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ABSTRACT

Non-starch pelysaccharides (NSP) and lignin are the principal components of dietary fibre. Le-
gume seeds such as faba beans, peas, and lupins contain considerable amounts of non-starch polysac-
charides. The average NSP content is 177 g in faba beans, 185 g in peas, and from 320 to 400 g/kg
DM in different lupin species. Seeds of Lupinus angustifolius contain more NSP than seeds of Lupi-
nus luteus and Lupinus albus. Differences among lupin species in the NSP level result from diffe-
rences in the content of NSP sugar residues, particularly rhamnose, xylose, galactose, and uronic
acids. Glucose and galactose constitute the main part of NSP sugar residues in lupin seeds. NSP of
pea seeds and faba beans are mainly composed of glucose, arabinose and uronic acids. Dietary fibre
of legume seeds may also include other components such as o-galactosides, resistant starch, polyphe-
nols, and protein bound to cell walls.

Different proportions of carbohydrates either hydrolysed by endogenous enzymes or fermented
by gut microflora and of fat result in a differnt energy value of the legume seeds for animals. Since
bacterial fermentation of NSP is more intense in the hind-gut of pigs, legume seeds have a higher
energy value for these animals than for poultry.

A high NSP content in animal diets negatively affects digestibility and nutrient absorption, while
it may have beneficial dietary effects on humans. Different treatments, 1.¢. dehulling, microbial
enzyme supplementation, are used to improve the nutritional value of legume seeds for monogastric
antmals,
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INTRODUCTION

Non-starch polysaccharides (NSP) and lignin are the prineipal components of
dietary fibre (Southgate, 1982). The NSP include mainly cellulose, hemicelluloses
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and pectic substances (Arora, 1983), while lignin is a high molecular weight poly-
meric material formed by enzymatic dehydrogenation and polymerisation of hy-
droxycinnamyl alcohols {Annison, 1993). Lignin forms complexes with the non-
starch polysaccharides which protect cells from biochemical degradation and physi-
cal damage. Cell wall polysaccharides can affect many processes along the entire
gastro-intestinal tract in man or animals (Low, 1985; Graham et al., 1990). The
physiological effects of the NSP depend, however, on their composition and physi-
co-chemical properties (i.e. solubility, particle size, fermentability). In general,
viscous polysaccharides (gums, pectin substances) reduce the rate of nutrient ab-
sorption in the small intesting, whereas insoluble cell wall polysaccharides have
only little effect on this process.

In most European countries legume seeds such as peas, faba beans, and lupins
are an important source of protein and energy for non-ruminant animals. They
contain a high amount of protein, starch and/or oil (Daveby and Aman, 1993;
Petterson and Mackintosh, 1994), but also have a considerable amount of non-
starch polysaccharides. The average content of NSP is 177 g in faba beans, 185 g
in pea seeds and from 320 to 400 g/kg DM in different lupin species (Gdala and
Buraczewska, 1996; 1997a), So far, few studies refer to their chemical composi-
tion {Cerning et al., 1975; Cerning-Beroard and Filiatre, 1976, Brillouet and
Riochet, 1983; Carr et al., 1985; Evans et al., 1993),

This paper will review the chemical composition of the major components of
non-starch polysaccharides of whole seeds of lupins, peas, and faba beans and
of hulls and cotyledons. The nutritional effects of non-starch polysaccharides of
legume seeds in non-ruminant animals and humans are discussed.

1. CONTENT AND CHEMICAL COMPOSITION OF DIETARY FIBRE COMPO-
NENTS OF LEGUME SEEDS

1. NON-STARCH POLYSACCHARIDES AND LIGNIN
Lupinus luteus, Lupinus albus, Lupinus angustifolius

The NSP content varies from 270 to 350 g/kg DM in Lupinus luteus varieties,
from 350 to 420 g in Lupinus albus and up to an average of 400 g in varieties of
Lupinus angustifolius (Gdala and Buraczewska, 1996). NSP are composed in 32%
of cellulose and 68% of non-cellulosic polysaccharides (Bach Knudsen, 1997).
The latter comprise the soluble (49%) and insoluble (51%) fraction.

Seeds of Lupinus angustifolius have more NSP than seeds of Lupinus albus and
Lupinus luteus. This probably relates to considerable differences among species in
the content of rhamnose, xylose, uronic acids and galactose residues. In general,
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glucose and galactose with an average contribution of up to 34 and 30%, respec-
tively, are the main sugar components in lupin seed non-starch polysaccharides
(Gdala and Buraczewska, 1996).

