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ABSTRACT

Dictary fibres (DF) — their chemical composition and structure, physico-chemical properties, and
physiological effects — comprisc and arca of increasing scicntific interest. Progress in this rescarch is,
however, rendered somewhat difficult by the disagreement concerning demarcation of the DF
concept. Tn the present study, a physiclogical based method of analysis for determination of total DF
(TDF) corresponding to the sum of insoluble DF (1DF) and scluble DF (SDF¥) have been used as an
initial step in studies of DF from different rape seed varieties and biorefined fractions of double low
rape seed compared o DF [rom peas.

A comprehensive characterization of DF from rape seed and peas have been performed, with
determination of the neutral monosaccharide composition by different techniques as a first step. The
vield of sugars, especially glucose, was found highly dependent on the procedure used for hydrolysis
ofthe polysaccharides. The composition of the polysaccharide fractions also differed according to the
type of plant material. This diversity was lurther emphasised by results from sequential extraclion
and separation of isolated DF leading to fractionation of DF into four groups: pectins,
hemicelivloses, cellulosces, and lignins. UV-VIS-spectroscopy of extracts from these groups provided
useful information concerning the presence of malerial of nen-carbohydrate origin. The hemicel-
{ulose [racltions [rom peas and especially rape seed were shown Lo have the highest content of proleins
and phenolics, possibly being present as strongly adsorbed or covalently bound components. The
protein part of the DF fractions was further investigated by biochemical methods of analyses
including affinity chromatography, electrophoresis as SDS IEF, and the presence of myrosinases
was demonstrated in DF from rape sced. Peas also comprised DF associated proteins, although the
level was considerable lower than (ound in rape seed DF. High performance capillary eleclrophoresis
methods tor determination of phenolics have been developed in order to provide an efficient tool for

* Part of this paper was presented at the Symposium: Dietary fibre — chemical composition and
biological action, 24-25 April 1997, Radzikow, I*oland
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‘characterization of the phenolic DF components. Application of the above mentioned methods to
studies of DT and [ractions of DF have demonstrated the presence of appreciable amounts of protcin
and various types of low molecular weight compounds, especially phenolics, associated to DF.

KEY WORDS: dictary fibres. rape seed, pea

" INTRODUCTION

Dietary tibres (Asp et al., 1988) are dominalted by non starch polysaccharides
(NSP) and polyphenolic lignin, but other indigestible components are found in
close association with the NSP constituents, e.g. cell wall proteins and phenolic
carboxylic acid derivatives, oligosaccharides of the raftinose family and tannins.
In addition, resistant starch may also be included in the group of dictary fibre
components (Asp et al., 1987). The proieins and the phenolic carboxylic acid
derivatives are most important and are present in the largest amounts.

The development of gravimetric methods of analyses of dietary fibres (DF)
had its beginning in the second half of the nineteenth ceniury, with the
introduction of the crude fibre or Weende method. This method implied
extraction by dilute acid and alkali with subsequent isolation of the insoluble
residue by filtration (Prosky and DeVries, 1992a, b). The residue contained only
a minor and varying part of the DF fraction with the more soluble components
being totally lost. This loss was also the shortcoming of the acid detergent fibre
(ADF) and neutral detergent fibre (NDF) methods (Van Soest, 1963; Van Soest
and Wine, 1967), however, the milder extraction conditions resulted in higher
and more stable yields of the insoluble part of DF compared to the crude fibre
method. The analytical approach of later developed gravimetric methods, using
enzymes in combination with chemicals for extraction, comprised recovering of
both insoluble (IDF) and soluble dictary fibres (SDF) (Asp ct al., 1983). These
methods have, on the other hand, been criticized for overestimation of the DF
content by including components in the residue difterent from the traditional DF
components, e.g. cell wall proteins, Maillard reaction products, tannins, low
molecular weight (LM W) phenolic acid derivaiives, saponins etc. Correction for
protein and ash in DF is a common feature for many of the methods, however,
the actual calculation procedure may vary, and various proteins are in fact
constituents of plant cell walls and thereby of DF (Bjergegaard et al., 19974).

The method used for TDF (IDF+4SDF) in this work is the enzymatic
gravimetric method, slightly modified from Asp et al. (1983). Moreover,
a modification of the experimental procedure (dialysis) has been introduced in
order to diminish the problems caused by ash in the SDF residues, and the DF
have furthermore been investigated for compounds associaled to the DF
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fractions: pectins, hemicellulose, celiulose and lignin. The presence of these DF
associated components has a great influence on the properties of DF, and it is
therefore necessary to include these fibre associated compounds in the analysis
and characterisation of DF for understanding of the properties DF have. The
physico-chemical properties of DF include, among other, the ability of DF to
hold water and o bind organic molecules, macro nutrients, micronutrients,
xenobiotics and minerals (Bjergegaard et al., 1997a).

MATERIAL AND METHODS
Plant material

Seeds of double low winter rape and spring rape (Brassica napus L.) were
obtained from Danish Plant breeding, St. Heddinge, Denmark cv. Ceres (CER),
cv. Librador (LIB), (LIB1), cv. Bingo (BIN1), all yellow flowered, brown seeded
rape seed), Manbo Fre, Holeby, Denmark (MRSW, white flowered, vellow
seeded rape seed), and Trifolium Roskilde, Denmark (MRS and NRS; yellow
flowered, brown seeded rape seed). Biorefining of NRS rape seed was performed
by aqueous enzyme based processing resulting in: PRM (Protein rich meal),
LIPRO (liproprotein) and rape seed hulls (NRH). This procedure has been
described elsewhere (Olsen, 1988; Jensen et al., 1990, Bagger et al., 1996). Seeds
of peas (Pisum sativum L.) were obtained from Danish Plant Breeding Si.
Heddinge, and from Pajbjergfonden, Dyngby, Odder, Denmark (cv. Bohatyr
(BOH), cv. Solara {SOL), cv. Kelwo (KEL)). Grindsted Nutrie, Haderslev
(Denmark) contributed with pea hulls (PHU). The samples were selected to
represent rape seed, peas, as well as different fractions hereof, with appreciable
variations in DF levels.

Chemicals and enzymes

All chemicals were of analytical-reagent grade. Water was double deionized.
The enzymes used comprised a heal resistant e-amylase (Termamyl, 120 L; Novo
Nordisk A/S, Copenhagen, Denmark), pepsin (2000 FIP-U/g, Cat. no. 7190,
Merck, Darmstadt, Germany), and pancreatin (4 x U.S.P., Cat. no P-1750;
Sigma, Montana, USA).

