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Stellingen 

1. Pectine uit sojabonen blijkt uit alleen hoogvertakte segmenten (hairy regions) te 

bestaan, de onvertakte homogalacturonaan segmenten (smooth regions) die tot nu 

toe in celwanden van andere onderzochte plantenweefsels van dicotylen voorkomen 

ontbreken. (dit proefschrift) 

2. Onderzoekers proberen de resultaten van onderzoek naar celwandpolysachariden 

altijd te vertalen naar universele modellen. De waarde van deze modellen is echter 

beperkt en geldt alleen voor dat specifieke weefsel van de onderzochte plantensoort. 

(dit proefschrift) 

3. Het aantal suikersubstituenten per 100 xylose-eenheden in de hoofdketen is een 

betere maat voor de substitutiegraad van arabinoxylanen dan de verhouding tussen 

de hoeveelheid arabinose en xylose, (dit proefschrift) 

4. De verzelfstandiging van scholieren dankzij het studiehuis leidt tot nieuwe 
aanpassingsproblemen in de steeds schoolser wordende universiteiten. 

5. De zoektocht naar beschikbare verloskundigen is een zware bevalling. 

6. Door het constante gebruik van de mobiele telefoon is de bereikbaarheid juist 

afgenomen. 

7. Als namen binnen een organisatie sneller veranderen dan de productietijd van het 

briefpapier met logo is er sprake van een identiteitscrisis. 

8. Als mannen ook verplicht waren verlof op te nemen na de bevalling zouden zij 
eraan gewend raken een groter deel van de zorg voor de kinderen op zich te nemen. 
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ABSTRACT 

Huisman, M.M.H. Elucidation of the chemical fine structure of polysaccharides from 
soybean and maize kernel cell walls. 

Ph.D. thesis. Wageningen University, Wageningen, The Netherlands, 2000 

Keywords: Glycine max, Zea mays, homogalacturonans, rhamnogalacturonans, 
xylogalacturonans, arabinogalactans, pectic substances, xyloglucans, 
glucuronoarabinoxylans 

In soybean cell wall material, pectic substances are the major non-starch polysaccharide. 
These pectic substances distinguish themselves from pectic substances of cell wall material 
from other plants in the absence of homogalacturonan, the presence of fucose residues in the 
xylogalacturonan, and two uncommon structural features of the pectic arabinogalactan side 
chains, namely the presence of internal (l,5)-linked arabinofuranose and terminal 
arabinopyranose. Therefore, these pectic substances are rather resistant to degradation by both 
established (like polygalacturonase) and novel (like RG-hydrolase) pectic enzymes. The 
hemicellulosic polysaccharides in the soybean cell wall appeared to be predominantly 
xyloglucans, composed of XXXG-type building units like most legume xyloglucans. 

In the cell wall material from maize kernels, glucuronoarabinoxylans are the major 
non-starch polysaccharides. The glycosidic linkage composition of the extracts and their 
resistance to endo-xylanase treatment indicated that the extracted glucuronoarabinoxylans 
were highly substituted. The same conclusion could be drawn from their degree of 
substitution (87%), defined as the number of sugar substituents per 100 xylose residues in the 
backbone. The glucuronoarabinoxylans from maize kernel cell walls appeared to be more 
complex than those from sorghum cell walls, which were the most complex 
glucuronoarabinoxylans described so far. 

The uncommon structural features of soybean cell wall pectic substances and the 
complexity of maize kernel cell wall glucuronoarabinoxylans explain their resistance to 
degradation by enzymes generally used to degrade this kind of polymers, and indicates that a 
search for new enzymes is required to enable enzymatic modification of these 
polysaccharides. 
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INTRODUCTION 



Chapter 1 

BACKGROUND 

This thesis forms part of a larger research project on the elucidation of the chemical fine 

structure of polysaccharides from plant cell walls directed to their functional properties, 

funded by the Dutch technology Foundation (NWO/STW). The plant cell wall 

polysaccharides play important roles in the processing of the plant materials to food and feed. 

The determination of the structure of polysaccharides usually includes the isolation of the 

polysaccharides from their original source by removal of other constituents like protein, fat, 

and starch, without modifying or removing a part of these polysaccharides. Subsequently, 

they can be characterised by determination of their sugar composition, glycosidic linkage 

composition, and establishing the presence of substituents (e.g. acetyl, methoxyl, feruloyl, and 

coumaryl groups). NMR spectroscopy and mass spectrometry are used in the analysis of not 

too complex polysaccharides or polysaccharide fragments. Chemical and specific enzymatic 

degradation is used to obtain fragments that fit within the analytical range of NMR and MS 

analyses. This strategy is shown in Figure 1.1. NMR spectroscopy and mass spectrometry 

were performed at the Bijvoet Centre of the University of Utrecht. Based on the obtained 

knowledge of polysaccharide structures, it was tried to get a better understanding of the 

digestibility and the nutritional value of soybean meal and maize polysaccharides in feed 

applications (Department of Animal Nutrition, Wageningen University). 

Raw materials 

' ' 1 

1 
Cell wall polysaccharide complex 

I 
Separation 
technology 

' 

\ 

1 
Enzyme 

technology 

/ 
NMR spectroscopy 

and mass spectrometry 

1 ' 
(hypothetical) polysaccharide structures 

1 1 \ r i r 

Food and feed applications 

Figure 1.1. Scheme of techniques and data flow within the research project. 

In this research project, attention is focussed on cell wall polysaccharides of two plant 

species, soy and maize. The two species investigated represent different taxonomic groups, 

soybean belonging to the dicotyledonous and maize to the monocotyledonous plants. Besides 
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containing two very important structures present in cell wall material, these raw materials are 
also of great importance in food and feed industry. 

Soybean meal and maize by-products from the wet milling process are important 
agricultural by-products. These by-products are enriched in proteins and cell wall 
polysaccharides and are used in livestock feeds. At present, little information is available 
about the chemical structure of the individual cell wall polysaccharides in relation to their 
digestibility/fermentability and physiological action in the gastrointestinal tract. A number of 
effects of intact cell walls are the limited accessibility of nutrients within the cellular matrix 
of the plant, the limited degradation of the cell wall itself, and physical effects (particularly 
increased viscosity) of the cell walls in the small and large intestines1. Knowledge of the 
polysaccharide structure is needed for the selection of the appropriate tools for modification 
of feed ingredients. These pre-treatments can optimise the uptake of the feed and improve the 
well-being of the animals. 

Soybean meal can also be used as a raw material for the production of soy protein 
isolate. Isolated soy protein is used in comminuted or emulsified meat products, in the baking 
industry, in (milk-free) infant formulas and food, and meat analogue products. In a number of 
cases, the purity of the protein product is desired to be above 90%. Knowledge of the 
polysaccharide structure is needed to select the enzymes able to remove polysaccharides from 
the protein fraction. 

