecal bacteria. 

MATERIALS AND METHODS 

Algae 

Palmaria palmata (dulse) was obtained dry from a local 
health food store. 

Determinations of dietary fibre content 

Dietary fibre content determination was done on 
shredded dry algae (size <5 mm long). The ~standard' 
method for determining soluble and insoluble dietary 
fibre content was done as described by Lahaye (1991) 
except that the buffer was changed to sodium acetate 
(0.1 M, pH 6.0) and that pH changes were carried out 
with M NaOH or glacial acetic acid. 

The physiological approach to determine dietary 
fibre content was as described by Fleury & Lahaye 
(1991) except that a sintered glass filter G4 (5-15 /zm 
porosity) was used and the extraction buffers were at 
pH 3.0 and 7.3. The soluble fractions at pH 3.0 and pH 
7.3 were treated with protease at pH 7.3 (0.1 ml of 50 mg 
ml 1; Sigma, La Verpilli6re, France) followed by amylo- 
glucosidase (0.1 ml of 50 mg ml ~; Merck, Darmstadt, 
Germany) for 30 min at 60°C each and then extensively 
dialysed against deionized water and freeze-dried. The 
insoluble residue was resuspended in acetate buffer 
(100 ml, pH 6.0) and treated with Termamyl (0-1 ml, 
Novo Industri, Bagsvaerd, Denmark) for 30 min in a 
boiling water bath, then with protease and amylo- 
glucosidase as for the soluble fractions. The insoluble 
material was recovered on a sintered glass filter G4, 
washed extensively with deionized water, dehydrated 
by solvent exchange (80%, absolute ethanol, acetone 
and diethyl ether) and the soluble enzyme digest was 
dialysed extensively against deionized water and freeze- 
dried. 

fractions were hydrolysed by M H2SO 4 for 2 h at 100°C 
(Hoebler et al., 1989). Monosaccharides as alditol 
acetates were analysed by gas-liquid chromatography 
following the procedure of Blakeney et al. (1983). A 
BP225 (Scientific Glass Engineering Sarl, Villeneuve-St- 
Georges, France) fused silica capillary column operating 
isothermally at 220°C and eluted with H2 was con- 
nected to a DI 200 chromatograph (Delsi Nermag 
Instruments, Argenteuil, France) equipped with a flame 
ionization detector. 

Permethylation and gas chromatography analysis of per- 
methylated alditol acetates 

Fibre fractions (1-2 mg) in 0.5 ml anhydrous DMSO 
were methylated using lithium methylsulphinyl carban- 
ion (Blakeney & Stone, 1985; 0.5 ml) and iodomethane 
(0.5 ml; Merck). Methylated polysaccharides were hydro- 
lysed by 2 M TFA (0.2 ml) containing meso-inositol 
(0.1 rag) for 1.5 h at 120°C. The acid was evaporated 
under dry air at 40°C and 0.5 ml of methanol added 
and evaporated. Reduction and acetylation was done 
as described (Harris et al., 1984). Methylated alditol 
acetates were analysed with the same gas chromato- 
graphic system used for monosaccharide composition 
analysis except that a gradient of temperature was used 
(175°C for 15 min, then 175 --) 210°C at 15°C rain j 
then hold at 210°C for 13 min). Methylated sugar 
identification was done by comparison with standards 
and by gas chromatography coupled to a mass 
spectrometer operating in EI mode at 70 eV with a 
transfer chamber temperature of 250°C (R10-10C, 
Delsi-Nermag) and using the same column and con- 
ditions as above. 

Nuclear magnetic resonance spectroscopy 

~3C and JH NMR spectra were recorded on a Bruker 
AM 500 spectrometer at 80°C from 5-10% solutions in 
D20. Chemical shifts are expressed in parts-per-million 
referred to internal dimethyl sulphoxide and converted 
to values related to tetramethylsilane (conversion 
constant 39.6) for ~3C and referred to the OH line 
(4.2 ppm) for IH. 

Chemical analysis 

All results are expressed on a dry weight basis. The 
protein content was determined by the micro-Kjeldhal 
method (N x 6.25) and ashes were weighed after 
overnight incineration of samples at 500°C followed by 
2 h at 900°C. 