Analysis of dietary fibres

Development of an AOAC method (Association of Official Analytical
Chemists) for determination of total dietary fibres (Prosky et al., 1984, 1985) has
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been based primarily on the experience of three scientific groups {Schweizer and
Wiirsch, 1979; Furda, 1981; Asp ¢l al., 1983). In these methods, TDF were
further divided into IDF and SDF, and in 1988, the AOAC method for
determination of TDF was suggested correspondingly extended (Prosky et al.,
1988). The principles of analysis comprise in all methods enzymatic treatments of
the sample followed by filtration or centrifugation to obtain the insoluble
residue. The soluble residue is then isolated (filtration/centrifugation) from the
filtrate or supernatant by precipitation with ethanol. A prcliminary chemical
extraction of fat from the sample is common in all methods, whenever the fat
content exceeds 5-10%. This extraction can now be performed as a fast and
simple SFE procedure (Buskov et al., 1997).

Conspicuous is the total time of incubation with enzymes, which has been
reduced from 38 h to 1.25 h (Table 1). High efficiency of the starch and protein
digestion with short incubation times was verified by Asp et al. (1983), using
Termamyl, pepsin and pancreatin and a total incubation time of 2.25 h.
Termamyl, a heal-stable a-amylase free of any contaminating fi-glycosidase
activities, is working in the starch gelatinization step, avoiding retrogradation of
solubilized starch when cooling the samples {(Theander, 1983). Resistant starch
(RS) is not degraded by Termamyl, and will contribute to the DF value (Asp,
1990).

The enzymatic gravimetric analysis used followed the principles described by
Asp et al. (1983). The present study comprised two methods where the analytical
procedure in method Il comprised some extra modifications. All samples were
run in duplicate, and a blank (no sample, only reagents) were included for every
new series of analyses.

TABLE 1
Overview of selected steps in enzymatic gravimetric methods used for determination of DF (TF, IDT,
SDF). The parenthesis in the incubation media column state whether HCL or NaOH have been used
for regulation of pH

Incubation

Methed Enzymes media pH lime temperature
min °’C
Asp et al. Termamyl 0.1 M phosphate 6.0 15 100
(1983} Pepsin + water (HCL) 1.5 60 40
Pancreatin + water (NaOH) 6.8 60 40
Prosky el al. Termamyk 0.08 M phosphate 6.0 15 100

(1988) B. subtilis 0.08 M phosphate

protease + NaOH 7.5 30 60

Amyloglucosidase + 0.33 M TICI 4.5 30 60
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Analysis of DF; Method I

Seeds were milled in a laboratory mill, whereas PRM and PHU were milled at
the place of production. Moisture content was determined by drying to constant
weight (3 h at 105°C).

Fat extracted, milled seeds (0.5 g) were weighed into 100 ml Erlenmeyer flasks
with magnet and thoroughly suspended in sodium phosphate buifer (25 ml, 0.1
M, pH 6.0). Termamyl (100 pl) was added and the covered flasks were placed in
a boiling water bath for 30 min. The samples were mixed manually at 5 min
intervals. HCI (20 ml, 0.2 M) was added after cooling to room temperature, and
pH was adjusted to 1.5 with HC1(1.0 M) or NaOH (1.0 M). Pepsin (100 mg) was
added and the samples were incubated in water bath with shaker (60 min; 40°C).
Magnetic stirring of the samples was performed after 30 min. NaOH (10 ml, 0.55
M) and sodium phosphate (10 ml, 0.2M, pH 6.8) were added and pH was
adjusted to 6.8 with 1.0 M HCl or 1.0 M NaOH. Pancreatin (100 mg) was added
and the samples were incubated in water bath with shaker (60 min; 40°C).
Magnetic stirring of the samples was performed after 30 min. CH,COOH {5 ml,
0.94 M) was added and pH was adjusted 10 4.540.1 with 1.0 M HCI.

IDF was isolated by filtration on a filter crucible (porosity 40-100 um) with
celite (0.5g), and the residue (IDF) was washed with 2x10 ml water. Filtrates and
water washing were saved for determination of SDF. The IDF residues were
further washed with 2x10ml 96% ethanol and 2x10 ml acelone, and the residues
were dried and weighed.

SDF was precipitated from the filtrate+ water washing with ethanol
(4 volumes of 96% ethanol, 60°C, 60 min)} before the precipitale was isolated by
filtration (wash with 2x10 mt 80% ethanol; 2x10 ml 96% cthanol; 2x10 ml
acetone) or centrifugation, dried and weighed.

Analysis of DF; Method IT

The analytical procedure was identical to that of method I to the point where
filtration start. The changes in the filtration procedure include omission of cehite
from the crucibles used for filtration of IDF. With respect to SDF, the
precipitation step was replaced by overnight dialysis (cut-off-value for dialysis
bags: 12000-14000 g/mol} of the combined filtrate, followed by freeze drying.
N and ash analyses were performed on the weighed residues. N and ash analyses
on blank samples within the different methods followed the principles for the
actual method described above.
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Analyses of N and ash

The contenl of N was determined according to the Dumas principle, with
N-oxides, produced by combustion at high temperature {about 1000°C) in an
oxygen atmosphere, being reduced to N, by the passage of a copper-contlaining
column. N, was detected in a thermal conductivity cell and the factor 6.25 was
used for calculation of corresponding protein content. The apparatus used was
a Carlo Erba NA 1500 Automatic Nitrogen Analyzer. Ash was determined
according to the standard method (AOAC, 1965).

Fractionation of dietary fibres

The fractionation scheme used in the present study divided the isolated DF
into four fractions named pectic material (PEC), hemicelluloses (HEM),
cellulose (CEL), and lignins (LIG). The fraction names refer to the actlual
extraction conditions.

(A) PEC: Extraction of pectic polysaccharides may be performed in several
ways including use of hot water, cold waler and hot or cold aquecus solutions of
different chelating agents {Selvendran et al., 1985; Fry, 1988).