A third reason for the interest in the structure of the polysaccharides from soybean 
meal and maize kernels is their application as novel ingredients in foodstuffs, possibly after 
(enzymatic) modification. 

In short, this research project focussed especially on the identification and 
characterisation of cell wall polysaccharides in relation to functional properties, enzymatic 
modifications to improve these properties, polysaccharide degradation by enzymes, detection 
of structural barriers limiting enzyme action and identification of enzyme activities with 
potential to overcome these limitations. 

THE SUBSTRATES: SOYBEAN MEAL AND MAIZE KERNELS 

Soybeans (Glycine max) belong to the pea family of the Leguminosae. They are the world's 
most important oilseed crop and a staple food of the Orient. World production in 1990 totalled 
107 millions metric tons. Although indigenous to the Far East, it is now cultivated elsewhere 
- particularly in the United States2. 

The soybean seed consists of three basic parts: (1) the seed coat, which protects the 
embryo from fungi and bacteria before and after planting; (2) the embryo; and (3) the 
cotyledons, which account for most of the bulk and weight (90%) of the seed and contain 
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nearly all the oil and protein. Early in the maturity of the cotyledons, starch granules are 

predominant, but they decrease to less than 1% of weight as beans mature2,3. 

HMJUM (SEED SCAR) 

COTYLEDON 

RADICLE 
HYPOCOTYL 

EPICOTYL 

SEEDCOAT 
COTYLEDON 

Figure 1.2. The soybean seed . 

Soybeans are processed primarily to obtain (1) oil for use in shortenings, margarines, 
and salad dressings; (2) soybean protein products for direct human consumption; and (3) 
soybean meal for use as a protein supplement for livestock. The protein of soybean meal is of 
better quality than other protein-rich supplements of plant origin, because of its well-balanced 
amino acid profile2. 

As a first approximation soybeans contain 20% lipid, 40% protein, 35% carbohydrate, 
and 5% ash on a dry weight basis. Considerable variability exists in these numbers, depending 
on the cultivar and the growing conditions. The carbohydrates consist of soluble and insoluble 
carbohydrates. Insoluble carbohydrate includes pectin, cellulose and hemicellulose that 
largely form the cell walls in soybean cotyledons. This fibre component is more prevalent in 
soybean seed coats (hulls) than in cotyledons. The soluble carbohydrate in soybeans 
represents about 10% by weight of the dry bean and includes about 5% sucrose, about 4% 
stachyose, and about 1% raffinose3. 

Maize (Zea mays) is a plant of the tribe Maydea of the grass family of the Gramineae. 
Maize ranks as the second most widely produced cereal crop world-wide. Only wheat is 
produced in greater quantity4. North America has always been the centre for maize 
production. In 1990 the total world production was 475 millions metric tons2. 

The maize kernel is composed of four main parts: (1) the germ; (2) the endosperm, 
which forms the major portion (82%) of the kernel, and is comprised of a protein matrix 
encapsulating granules of starch; (3) the pericarp, which is composed entirely of dead empty 
cells, and is high in cellulose and hemicellulose; and (4) the tip cap, which was the point of 
attachment to the cob and the passageway for the movement of nutrients to the developing 
kernel3. 
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Endosperm ) Aleurone 
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Germ 
!120%> 

Seed coat 

Hilar layer 

Figure 1.3. Mature maize kernel morphology3. 

Most of the corn crop goes directly into animal feed uses. Other direct uses of maize 
include sweet corn, popcorn, alkali-cooked corn to produce tortillas, breakfast cereals, and 
other foods made from whole maize or by traditional stone grinding. Other ways to utilise 
maize involve one or more levels of value-added processing. A large part of the maize 
production is wet milled, thus producing corn starch, corn sweeteners (sugar and syrup), and 
corn oil. The most valuable fractions are starch and germ. The by-products account for one-
third of the mill output. Most of the by-products, except the oil recovered from the germ, are 
utilised as livestock feed . 

As a first approximation maize kernels contain 4% lipid, 11% protein, 72% starch, 
10% other carbohydrates, 2% crude fibre and 1% minerals on a dry weight basis5. 

THE CELL WALL OF MOST FLOWERING PLANTS 

Cell walls are a major component of plant material. Although the primary wall has 
considerable mechanical and tensile strength, it is also flexible to accommodate turgor and to 
allow for cell elongation; it is permeable and yet an effective defence against micro
organisms. The cell wall is a fibre-composite material of skeletal cellulose microfibrils, which 
form the scaffolding framework of the wall, and so-called matrix polymers, which include 
xyloglucans, xylans, pectins, and proteins. Recent models of cell wall architecture have 
suggested that cell walls of dicots and non-graminaceous monocots are constructed from at 
least two independent but co-extensive and interactive networks, a cellulose/xyloglucan 
network and a pectin network, with a third interactive network of structural proteins in some 
cells (Figure 1.4)6'7'8. 
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Figure 1.4. An extremely simplified and schematic representation of the onion parenchyma cell wall7. 

The cellulose/xyloglucan network 

Cellulose ((l,4)-linked p-D-glucan) is the major component of the primary cell wall. The 

cellulose chains can associate into microfibrils by intermolecular hydrogen-bonding. The 

surfaces of these microfibrils are coated with hemicelluloses to prevent them from 

aggregating9. Two hemicelluloses - xyloglucan and arabinoxylan - are components of all 

primary cell walls, although the relative amounts of the two hemicelluloses vary from plant to 

plant. It is possible that a small amount of a third hemicellulose, a glucomannan or 

galactoglucomannan, is a component of primary cell walls10. 

In the cell wall of dicots, the principal hemicelluloses are xyloglucans6. The basic 

structure of this cell wall polymer consists of a backbone of P-(l,4)-linked-D-glucosyl 

residues, with D-xylosyl side chains ct-linked to C6 of some of the glucosyl residues. Some of 

the xylosyl side chains are extended by the addition of a P-linked-D-galactose residue, or a a-

L-fucosyl-(l,2)-P-D-galactose dimer to C2 of the xylosyl residues. Arabinosyl residues are 

occasionally linked to C2 of some of the xylosyl residues of some xyloglucans". The degree 

of backbone branching appeared to be characteristic; most xyloglucans are composed of either 

XXXG-type or XXGG-type building units'2. The letters "G" and "X" refer to an unbranched 

P-D-Glc£> residue and an ct-D-Xyl/>-(l—>6)-P-D-Glcp segment, respectively13. The poly-

XXXG class includes xyloglucans from both gymnosperms and angiosperms, xyloglucans 

from solanaceous plants belong to the poly-XXGG group12. 
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Xyloglucan is thought to form a tightly bound molecular monolayer on the surface of 
cellulose. A portion of a xyloglucan chain that is sterically prevented from binding to one 
cellulose microfibril will form, if possible, a multiple hydrogen-bond attachment to another 
cellulose microfibril, thereby cross-linking the microfibrils and creating a cellulose/ 
xyloglucan network10. 