Monosaccharide composition and content 

The water insoluble fractions were subjected to acid 
pre-hydrolysis (H2SO4, 13 M, 30 min, 20°C) prior to 
hydrolysis by M H2SO4 (2 h, 100°C); water soluble 

Size exclusion chromatography and molecular weight 
determination 

To determine the weight average molecular weight 
(Mw), xylan fractions in 50 mM NaNO3 containing 
0.02% sodium azide were chromatographed with the 
same solvent as the eluent by high-pressure size exclu- 
sion chromatography (HPSEC) at 40°C through 2 
columns (Shodex OHpak KB-806 and Shodex OHpak 
KB-805 both having 8 mm x 300 mm dimensions and 
a precolumn Shodex OHpak KB-800P 6 m m x  50 mm) 
of exclusion limits of 2 x 107 and 4 x 106 (pullulans). 
Elution (1 ml min 1) was monitored on-line by a multi- 
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angle laser light scattering (MALLS) photometer 
equipped with a K5 flow cell (Dawn F, Wyatt Technology 
Corp., Santa Barbara, CA, USA) and a differential 
refractometer. The peak molecular weight was deter- 
mined with ASTRA software (v. 2.0) (Wyatt Technology 
Corp.). 

Viscosimetry 

The viscosity of soluble xylans fractions was determined 
at 37°C in 155 mM NaC1 with an automatic capillary 
Ubbelholde Viscometer (Amtec, France) and the intrinsic 
viscosity was derived from Kraemer and Huggins equa- 
tions by extrapolation to infinite dilutions (Billmeyer, 
1984). 

Water absorption capacity 

The water absorption capacity of 50-100 mg algal 
particles of size ranging between 125 and 250/xm was 
measured on a Baumann apparatus (Baumann, 1967) 
at 20°C with the buffers at pH 3.0 and 7.3 used for 
extraction of fibres as solvents. 

In-vitro fermentation of dietary fibres 

The pooled soluble fibre fractions extracted from dulse 
under the 'physiological' conditions and sugar beet 
fibres used as a fermentation standard were incubated 
under nitrogen with a human faecal inoculum at 40°C 
with shaking (Barry et al., 1989). The fermentation 
experiment was performed in duplicate using pooled 
freshly and anaerobically harvested faeces from two 
healthy subjects as inoculum in CO2-saturated nutritive 
buffer. Gas production was monitored continuously 
whereas pH, short chain fatty acids (SCFA) and residual 
polysaccharide contents and nature were evaluated after 
6, 12 and 24 h of incubation. Unfermented residues were 
recovered by ethanol precipitation and were dehydrated 
by absolute ethanol, acetone and diethyl ether. The 
sugar composition was determined as above for insoluble 
fibres. Short chain fatty acid amounts were determined 
from the ethanolic supernatant by gas chromatography 
(Jouany, 1982). 

The fermentability of fibres was estimated from 
the bacterial utilization coefficient (BUC) of individual 
sugars in fibres: 

BUC = (IF + IC - R)/(IF + IC) 

where IF, IC and R represent the amount of individual 
sugars in the initial fibres, the inoculum and the 
residues, respectively, and from the theoretical fer- 
mented organic matter (TFOM) according to Van 
Nevel et al. (1970). The latter calculation is based on 
the hypothesis that one mole of sugar (glucose) will be 
fermented into two moles of acetate (C2) or two moles 
of propionate (C3) or one mole of butyrate (C4), iso- 
butyrate (IC4), valerate (C5) or isovalerate (IC5): 

TFOM = (C2/2 + C3/2 + C4 + IC4 + C5 + IC5) × 162 

RESULTS AND DISCUSSION 

Palmaria palmata is a promising edible seaweed because 
of appealing organoleptic characteristics to consumers 
(Mabeau, Personal communication) and nutritional 
values (Morgan et al., 1980). The present results 
demonstrate that these algae are also rich in dietary fibre. 

Dietary fibres have been partitioned between water- 
soluble and water-insoluble forms because of different 
physiological and metabolic effects (Roehrig, 1988). 
Soluble fibres are more often associated with viscous 
characteristics implied in lower blood cholesterol and 
glucose levels; insoluble fibres are generally associated 
with the lowering of total transit time. 