PEC was obtained as the supernatant after extraction of IDF or SDF (1 g)
with water (25 ml) for 2 h at 70°C in a shaking waterbath. The sediment
remaining after cooling and centrifugation (34000 x g; 20 min) was freeze dried,
weighed, and used in (B). A fraction of supernatant (5 ml) was kept at - 20°C for
further analyses. The rest (known volume) was dialysed against water overnight
(5°C) and another 5 ml was saved (~20°C). The remaining dialysed supernatant
(known volume) was freeze dned, weighed, and saved in desiccator.

(B) HEM: Hemicelluloses comprise polysaccharides obtained by selective
extraclion with aqueous alkali after the water solublc pectic substances have been
removed (Dreher, 1987). The extraction can be performed with a range of alkali
strengths, and hemicellulose A, B, and C are examples of different subfractions
of hemicelluloses. Hemicellulose A appears as a precipitate, when neutralizing or
slightly acidifying the base extract (weak alkal:) with acetic acid, and hemicel-
lulose B i1s obtained when adding ethanol to 70-80% in the pH adjusted extract.
Hemicellulose C is extracted by use of strong alkalt (Dreher, 1987; Brett and
Waldron, 1990; Southgate, 1991),

HEM was obtained as the supernatant after extraction of the sediment from
(A) with 2.0 M NaOH (25 ml) under N, for 2 h in a boiling waterbath with
occasional shaking. The sediment remaining after cooling and centrifugation
(34000 x g; 20 min) was frecze dried, weighed, and used in (C). The supernatant
was made weakly acidic (3-4 ml acetic acid}, and 5 ml of the pH adjusted
supernatant was kept at —20°C for further analyses. The supernatant (known
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volume), was dialysed overnight (5°C). Sedimented material was collected by
centrifugation (3000 x g; 3 min), freeze dried, weighed, and kept in desiccator.
The dialysed supernatant (5 ml} was kept at —20°C for further analyses. The
remaining dialysed supernatant (known volume) was freeze dried, weighed and
kept in desiccator.

(C) CEL was obtained as the supernatant after dissolving the sediment from
(B)in 12.0 M H,SO, (1 ml, 35°C) under occasional mixing. After 1 h, the mixture
was diluted with 11 ml H,O to give a 1.0 M H,S80, solution, and continued
extraction and hydrolysis were performed in a boiling waterbath under reflux for
18 h. The sediment remaining after cooling and centrifugation (table centrifuge;
3000 x g; 3 min) was freeze dried, weighed, and kept in desiccator (D). The
supernatant (known volume) was neutralized with saturated Ba{OH), and
centrifuged to remove BaSO,. Neutralized supernatant (5 ml) was kept at —20°C
for further analyses, and the rest (known volume) was freeze dried, weighed, and
kept in desiccator.

(D) LIG was obtained as the residue after acid extraction as described under
(C). L1G is identical to Klason lignin.

The dialysis described was performed by use of dialysis bags with a cut-off-
value ranging from [2000-14000 g/mol. The colour of the different supernatants
was noted prior to freeze drying.

Thymol-sulphuric acid analysis of fractionated material

The content of total carbohydrates (expressed as glucose) was determined for
the PEC and HEM supernatants after chalysis and for the neutralized non-
dialysed CEL supernatant by the thymol-sulphuric acid method.

For samples of isolated DF 2-3 mg (known weight) were mixed with H,SO,
(1 ml; 77%), and allowed to stand for 10 min with occasional mixing. Water
(4 ml) was then added carefully. After 5 min, 100 gl of this solution was
translerred Lo acid washed test tubes (H,S0,) together with 400 pl water,
50 pl 1% thymol solution (ethanol basis), and 3500 pl 77% H,SO,. In the
reference sample, 100 pl probe was replaced by 100 pl water. A standard curve
was prepared from a glucose stock solution (0.1 mg glucose/ml). The mixtures
were placed covered in a boiling waterbath for 35 min, with mixing after 10 and
20 min, Samples were cooled for 10 min. The absorbance (undiluted samples)
was measured in quartz cuvettes at 505 nm,

Hydrolysis of polysaccharides

Hydrolysis of IDF and SDF was performed according to three different
methods.
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Samples for GLC were hydrolysed with TFA, according to the principles of
Albersheim et al. (1967). TFA (0.2 ml; 2.0M) was added to 10 mg of isolated DF
together with 1 mg myoinositol, serving as internal standard. Hydrolysis was
performed in a sealed tube at 121°C for 1 h. TFA was removed from the
hydrolysate by evaporation to dryness.

GLC analysis was performed as described elsewhere (Bjergegaard et al., 1995,
1997b).

Samples for HPLC (70 mg) were boiled under refluxin 1.0 M H,SO, (5 ml) for
16 h. After cooling, the hydrolysate was centrifuged for 3 min (3000 g) and the
supernatant collected. Washing of the sediment with water (| ml) was performed
3 titnes, with recentrifirgation and collection of supernatant after each washing
slep. The mixed hydrolysate was neutralised with a saturated Ba{OH), solution
and centrifuged to removed precipitated BaSO, The final volume of the
neutralised supernatant was adjusted 1o 40 ml and 10 ml hereof was evaporated
to dryness prior to further purification.

The hydrolysates were purified on reversed phase C-18 HPLC material
(Bondapak C-18; 75uM, Waters Associates) packed as 100 pl of a material:
methanol suspension (1:1) into glass wool containing pipette tips. The methanol
was washed out gradually, increasing the proportion of water in the water-
methanol solutions used for washing. About 200 gl sample (redissolved in 1 ml
water) was transferred to the column, and the effluent was discarded to avoid
dilution. Sample (100 wl) was loaded, and the effluent collected into HPLC vials.

Samples for HPCE were hydrolysed according to the method of Englyst and
Cummings (1988). H,SO, (1 mi}; 12.0M) was added to 100 mg of isolated DF,
mixed, and left for 1 h at 35°C in a shaking waterbath. In addition, manual
shaking was performed after 30 min. Water (11 ml) was added, and the sample
was boiled under reflux for 2 h with occasional mixing. The resulting hydrolysate
was treated as described for the HPLC samples (vide infra). The neutralized
supernatant was made up to a known volume (about 60 ml), and 15 ml hereof was
evaporated to dryness,

Purification prior to HPCE analysis was performed according to the
principles of Bjerg et al. (1984). A strongly acidic cation exchanger (Dowex
50w x 8; 200-400 mesh (H™)) was connected to a strongly basic anion exchanger
(Dowex 1 x 8; 200-400 mesh (OH™)). lon exchange material:water suspension
(500 pl; 1:1) were packed into tubes (I ml) with outlet discs of silica malerial, and
placed in a vacuum manifold {Supelco Inc., Pennsylvania, USA). The columns
were washed with minimum 10 ml water. Samples (500 ul of sample redissolved
in 1 ml water ) were transferred to the upper column (cation exchanger) and
allowed to pass inlo the material of the connected columns. Elution was
performed with 15 ml water. The effluent was evaporated to dryness in a rotation
evaporator, redissolved in 500 g or 1000 ul water and used for HPCE analysis.