The pectin network 

The second polysaccharide network present in primary cell walls is composed of pectic 
polysaccharides. The organisation of pectic substances is a major control element in defining 
the sieving properties of the wall14. Other functions of plant cell wall pectins are determining 
cell wall porosity; providing charged surfaces that modulate wall pH and ion balance; and 
serving as recognition molecules that signal appropriate developmental responses to 
symbiotic organisms, pathogens, and insects6. 

The pectic substances comprise a family of acidic polymers like homogalacturonans, 
and rhamnogalacturonans with several neutral polymers like arabinans, galactans and 
arabinogalactans attached to it15,16'17. A model of apple pectin molecules is presented in 
Figure 1.5. The pectin consists of smooth galacturonan regions interrupted by blocks of 
ramified rhamnogalacturonan regions, so-called hairy regions. The branches are neutral sugar 
rich side chains18. The relative amounts of the different pectic sub-units vary from plant to 
plant. 

YX \X 

Figure 1.5. Schematic structure of apple pectin19. 

The hairy regions of apple appeared to be composed of three sub-units, and a 

structural model is shown in Figure 1.6. The pectic sub-units are described below. 

Homogalacturonan is the most well known part of pectic substances (Figure 1.5). It 
consists of (l,4)-linked a-galacturonic acid residues. Methylesterification of the carboxyl 
groups is the most common modification of homogalacturonan. Another type of substitution 
is acetylation of homogalacturonan on C2, C3, or both C2 and C3 positions of the 
galacturonic acid in potato20 and bamboo21, and especially sugar beet homogalacturonan has a 
high acetyl content16. 
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Xylogalacturonan (sub-unit I) is a relatively recently discovered sub-unit of pectic 

substances. The backbone consists of (l,4)-linked a-D-galacturonic acid residues. Xylose 

residues are P-(l,3)-linked to part of the galacturonic acid residues. A part of the galacturonic 

acid residues are methyl esterified, and the methyl esters are found to be equally distributed 

among the substituted and unsubstituted galacturonic acid residues. Xyloglacturonan is 

probably associated with rhamnogalacturonan regions22,23. 

DDDI IDHDD 

tfVWWtf 
• methyl ester 

$ GalA 

m rham 

#> gal 

• xyl 

Figure 1.6. Hypothetical structure of apple pectin MHR (modified hairy regions). Sub-unit I, 

xylogalacturonan; sub-unit II, stubs of the backbone rich in arabinan side chains; sub-unit III, 

rhamnogalacturonan oligomers. The distribution of acetyl groups is not presented, but the major part is 

located within sub-unit HI24'25. No information is available on the presence of methyl esters in sub-unit 

II26. 

Rhamnogalacturonan (sub-units II and III) is the second major type of pectic 

polysaccharide. It is the collective noun for pectic fragments having a rhamnose to 

galacturonic acid ratio, varying between 0.05 and l26. Arabinosyl- and galactosyl-rich side 

chains are attached to C4 of the rhamnosyl residues, although the proportion of rhamnosyl 

residues with attached side chains varies from -20% to -80% depending on the source of the 
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polysaccharide10. The side chains can vary in size from a single glycosyl residue to 50 or 
more glycosyl residues27'28. Rhamnogalacturonans are typically highly acetylated29 at 
positions C2 and C3 of the galacturonic acid residues20'30. The rhamnogalacturonans include 
the intensively studied pectic segments which have a strictly alternating sequence of 
rhamnose and galacturonic acid, named rhamnogalacturonan I17. 

Rhamnogalacturonan II is another common pectic sub-unit in fruit and vegetable cell 
walls31'32'33. It was, however, not detected in apple pectin MHR by Schols et al.26 (due to their 
removal during ultrafiltration of the enzyme-treated apples), and therefore not present in 
Figure 1.6. This sub-unit has a highly conserved structure. The backbone is composed of 
about nine (l,4)-linked oc-D-galacturonic acid residues. Four different, complex side chains 
are attached to C2 or C3 of four of the backbone residues. These side chains contain 
rhamnose and several rare characteristic monosaccharides such as apiose, 2-O-methyl-L-
fucose, 2-0-methyl-D-xylose, aceric acid (3-C-carboxy-5-deoxy-L-xylose), KDO (3-deoxy-D-
manno-octulosonic acid), and DHA (3-deoxy-D-lyxo-heptulosaric acid) 4. 

THE CELL WALL OF GRASSES 

In Gramineae, the chemical structure of the wall differs from that of all other flowering plant 
species. This type of cell wall is composed of cellulose microfibrils similar in structure to 
those of the cell walls of flowering plants. Instead of xyloglucan, the principal polymers that 
interlock the microfibrils are (glucurono)arabinoxylans. This type of cell wall is poor in 
pectin. 

Arabinoxylans are linear chains of (3-(l,4)-linked D-xylopyranosyl residues, to which 
a-L-arabinofuranosyl residues are attached as side chains to the C2, C3 or both C2 and C3 
position35. Arabinoxylans can also be substituted with glucuronic acid or 4-O-methyl-
glucuronic acid at the C2 of the xylosyl units36'37'38'39, consequently designated 
glucuronoarabinoxylans. Additionally, branching with single unit side chains of xylose is 
suggested40. Besides these single unit substituents, a variety of di- and trimeric side chains 
have been identified as minor constituents of (glucurono)arabinoxylans. These side chains can 
be composed of arabinose only39'41'42'43, or can include xylose and galactose 
residues35'44'45'46'47. Another feature of (glucurono)arabinoxylans is the presence of acetic, 
ferulic or coumaric acid as ester groups. Xylans can carry O-acetyl ester groups at position 2 
of an arabinofuranose residue48, ferulic and coumaric acid are covalently linked via an ester 
linkage to the C5 position of arabinofuranose residues48'49'50'5'. In addition, O-acetyl ester 
groups can also be attached to C2 or C3 of the xylose residues in the backbone, but so far this 
was only found in hardwood xylans52'53'54'55'56'57. Arabinoxylans from various plants share the 
same basic chemical structure, the main differences are found in the ratio of arabinose to 
xylose, in the relative proportions and sequence of the various linkages between these two 
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sugars, and in the presence of other substituents58. As an example, the structural model of 
sorghum glucuronoarabinoxylan is shown in Figure 1.7. Sorghum glucuronoarabinoxylan is 
the most complex arabinoxylan described in literature. Neither rye, wheat endosperm, nor 
barley arabinoxylan contains glucuronic acid or short side chains, and this makes them more 
easily degradable by xylanases. 