Depending on the lupin species, hulls represent from 122 to 310 g/kg of whole
seed weight. Sweet lupin hulls contain from 760 to 790 g of NSP and from 17to 21 g
of lignin per kg DM (Brilloulet and Riochet, 1983). Small amounts of protein and
ash are also detected. Cellulose is the major constituent (51%) of hull structural
polysaccharides. Other sugar components such as xylose, uronic acids, arabinose,
and galactose indicate that lupin hulls contain, on dry matter basis, appreciabie
amounts of hemicelluloses (127 g/kg) and pectic substances (277 g/kg) (Bailey et
al., 1974), Mohamed and Rayas-Duarte (1995) reported that some hemicellulose
and pectic substances remained associated with the cellulose fraction of L.albus
hulls.

According to Evans et al. {1993) approximately 50 g/'kg of hull NSP is soluble
in water. The chemical composition of this fraction, however, is different than that
of the total NSP. The relatively high content of mannose, galactose, xylose and
uronic acids might indicate the presence of pectins, xyloglucan and other hemicel-
lulose type polymers.

The cotyledon cell walls of L. angustifelius cultivars contain from 290 to 310
g/kg DM of NSP (Evans et al., 1993) with galactose, arabinose and uronic acids as
the main sugar residues. Glucose, xylose and rhamnose are found in smaller
amounts., This qualitative sugar composition is typical of all legume cotyledon
walls, which are composed mainly of pectic substances, i.e. arabinans, arabinoga-
lactans, rhamnogalactouronans, and have a low cellulose content (Brillouet and
Riochet, 1983; Evans et al., 1993},

Eighty-eight percent of the cotyledon polysaccharides from white lupin are the
water-soluble fraction, containing mostly galactose and mannose. Galactose and
arabinose dominate in the water-insoluble fraction (Mohamed and Rayas-Duarte,
1995).

Pisum sativum subsp. sativum, Pisum sativum subsp. arvense

Seed maturation has a sigmficant effect on the composition of pea non-starch
polysaccharides since the concentration of cellulose increases rapidly in the early
stage of seed development (Weightmar}et al., 1993). The level of non-starch polysac-
charides in whole mature pea seeds ranges from 160 to 201 g/kg DM. The main sugar
residues are glucose, arabinose and uronic acids. Rhamnose, mannose and fucose are
minor components. Proportions of particular NSP residues in white (Pisum sativum
subsp.sativium) — and colour-floured (Pisum sativim subsp. arvense) peas are similar
(Gdala and Buraczewska, 1997a). The pea NSP are composed in 30% of cellulose and
in 70% of non-cellutosic polysaccharides (Bach Knudsen, 1997).
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Depending on the pea variety, hulls may constitute from 70 to 140 g/kg of
seeds (Daveby and Aman, 1993). Hulls are characterised by a high level of carbo-
hydrates (942 g/’kg) and a low content of lignin (6 g/kg) (Weightman et al., 1994).
The contents of NSP and lignin differ, however, between light and dark hulls. The
former have higher content of NSP residues (870 vs 844 g/kg DM), while the
latter contain much more Klason lignin (29 vs 18 g/kg DM) (Daveby and Aman,
1993). Major NSP residues of pea hulls are glucose, uronic acids and xylose, which
suggests a high cellulose content, but also the occurrence of pectic substances and
hemicelluloses (Ralet and Thibault, 1992}). According to Weightman et al. (1994)
hemicelluloses present in pea hulls appear to be essentially pure acidic xylan.

The dietary fibre content in dehulled pea seeds is from 68 10 92 g/kg DM (Dave-
by and Aman, 1993). Celt walls of dehulled pea seeds are mainly composed of
pectic polysaccharides containing arabinose, galactose, uronic acids and rham-
nose. In pectin about 86% of the neutral sugars, mostly arabinose and galactose, 1s
attached covalently to polyuronide chains probably as constituents of rhamnoga-
lacturonans (Tallbot and Ray, 1992). The hemicellulose fraction with arabinoga-
lactans (at least 60% of their total amounts) and xyloglucans as well as cellulose
are other important cell wall polysaccharides in dehulled peas (Daveby and Aman,
1993).

Similarly to other legume seeds, pectin, galactan and arabinan are the main
pectic polysaccharides present in pea seeds (Arora, 1983)

Vicia faba minor

Whole faba beans have from 173 to 181 g/kg DM of NSP that are composed in
55% of glucose (Gdala and Buraczewska, 1997a). The high level of the glucose
residue proves that cellulose is a major component (43%) of the faba bean non-
starch polysaccharides {Bach Knudsen, 1997). Considering average proportions
of other NSP constituents, uronic acids, arabinose, xylose and galactose have in-
termediate values, while mannose, rhamnose and fucose are found to be minor
sugar residues.

Hulls constitute about 130 g/kg of whole faba beans. They are mainly com-
posed of dietary fibre (910 g/kg DY) that contains 85% non-starch polysaccha-
rides and 15% Klason lignin (Daveby and Aman, 1993). Glucose, uronic acids and
xylose are the main monosugar components of NSP.