DIETARY FIBRES OF RAPE SEED AND PEA 171

HPL.C and HPCE analyses were performed as described elsewhere (Frias et
al., 1996; Bjergegaard et al., 1997b).

Electrophoresis

SDS-PAGE and IEF were performed as described in Bjergegaard et al.
(1997b).

RESULTS AND DISCUSSION
Corrections for protein and ash

Filtration did not constitute any problem in method [, whereas the omission
of celite in method I prolonged the time for filtration of IDF. All samples were,
however, possible to filtrate within 2-3 h, The level of IDF and SDF (uncorrected
values), obtained by method I and I1, respectively, are shown in Table 2 for some
of the samples.

TABLE 2
Uncorrected level of IDF and SDF in selected pea and rape seed samples given as mean values
(double determination). The figures in parenthesis are relative standard deviations, %

IDF SDF

Sample

Method T Method 1T Method T Method 11

% of DM Y% of DM

BOII 17.5 {0.6) 15.7 {10.6) 9.4 (5.7) 25.4 (0.1)
PHU 84.5 (1.1) 83.9 (1.7) 15.2 (9.4) 27.7 (3.4)
CER 30.2 (9.6) 36.0(1.7) 9.4 (1.2} 14.8 (7.4)
MRSW 23.5 (1.6) 36.7 (6.3) 10.6 (23.0} 17.7 (12.8)
PRM 25.6 {0.3) 30.4 (0.8) 9.5 (4.2) 21.4 (3.9)
LIPRO 22.9 (2.1) 23.8 (3.2) 73 (2.8) -

Method I gave considerably higher uncorrected SDF levels, compared to the
results obtained using the method I including traditional filtration and
precipitation steps. For IDF, slightly higher values were seen only for the rape
seed samples.

The calculated contents of protein and ash in the residues are shown in Table 3.
The protein level in SDF was found to be considerably higher with method 11,
compared to method 1, whereas the protein level in IDF was comparable in size
for the two methods. Ash was generally not detected in IDF. This was also true
for SDF determined by method TI, whereas ash constituted up to 50% of the
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TABLE 3
The content of protein (P) and ash (A) in the residues [rom a double determination (1 and 2), %
Method 1 Method 11
Sample : 5 | B

P A P A P A p A
BOH IDF 18.8 0.0 188 0.0 10.3 00 13.7 0.0
PHU IDF 2.0 0.0 1.9 0.0 1.5 0.0 1.5 0.0
CER IDF 18.9 0.0 i7.2 14 16.4 0.0 14.5 0.0
MRSW IDF 22.7 0.0 24.6 0.0 17.6 0.0 19.3 0.0
PRM IDF 50.0 0.0 50.8 0.0 48.2 0.0 51.6 0.0
LIPRO IDF - - - - 17.0 1.2 19.3 0.0
BOH SDF 17.7 266 50 214 30.8 0.0 31.8 0.0
PHU SDF 89 309 9% 229 209 0.0 252 0.0
CER SDF 11.5 4738 11.7 472 364 0.0 397 0.0
MRSW SDF 144 329 10.8 498 367 0.0 393 0.0
PRM SDF 11.7  47.1 12.5 436 46.7 0.0 50.0 0.0
LIPRO SDF - - - - 397 0.0 42.3 0.0

residues, when method I was used, and considerable variation was seen for these
ash content determinations.

The level of DF obtained after correction for ash and protein in the residues is
shown in Table 4. RSD values for SDF determination by method 1I were found
to be high owing to the high correction values for proteins, whereas for IDF, the
RSD values ranged from 0.1 to 16.1%. The level of IDF and SDF for rape seed

TARLE 4
Corrected levels of IDF and SDF in selected pea and rape seed samples given as mean values (double
determination}. The figures in parenthesis are relative standard deviations, %

Sample Method
1 1T

% of DM
BOH IDF 13.8 {1.3) 12.4 (16.4)
PHU IDF 81.6 (1.4) 79.9 (0.6)
CER IDF 224 (8.8) 29.1 (2.0)
MRSW IDF 18.7 (8.5) 28.2 (5.3)
PRM IDF 12.3 (0.2) 13.8 (1.0)
BOH SDF 36(1.D) 8.2 (7.0)
PHU SDF 7.9(2.0) 9.8 (13.6)
CER SDF 2.7 (0.7) 2.8 (32.0)
MRSW SDF 34 (3.5) 3.4 (31.49)

PRM SDF 2.6 (0.1) 3.0 (18.1)
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samples varied, dependent on the method used for calculation/determination,
The level of IDF in the pea samples varied only little within double deter-
minations and was also found relatively constant between the different methods.

The enzymatic gravimetric methods for determination of DF have evolved to
their present state due to a comprehensive work within the last 10-15 years. The
physiological approach of the methods has often been criticized for leading to
a residue, which exact composition in outline is unknown to the analyst, and
which contains different components in addition to the traditional DF cons-
tituents (NSP and lignins) (Bjergegaard et al., 1997a). This is, however,
a question of definition, and should not be blamed the methods. Anyhow,
a clarification regarding the correction for protein is nceded within the nearest
future. Concerning the ash correction, being complicated by ash bound water,
the newest modification Lo the AQAC procedure by Lee et al. (1992) seems to
have reduced the problem by decreasing co-precipitation of buffer-salts.
However, it is a question whether this modification is desirable from a physiolo-
gical poinl of view. Rather, new methods for recovering of SDF, without
contemporary recovering of ash, should be developed, and in this connection
attention should be given to possible variation in the SDF level obtained
according to different analytical principles. An evaluation of the type of
polymers recovered as SDF by dialysis but excluded by the precipitation
procedure should thus be performed as a first step in order to decide a possible
inclusion of these polymers in the SDF fraction. Whether SDF then have to be
determined directly or by difference calculation should depend on the precision
of the actual method,

The procedure used for correction of results has been somewhat overlooked in
the enzymatic gravimetric methods. In the present study, it has been shown, that
the way of calculating the ash and protein content from the same set of data
affected the precision of the methods, although the mean values remained within
the same range. From an analytical point of view, correction for ash and protein
in a residue should not be performed on the basis of results from analyses of
another residue, as is the common procedure at present.