% C-Xylp 

O a-Ara/ 

^ a-GlcA 

# — # B-Xyl/>-(l-»4)-B-Xyl/> 

% a-Ara/-(l->3)-B-Xyl/> 

I 

oc-Ara/-(l-».2)-B-Xylp 

a-GlcA-(l-»2)-B-Xyl/> 

< X > a-Ara/-(l->5)-a-Ara/ 

0> a-Ara/-(l->2)-a-Ara/' 

Figure 1.7. A structural model for sorghum glucuronoarabinoxylan5' 

Like xyloglucan, the unbrached (l,4)-linked xylans can hydrogen bond to cellulose or 
to each other60. The extend of hydrogen bond formation for glucuronoarabinoxylans is limited 
as a result of the presence of substituents61. Besides these interactions through hydrogen 
bonding, ferulic acid is capable of forming both ester and ether linkages and, therefore, it may 
participate in cross-linking reactions of cell wall macromolecules62. 

OUTLINE OF THE THESIS 

The structures of cell wall pectic substances and xyloglucan from soybean meal and of 
(glucurono)arabinoxylan from maize kernels have been studied extensively. To study the cell 
wall polysaccharides, isolation procedures were performed in which non-cell wall 
components like fat, starch, and proteins are removed. 

10 
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Specific extraction procedures were used to extract the different classes of pectins and 
hemicelluloses from soybean WUS. The obtained fractions were characterised by 
determination of their sugar composition and molecular weight distribution (chapter 2). It 
appeared that soybean WUS is hardly degraded by enzymes. It is however possible that no 
degradation can be achieved by enzymes even when the appropriate substrate is present. This 
might be caused by low cell wall porosity, adsorption of the enzyme to other cell wall 
polysaccharides, inhibition of the enzymes by cell wall components or hindrance by side 
chains, including both spatial hindrance and a high degree of substitution of the backbone. 
Although the CDTA-extractable pectic substances are no longer part of the cell wall matrix, 
they could still not be degraded by pectic enzymes, except for their arabinogalactan side 
chains (chapter 3). After incubation with pure and well-defined arabinogalactan-degrading 
enzymes an enzyme resistant pectic backbone remained. Significant degradation of this pectic 
polymer could only be achieved by acid hydrolysis. The resulting fragments of the pectic 
backbone were characterised, both chemically and enzymatically (chapter 4). The 
arabinogalactan fragments released after incubation of the CDTA-extractable pectin with the 
arabinogalactan-degrading enzymes were the subjects of research in chapter 5. The 
degradation products were separated by size-exclusion and anion-exchange chromatography, 
and subsequently characterised using mass spectrometry. Information on the structures of the 
various oligomers and mode of action of the enzymes led to more detailed knowledge on the 
structure of the intact cell wall polysaccharides. 

The pectic substances form only one network of the plant cell wall. The other network 
is the cellulose/hemicellulose network. The hemicelluloses of the soybean cell wall were 
under investigation in chapter 6. Analyses of the oligomers formed after enzymatic 
degradation showed the formation of characteristic poly-XXXG xyloglucan oligomers. 

The approach and methodology developed for the elucidation of polysaccharide 
structures in soybean meal was also successfully applied to maize kernel 
glucuronoarabinoxylan (chapter 7). These glucuronoarabinoxylans appeared to have a very 
complex structure, more complex and more resistant to enzymatic degradation than those of 
sorghum kernel cell walls. 

In the concluding remarks (chapter 8), an overview of the thesis work is given and the 
results are discussed in the context of existing polysaccharide knowledge and research aims. 
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Chapter 2 

Cell wall material was isolated as Water-Unextractable Solids (WUS) from soybean meal. The 

isolation of WUS yields a fraction that contains 92% of the polysaccharides present in 

soybean meal and only few other components. Arabinose, galactose, uronic acids and glucose 

(cellulose) were the major constituent sugars. WUS was sequentially extracted with chelating 

agent (Chelating agent Soluble Solids, ChSS), dilute alkali (Dilute Alkali Soluble Solids, 

DASS), 1 M alkali (1 M Alkali Soluble Solids, 1 MASS) and 4 M alkali (4 M Alkali Soluble 

Solids, 4 MASS) to leave a cellulose-rich residue (RES). ChSS was the major extract, yielding 

38% of the polysaccharides present in the WUS. All extracts and the residue were 

characterised by their sugar composition and their molecular weight distribution. The extracts 

ChSS and DASS were fractionated by anion exchange chromatography. They showed 

identical elution patterns: an unbound fraction, five bound fractions of which one fraction 

eluted only with alkali. Anion exchange chromatography was also performed after 

saponification of both pectin-rich extracts, again resulting in identical elution patterns. 

INTRODUCTION 

One of the basic products of the soybean is oil. The by-product of the industrial oil extraction, 

soybean meal, is enriched in proteins and cell wall polysaccharides. Soybean meal is used in 

livestock feeds and as a raw material for the production of soy protein isolates. The 

polysaccharides in soybean meal are badly utilised by monogastric animals. Partial 

degradation of these polysaccharides with enzymes could improve the utilisation by animals. 

Knowledge of the polysaccharide structure is needed to select enzymes, which are able to 

degrade the polysaccharides in a way that is optimal for the uptake by and well-being of the 

animals. In the production of soy protein isolate from dehulled and defatted soybean meal, the 

purity of the protein product is desired to be above 90%. Enzymes able to remove 

polysaccharides from the protein fraction could be of importance in protein isolation. 

Identification and selection of such enzymes requires knowledge of the polysaccharide 

structure in the soybean cell walls. 

Some structures of soybean cell wall polysaccharides have already been partly 

elucidated during the sixties. Within this group of polysaccharides, the arabinogalactans have 

been studied most intensively1'2'3'4, and showed to contain chains of (l,4)-linked f3-D-

galactopyranose residues in which some residues carry through C3 a side chain of ((1,5)-

linked) L-arabinofuranose residue(s). However, large variation is present in the degree of 

branching and in the distribution of the substituents over the main chain. Aspinall and 

Cottrell5 also isolated a highly branched arabinan, containing (1,3)- and (l,5)-linked 

arabinofuranose residues. 

Within the group of acid polysaccharides, the sugar composition has been determined 

and a number of hydrolysis products have been characterised. The results indicate a main 
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chain consisting of D-galacturonic acid and L-rhamnose residues and side chains containing 

mainly galactose and arabinose residues. Two noteworthy observations were firstly the 

presence of oligosaccharides containing contiguous rhamnose residues, and secondly the 

presence of xylosyl-galacturonic acid dimers, indicative for the presence of 

xylogalacturonan6. The structure of the pectin molecules as a whole has not yet been 

investigated. 

Until now no survey has been published in which fractions from soybean meal are 

characterised with respect to their (polysaccharide) composition. Moreover, isolated soybean 

polysaccharides have also not been investigated in detail, except for chelating agent extracted 

pectic substances by Brillouet and Carre . The purpose of the present investigation was to 

isolate the intact cell wall polysaccharides from soybean meal and to characterise them in 

order to perform further structural investigations of the important fractions. 

MATERIALS AND METHODS 

PLANT MATERIAL 

Solvent-extracted, untoasted soybean meal was obtained from Cargill BV (Amsterdam, The 

Netherlands). 