In water-soluble fraction of cotyledon NSP arabinose 1s the major sugar con-
stituent and it 18 followed by galactose, galactouronic acid, glucose and minor
amounts of rhamnose, mannose and xylose (Brillonet and Carré, 1983). The man-
nose residue indicates the presence of side chains of endospermic galactomannas
composed of varying proportions of o-galactopyranose units that are attached to
the main chains of B-D-mannopyranose residues (Aspinall, 1970). Pectic substances
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represent about 55% of cell walls as determined by colorimetric analysis of acidic
and neutral sugars. Arabinose is their major monosaccharide constituent, while
xylose, galactose, glucose, and rhamnose have a smaller contribution (Brillouet
and Carré, 1983).

Water-insoluble polysaccharides are mainty composed of cellulose, the amount
of which corresponds to 8 g/kg of cotyledon dry matter. Faba bean flour contains
also 4 g/kg of water insoluble non-starchy and non-cellulosic glucose polymers
(Brillouet and Carré, 1983).

In general, seeds of L. angustifolius contain more NSP than seeds of L. luteus
and L. albus. Glucose and galactose constitute the main part of NSP sugar resi-
dues. Considerable differences among lupin species are found in the contents of
rhamnose, xylose, galactose and uronic acids (Gdala and Buraczewska, 1996). In
comparison with seeds of lupins, pea seeds and faba beans contain less non-starch
polysaccharides which are mainly composed of glucose, arabinose and uronic
acids (Gdala and Buraczewska, 1997a). There are no significant differences among
cultivars within either pea or faba bean species in terms of NSP content and their
chemical composition. More cellulose is present in faba bean NSP than in those of
pea seeds (Bach Knudsen, 1997).

2. OTHER COMPONENTS OF LEGUME SEED DIETARY FIBRE

Besides non-starch polysaccharides, dietary fibre (DF) may include oligosac-
charides, resistant starch, polyphenols, proteins bound to cell walls, and also (not
important in legume seeds) cutin, waxes, suberin, and inorganic constituents (Eng-
lyst et al., 1987; Annison, 1993),

The most common oligosaccharides occurring in plants are sucrose and lac-
tose. These oligosaccharides are not included into DF as they are hydrolysed in the
small intestine of human and pigs by sucrase and lactase, respectively. Higher
oligosaccharides i.e. a-galactosides (raffinose, stachyose, and verbascose) occur
in appreciable amounts in legume seeds.

The content of o-galactosides differs among lupin species from about 60 g in
L. angustifolius to 105 g/lkg DM in L. futeus. Faba beans contain on average about
28 g/'kg, and peas 538 g/'kg DM of o-galactosides. Stachyose is a major a-galacto-
side of lupin seeds, verbascose of faba beans, whereas both stachyose and verbas-
cose dominate in pea seeds ((Gdala and Buraczewska, 1996, 1997). Alpha-galacto-
sides are not broken down by endogenous enzymes of non ruminants, but they are
microbially fermented (Krause et al., 1994). The bacterial fermentation results in
formation of short chain fatty acids, carbon dioxide, and hydrogen. The presence
of gases in the gut is the main reason of flatulence, nausea, and of animal discom-
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fort (Macrae and Zand-Moghaddam, 1978). Moreover, a-galactosides increases
the amount of water and electrolytes in the large intestine (Cummings et al., 1986).
This is due to high osmotic pressure of their water selution.

Resistant starch is proposed to be defined as "the sum of starch and starch-
degradation products that reach the human large intestine” (Englyst et al., 1996).
Raw starch that is trapped within whole plant cells or within the food matrix may
resist digestion by o-amylase n the small intestine., The other reasons for poor
starch digestibility are the structure of the starch granules and starch retrograda-
tion through food processing (Cummings et al., 1996). When resistant starch reaches
the colon, it becomes available for fermentation by microflora. In this respect it is
similar to non-starch polysaccharides. Peas and faba beans contained about 14%
enzyme-resistant starch as measured under irn vitro conditions (Gdala and Bura-
czewska, 1997b), but in some pea varieties its level is as high as 20% {Colonna
and Mercier, 1979). It is difficult to measure the amount of starch that escapes
hydrolysis and absorption in the small intestine. In man, depending on the type of
food and its processing, it may exceed by up to eight times the amount of NSP
passing into the colon (Cummings et al., 1986). The average ileal starch digestibi-
lity in pigs was only 86% for peas and 84% for faba beans (Gdala and Buraczews-
ka, 1997b).