Hydrolysis of polysaccharides

Results obtained by analyses for individual sugars reflect especially the
methods of polysaccharide hydrolysis. The procedures used for hydrolysis prior
to GLC give an underestimation of glucose from polysaccharides as cellulose
which only is slightly soluble in the solvent system used for hydrolysis. The
techniques described by Englyst and Cummings (1988) which were used prior to
HPCE give higher results for glucose from such slightly soluble -glucans, but
this system creates problems concerning the stability of other carbohydrates.
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TABLE 5
Relative proporiion (%) of monosacchandes in DT isolated [rom rape seed and peas. Delermminalion
of individual monosaccharides was performed by GLC (double determination, mean values given).
Figures in parcnthesis are standard deviations. %

Sample Fucose Mannose Galactose  Arabinose Xylose Glucose

relative proportion, %

SOL IDF  1.2¢0.11) 12(0.60) 66006 259(2.13) 109 (155 54.1 (4.45)
SDF - - - - - -

KEL IDF  L5¢0.11) 08 (1.06) 10.7(0.12) 350 (0.02) 14.8(L.53) 37.3 (0.50)
SDF  25(0.02)  24(0.E) 412015 540300  13(0.19)  47.0 (0.26)

BOH IDF  09(0.03) 0.5{001) 79(024) 199(0.12) 11.4(1.0%) 59.5(1.47)
SDF  16(0.16)  1.5{(0.02) 189(0.70)  32{(0.13) 0.7 (0.08) 74.2 (0.32)

BOHIIDF  1.0(0.02)  0.3(043) 127(0.59) 28.5(009) 11.1(0.66) 46.4(3.23)
SDF  L7(0.10)  1.4{002) 168(045  3.6(0.08) 0.6(0.02) 758 (0.44)

BOIIZIDF  L1(0.16) 52(0.03) 95(1.12) 293(1.20) 11.0(2.06) 43.9 (0.07)
SDF 15004  14(003) 174(0.08)  45(0.04) 07(0.02) 744 (0.14)

PHU IDF 2.1 (0.05) trace 7.1 (1.10) 17.4(4.20) 60.5(3.06) 12.9(0.00)
SDF 5.5.(0.05) 39 {0.15) 5.5(0.70) 509 (0.81) 209 (0.02) 13.2(0.00)

MRS IDF  33(0.04) 24(3.38) 251(1.08) 33.7¢(L.25) 157 (0.48) 19.8 (0.52)
SDF 35025  57(217) 2290079 55.6(1.42) 63 (0.01)  6.0(0.20)

NRS IDF  3.5(0.06) 22(0.14) 224(1.02) 39.6(1.83) 183 (0.88) 14.1 (0.01)
SDF  6.5(048) 88 (3.00) 26.0(0.40) 40.5(1.63) 83(1.82) 10,0 (0.53)

PRM IDF 4.100.17) 126 (245 31.5(0.89) 17.4(0.78) 13.2(0.54) 21.1 (0.07)
SDF 62(007) 11.6(0.5%) 384 (0.51) 223(0.03) 13.3(0.04) 8.2 (0.02)

NRH IDF  3.3.(0.83) 2.7(0.09) 333 (6.18) 39.4(3.70) 10.7 (0.56) 0.7 (1.00)
SDF  7.5{0.23) 50(0.28) 27.7{0.73) 37.4(0.3%) 124(0.55) 10.0(0.16)

Table 5 shows results from GLC determination of individual monosac-
charides in hydrolysates from ID¥ and SDF.

The GLC analysis (Table 5) demonstrated a low centent of fucose and
mannose in pea DF, the level being highest for PHU SDF (9.4%). The level of
glucose found by GLC was low, especially for IDF, compared to the data
obtained by HPLC, and consequently, the apparent proportion of the other
monosaccharides increased. Apart from small deviations, the overall trend for
IDF was, however, on the whole similarin GLC and HPL.C. For SDF, arabinose
was demonstrated in the intact seed samptles (3.2-5.4%). Otherwise, the GLC
data corresponded well 1o the HPLC results, except for PHU, which appeared
shown to have a completely different and more varied composition when
analyzed by GLC.
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The monomeric composition of rape seed DF was shown to be different from
that of pea DF {Table 5). In rape seed, fucose and mannose were present in higher
levels, whereas the glucose content in general was a factor 2-7 lower, the reduction
being greatest in the SDF fraction. The relative proportion of glucose in DIF from
rape seed and pea hulls was, however, very similar. The quantitatively dominating
sugars in rape seed DF were galactose and arabinose, the sum constituting 49-73%
and 61-79% of IDF and SDF, respectively. Generally, the level of arabinose was
highest, apart from in PRM, being dominated by galactose.

Fractionation of dietary fibres

Studies of the plant cell wall matrix polysaccharides comprise certain
difficulties as emphasized by Breit and Waldron (1990), The general experimen-
tal approach include purification of the plant cell wall followed by sequential
extraction (fractionation} and physical/chemical studies of the extracted mate-
rial. The two main problems in connection with fractionation are 1. that a certain
number of bonds must be broken in order to extract components [rom the cell
wall, leading to incorrect conclusions about the chemistry of DF polysaccharides
and 2. that the extraction of components may result in only partial recovery of
a particular type of polysaccharide, and hereby lead (o some discrepancy
between the classification of polysaccharides, based on solubility properties and
chemical composition, respectively.

Evaluation of the data oblained from fractionation of IDF and SDF from
rape seed and peas, respectively, showed a varying and very complex picture for
the relationship of PEC, HEM, CEL, and LIG, depending not only on the DF
source but also on the actual calculation mode (Table 6).