ISOLATION OF WATER-UNEXTRACTABLE SOLIDS (WUS) 

Dehulled, defatted, untoasted soybean meal was ground to pass a 0.5-mm sieve. This meal (800 g) was 

extracted with 3 1 distilled water containing 0.05% NaN3 during 2h at room temperature. The 

suspension was centrifuged (11000 g; 30 min). The pellet was resuspended, and this procedure was 

repeated four times. The combined supernatants were subjected to ultrafiltration using a tubular 

system (Cobe Nephross BV, Boxtel, The Netherlands), resulting in a filtrate (UFF) containing material 

smaller than 5000 Da and a retentate (UFR) containing polymers larger than 5000 Da. 

Subsequently, the protein was extracted from the residue with 3 1 1.5% (w/v) sodium 

dodecylsulphate solution containing 10 mM 1,4-dithiothreitol, during 3h at room temperature. After 

centrifugation (11000 g; 30 min), this extraction was repeated three times. The final pellet was washed 

twice with distilled water. The combined supernatants were dialysed, concentrated and freeze-dried 

(SDSS). 

The residue was then suspended in 1 1 of distilled water (pH 5.0) at 85 °C, and starch 

gelatinisation was allowed to proceed for lh. The residue obtained after centrifugation (11000 g; 30 

min) was suspended in 1 1 buffer solution (pH 6.5) containing 10 mM maleic acid, 10 mM NaCl, 1 mM 

CaCli and 0.05% NaN3. Porcine pancreatic a-amylase (2 mg; Merck art. 16312) was added and the 

mixture incubated at 30 °C for 19h. After centrifugation (11000 g; 30 min), the residue was washed 
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with 1 1 hot distilled water (65 °C) and centrifuged again. The a-amylase digestion and hot water 

washing were repeated once. The combined supernatants were dialysed, concentrated and freeze-dried 

(HWS), and the remaining unextractable residue was resuspended in distilled water and freeze-dried 

(WUS). 

SEQUENTIAL EXTRACTION OF WUS 

Soybean WUS (20 g) was sequentially extracted, based on the procedure described by Redgwell & 

Selvendran8, with 0.05 M l,2-diaminocyclohexane-Ar,A';jV',./V'-tetraacetic acid (CDTA) and 0.05 M 

NH4-oxalate in 0.05 M NaAc-buffer, pH 5.2 (8 times 600 ml) at 70 °C for lh (Chelating agent Soluble 

Solids, ChSS); washed with distilled water (two times 600 ml) and these extracts were added to the 

ChSS fraction; extracted with 0.05 M NaOH (three times 600 ml) at 2 °C for lh (Dilute Alkali Soluble 

Solids, DASS); 1.0 M KOH + 20 mM NaBH4 (5 times 600 ml) at room temperature for 2h (1 M Alkali 

Soluble Solids, 1 MASS); 4 M KOH + 20 mM NaBH4 (three times 600 ml) at room temperature for 2h 

(4 M Alkali Soluble Solids, 4 MASS). After each extraction, solubilised polymers were separated from 

the insoluble residue by centrifugation (19000 g; 30 min). All extracts were acidified to pH 5.2 (if 

necessary) by glacial acetic acid, concentrated, dialysed and freeze-dried. ChSS (including the two 

supernatants obtained after washing the residue from this extraction step) were dialysed against 0.1 M 

NH4Ac buffer (pH 5.2) before dialysing against distilled water. The final residue (RES) was 

suspended in water, acidified to pH 5.2, dialysed and freeze-dried. 

ION-EXCHANGE CHROMATOGRAPHY 

Approximately 500 mg of ChSS, saponified ChSS (sChSS), DASS and saponified DASS (sDASS) 

were fractionated on a column (550 mm x 15 mm) of DEAE Sepharose Fast Flow, which was initially 

equilibrated in 0.005 M NaAc-buffer pH 5.0, using a Hiload System (Pharmacia). 

The ChSS and DASS fractions were suspended in water, the insoluble residues were removed 

by centrifugation (5400 g; 5 min) and the supernatants were applied onto the column. Saponification 

of ChSS and DASS was performed by dissolving them in 0.1 M NaOH (0 °C, 16h) followed by 

neutralisation with 0.1 M HAc. These saponified samples were also centrifuged and the supernatants 

applied onto the column. 

Elution was carried out sequentially with 400 ml of 0.005 M NaAc-buffer pH 5.0, a linear 

gradient from 0.005 to 0.5 M NaAc buffer pH 5.0 (1200 ml), a linear gradient 0.5-2 M NaAc-buffer pH 

5.0 (1000 ml) and 400 ml 0.005 M NaAc-buffer pH 5.0. Residual bound polysaccharides were washed 

from the column with 400 ml of 0.5 M NaOH. The elution rate was 10 ml/min except for the first step, 

in which the sample was applied onto the column and the elution rate was 2.5 ml/min. Fractions (23 

ml) were collected and assayed by automated methods for neutral sugar content9 and uronic acid 

content10. The appropriate fractions were pooled, concentrated, dialysed, freeze-dried and analysed for 

neutral sugar composition and uronic acid content. 
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ANALYTICAL METHODS 

Moisture content was determined by drying at 105 °C until no further decrease in weight was 

observed. 

Starch content was determined enzymatically using a test kit (Boehringer, Mannheim, Germany). 

Non-starch polysaccharide content of soybean meal and HWS was determined according to Englyst 

and Cummings". The starch was enzymatically hydrolysed, the residue was dried and the sugar 

composition was determined. 

Neutral sugar composition was determined by gas chromatography according to Englyst and 

Cummings", using inositol as an internal standard. The samples were pre-treated with 72% w/w 

H2S04 (lh, 30 °C) followed by hydrolysis with 1 M H2S04 for 3h at 100 °C and the constituent sugars 

were analysed as their alditol acetates. Cellulosic glucose was calculated as the difference between the 

content of glucose with and without prehydrolysis. 

Uronic acid content was determined by the automated colorimetric w-hydroxydiphenyl assay9'0'12 

using an auto-analyser (Skalar Analytical BV, Breda, The Netherlands). Corrections were made for 

interference by neutral sugars present in the sample. 

Protein content was determined by a semi-automated micro-Kjeldahl method'3. The conversion factor 

used was 6.25. 

Degree of acetylation and methylation was determined by HPLC after saponification with 0.4 M 

NaOH14. Quantification was performed using acetic acid and methanol standards. 

High-Performance Size-Exclusion Chromatography (HPSEC) was performed on a SP8800 HPLC 

(Spectra Physics) equipped with three columns (each 300 x 7.5 mm) of Bio-Gel TSK in series (60XL, 

40XL and 30XL; Bio-Rad Labs.) in combination with a TSK guard column (40 x 6 mm) and elution at 

30 °C with 0.4 M NaAc buffer pH 3.0 at 0.8 ml/min. Calibration was performed using dextrans, 

ranging from 500 to 4 kDa. The eluate was monitored using a Shodex SE-61 Refractive Index 

detector. 