Tannins are high-molecular weight polyphenols that form stable comple-
xes with proteins, cellulose, hemicellulose, and pectin (Mangan, 1988). Le-
gume seeds, except soya bean, contain significant amounts of tannins, most of
which occur in the seed coat. The average content of total phenols in whole
white- and colour flowered pea, faba bean, and lupin expressed as tannic acid
equivalent is about 2.0 and 7.5, 8.3, and 0.2 mg/g, respectively (Narasinga
Rao and Prabhavathi, 1982; Buraczewska et al,, 1992; Gdala et al., 1992), In
comparison, their content is higher in hulls of pea and faba bean (11.1 and
21.7 g/kg) and lower (0.04 g/kg) in that of lupin seeds (Saini, 1993). Daveby
and Aman (1993) reported that the tannin content may change the level of
dietary fibre in hulls of different pea varieties. The higher level of dietary
fibre in hulls of dark-flowered peas than in light-flowered varieties resulted
mainly from a higher condensed tannin content of Klason lignin in the former,

Proteins are bound to cell wall polysaccharides in appreciable amounts (Ménez
et al., 1993; Saulnier et al., 1995). The nature of linkages between protein and
polysaccharides remains unclear, so far. Among proteins present in dietary fibre,
extensins are major glycoproteins of dicots structural cell walls (Bjergegaard
et al., 1997). In total, cell walls of roots, stems, and seed coats contain up to
7% of extensins (O'Neill and Selvendran, 1980), but only trace amounts of
these glycoproteins are present in cell wall of maize belonging to gramina-
ceous monocots (Kieliszewski and Lamport, 1987). Other proteins present in
cell walls are arabinogalactan-proteins, arabinoxylan-proteins, and proline rich
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proteins (Rybkal993; Bjergegaard et al., 1997). These, however, are found in
small amounts both in mono- and dicots.

I1. ENERGY UTILISATION OF LOW DIGESTIBLE CARBOHY DRATES

The nutritive value of feedstuffs depends on the digestibility and utilisation of
carbohydrates as they are the largest contributors to the energy of the animal. From
the nutritional point of view plant carbohydrates can be divided into two groups:
carbohydrates digested by mammalian digestive enzymes in the small intesting
1.e. sucrose, starch, and those not hydrelysed by enzymes but fermented by the gut
microflora i.e. non-starch polysaccharides, a-galactosides. A high content of NSP
in diets increases the content of less digestible carbohydrates and decreases the
amount of easily digestible substances. It was found that for each 1% increase
in crude fibre, the content of starch and sugars in the nitrogen free extract
fraction decreased by 2.1-2.7% (Fernandez and Jgrgensen, 1986). The increased
intake of structural cell polysaccharides by animals is also associated with
decreased ileal and faecal digestibility of protein and energy (Just, 1981; Cha-
beauti et al., 1991; Hauschild and Koehler, 1991; Jérgensen and Jensen, 1994,
Yin et al., 1997).

In pigs the ileal digestibility of NSP of legume seeds depends on animal age
and species of legume seeds, and ranges from 12 to 43% (Gdala and Buraczewska,
1997h; Gdala et al., 1997¢). In the hind-gut NSP undergo microbial fermentation
providing energy for the animals (Von Engelhardt et al., 1989). However, they
supply pigs with less energy than starch or sucrose digested praecaecally. A large
part of the digestible energy of fibrous feedstuffs is lost as methane energy
{0.5-1.0% of gross energy) and fermentation heat (Just, 1981; van Es, 1987). The
relative value of energy derived from the hind-gut fermentation is about 70% of
that enzymatically digested in the small intestine (Miiller and Kirchgessner, 1986;
Jorgensen et al., 1996). In general, the energy value of feeds depends on the rela-
tive amounts of digestible (e.g. starch, sucrose) and fermentable (e.g. NSP) sub-
strates that it contains. In the study of Just et al. (1983) it was demonstrated that a
1% increase in dietary content of crude fibre from cellulose depressed the digest-
ibility of gross energy by 1.3% and depressed the utilisation of metabolizable
energy by (1.9% in pigs.

Resistant starch, like low digestible carbohydrates, has a lower energy value
for the host than starch digested in the small intestine. In the study of Englyst and
Macfarlane (1986), only 30% of resistant starch fermented by human gut bactena
was converted to volatile fatty acids. This corresponded to 25-30% of energy avai-
lable from an equivalent amount of starch hydrolysed and absorbed as glucose in
the small intestine.
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Legume seeds are characterised by a relatively high {evel of structural polysac-
charides. In the total carbohydrate content of the seed, they constitute on average
from 73 to 84% in different lupin species, 27 % in faba beans, and 25% in peas. A
three fold higher proportion of non-starch polysaccharides in the total carbohy-
drate content of lupin seeds in comparison with others results from the fact that
lupin seeds contain only a minute amount of starch. Differences in the fat content
between lupin seeds and those of pea and faba beans are also pronounced. There-
fore, different portions of carbohydrates either hydrolysed by endogenous enzymes
or fermented by the gut microflora and of fat result in a different energy value of
the legume seeds for animals. As the effect of more intense bacterial fermentation
of NSP in the hind-gut, legume seeds have a higher energy value for pigs than for
poultry.