The difference values obtained as Dif, (Table 6) are figures where the weight of
a fraction is based on disappeared material. Although the preparation of plant
material prior to fractionation has comprised an isolation of IDF and SDF, the
Dif. values may cover up compounds not generally included in the DF fraction.
An example is the occurrence of co-precipitated buffer salts in SDF, and this
illustrates very well the problem with the enzymatic gravimetric method when
used without dialysis (vide supra). Comparison of the weight of fractions
obtained as Dif. and Abs. (Table 6) shows that Dif. values were a factor 3.1-9.5
(5.2 in average) higher for non-dialysed SDF, whereas the corresponding factor
for SDF dialysed prior to the fractionation was [.5-2.2 (1.9 in average). This
emphasize, thal a part of "peclic material” extracted from SDF by water actually
consist of ash.
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TABLE 6
Proportion between pectic material, hemicelluloses, cellulose, and lignins in DF isolated from rape
seed and peas. Dif., Abs. and Thy values are obtained by the procedure described in the text. SDF
from MRS, NRS, PRM and NRH werc dialysed prior to fractionation, %

Pectic material Hemicelluloses Cellulose Lignins
Dift  Abs Thy Dif Abs Thy Dif Abs Thy Dif Abs Thy
% of DF

MRS IDF 273 83 29 333 363 418 326 395 410 67 156 143
SDF 356 275 700 199 150 05 333 408 33 (1.1 168 261

MRSWIDF 76 1.8 22 278 291 438 355 495 165 190 196 376
SDF 729 515 §98 9.5 250 64 177 233 38 0.0 0.0 00

NRS IDF 207 64 53 323 325 385 357 420 302 113 190 26.]
SDF 474 484 %76 112 195 00 4066 304 00 09 .6 23

PRM IDF 182 62 43 560 642 186 177 119 565 81 177 207
SDF 432 404 766 76 88 00 335 284 0.0 157 224 1233

NRH IDF 57 24 36 400 350 155 359 372 5354 185 255 255
SDF 406 312 764 56 162 1.7 449 363 02 89 164 215

LIB IDF 3035 28 22 275 299 348 244 4235 272 176 248 358
SDF 687 426 90% 118 245 74 195 3328 17 0.0 0.0 00

LIB1 IDF 174 23 20 266 288 413 374 462 192 186 228 375
SDF 769 475 86.1 9.5 250 108 136 275 30 0.0 00 00

BIN1 IDF 147 19 19 253 283 318 350 41.0 242 250 288 421
SDF 751 579 918 102 229 76 147 192 06 0.0 00 00

SOL IDF 133 11.5 120 439 333 466 414 527 380 14 25 34
SDF 91.2 849 997 32 142 00 57 05 00 01 04 03

KEL IDF 200 35 31 222 251 403 456 521 369 122 193 197
SDF 914 618 926 51 36 37 335 06 37 00 0.0 0.0

BOH IDF 281 6.1 35 346 567 435 339 200 480 34 8.1 5.0
SDF  95.0 650 675 24 245 151 13 16 96 13 86 79

BOHIIDF 185 44 43 321 296 425 336 406 262 158 254 271
SDF 923 642 893 53 348 61 24 10 41 00 00 00

BOH2 IDF 54 38 41 455 305 443 303 343 192 188 313 323
SDF 926 505 923 39 289 51 34 207 26 00 00 00

PIIU IDF 78 L7 33 106 1t4 115 528 3567 591 288 302 261
SDF 860 773 849 79 147 71 37 10 24 25 70 56

Dif.= The weight difference between starting material and dried sediment after corresponding
extraction. Abs.= The weight of the freeze dried supernatants. Thy. = results from Thymol-H,S0,
analysis.
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Non-carbohydrate content in fractionated DF

The absorption at 280 nm can in part for dialysed samples be considered as
a relative measure for protein (Table 7). whereas low molecular weight
compounds are removed by dialysis. As seen, the values arc highest for the
non-dialysed PEC fraction in SDF and for the non-dialysed HEM fraction in
IDF (Tables 7 and 8). This trend was common for rape seed and peas, however,
the 280 nm absorption for rape seed IDY wasin average a factor 5 higher than for
pea IDF. A considerably higher absorption in IDF compared 1o SDF was also
revealed from the sum of absorptions. For peas, this difference constituted
a factor 2-5, whereas in rape seed, the corresponding factor was 4-15.

The absorption level within the various fractions in the different pea samples
generally showed limited variation, with the exception of PHU IDF, apparently
having a very high protein content in the CEL fraction, The presentation of data

TABLE 7
Content of protein in pectic material, hemicelluloses, and cellulose (DM basis) from pea TDF and
SDF. The maximum value within the individual DF sources are shown in italics bold. The figures in
percentage express the amount of UV absorbent material retained after dialysis of the supernatants.
b.d. = before dialysis; a.d. = after dialysis; n.d. = non-dialysed. Missing observations are marked hy
" Data arc relative valucs, denoted mmol based on use of ¢= 1500 M™ for protein in E=¢ - ¢ - 1

Protein content, mmol/g isolated DF

Sample Pectic material Hemicelluloses Cellulose SUM
b.d.! ad? Y% bd.' ad. % nd.’

SOL IDF 0.14 0.05 350 0.52 0.08 16.3 0.09 0.74

SDY (.33 0.21 63.9 0.04 0.01 11.6 0.01 0.38

KEL IDF 0.2 0.03 25.2 051 0.07 14.3 0.14 0.77
SDF  0.34 0.13 38.2 0.02 0.01 318 0.00 0.36

BOH LDF - 0.02 - 0.38 0.05 14.1 0.18 0.59%
SDF - 0.09 - 0.02 0.00 16.7 0.00 0.11*
BOH1 IDF 0.11 0.03 257 0.46 0.08 17.2 0.08 0.65
SDF  0.29 0.1t 375 0.02 0.01 318 0.01 0.32
BOH2 1DF 0.10 0.02 20.2 033 0.10 19.5 0.08 0.71
SDF .36 0.11 37.5 0.03 0.01 18.2 0.00 0.33
PHU IDF - 0.01 - 0.33 0.05 15.0 041 0.76*
SDF - 0.13 - 0.05 0.01 12.5 0.01 0.18%

! values used for calculation of the sum
? values used for calculation of the sum if missing observations before dialysis
* sum calculated partly on the basis of values from 2
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TABLE B
Content of protein in pectic material, hemicelluloses, and ccllulose (DM basis) from rape seed IDF
and SDT. Comments and foolnoies as in Table 7

Protein content, mmol/g isolated DF

Sample Pectic material Hemicelluloses Cellulose SUM
b.d.' ad’ Yo bd.' a.d. %% nd.’