High-Performance Anion-Exchange Chromatography (HPAEC) was performed on a Dionex Bio-LC 

system as described by Schols et al.'5. The gradient was obtained by mixing solutions of 0.1 M NaOH 

and 1 M NaAc in 0.1 M NaOH. 

For the determination of small neutral oligomers, fructose, sucrose, raffmose and stachyose, 

the (4 x 250 mm) CarboPac PA1 column was equilibrated with 0.016 M NaOH. Twenty u,l of the 
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sample were injected, and a linear gradient to 0.1 M NaOH in 33 min was applied, followed by a linear 

gradient from 0 to 0.04 M NaAc in 0.1 M NaOH in 12 min. The column was washed for 5 min with 1 

M NaAc in 0.1 M NaOH, then 5 min with 0.1 M NaOH and then equilibrated again for 12 min with 

0.016 M NaOH. Calibration was performed with standard solutions of fructose, sucrose, raffinose and 

stachyose. 

RESULTS AND DISCUSSION 

YIELD AND COMPOSITION OF THE WUS 

The yield and the composition of the fractions of soybean meal obtained during the isolation 

of WUS are shown in Table 2.1. The recovery of this fractionation is 94%. The major part of 

the material is water soluble (UFF and UFR), namely 59%. The yield of the WUS fraction is 

16%. 

Table 2.1. Yield and composition of soybean meal and fractions thereof (percentage dry weight). 

Yield 

Protein content 

Starch content 

NSP content 

Acetic acid groups 

Methanol groups 

Fructose 

Sucrose 

Raffinose 

Stachyose 

Soybean meal 

100 

57.3 

1.0 

15.4" 

1.1 

0.3 

0.6 

5.4 

0.8 

4.9 

UFF 

19.5 

21.1 

0 

50.2 

1.2 

0.1 

6.6 

0 

0.5 

8.4 

UFR 

39.6 

87.8 

0 

13.7 

0.7 

0.2 

3.5 

0 

0.1 

1.2 

SDSS 

18.5 

84.2 

0 

3.0 

0.3 

t 

0 

0 

0 

0 

HWS 

0.4 

15.4 

8.5 

43.3a 

1.4 

1.1 

0 

0 

0 

0 

WUS 

15.7 

2.1 

0 

95.8 

2.8 

1.1 

0 

0 

0 

0 

Recovery 

93.7 

95.7 

3.4 

102.4b 

92 

92 

446 

0 

17 

43 

t = trace amount. 
a After enzymatic removal of starch. 
b In this calculation, UFF and UFR are omitted. 

The protein content of the soybean meal is very high, as expected (57%). The recovery 

of protein in this procedure is 96%. The major part of the protein present in soybean meal is 

recovered in the UFR fraction (61%); these are the water-soluble proteins. The SDS/DTT 

solution is able to extract another 27% of the proteins in the material. The amount of protein 
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recovered in the WUS fraction is 0.6% of the protein present in the soybean meal and 
represents only 2.1 % of the WUS. 

The soybean meal contains 1% of starch. Starch molecules are degraded by the use of 
a-amylase in the extraction of HWS, and degradation products are removed during dialysis. 
Only 3.4% of the starch resists degradation with a-amylase, these are limit dextrins from 
amylopectin. 

The polysaccharide content of the soybean meal (15.4%) and the HWS fraction 
(43.3%) is determined after removal of starch and oligomeric sugars. In the determination of 
the polysaccharide content of the other fractions (UFF, UFR, SDSS and WUS) this step was 
omitted, because none of these fractions contained starch anymore. Thus, the polysaccharide 
content of the soybean meal does not include the neutral oligomeric sugars, whereas the 
'polysaccharide content' of the UFF and UFR fractions includes these small sugars. 
Therefore, the calculation of the recovery of polysaccharides (102%) only includes the 
polysaccharide contents of the SDSS, HWS and WUS fractions. Of the total polysaccharides 
in these fractions, 95% is recovered in the WUS fraction. The acetic acid and methanol 
groups are believed to be present as substituents of the uronic acid residues in the 
polysaccharides. They are expected to be recovered in the WUS fraction, which is confirmed 
by the results in Table 2.1, showing 40% of the acetic acid groups and 58% of the methanol 
groups are recovered in the WUS fraction. The water-soluble polysaccharides (in the UFF and 
UFR fractions) contain 45% of the acetic acid groups and 33% of the methanol groups. 

The small sugars - fructose, sucrose, raffinose, and stachyose - are water-soluble and 
thus recovered in the UFF and UFR fraction. The soybean meal contains 0.6% fructose, 5.4% 
sucrose, 0.8% raffinose and 4.9% stachyose, which is in agreement with the figures of 
Sosulski et al.16 who found 6.35% sucrose, 1.15% raffinose and 2.85% stachyose. The 
recoveries of sucrose (0%), raffinose (17%), and stachyose (43%) detected in the fractions are 
very low. For fructose, however, the recovery is unrealistically high (446%). A possible 
explanation for this observation is that the di-, tri-, and tetrasaccharide are degraded by 
endogenous enzymes, which would lead to the formation of glucose, fructose and galactose 
containing oligomers and monomers. If all oligomers that had not been recovered had been 
degraded, the recovery of fructose would have been 600%. The lacking 150% can be 
explained by the new unidentified oligomers appearing in the HPAEC patterns of the UFF 
and UFR fractions. This enzymatic degradation of oligosaccharides takes place during 
ultrafiltration of the cold water-soluble fraction, because so far, no heat treatment has been 
given to inactivate enzymes present in the soybean meal. Enzyme activities that might be 
present in the residue are inactivated by SDS and DTT during the next extraction step and will 
not degrade the polysaccharides present in the residue. Since 95% of the polysaccharides were 
recovered in the WUS fraction and no indications for polysaccharide degrading activities 
were found, it is believed that degradation of polysaccharides did not occur, and research 
directed towards the WUS was continued. 
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Table 2.2. Sugar composition of soybean meal and fractions thereof (mol%). 

Fraction 

Soybean mealb 

UFF 

UFR 

SDSS 

HWSb 

WUS 

t = trace amount 

Sugar 

rha 

2 

0 

1 

7 

1 

2 

a Expressed as % w/w. 

composition 

fuc 

3 

0 

t 

1 

1 

3 

ara 

19 

2 

4 

11 

23 

19 

b After enzymatic removal of starch. 

xyl 

8 

1 

1 

4 

4 

8 

man 

3 

6 

13 

19 

2 

2 

gal 

28 

29 

26 

14 

33 

29 

glc 

21 

58 

49 

18 

10 

21 

galA 

18 

3 

6 

25 

26 

17 

Carbohydrate content2 

14.5 

40.7 

12.4 

2.9 

40.7 

89.3 

The sugar composition of all fractions from soybean meal was determined and is 

shown in Table 2.2. The polysaccharides in the meal and in the WUS fraction consist mainly 

of galactose, glucose (mainly cellulose), arabinose, and uronic acids. The kind of uronic acid 

was not determined, but Aspinall et al.3'6 have shown that the uronic acids present in soybean 

cotyledon meal are primarily galacturonic acids. The cellulose content of soybean meal and 

the WUS fraction is 2.7 and 17.7% w/w, respectively. 