The amount of dietary fibres in algae has recently 
been determined following a modification of an AOAC 
method (Lahaye, 1991), and Fleury & Lahaye (1991) 
devised conditions to simulate gastric and intestinal 
phases for the dietary fibre content determination of 
kombu breton (Laminaria digitata). Using the latter 
method, it was possible to demonstrate a possible 
differential solubilization of L. digitata fibres in the 
digestive tract. The two methods were used in the pres- 
ent study to quantify dietary fibre in P. palmata. The 
dietary fibre contents estimated by both methods were 
similar (Table 1) and according to the 'standard' method 
about 56% of them were soluble. However, if the solu- 
bilization conditions are closer to those prevailing in 
the digestive tract, only 36.8% are extracted during the 
simulated gastric and intestinal phases of digestion. An 
additional 4.7% of fibre was solubilized during enzymic 
treatment of the insoluble fractions and arose from the 
hot buffer treatment (gelatinization of starch) and/or 
the action of enzymes (amylases and protease). Such a 
fraction of fibre is not expected to be solubilized in vivo 
and can be considered as insoluble fibre. It is therefore 
clear that the soluble dietary fibre content depends 
heavily on the method used (Marlett et al., 1989) and 
may not represent exactly the amount of fibre that will 

Table 1. Soluble and insoluble dietary fibre contents of 
Palmaria palmata obtained by the standard method and the 

'physiological' approach 

Fraction a Yield b Protein" Ash" Dietary fibre b 

S S 24-3 (0.8) 15.2 7.2 18.9 
I s 21-3 (0.6) 29-4 2-2 14.6 
Total 45.6 33.5 
$3o 6-0 (0.3) 12.9 3.8 5-0 
$73 8-4 (0.6) 10.2 4.0 7-2 
IE 8-1 (0"3) 37"3 4.5 4-7 
Ip 21.4 (0"3) 22.3 1-6 16"3 
Total 43.9 33.2 

a Ss  ' i s  refer to the soluble and insoluble fractions, respec- 
tively, recovered by the standard method of fibre determina- 
tion, $3.0, $7.3, IE and le refer to the soluble fractions in buffer 
at pH 3.0, pH 7.3 and in the enzymic digest, and insoluble 
fractions, respectively, using the 'physiological' approach of 
fibre content determination. 
b Yield from the dry weight of alga (standard deviation) 
n -- 3 (%). 
c Yield from the dry weight of the fractions (%). 
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be solubilized in the digestive tract. At any rate, the P. 
palmata total fibre content is within the range observed 
for other edible seaweeds (Kishi et al., 1982; Fleury & 
Lahaye, 1991; Lahaye, 1991; Nishimune et al., 1991; 
Lahaye & Jegou, 1993) but further studies are required 
to assess the effect of processing on the content and 
availability of fibres in vivo. 

Dietary fibres in food consist essentially of undi- 
gestible plant cell-wall polysaccharides (Trowell, 1974). 
The composition and structure of P. palmata cell-wall 
polysaccharides have been extensively studied (Percival 
& Chanda, 1950; Cronshaw et al., 1958: Myers & 
Preston, 1959; Dennis & Preston, 1961; Manners & 
Mitchell, 1963; Bj0rndal et al., 1965; Young, 1966; Turvey 
& Williams, 1970). It consists essentially of matricial 
linear xylans composed of mixed/3-1,4 and /3-1,3 link- 
ages with a degree of polymerization reported between 
40 and 114, of about 2-7% of cellulose and some linear 
skeletal /3-1,4-1inked xylans. The distribution of the 
/3-1,3 linkages in the matricial polysaccharides occurs 
at random and contributes to 20-38% of all the link- 
ages in this type of xylan. Mixed xylans have also been 
identified by chemical means from Chaetangium fasti- 
giatum (Cerezo et al., 1971; Cerezo, 1972; Nunn et al., 
1973) but JsC nuclear magnetic resonance spectroscopy 
has become a classical tool for the analysis of soluble 
xylans from red algae (Usov et al., 1978, 1981; Kovac 
et al., 1980; Adams et al., 1988). It was shown by this 
technique that, in some species of red algae, the ratio 
of 1,4 to 1,3 /3-linkages varied between extracts and 
these xylans differed in solubility. 