MRS IDF  0.20 0.04 21.8 1.08 0.20 18.0 0.05 1.34

SDF  0.24 0.15 63.6 0.03 0.04 - 0.03 0.30

MRSW IDF 0.09 0.02 24.9 294 0.46 15.7 0.04 3.07
SDF &8 0.13 2.8 0.08 0.01 14.7 0.01 0.28

NRS IDF 0.20 0.05 25.2 252 0.59 26.2 0.07 2.51
SDF (.40 0.30 75.8 0.02 0.07 29.7 0.02 0.44

PRM IDF 0.20 0.07 37.6 1.48 0.25 16.6 6.03 1.71
SDF  0.33 0.29 8.5 0.06 0.01 9.8 0.02 (.40
NRH IDF (.09 0.03 33.8 4.82 1.39 28.7 0.07 4.97
SDF 0.2 0.12 57.5 0.10 0.02 14.7 0.02 0.33
LIB IDF  0.15 0.03 220 2.06 0.46 221 0.05 2.26

SDF 0.19 0.13 70.4 0.10 0.02 15.9 0.01 0.30
LIBI IDF  0.13 0.03 26.4 2.40 0.59 24.5 0.05 2.58

SDF  0.30 0.22 74.3 0.14 0.01 79 0.01 0.45
BIN: IDF 0.11 0.04 32.2 2.69 0.59 219 0.05 2.85
SDF (.30 0.25 82.5 0.10 0.01 13.3 0.01 0.41

as mmol/g isolated DF do, however, not take into account, that the actual
amount of CEL in IDF from PHU was about two times higher compared to the
other pea samples, making the difference per g/cellulose less marked. This has to
be taken into consideration in evaluation of the data.

Differences in the absolute amount of material in the various rape seed
fractions (Table 8) did, however, only explain a minor part of the variations
obtained in absorption here. The HEM fraction of NRH IDF differed in having
an extremely high absorption at 280 nm, and this indication of a high protein
content in the HEM fraction was confirmed by data from isoelectric focusing of
the dialysed freeze dried material.

The absorption retained after dialysis was calculated for PEC and HEM
supernatants, respectively, and gives an idea of 1. the type (size) of UV absorbent
material and 2. its association to the other DF components in the fractions.
About 75% of the UV absorbent compounds disappeared from the PEC
supernatant of IDF after dialysis, indicating, that the main part of this material
was LMW compounds present in free solution or loosely adsorbed to com-
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ponents in this fraction. Note that part of these compounds not necessarily have
been associated to pectic material originally, but as well could have been
exiracted from other DF components lo the PEC supernatant by the 2 h water
treatment. In rape seed SDF, the main part of the UV absorbent material was
retained {60-90%), whereas in pea, the corresponding figures varied from
40-60%. This difference are not alone brought about by dialysis of rape seed
SDF prior to fractionation, as also non-dialysed rape seed samples showed
a higher retainment percent.

The UV absorbent material in the HEM supernatants must originally have
been present as strongly adsorbed or covalently bound components, as more
readily extractable material are expected to occur in the PEC fraction as
described above. 20% or less of the UV absorbent material was retained in the
dialysed HEM supernatant of IDF as well as SDF, and this indicates, that the
dominating association type for these compounds was alkali-labile, e.g. ester
bonds. Actually, it is not possible to decide the origin of this ester bound material,
which could be from the LIG or CEL fraction as well as from the HEM fraction.
The possible presence of compounds of non-protein origin with absorption at
280 nm emphasize, that the calculated protein content is an arbitrary figure. So,
the information tfrom UV-VIS-spectra should preferably be used as a first hint of
the occurrence of compounds of non-carbohydrate origin in the DF fraction.
This has then to be followed up by further investigations of the compounds
present. The occurrence of ester bound benzoic acid derivatives has been
demonstrated in [DF from rape seed by use of HPCE (Bjergegaard et al., 1997h).
Ether bound or carbon-carbon bound substituents will not be released by the
alkali treatment.

The absorption at 320 nm (Tables ¢ and 10} followed in outline the same
pattern as described above for 280 nim, however, the dillerence in the total sum of
absorption between IDF and SDF was even more distinct (5-12 and 8-30 times
higher for IDF in peas and rape seed, respectively).

Comparison of the sum of absorption at 320 nm of PHU and NRH IDF
showed a 12 times higher absorption for rape seed hulls, whereas the difference
for the whole seeds was less marked (4 times higher for rape seed). The very high
absorption in the HEM fraction of NRH IDF may be partly mediated by the
dark colour of the supernatant, probably caused by an oxidation of phenolic
malerial associated to the hemicellulosic components. In general, the super-
natants obtained after alkali-treatment of rape sced as well as pea samples were
more or less coloured, indicating that the extraction under N, was insufficient to
avoid oxidative degradation completely. Neutralization with acelic acid reduced
the colour slightly and the spectrophotometric measurements were performed on
the pH adjusted samples. However, this procedure exclude contribution from
UV absorbent compounds associated to hemicellulose A. The presence of
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TABLE ¢
Content of cinnamic acid derivatives in pectic malterial, hemicelluloses. and cellulose (DM basis)
from pea IDF and SDF. The maximum value within the individual DF sources are shown in italics
bold. The figures in percentage express the amount of UV absorbent material retained after dialysis
of the supernatants. b.d. = before dialysis; a.d. = aficr dialysis; n.d. = non-dialysed. Missing
observations are marked by "-". Data arc rclative values. denoted mmol. based on use ol
&=15000 M- for cinnamic acid in E=z - ¢ - 1

Cinnamic acid content, ymol/g isolated DF

Sample Pectic material Hcmicelluloses Cellulose  SUM
b.d.' ad? %o b.d.! a.d. % n.d.!

SOL IbF 56 22 384 3Ll 5.2 16.9 2.2 389
Sbr 58 5.1 86.6 1.6 0.3 20.0 0.6 8.0

KEL IDF 26 1.1 41.7 298 318 12.9 4.0 36.4
SDF 3.7 2.0 544 0.3 0.1 51.9 0.1 4.0

BOH IDF - 0.6 - 20.2 i3 16.3 2.7 23.5%
SDF - 16 - 0.3 0.1 333 0.0 1.9%

BOH1 1DF 27 1.0 36.4 24.5 44 17.8 32 30.3
SDF 36 18 50.0 0.3 0.1 40.9 0.0 4.0

BOH2 IDF 23 0.7 282 29.8 6.1 204 23 345
SDF 44 2.1 48.7 1.1 0.2 13.0 0.1 5.6

PHU IDF - 0.6 - 24.5 3.2 13.0 5.5 30.6*
SDF - 33 - 1.1 1.9 - 0.1 4.7

cinnamic acid derivatives in isolated DF has been confirmed by use of
HPCE-MECC (Bjergegaard et al., 1992, 1997b} and combined with the recently
developed SFE technique (Buskov et al., 1997) this gives an efficient tool for
determination of such DF associated compounds.

