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ABSTRACT

The chemical composition of mature whole seeds of six cultivars of yellow upin (Lupinus luteus
L.), three cultivars of white lupin (Lupinus albus L.) and two cultivars of narrow-leaved lupin
(Lupinus angustifolius 1.} was determined with parificular attention lo the content of w-galactosides
and non-sturch pelysaccharides.

a-Galactoside contents significantly differed among lupins, averaging {per kg DM) 105, 85and 60
gin yellow, white and narrow-leaved lupins, respectively. Stachyose was the dominant e-galactosidc;
its level in seeds of yellow and white luping was similar {about 60 g) and significantly higher than in
seeds of narrow-leaved lupins (aboutl 33 g). Opposite proportions of the minor x-galactosides,
galactopinitol, digalactopinitol and digalactoinositol, were observed. The highest proportion of
verbascose was found in the seeds of vellow lupins.

Yellow lupins seeds contained significantly less non-starch polysaccharides {321 g) than other
lupins (about 400 g). Glucosc and galactosc constituted the main part of NSP sugar residues {(from 31
t0 43% and from 3! (o 32%, respectively). Considerable differences among species were found in the
contents of rhamnose, xylose, gaiactose and uronic acids.

KEY WORDS: lupins, g-galaciosides, non-starch polysaccharides

INTRODUCTION

Lupin seeds vary significantly in their nutrient contents. £.. futeus secds have
the highest protein content, while those of L. a/bus are recognized as having
a high level of oil (Hill, 1977). Also, differences in the content and chemical
composition of x-galactosides and non-starch polysaccharides (NSP) can be
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observed among lupins. x-Galactosides, the main cause of flatulence in human
beings and animals, occur in amounts ranging from 70 to 120 g/kg dry maiter of
seeds (Trugo et al., 1988). Reported NSP levels vary among lupins from 270 g in
L. luteus to 370 g in L. angustifolius (Gdala et al., 1994). Although z-galactosides
and non-starch polysaccharides represent a significant proportion of whole lupin
seeds, they are not hydrolyzed by the digestive enzymes of pigs. However, they
can be broken down by intestinal microflora, especially in the large intestine. The
end producis of bacterial fermentation are, among others, volatile fatty acids
— an important source of energy for pigs.

The aim of the present study was to characterize the chemical composition of
seeds of different lupins with special regard to carbohydrates. A comparison was
drawn both among cultivars within each lupin species as well as among lupin
species. Variation in nutrient content was evaluated in cultivars of L. fureus,
L. albus and L. angustifolius over three consecutive growing seasomns.

MATERIAL AND METHODS

Seeds

Seeds of six cultivars (Amulet, Cybis, Tuno, Manru, Popiel, Radamcs) of
yellow lupin (Lupinus uteus L.), three cultivars (Bardo, Hetman, Wat) of white
lupin (Lupinus albus 1..) and two cultivars (Saturn and Sur) of narrow-leaved
lupin (Lupinus angustifolius 1) were used in the study. Seed samples werc
supplied by three Plant Breeding Stations located in west, north-west and central
regions of Poland. The seeds of each lupin cultivar were collected and analyzed
for three consecutive ycars.

Analytical procedures

Dry matter (IDDM), nitrogen (N), fat, ash and crude fibre (CF) were analyzed
using standard methods (AOQAC, 1990). The contents of neutral detergent fibre
(NDF), acid detergent fibre (ADF) and acid detergent lignin {ADL) were
determined according to the Van Soest and Wine (1967) and Van Socest {1973)
methods. Hemicclluiose and cellulose were calculated as differences (NDF
— ADF and ADF — ADL, respectively). Sucrose and a-galactosides were
extracled from milled lupin seeds for 30 min at 100°C in 10 parts of 50% ethanol
under reflux. The suspension was then poured into a test tube and centrifuged.
Carbohydrate derivation was performed according to the method described by
Horbowicz and Obendorf (1994). The carbohydrate derivatives (TMS) were
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analyzed using a Pye Unicam Model 204 gas chromatograph equipped with
a flame ionization detector and a packed column (90 cm x 4 mm, 3% OV17 on
80/100 Chromosorb W) operated with a programmed imitial temperature of
200°C for 2 min, adjusted to 340°C at 12°C/min, and held at 340°C for 15 min. The
injector part was operated at 280°C and the detector at 350°C. The carrier gas was
argon flowing at 20 ml/min, hydrogen (30 ml/min) and air (40} ml/min}. Total
NSP and their constituent sugars were determined as aldilol acelates by
gas-liquid chromatography (GLC) for neutral sugars and by colorimetry for
uronic acids using the methods of Englyst and Cummings (1984).