Different technological treatments are used to improve the energy value of le-
gume seeds, among them seed dehulling. Since dehulled seeds contain less non-
starch polysaccharides, their nutritive value is higher than that ot whole ones. Flis
et al. (1997) reported that the crude protein content of dehulled white lupin seeds
increased by 20% and that of crude fibre decreased by 67%. As a consequence of
changes in nutrient proportions, the nutritive value of dehulled seeds of L. albus
and L. angustifolius for pigs was higher by 5-10% and 25%, respectively (Fernan-
dez and Batterham, 1995; Flis et al., 1997). A positive effect of lupin seed dehul-
ling was also observed for chickens. The digestibility of energy increased by 18%
and that of protein by 7% in chickens fed the diet containing dehulled lupin seeds
(Brenes et al., 1993}

In the case of faba beans, dehulling results in the removal of a significant amount
of both tannins and non-starch polysaccharides. For pigs, dehulled faba beans have
a significantly higher ileal digestibility of dry matter {Buraczewska et al., 1993).
In the study of Smulikowska and Chibowska (1993) dehulled faba beans had an
approximately 15% higher energy value than whole seeds, and gross energy utili-
sation by broiler chickens increased by 10 per cent.

II. PHYSIOLOGICAL EFFECTS OF NON-STARCH POLYSACCHARIDES

More than 80% of the substrates fermented in the large intestine of pigs is
derived from carbohydrate sources (Bach Knudsen and Jensen, 1991). Both the
level and source of dietary fibre affect the total production of short chain fatty
acids (SCFA) and the ratio among SCFA produced. It was demonstrated that acidi-
fication of large bowel contents, reduced transit time and increased butyrate pro-
duction acted to protect humans and animals against colo-rectal cancer {Cum-
ming and Branch, 1982). Moreover, butyrate was considered to have important
implications for metabolism, structure and function of epithelial cells lining the
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large intestine (Sakata and Yajima, 1984). Bach Knudsen and Jensen {1991)
reported that by including different types of dietary fibre in pig diets, total SCFA
production in the large intestine increased from about 500 mmel/d on a wheat
flour diet (low dietary fibre) to 2000 mmol/day on an cat bran diet (high dietary
fibre), while butyric acid production increased from 35 mmol/day to 260 mmeol/d
on the same two diets. The inereasing level of pea NSP in the wheat-based diet for
pigs stimulates bacterial biomass production in the large intestine and increases
concentration of acetate, propionate, and, particularly, butyrate acids in blood (Good-
lad and Mathers, 1991). Increased butynic acid production was also observed in
rats after feeding semipurified diets with increasing level of peas, fibre prepara-
tion isolated from sova bean (Goodlad and Mathers, 1990; Takahashi et al., 1992)
or when galactomannans containing different galactose (G) to mannose (M) ratios
(1G: 1M, 1G:2M, 1G:4AM) (Evans et al., 1992) were fed to rats. Additionalty, galacto-
mannans lowered the concentration of cholesterol in liver and blood plasma, and
decreased the rate of hepatic synthesis of cholesterol. But these effects, significantly
influenced by chemical composition and structure of galactomannans, were most
evident when the proportion of galactose in the galactomannan was the highest.

Non-starch polysaccharides influence the endogenous nitrogen content in the
digestive tract of pigs. Diets containing a high level of NSP lead to greater vo-
lumes of gastnic digesta. Korczynski et al, (1997) reported that a high fibre diet
(a wheat-wheat bran diet) stimulated gastric juice secretion and pepsin activity in
pigs with a gastric pouch preparation, but the mechanism of fibre action on gastric
secretion is not vet fully understood. The inclusion of 15% of pea hulls to the
piglet diet increased the relative weight of the pancreas by 25% and the total activi-
ty of lipase, trypsin and chymotrypsin by 45, 10 and 20%, respectively (Freire et
al., 1997). The content and type of dietary fibre is also responsible for the changes in
the volume and composition of the pancreatic juice (Zebrowska, 1985). In studies of
Low and Rainbird (1984) a high viscosity guar gum perfused through the jejunum of
growing pigs doubled their endogenous nitrogen output. An increase, but not signifi-
cant, in endogenous ileal output of most amino acids and nitrogen in pigs fed diets
with increasing NDF levels was observed by Furuya and Kaji (1991). According
to Grala et al. (1998) different dietary factors, including dietary fibre, influence
reabsorption rather than secretion of endogenous nitrogen along the small
intestine of the pigs.