The present study confirmed that xylose is the major 
sugar in P. palmata cell-wall polysaccharides (Table 2). 
Traces of mannose, galactose and glucose were also 
present in the soluble fractions. Methylation analysis 
and ~3C and ~H NMR analyses of the soluble extracts 
confirmed literature data in that xylose occurs essen- 
tially as 1,3 and 1,4 linked residues (Fig. 1). The per- 
centage of 1,4 linkages in the different fractions is 
slightly greater by methylation analysis than that calcu- 
lated using IH NMR anomeric peaks integral for 1,4 
linkages at 4.37 ppm (Bengtson &/kman, 1990) and for 
1,3 linkages attributed by deduction to the resonance at 
4.57 ppm (Table 3). These values are within the range 
of those reported in the literature for Palmaria palmata 

Table 2. Sugar composition of the different fibre fractions from 
Paimaria palmata 

Fraction Sugar Yield 
(% molar) (% dry 

...... weight) 
Xyl Man Gal Glc 

S~ 89.5 4.2 5-4 0.9 65.5 
I~ 86.1 1.6 12.3 79.6 
$3 87.4 2.5 9.5 0.7 84.3 
$7~ 94-3 1-4 4-1 0-2 98.8 
I E 83.5 3-4 9-7 3.4 62.6 
lp 88.7 1.6 9.7 85-6 

See footnotes for Table 1 for the identification of fractions. 

xylans and do not demonstrate marked variations 
between fractions. 

Discrepancies between the NMR and chemical 
measurements may arise from incomplete methylation 
of polysaccharides or preferential degradation of link- 
ages leading to errors in the estimation of 1,4 linkage 
percentages. Trace amounts of 1,3 linked mannose and 
terminal galactose were also observed in the soluble 
polysaccharides and may have originated from glyco- 
proteins and residual floridoside (2-O-glycero a-D-galacto- 
pyranoside; Percival & McDowell, 1967), respectively. 

The molecular weight distribution of the fibres 
extracted at pH 3.0 and 7.3 was determined by high 
pressure size exclusion chromatography and laser light 
scattering detection of the eluted polymers. The chro- 
matographic profile obtained from the fraction soluble 
at pH 3.0 is markedly different from that obtained for 
the fibres soluble at pH 7.3 (Fig. 2). The former shows 
at least four populations while the latter shows only one 
population of polymers. This fraction has an average 
weight molecular weight of 1.3 × 105 with a poly- 
dispersity index of 2.97. This weight average molecular 
weight corresponds to a mean degree of polymerization 
of the xylan fraction of about 980 which is markedly 
higher than that reported in the literature for Palmaria 
palmata xylan. 

Thus, although the molecular weight distributions of 
the xylans extracted under the simulated gastric and 
intestinal conditions are different, their structures are 
very similar. There is no particular chemical character- 
istic of xylans that would direct their solubility at pH 
3.0 or 7-3. It is most likely that the xylan extracted at 
the latter pH resulted from incomplete solubilization 
during the simulated gastric phase. Such solubilization 
behaviour of dietary fibres was also observed for green 
seaweed soluble dietary fibres (Lahaye & Jegou, 1993) 
but markedly differs from that of Laminaria digitata 
(Fleury & Lahaye, 1991) in which different polysaccha- 
rides were extracted under similar conditions. 

On acid pre-hydrolysis with sulphuric acid, a method 
to improve cellulose hydrolysis, the insoluble fibre 
fractions yielded xylose, glucose and a small amount 
of galactose (Table 2). Methylation analysis of these 
insoluble polysaccharides demonstrated the presence of 
1,3 and !,4 linked xylans (Table 4) and of 1,4 linked 
glucose arising from cellulose. Small amounts of un- 
methylated xylose were also observed, particularly from 

Table 3. Percentage of 1,4 linkages in soluble xylans from 
Palmaria palmata as measured from the integral of the 
anomeric proton by IH NMR spectroscopy (see Fig. 1 and text) 

and by methylation analysis 

Fraction ~H NMR Methylation analysis 

S S 80.2 83.9 
$3 73.7 85.2 
$73 70-5 85.2 
I E nd a 84-9 

" Not determined. 
See footnotes for Table 1 for the identification of fractions. 
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Fig. 1. (A) chemical structure, (B) IH and (C) 13C NMR spectra of Palmaria palmata soluble xylans. (A) Letters refer to the 
xylose residues 1,4 linked to a 1,3 linked xylose, A, 1,4 linked to a 1,4 linked xylose, A' and 1,3 linked to a 1,4 linked xyiose, B. 
(B) Spectrum of the soluble fibres recovered from the standard method; A, A' and B refer to the anomeric protons of the 1,3 and 
1,4 linked xylose residues, respectively. (C) Spectrum of the soluble fibres recovered from the standard method; A, A' and B 
with the number correspond to the different carbons of the xylose residues depicted in (A); chemical shifts were attributed by 

comparison to values published by Adams et al. 0988). 