In the determination of the polysaccharide content of the UFF and UFR fractions, 

starch and oligomeric sugars were not removed prior to hydrolysis. Fructose, raffinose (gal-

glc-fru) and stachyose (gal-gal-glc-fru) interfere with the analysis of the sugar composition of 

these fractions. In this analysis fructose is partly determined as mannose and glucose. The 

major sugars in both the UFF and the UFR fraction are glucose, galactose, and mannose. The 

amount of mannose residues in the UFR fraction (13%) is higher than the mannose content of 

the UFF fraction (6%), whereas the amount of fructose (present as monomer and in raffinose 

and stachyose) in the UFR fraction is slightly lower than in the UFF fraction. This is an 

indication of the presence of mannose containing polysaccharides. This can be a result of 

incomplete removal of the hulls from the soybean meal, since soybean hulls consist, to a large 

extend, of galactomannans, which are isolated by extraction with cold water ' . 

The SDSS and HWS fraction are not of importance in our study, because the amounts 

of polysaccharides extracted in these two steps are very low. The WUS fraction, however, is 

really enriched in polysaccharides. The most important constituent sugars are galactose, 

glucose (cellulose), arabinose, and uronic acids. This is an indication of the presence of a 

considerable amount of pectins in the WUS. These results are in agreement with Brillouet and 

Carre7, who also found galactose to be the major sugar constituent, followed by galacturonic 

acid, arabinose, and glucose in soybean cotyledon cell walls. 

From the data in Table 2.2, it can be concluded that this isolation procedure yields a 

WUS fraction in which almost all cell wall polysaccharides are recovered and which is almost 
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free of other components. The sugar composition of the WUS fraction is very similar to that 

of the soybean meal, which indicates that no sugar residues were specifically removed during 

the isolation procedure. Surprisingly, over 90% of the uronic acids present in the soybean 

meal were recovered in the WUS fraction. In the isolation procedure of cell wall material 

from for instance onions , apples'9, and olives20, a significant amount of the pectins is water-

or buffer-soluble. This could be an indication of more complex pectic molecules or greater 

diversity within the architecture of the soybean cell walls compared with other plant cell 

walls. 

SEQUENTIAL EXTRACTION OF THE WUS 

CDTA and NKt-oxalate are most generally used to abstract Ca2+ from the cell walls, and most 
of the pectic polysaccharides held in the walls by ionic cross-links will be solubilised. The 
ChSS fraction, which is the main fraction (38%), is rich in arabinose, galactose, and uronic 
acids. The remaining pectic polysaccharides are probably ester cross-linked within the wall 
matrix and are (partially) extracted with dilute alkali and recovered in the DASS fraction. The 
sugar composition of this extract is identical with the composition found for the ChSS 
fraction. The galactose:arabinose ratio found in both the ChSS and DASS fraction is 1.5:1, 
and the uronic acid:rhamnose ratio is 14:1. The sugar composition of the ChSS and DASS 
fractions is quite similar to that of the EDTA-soluble pectic substances extracted by Brillouet 
& Carre7, their extract also contains pectic substances rich in galactose and arabinose with a 
molar ratio of 1.5:1 and has a uronic acid:rhamnose ratio of 13:1. 

Further extraction of the residue with stronger alkali (1 and 4 M KOH) solubilises 
small amounts of additional pectic material along with the hemicelluloses. Besides arabinose, 
galactose, and uronic acids, the 1 MASS fraction contains also 11 mol% of xylose. Xylose 
and glucose are the predominant sugars in the 4 MASS fraction, which may indicate the 
presence of xyloglucan in this extract. The final a-cellulose residue (RES) still contains a 
small amount of uronic acids, representing 11% of the uronic acids present in the WUS. 
These uronic acids can be galacturonic acids as well as glucuronic acids. The galacturonic 
acids might be present as pectic molecules tightly bound to or firmly entangled in the 
cellulose/hemicellulose network. The glucuronic acids will probably be present as 
hemicellulose substituents. The yields and sugar compositions of the extracts from WUS are 
shown in Table 2.3. 

The degree of acetylation and methylation in the WUS are, respectively, 49 and 36%. 
The ChSS fraction has a degree of methylation of 35% and a remarkably high degree of 
acetylation of 36%. The low recoveries of the acetyl groups and methyl esters after sequential 
extraction (30% and 41%, respectively) are caused by the fact that part of these groups are 
saponified during extraction with alkali, and as a result of that can not be determined. 
Although extraction of the DASS fraction was performed using NaOH, part of the methyl and 
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acetyl groups were still present (DA = 22% and DM = 29%). This phenomenon was also 

found by Ros et al21 extracting a diluted sodium hydroxide soluble pectin fraction from the 

albedo of lemons. Assuming that these substituents will be partially saponified during the 

extraction of DASS, the degree of acetylation and methylation of this extract will be 

underestimated. 

26 36 

Retention time (min) 

a 

26 36 

Retention time (min) 

<* 

16 26 36 

Retention time (min) 

a 

Retention time (min) 

10° \0> 104 V0 
Mw 

10° 10J 104 Vo Mw 

Figure 2.1. HPSEC elution patterns of (a) ChSS, (b) DASS, (c) 1 MASS, and (d) 4 MASS extracted 

from soybean WUS. 

The extracts were further characterised by the determination of their molecular weight 

distributions, which are shown in Figure 2.1. The ChSS and DASS fractions show almost 

identical symmetrical peaks, with an average molecular weight of about 106 Da based on 

calibration with dextrans. Since uronide-containing polymers have a larger hydrodynamic 

volume than dextrans, due to intramolecular electrostatic repulsion by charge effects and 

therefore elute faster than expected on the basis of their molecular weight22, the molecular 

weight of these two fractions containing pectin-rich polysaccharides, will be smaller than 

25 



Chapter 2 

mentioned above. The average molecular weight of the 1 MASS is similar to that of the first 
two fractions, but the distribution tails to lower molecular weights. The molecular weight 
distribution of the 4 MASS fraction is much broader, and the average molecular weight is 
lower than the preceding three extracts. For each extract, a standardised amount was 
solubilised as much as possible. The differences in the areas under the peaks are partly caused 
by differences in the sugar contents of the extracts, which depends on the amount of residual 
salt and water in the fractions. The ChSS fraction has the lowest sugar content (52.7%), due to 
the fact that the CDTA is difficult to dialyse away from pectins23. The differences in the 
solubility of the extracts are also partly responsible for the differences in the areas under the 
peaks. This mainly concerns the elution pattern of the 4 MASS fraction, because this fraction 
is not completely soluble, whereas the others are. 