A high content of dietary fibre of diets has a negative effect on nutrient digesti-
bility in animals. The inclusion of 15% pea hulls reduced the total tract digestibi-
lity of all dietary components in piglets of different genotypes (Freire et al., 1997).
Different fractions of pea sced fibre, 1.e. crude fibre, neutral detergent- and acid
detergent fibre, and cellulose negatively influence the digestibility of organic mat-
ter and crude protein in growing pigs too (Hauschild and Koehler, 1991). A high
fibre diet decreases the apparent ileal digestibility of crude protein and amino
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acids in humans (Abrahamsson et al., 1995). An increasing level of dietary fibre in
human diets also leads to increased faecal fat content. Losowsky (1978) suggested
that the higher faecal output relates to an increase in unabsorbed dietary fat, an
increase in the excretion of endogenous fat and fat derived from bacterial metabo-
lism in the colon. Increased daily wet weight of faeces and defecation frequency,
lowered faecal dry weight, and also reduced intestinal (ransit time were observed
in other studies with high fibre diets (Prynne and Southgate, 1979; van Dokkun et
al., 1983).

Structural cell wall polysaccharides may influence absorption of minerals from
the digestive tract. Soluble fibre, as reported by Gralak et al. (1996), has only a
very slight influence on mineral excretion in faeces and apparent absorption in
rats. This is in agreement with previous data of Kelsay (1987), who observed no
effect of pecting on Ca, Mg, Fe, and Zn balance in human beings. However, ac-
cording to Rubio et al. (1992) water-soluble NSP of faba bean may be involved in
the increased loss of Zn and Mn in rats fed on faba bean diets for extended periods.
In contrast with scluble fibre, the insoluble fraction of dietary fibre from various
sources significantly increased the excretion of Ca, Mg, Fe, Mn, Zn, and Cu in
faeces and decreased apparent absorption of minerals in rats (Gralak et al., 1996).
The insoluble structural polysaccharides of faba bean hulls may interfere with the
absorption of Fe from the rat gut (Rubio ¢t al., 1992).

So far, there is limited information on the physiological effects of legume seed
NSP in monogastric animals. Cockerels and ducks are able to digest only the wa-
ter-soluble fraction of lupin seed NSP, while the water-insoluble fraction is practi-
cally undigested by birds (Carré et al., 1990). In a study by Eder et al. (1996)
chickens fed a diet containing 35% white lupin showed lower serum concentra-
tions of triglycerides and phospholipids, as well as total cholesterol, triglycerides
and phospholipids in the high-density lipoprotein fraction. Lipids in low-density
lipoproteins were not affected by the treatment,

The interest in dietary fibre in human diets relates mainly to possible health
benefits arising from the effects of fibre on cancer of the colon and rectum, coro-
nary heart disease, gallstones, plasma cholesterol, and diabetes mellitus (Trowell,
1974; Truswell, 1978; Anderson et al., 1990). Increasing the level of legume seeds
in human diets at the expense of animal products such as meat would decrease the
content of fat and increase the content of dietary fibre. Diets containing beans may
have special advantages for diabetic patients, as bean carbohydrates may be di-
gested and absorbed more slowly than from other foods. This is probably due to
slowing of gastric emptying time (Leeds, 1982) or to impaired diffusion of glucose
from the small intestine (Wolever and Jenkins, 1982). A high level of plasma li-
pids, especially cholesterol, may be one of the more important risk factors leading
to coronary heart disease. Anderson et al. (1984) showed that dried beans (115 g/kg
diet) decreased the total serum cholesterol level {on average by 19%) and LDL
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cholesterol {on average by 23%) in 10 hypercholesterolemic men. Serum HDL
cholesterol was not significantly altered.

In general, the gastro-intestinal tract is affected by non-starch polysaccharides
of the water-soluble and insoluble fractions of dietary fibre in different ways. The
soluble fibre increases intestinal transit time, delays gastric emptying, and slows
absorption (Low, 1985). As the result of these actions both the postprandial blood
glucose concentration and serum cholesterol levels are lowered. The insoluble
fraction decreases intestinal transit time, increases faecal bulk, delays glucose ab-
sorption and slows starch hydrolysis. These effects alter gastrointestinal function
but do not lower serum glucose or cholesterol (Anderson et al,, 1990; Topping,
1991).

From the nutritional point of view, dietary fibre is considered to be a negative
factor that dilutes the energy content of diets and decreases nutrient availability for
ammals. However, this is not s0 obvious in human nutrition. Diets for children and
young people should not contain high levels of dietary fibre. On the other hand,
dietary fibre should be present in appreciable amounts in diets for adults as a means
of preventing gastrointestinal disorders, cancer of the colon and rectum, obesity,
coronary heart disease, gallstones, high plasma cholesterol levels.