the standard insoluble fibre fraction (Is) and they 
most probably arise from under-methylation. All mixed- 
linked xylans are not solubilized either under the 
standard or 'physiological' conditions and the remaining 
xylans may represent the mixed-linked xylans and the 
homogeneous /3-1,4 xylan fractions extracted with 
bases by Turvey & Williams (1970). Such homogeneous 
1,4 linked xylan and cellulose were observed in the 
enzyme-resistant fraction after digestion of P. palmata 
with a purified endoxylanase (Lahaye & Vigouroux, 
1992). Attempts to recover cellulose from the insoluble 
fibres by extraction with methyl morpholine N-oxide, a 
solvent for cellulose (Joseleau et al., 1981), failed. In 
agreement with the results of Young (1966), cellulose 
does not represent a major structural polysaccharide in 
P. palmata. 

The physiological effects of dietary fibres are related 
to their particular physicochemical properties and par- 
ticularly their hydration characteristics (water holding, 
water binding capacity) and viscosity of the soluble 
fibres (Roehrig, 1988). 

The water holding capacity of P. palmata particles 
was measured at 20°C with buffers used for the extrac- 
tions under the 'physiological' conditions. Absorptions 
rapidly reaching 4.3 and 4.7 g g l were obtained with 
buffer at pH 3.0 and 7.3, respectively (Fig. 3). These 
values are in the range of those obtained for L. 
digitata, Ulva lactuca and Enteromorpha compressa 
(fraction 125-250/xm, Fleury & Lahaye, 1991; Lahaye 
& Jegou, 1993) and other vegetables (Thibault et aL, 
1992) and are not markedly affected by pH nor type of 
ions in the different buffers. 
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Fig. 2. High pressure size exclusion chromatograms of the 
soluble fibres extracted with buffer at pH 7.3 and 3.0; RI, 

differential refractometer response. 

Intrinsic viscosities were determined in 155 mM NaCI 
at 37°C for all soluble fibre fractions including those 
polymers solubilized during the enzymic treatment of 
the insoluble fibres in the 'physiological' protocol. They 
are 49-4, 74-8, 97.0 and 90.8 ml g m for the soluble 
fibres obtained with the standard method, extracted at 
pH 3.0, at pH 7.3 and during the enzymic treatment of 
the insoluble fibre under the 'physiological' conditions, 
respectively. These viscosities are very low and thus P. 
palmata soluble fibres are not expected to affect physio- 
logical parameters (blood glucose or cholesterol levels, 
for example) through viscosity. 

Being undigested by the endogenous enzymes of the 
digestive tract, dietary fibres will reach the large bowel 
where they can be fermented by the bacterial flora 
essentially into gases and short chain fatty acids. This 
fermentability is as important as physicochemical 
properties for the physiological effects of fibres and 
would be involved in the regulation of the total transit 
time of the alimentary bowel (Read, 1986; Cherbut et 
al., 1988). Furthermore, highly fermentative fibres will 
provide energy to the host through the production 
of short chain fatty acids (~2-4 kcal g~ for fibres 
fermented to 80%; McBurney & Thompson, 1989). 