ANION-EXCHANGE CHROMATOGRAPHY OF CHSS AND DASS 

The polysaccharides present in the pectin-rich extracts ChSS and DASS are very similar with 
respect to their sugar compositions and molecular weight distributions. For further 
characterisation, these polysaccharides were fractionated, based on their charge density. The 
soluble parts of these extracts, representing over 90% of the polysaccharides of the extracts, 
are applied onto the column. The elution pattern of ChSS and saponified ChSS (sChSS) are 
shown in Figure 2.2a and 2.2b, respectively. The residues contain less than 10% of the 
polysaccharides present in the different extracts, and are enriched in glucose. 

The elution patterns of DASS and saponified DASS (sDASS) are identical with those 
of ChSS and sChSS, and therefore not shown here. The unbound fractions are pooled as pool 
I and the bound fractions are pooled to give pool II-V as indicated in Figure 2.2. The sugar 
composition and the uronic acid content of these pools, the residue remaining after 
centrifugation of the suspensions (residue), and the strongly bound polysaccharides washed 
from the column with 0.5 M NaOH (alkali wash), are presented in Table 2.4. The data 
obtained for DASS and sDASS are again analogous and are not shown. 

The recovery of the fractionations is high. All the pools are rich in arabinose, 
galactose, and uronic acids. As can be seen from Figure 2.2, the relative uronic acid content of 
the fractions increased with increasing salt concentration of the eluent. This is confirmed by 
the ratio neutral sugars to uronic acids, which decreases with increasing retention time of the 
fraction. At the same time a shift from galactose to arabinose takes place, the 
arabinose:galactose ratio increased from 0.52 (pool II) to 0.70 (pool V) for ChSS, from 0.55 
to 0.72 for sChSS, from 0.53 to 0.75 for DASS, and from 0.53 to 0.76 for sDASS. 

Pool I consists of the unbound polysaccharides, and is therefore expected to have a 
low uronic acid content. However, this pool contains about 20 mol% uronic acids. A possible 
explanation for not binding is that the neutral sugar containing side chains prevent the 
interaction of the uronic acids with the column material, and the polysaccharides will be 
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eluted in the void. Alternatively, these unbound uronic acid-containing polysaccharides could 

represent methyl esterified (neutral) pectic material. This later possibility is in contradiction 

with the fact that this unbound fraction is also found in the elution pattern of the saponified 

extracts. 

250 

o 
O 

1000 1500 2000 2500 

Elution volume (ml) 

3000 3500 

250 

200 

500 1000 1500 2000 2500 

Elution volume (ml) 

3000 3500 

Figure 2.2. Elution profile of (a) ChSS and (b) sChSS on anion-exchange chromatography. 
Uronic acid content (—), neutral sugar content (—). 

The bound polysaccharides from the saponified extract are slightly lower in their 
uronic acid content than those from the unsaponified extract, except for the alkali wash. 
Furthermore, a shift in the amount of polysaccharides from pool II and III to pool IV and V 
can be detected. By saponification of the methanol groups, the pectins will possess more 
charged groups and will therefore need a higher ionic strength of the buffer to be eluted. 
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Table 2.4. Yield on sugar basis (%) and sugar composition (mol%) of fractions obtained after anion-

exchange chromatography of ChSS and saponified ChSS. 

Sugar composition 

Yield rha fuc ara xyl man gal glc uronic acids 

ChSS 25 1 37 26 

Residue 

Pool I 

Pool II 

Pool III 

Pool IV 

IV 

Alkali wash 

Recovery 

8.2 

24.8 

14.7 

13.2 

11.2 

19.0 

7.4 

98.4 

2 

2 

2 

2 

2 

2 

2 

104 

2 

3 

3 

4 

3 

2 

2 

97 

21 

29 

24 

22 

23 

21 

21 

98 

8 

6 

6 

8 

8 

7 

7 

114 

2 

100 

34 

41 

45 

39 

35 

29 

32 

103 

9 

1 

1 

1 

2 

1 

2 

263 

24 

19 

19 

24 

27 

37 

32 

88 

sChSS 

Residue 

Pool I 

Pool II 

Pool III 

Pool IV 

PoolV 

Alkali wash 

Recovery 

t = trace amoun 

4.9 

27.8 

6.1 

5.0 

21.2 

22.8 

8.0 

95.7 

. 

CONCLUSIONS 

2 

2 

2 

1 

2 

2 

2 

97 

2 

3 

2 

2 

3 

4 

2 

96 

21 

27 

26 

24 

24 

22 

21 

98 

8 

6 

4 

5 

6 

9 

7 

107 

2 

2 

128 

33 

44 

48 

47 

44 

31 

25 

105 

13 

1 

3 

4 

1 

1 

3 

292 

21 

18 

13 

16 

19 

30 

40 

77 

Isolation of the cell wall polysaccharides from soybean meal, which contains 57% of proteins, 

yields a fraction containing almost all polysaccharides present in the meal and few other 

components. A complete mass balance for both proteins and polysaccharides of the recovered 

fractions during the isolation of the WUS is given. The sugar compositions of the soybean 

meal and the isolated WUS fraction are quite similar, indicating that no polysaccharides were 

specifically removed during the isolation procedure. 
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Sequential extraction of the isolated cell walls with solutions, which selectively 

solubilise particular polysaccharides, results in two pectin-rich extracts (ChSS and DASS), an 

extract which contains pectins as well as hemicelluloses (1 MASS), an extract mainly 

containing hemicelluloses (4 MASS) and a cellulose-rich residue. The pectin-rich extracts 

have identical sugar compositions and contain predominantly galactose, arabinose, and uronic 

acids. The 1 MASS fraction contains xylose in addition to the former three sugars, and the 

hemicellulose-rich fraction contains mainly xylose and glucose. 

Besides having identical sugar compositions, ChSS and DASS also exhibit similar 

molecular weight distributions and behaviour in anion-exchange chromatography. The sugar 

composition of the pools obtained by ion-exchange chromatography of ChSS and DASS were 

also the same. So far no indications have been found to state that ChSS and DASS are 

structurally different, although it is obvious that their arrangement in the cell wall was not 

identical because they were obtained with different extractants. 

Further research will be directed towards more detailed characterisation of the extracts 

by methylation analysis and degradation with specific enzymes. Another item of interest is to 

obtain information about physical properties of the isolated polysaccharides. From the sugar 

composition of the ChSS and DASS extracts, and the pools thereof obtained by anion-

exchange chromatography, the presence of xylogalacturonan in these extracts is expected. 

Isolation and characterisation of a xylogalacturonan-containing fraction will also be one of the 

objects of further research. 
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