IV. THE EFFECT OF SEED PROCESSING ON DIETARY FIBRE UTILISATION

By encapsulating nutrients in intact plant cells, insoluble NSP form a physical
barrier to endogenous enzymes. On the other hand, the water soluble fraction of
NSP increases the viscosity of the digesta in the small intestine, depressing nut-
rient absorption. Thus, the use of carbohydrases of microbial origin (hemicelullase,
pectinase, 3-glucanase, o-galactosidase) may enhance the nutritional value of feed-
stuffs containing a high level of NSP as the enzymes are presumed to disrupt cell
wall polysaccharides. Investigations have established that inclusion of commer-
cial enzyme preparations in wheat-based diets for broiler chickens significantly
raised the apparent metabolizable energy of wheat from 14.26 MJ kg’ DM up to
15.79 MJ kg DM (Annison, 1992). The increase in the metabolizable energy was
not due to complete hydrolysis of NSP by exogenous enzymes and subsequent
absorption of the released sugars, but due to the significant increase in apparent
pentosan digestibility (26 vs. 44%) and in ileal starch digestibility (88 vs. 98%]). A
potential contribution of the main cell-wall residues released by feed enzymes to
the metabolizable energy in the fowl appear to be in the order: glucose > galactose
> xylose > arabinose > galacturonic acid (Savory, 1992}.

Studies on chickens showed that enzyme supplementation to legume seed diets
has a positive effect on bird performance. The body weight gains of chickens and
the feed to gain ratio were improved by 24 and 11%, respectively, when 3% of
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Bio-Feed Pro (protease) was added to the diet containing 50% raw L. albus seeds
(Brenes et al., 1993). When Allow et al. (1994) added 0.3% Energex {carbohy-
drases) to a ration in which ground lupin seeds constituted 50%, the value of me-
tabolizable energy (AMEN) of L luteus, L. albus, and L. angustifolius increased
by 1.5 MI/kg DM. The supplementation of the same rations with 0.3% Alpha-Gal
(o-galactosidase) resulted in an increase of AME, only of one variety of L. angus-
tifolius. Diets containing 23% of L. luteus or L. angustifolius seeds supplemented
with Energex or Alpha-Gal at a level of 0.1% did not have any positive effect on
the performance of birds. The enzyme preparation Energex used by the above-
mentioned authors in higher concentration (1%6) under in vifre conditions increased
the degree of NDF and ADF hydrolysis in white lupin seeds by 19 and 10%,
respectively. Brenes et al. (1992) reported that in the presence of Bio-Feed Pro,
Energex, and Novozyme (¢-galactosidase), each included at a level of 0.1%, weight
gains for diets containing 15, 35 and 45% lupins (L. albus) significantly increased
by 4, 7 and 7%, respectively. Enzymes also significantly improved the feed to
gain ratio by 4 and 6% in diets containing 0 and 15% lupins. According to the
above authors, the same enzymes added to a diet containing 59% dehulled lupins,
significantly improved the weight gain (19%), feed to gain ratio (10%), NSP
digestibility (9%), and also oligosaccharide digestibility.

Enzyme supplementation of different types of diets is less effective and con-
sistent m pigs than in poultry (Graham et al., 1986; Bedford et al., 1992), How-
ever, there are data showing that adding microbial §-glucanase, xylanase, and pro-
tease to hulless barley diets for 15-35 kg pigs significantly increased ileal digesti-
bility of dry matter, gross energy, protein, and non-starch polysaccharides (Liu et
al., 1997). Since enhancement in carbohydrate digestibility occurred particularly
in the small intestine, less NSP reached the hind-gut and less energy was lost
during bacterial fermentation. As reported by Dierick and Decuypere (1997), mono-
and oligomers from NSP do not stimulate volatile fatty acid (VFA) fermentation in
the foregut. Sigmficant amounts of enzymatically released hexoses can be degra-
ded by foregut microflora to lactic acid (85%) and VFA (15%). In pigs, as calcula-
ted by the authors mentioned above, the utilisation of energy from lactic acid and
VFA for energy retention corresponds to about 95 and 65%, respectively, of the
energy absorbed as glucose from the small intestine. Pentoses are rarely attacked
by the microflora of the foregut.

The supplementation of hultess barley with -glucanase alone also resulted in
significant improvement in digestibility of dry matter, crude protein and digestible
energy in comparison with an unsupplemented diet (Thacker et al., 1988). Liet al.
{1996} observed a linear increase in the digestibilities of dry matter, crude protein
and energy when increasing levels (0.05, 0.1, 0.2%) of B-glucanase were supple-
mented to the barley-soyabean meal diet. However, the only significant improve-
ment in protein (by 6.9 percentage units) and energy (by 4.3 units) digestibility
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was observed when 0.2% B-glucanase was added to the diet. In contrast to the
above results, Roth-Maier and Kirchgessner {1994} did not observe any improve-
ment in piglet performance (7-26 kg), when a preparation containing cellulase and
xylanase activity {(Roxazyme G) was added to the diet containing 15% L. albus or
30% L. luteus seeds. In another study, the effect of adding different enzymes
{o-galactosidase, xylanase, 3-glucanase, a-amylase, and protease) to cereal-based
diets on the digestibility of carbohydrates, protein and fat at the terminal ileum of
8-12 week old piglets was also limited {Gdala et al., 1997). Similar results were
observed for older pigs. Supplementation of diets containing 50% of whole faba
bean seeds or 46% dehulled faba bean seeds with preparations containing cell wall
degrading enzymes (0.1% Bio Feed Plus, 0.05% Energex, 0.05% Alpha Gal) and
protease (0.05% Bio Feed Pro) did not improve the digestibility of whole or
dehulled faba bean seeds in pigs weighing from 38 to 70 kg (Gdala et al., 1995).