Statistical analysis

The average and standard deviations were calculated for cach analyzed
sample taken from three consecutive years. A simple analysis of variance
(ANOVA) was performed to evaluate the statistical significance of differences
gither among culuvars within each lupin species or among lupin specigs.
Correlation coefficients were also calculated (Statgraphics Plus vr 7.0, 1993).

RESULTS AND DISCUSSION
Lupinus luteus cultivars

The weight of one thousand seeds (122-135 g) did not differ significantly
among cultivars {Table 1). However, seeds of lupins Manru, Amulet and Cybis
showed grealer weight variation than the seeds of other cultivars. The crude
protein (N x 6.25) content ranged from 422 to 444 g/kg DM. Standard deviation
calculated for this component of Manru and Radames seeds was large in relation
to differences among years. The basic chemical composition of the tested seeds
was sirnilar 10 that previously reported by Hove (1974), Withers et al. (1975), Hill
(1977) and Muzquiz et al. (1989).

The fraction of insoluble structural carbohydrate (NDF) in whole sceds
consisted mainly of ¢cellulose and, to a lesser extent, of hemicelluloses. However,
some hemicelluloses can be lost during NDF assay because most hemicelluloses
originate from the cell walls of cotyledons (70%), and one-third of those from
hulls are water-soluble (Cerning-Béroard and Filiatre-Verel, 1980). A negative
correlation (r=-0.54, P=0.02} was found between the content of ADF and
crude protein and, as expected, a positive correlation (r=0.89, P=0.001) was
observed between cellulose and the CFI fraction.

The total NSP content ranged from 272 to 353 g/kg DM of whole lupin seeds.
Non-starch polysaccharides were mamly composed of glucose (n 43%) and
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TABLE 1
Chemical composition of seeds of L. luteus cultivars, g/kg DM (the average of three years and standard deviation)
Lupinus luteus SEM®
Amulet Cybis Juno Manru Popiel Radames
1000 seeds weight, g 122413 132+11 131+ 1 127+26 135453 137+ 1 3.01
Crude protein 444431 441423 425415 436+ 56 441+ 38 422445 8.77
Fat 46+ 9 56+ 2 534 2 554 2 53+ 2 57+ 6 1.08
Ash 544 1 544+ 5 534+ 3 53+ 2 51410 57+ 7 1.30
Fibre fractions:
NSP! 318+ 17 272431 334429 334436 353429 328 438 8.30
NDE? 257+ 1 246+ 14 254420 268+ 6 241433 259418 4.30
ADF? 213+ 8 197+11 212425 217422 200429 216416 5.03
CF* 167+ 8 158+ 8 166+ 21 173+ 2 152+22 166416 3.69
ADL’? 194 4 15+ 2 224 5 28+13 18+ 3 22+ 4 .53
hemicellulose® 444+ 9 48+ 4 42410 50 417 41+ 8 43+ 9 2.36
cellulose’ 194+ 10 182+ 10 190426 189426 182425 194415 4,72

'~ non-starch polysaccharides; ? — neutral detergent fibre; * — acid detergent fibre; * — crude fibre; * —acid detergent lignin; ¢ —calculated as a difference
between NDF and ADF; 7 - calculated as a difference between ADF and ADL; ® - standard error of the mean
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galactose (in 19%). The average proportions of other NSP constituents,
arabinose (12%), xylose (11%) and uronic acids (11%) were in an intermediate
range, whereas mannose (2%), thamnose (< 1%) and fucose (<0.5%) were
minor sugar residucs. In the studies of Cerning-Béroard and Filiatre-Verel {1980)
xylose, arabinose, galactose and very small amounts of rhamnose and glucose
were detected when cell wall polysaccharides of lupin seeds were hydrolyzed in
mild acid. Stronger acid (72% H,SO,) liberated mainly glucose as the de-
gradation product of cellulose, but small quantities of pentoses were also present.
The study by Brillouet and Riochet (1983} showed that cell walls from cotyledons
of L. luteus seeds contained galactose, arabinose and uronic acids as major sugar
constituents; cell wall material from hulls was composed mainly of glhucose,
xylose and arabinose. A positive correlation (r=0.71, P=0.001) was observed
between the level of total NSP and that of galactose.