UV-VIS-spectroscopy resulted in useful information on the amount of DF
associated material of non-carbohydrate origin in the fractions. Generally, the
IDF fraction showed the highest absorption at 280 nm and 320 nm, and the level
was considerably higher for rape seed than for peas. The data showed, that
especially the HEM fraction contained proteins and/or benzoic and cinnamic
acid derivatives. However, this information has also been followed up by more
specific methods in order to get a determination of the actual type and amount of
compounds. SDS-PAGE and IEF of proteins and HPCE for proteins and LMW
compounds associated to DF have been found to be suitable methods in this
respect, as already demonstrated for phenolic carboxylic acids (Bjergegaard et
al., 1992, 1997b), LMW carbohydrates (Arentoft et al., 1992; Frias et al., 1996)
and various types of other LMW compounds as well as for proteins (Bjergegaard
et al., 1997b).
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TABLE 10
Content of cinmamic acid derivatives in pectic material, hemiceltuloses and cellulose (DM basis) from
rapesced IDF and SDF. Comments and footnotes as in Table 9

Cinnamic acid content, umol/g isolated DF

Sample Pectic material Hemicelluloses Cellulose SUM
b.d.! ad? Yo bd.' a.d. % n.d.!

MRS IDF 150 23 15.1 71.2 12.2 17.2 2.5 88.8
SDF 4.9 3.7 75.4 1.0 0.3 264 1.0 6.9

MRSW IDF 8.7 1.3 14.6 1704 300 17.6 1.7 180.9
SDF 5.2 4.5 87.0 2.5 0.7 28.7 0.6 8.3

NRS TDF 145 2.5 17.4 160.4 37.9 23.0 33 178.2
SDF 0.9 8.6 79.2 0.6 0.4 64.2 1.2 12.7

PRM IDF 103 38 373 100.0 10.9 10.9 2.0 112.3
SDF 940 7.7 85.3 3.9 0.4 10.1 0.8 13.4

NRH IDF 6.7 1.5 22.9 381.5 87,2 229 34 391.3
SDF 8.6 6.1 71.5 3.0 0.9 31.1 14 13.0

LIB IDF 162 2.1 13.2 96.0 299 31.2 22 114.3
SDI 58 4.6 78.9 5.3 (.8 15.7 0.7 11.8

LIB1 IDF 149 1.8 12.1 1235 37.7 30.5 2.0 140.4
SDF 7.2 6.2 85.9 6.6 0.7 10.0 0.7 14.6

BINI1 1IDF 103 1.9 18.6 138.1 373 27.0 24 150.8
SDF 9.8 8.8 89.6 3.7 0.8 221 0.7 14.2

Chromatographic techniques with these new developments (Bjergegaard et
al., 1997b) are well suited for analysis of DF including determination of the NSP
monosaccharides composition as a first step, but also in respect to oligo- and
polysaccharides as well as non-traditional DF components as LMW phenolics
and oligosaccharides. Up till now, GL.C and HPLC have been the techniques
preferred for monosaccharide analysis, however, HPCE provides a good
alternative. The enzymatic gravimetric methods for determining IDF, SDF and
TDF are good starting points for chromatographic investigations and further
fractionation studies, but are also valuable themselves.
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STRESZCZENIE

Poréownanie wlokna pokarmowego i zwigzkéw towarzyszacych DF w rzepaka i produktach jego
frakcjonowania eraz DF grochu

Witokno pokarmowe (DF} — jego sklad chemiczny, budowa, wiasciwosci fizyko-chemiczne
i dzialanie fizjologiczne sa obecnie przedmiotem rosngcego zainteresowania. Postgp w tych
badaniach utrudniony jest przez brak uzgodnionej definicji pojecia DF. W przedstawionych
badaniach zastosowano fizjclogicznic uzasadniong mctodg oznaczania ogdlnej zawartosci DF
(TDF) jako sumy DF nicrozpuszczalnego (IDF) i rozpuszczzlnego (SDF) do pordéwnania DF
roznych odmian oraz frakgji rzepaku i DF grochu.

Przeprowadzono szeroka charaklerystyke DF rzepaku i grochu obejimujaca w pierwszym etapie
ornaczenie roéznymi metodami sktadu obojetnych cukrow prostych. IHos¢ cukréow, zwlaszcza
glukozy, zalezala w duzym stopniu od metody hydrolizy wiclocukrow. Skiad frakeji wiclocukrow
roznit sig w zaleznoéci od rodzaju materiatu roélinnego. Roinorodnosé tg potwierdzily wyniki
ckstrakeji i rozdzialu DF pozwalajace na wyodrebnienie czterech grup zwigzkow: pektyn,
hemicelulozy, celulozy i ligniny, Spekiroskopia UV-VIS ckstraktow tych grup wykazala obeenoscé
7wigzkOw nic bedacych weglowodanami. We frakeji hemicelulozy grochu, a zwlaszcza rzepaku,
stwierdzono najwigksza zawarto$¢ biatek i fenoli, prawdopodobnie silnie adsorbowanych lub
zwiazanych kowalencyjnic. Cz¢sé biatkowa frakcji DF analizowano nastgpnic metodami bio-
chemicznymi: chromatografii powinowactwa, clcktroforezy 7 zastosowanicm SDS 1 IEF. W DF
rzepaku stwicrdzono obecnosé myrozynazy. Rowniez groch zawieral biatko zwigzane z DF, jednak
jego zawarto$¢ byla znacznie mniejsza niz w DF rzepaku. Opracowano melody wysoko wydajnej
elektroforezy kapilarnej do oznaczania zwigzkéw fenolowych jako skladnika DF. Zastosowanie tych
metod do analizy DF i jego frakeji pozwolite na stwicrdzenie obecnosci znacznych ilosci biatka
i roznych zwigzkow o niskicj masie czasteczkowej, zwlaszeza fenoli, jako skladnikdw powigzanych
z DF.