Various processing techniques (i.¢. water and alcohol extraction, cooking, en-
zymes) have been applied to remove c-galactosides from legume seeds (Saini,
1988; Nczak et al, 1992). It seems that enzymatic treatment of milled seeds is the
most effective in removing these compounds (Somiari and Balogh, 1993). A mi-
crobial o-galactosidase (0.5%) supplemented to the diet containing 35% L. luteus
or L. angustifolius significantly increased ot-galactoside hydrolysis in the small
intestine of young pigs (Gdala et al., 1997b). Moreover, enzyme addition signifi-
cantly increased the 1leal digestibility of most amino acids.

CONCLUSIONS

Seeds of different lupin varieties contain more NSP than seeds of pea or faba
bean. Lupin NSP are mainly composed of glucose and galactose, while those of
pea and faba bean contain high amounts of glucose, arabinose and uronic acids.

Lupin, pea and faba bean seeds are characterised by different proportions of
carbohydrates either hydrolysed by endogenous enzymes or fermented by the gut
microflora, and of fat. This results in their different energy value for non-rumi-
nants. As the effect of more intense fermentation of NSP in the hind gut, legume
seeds have a higher energy value for pigs than for poultry. However, the energy
value of the seeds can be improved by different treatments, i.e. seed dehulling.

Non-starch polysaccharides are found to influence both the total production of
short chain fatty acids (SCFA) in pigs and the ratio among SCFA produced, to
change the endogenous nitrogen content of the digestive tract of pigs and to reduce
the digestibility of nutrients. Furthermore, the soluble fraction of NSP increases
intestinal transit time, delays gastric emptying, and slows absorption. The insolu-
ble fraction decreases intestinal (ransit time, increases faccal bulk, delays glucose
absorption and slows starch hydrolysis.
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NSP are considered to be a negative factor in animal diets. But this 1s not so
obvious in human nutrition. Diets for children and young people should contain a
low level of NSP, but not for adulis. For the latter NSP are considered to be a factor
protecting from gastrointestinal disorders, the colon and rectum cancer, obesity,
coronary hart disease, gallstones, and high levels of plasma cholesterol.
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STRESZCZENIE
Sklad, cechy i warto§¢ pokarmowa wlékna pokarmowego nasion ro§lin straczkowych

Nasiona bobiku, grochu i lubinu zawieraja znaczne ilosci polisacharyddw nieskrobiowych (NSP).
Srednia zawartos¢ NSP w kilogramie suchej masy nasion bobiku wynosi 177 g, grochu 186 g,
a w nasionach hubinu, w zaleznosci od gatunku, jest ich od 320 do 400 g. Nasiona tubinu waskolist-
nego (Lupinus angustifolius) zawieraja wigcej NSP niz nasiona tubinu zéltego {Lupinus luteus) czy
bialego (Lupinus albus). Réznice te wynikajg z roznej zawartosci skladnikoéw polisacharyddw nie-
skrobiowych, glownie ramnozy, ksylozy, galaktozy 1 kwasdéw uronowych. Glukoza i galaktoza to
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glowne skladniki NSP nasion lubinu, natomiast glukoza, arabinoza i kwasy uronowe dominuja
w NSP nasion grochu i bobiku.

Tlos¢ weglowodanéw rozktadanych przez ezymy trawienne w przewodzie pokarmowym zwie-
rzat i tych, ktore sa fermentowane w jelicie grubym, a takze zroéznicowana zawarto§¢ thuszezu po-
woduja, ze nasiona bobiku, grochu i lubinu majg rozng wartos¢ energetyczng dla zwierzat monoga-
strycznych. Jest ona wyzsza dla $win niz dla drobiu, co wiaze sig z intensywniejsza fermentacja
bakteryjna polischarydow nieskrobiowych w jelicie grubym swin.

Wysoki udziat NSP w dawkach dla zwierzat obniza strawno$¢ skladnikéw pokarmowych
i ich wchianianie w przewodzie pokarmowym, natomiast w zywieniu ludzi moze on wykazywac
pozytywne dzialanie.

Nasiona roélin straczkowych poddawane sa zabiegom technologicznym, np. odluszczanie, do-
datek enzymow mikrobiologicznych, majacym na celu zwiekszenie wartosci pokarmowej tych na-
sion dla zwierzat monogastrycznych.