Fermentation of the pooled soluble xylan fractions 
extracted with the 'physiological' buffers from dulse 
was followed by production of gases, short chain fatty 
acids (SCFA), change in pH and bacterial utilization 

Table 4. Nature and content of methylated sugars after per- 
methylation of the insoluble fibre fractions from Palmaria 

palmata 

Fraction Methylated sugar Total Linkage 
methylated 
sugars (%) 

% 

2,4-Di-O-methyl xylose 26.7 1,3 
2,3-Di-O-methyl xylose 60.7 1,4 
Xyiose 5.7 
2,3,6-Tri-O-methyl glucose 6.9 1,4 

2,4-Di-O-methyl xylose 17.3 1,3 
2,3-Di-O-methyl xylose 72.6 1,4 
Xylose 2.2 
2,3,6-Tri-O-methyl glucose 7.9 1,4 

See footnotes for Table 1 for identification of fractions. 
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Fig. 3. Water absorption kinetics of Palmaria palmata 
particles with buffer at pH 3.0 (n = 2) and 7.3 (n = 3). Bars 

correspond to standard deviations. 

coefficient (BUC). Sugar beet was used as a standard 
for the fermentation experiment and results obtained 
for BUC and theoretical fermented organic matter 
(TFOM, 77-5 and 72.0% of dry matter degraded, 
respectively) were in total agreement with data in the 
literature (Auffret et al., 1991; Cherbut et al., 1991). 
On this basis, the in-vitro incubation conditions used 
and the results obtained for the fermentation of dulse 
fibres were considered as valid. Values of BUC and 
TFOM obtained after 6, 12 and 24 h of incubations in- 
dicated that the soluble xylans were highly fermentable 
and their fermentation was completed within the first 
6 h of incubation. Values reached after 6 h fermentation 
were pH: 6.7, total SCFA produced: 107 mM litre l, 
BUC: 76.7 + 1.4% and TFOM: 87.7 + 3-6%. Through- 
out the incubation period, the values for BUC and 
TFOM were closely related (y = 1.7x - 42-84; r = 0.86) 
but the slope of the equation (>1) indicated that 
TFOM values were higher than BUC ones probably 
because of acetogenesis (CO2 + H2 ---) CH3COOH; 
Demeyer et al., 1989). 

BUC values for dulse soluble xylans showed that 
xylose was very rapidly fermented since 96% of this sugar 
was used within the first 6 h of incubation. Bacterial 
fermentation of monomeric xylose by human faecal 
flora is slow but complete (Barry et al., 1989). How- 
ever, the rate and intensity of fermentation of xylan by 
complex human faecal flora or isolated bacteria from 
human faeces depends on both their origin and solubility 
(Salyers et al., 1981; Fleming et al., 1983; Bayliss & 
Houston, 1984; Englyst et al., 1987; Dufour-Lescoat et 
al., 1991; Salvador et al., 1992). 

Total SCFA production from dulse or sugar-beet 
fibre was similar (107 and 97 mM litre l, respectively) 
with relative percentages of C2 : C3 : C4 of 58 : 28 : 14 
for dulse fibres. The high proportion of C2 is in agree- 
ment with the range of proportions obtained from the 
fermentation of other fibres (Cherbut et al., 1991) and 
the relatively high proportion of C3 produced is typical 
of xylose fermentation (Mortensen et al., 1988). The 
C3/C4 ratios from dulse and sugar beet were similar. 
Taking into account both the latter value and the total 
production of SCFA, dulse fibres could be expected to 
have a similar effect as beet fibres in increasing the 
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total orocaecal time but decreasing the total orofaecal 
time (Cherbut et al., 1991). 

CONCLUSION 

Dulse is rich in dietary fibres like other edible algae 
and these are essentially composed of  mixed-linked 
/3-1,3/1,4 xylans. The simulation of  the gastric and 
intestinal conditions for the extraction of  fibres 
demonstrated that, rather than having discrete xylan 
solubilizations in the different compartments of  the 
digestive tract, the soluble fibres will tend to be con- 
tinuously extracted along the tract as digestion 
proceeds and will be chemically similar. These fibres 
have a low viscosity and consequently are not expected 
to be involved in physiological and metabolic effects 
related to this physicochemical property in the upper 
digestive tract. However, the high fermentability of  
these soluble fibres could be involved in physiological 
and metabolic effects which are chemically controlled. 
Such high fermentability is most likely to have a 
positive energetic contribution and thus, dulse fibres 
may provide some calories to the host. Nevertheless, 
this elevated fermentability should be confirmed in 
vivo since solubilization of  xylans will most likely be 
continuous in the digestive tract. 

The hydration properties of  insoluble fibres can be 
compared to those of fibres from land vegetables. How- 
ever, further studies are required to determine their fer- 
mentability by the human faecal flora and their in- 
volvement in nutritional effects (total digestive transit 
time, for example). 
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