The oligosaccharide fraction in mature dry seeds runged from 10.0 10 17.4
g/kg DM (Table 2). Galactoptmitol, galactomositol, digalactopinitol and digala-
ctoinositol were minor x-galactosides in seeds, which is in agreement with results
of Sosulski et al. (1982) and Horbowicz and Obendorf (1994). A ncpative
correlation was found between sucrose and galactoinositol (r=-0.74, P=0.001)
and also between sucrose and digalactoinositol (r=-0.54, P={.02). The level of
raffinose was low (9.6-12.3 g/kg) and similar for all tested cultivars. Verbascose,
whose level significantly varied among cultivars, represented on average 26% of
the total «-galactosides. Stachyose was the main sugar component (57% on
average) of the raffinose family oligosugars. Conlrary to this finding, Mlzguz ¢t
al. (1989) reported a very low level of stachyose (9.6 g/kg), while Cerning-Béroard
and Filiatre (1976) found verbascose to be the dominant x-galactoside in yellow
lupin sceds. The total content of a-galactosides in seeds varied from 90.2 to 116.1
g/kg and was similar to that reported by other authors (Cerning-Béroard and
Filiatre-Verel, 1980; Trugo et al., 1988). It seems that both genetic and
environmental effects contributed o the observed differences in the content and
composition of g-galactosides (Trugo et al., 1988). It 1s also possible that some
differences in total oligosaccharides, as well as in the levels of individual
compounds, within the lupin species, resulted from the procedure employed for
the extraction of x-galactosides from seeds {Saini, 1988).

Lupinus albus cultivars

One thousand seeds weighed from 255 to 331 g (Table 3). These data arc in
accordance with the results of Brillouet and Riochet (1983), who reported values
from 260 to 466 g. The crude protein content in seeds varied from 307 to 374 g,
but the differences among cultivars were not statistically significant. The level of
o1} in seeds did not differ very much (102-108 g/kg). The oilis mainly composed off



TABLE 2
The content of oligosacharides and NSP in sceds of six cultivars of L. luteus, g/lkg DM {the average of three years and standard deviation)
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Lupinus luteus SEM!
Amulet Cybis Juno Manru Popiel Radames
Oligosaccharides:
SUCTOSE 10.0 +2.1 164 £7.0 43 + 7.3 153 +6.0 174 + 8.1 143 + 24 1.4
galactopinitol 1.2 £0.2 1.0 £0.1 1.2+ 1.0 1.1 +0.1 1.2 + 0.2 1.2 + 0.1 0.3
galactoinositol L7 +£0.3 1.6 +0.6 1.8 + 0.6 1.5 +0.5 1.4 + 0.3 14 + 04 0.1
raffinose 98 +09 11.0 +0.8 96 + 1.8 123 108 106 + 3.1 122 + 14 0.4
digalactopinitol 1.5 +0.1 1.8 +04 1.5+ 0.0 23 +1.0 1.6 £ 0.2 1.6 + 0.3 0.1
digaiactoinositol 2.4 £0.2 22 +04 35+ 15 28 +0.8 20 + 0.3 254+ 08 0.2
stachyose 56.4 +3.3 70.7 +£9.0 575 +£12.7 514 +352 592 +1i3.7 61.6 + 9.7 23
verbascose 17.3* +4.2 209452 .7+ 73 275414 289%4 1.6 357"+ 2.5 1.0
total xz-galactosides %90.2 +£3.5 1094 +6.7 119.7 +£23.8 99.0 +6.0 1049 +1i84 1161 +£13.3 3.3
total oligosaccharides 100.2°+3.9 125.8 +5.5  125* +165 1143%4+20 (2234108 130.3+10.9 23
NSP:

rhamnose 24+ 0.7 24 0.3 2+ 09 3+ 0.6 3+ 1.1 1+ 0.8 0.2
fucose 1+ 0.1 1+ 0.1 1+ 0.3 1+ 0.2 1+ 0.1 1+ 0.2 0.0
arabinose 39+ 3.5 37456 414 4.6 43+ 2.8 42+ 6.9 36+ 4.0 1.1
xylose 35+ 0.7 30+ 8.5 34+ 51 41+ 4.1 43+ 6.8 I8+ 5.0 1.3
mannose 6+ 0.9 5+ 14 6+ 0.5 B+ 2.2 7+ 0.8 8+ 2.5 04
galactose 58+ 6.6 51+ 7.7 65+159 60+11.1 724+18.0 64+13.7 3.0
glucose 145+ 15.6 116+ 8.2 146+17.2 1434219 138+26.3 1414257 4.7
uronic acids A2+ 5.5 30+ 3.0 9+ 19 35+ 45 37+ 4.0 374+ 1.7 0.9
total NSP 3184+ 16.7 272+30.6 334+287 3344355 3534287 328438.2 8.3

408

! standard error of the mean
e _ P<(0.03
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unsaturated long chain fatty acids, mainly oleic, linoleic and a-linolenic acid,
which on average account for 50, 22 and 10% of total fatty acids, respectively
(Green and Orad, 1983).

The amount of hemicellulose and cellulose ranged from 37 to 49 g and from
154 to 176 g, respectively. A positive correlation (r=0.74, P =0.02) was observed
between cellulose and CF, but a negative one (r=-0.70, P=0.04) between
cellulose and the oil level, The weight of lupin seeds negatively (r=-0.81,
P=0.01) influenced the CF content.

The content of NSP components and oligosaccharides in seeds of white lupins
is presented in Table 4. Similarly to NSP of yellow lupin seeds, rhamnose, fucose
and mannose were found in small quantities. Arabinose, xylose and uronic acids
had intermediate values, while glucose and galactose were major sugar residues
(31 and 32% of total NSP, respectively). This is in agreement with the results of
Daveby and Aman (1993), who reported that galactose, arabinose and uronic
acids were the main components of non-starch polysaccharides in dehulled lupin
seeds. The NSP composition of while lupin cotyledons indicates a low content of
cellulose (50 g/kg) and a high content of pectic substances (710 g/kg), which were
mainly composcd of (1 ®4) galactan with small numbers of branched points on
galactose units (Carré et al., 1985}).

Seeds contained 18.2-32.6 gikg DM sucrose and much less galactopinitol,
galactoinositol, digalaclopimitol and digalactoinositol. The amount of stachyose
in white lupins was high (48.5-75.3 g), while that of raffinose (8.8-10 g) and
verbascose (2.2-7.1 g) was low. Similar proportions of a-galactosides in seeds of
Lupinus albus cullivars were reported by Cerning-Béroard and Filiatre-Verel
(1980) and Macrae and Zand-Moghaddam (1978). The correlation coefficient
between raffinose and sucrose was r=0.80, P=0.01. Total a-galactoside
contents in lupin sceds varied from 68.0 (Hetman) to 100.1 g/kg DM {Wat) and
correlated with stachyose and verbascose contents (r=0.98, P=0.001 and
r=0.87, P==0.002, respectively}.

Lupinus angustifolius cultivars

Salurn seeds were significantly bigger than Sur seeds and weighed 168 vs.
120 g/1000 seeds (Table 3). There were no significant differences between lupins
in the contents of crude protein, fat, ash and NSP in seeds. The levels of NDF,
ADF and CF, but not of ADL, were slightly higher in Sur seeds than in Saturn
seeds. Hemicellulose and cellulose contents were comparable in the seeds of both
cultivars. High positive correlaiions were found between ADF and ash (r=0.89,
P=0.04), CT (r=0.98, P=0.004), and cellulose (r=0.98, P=0.002). The
approximate composition of whole seeds of narrow-leaved lupins was com-
parable with that given by Hill (1977) and Muzquiz et al. (1989).
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The NSP chemical composition of whole seeds of L. angustifolivs cultivars
was similar to that found for whole seeds of other lupin species (Table 4).
Generally, rhammnose, fucose and mannose were minor ISP constiluents.
Arabinose, xylose and uronic acids had intermediate values, while galactose and
glucose were the dominant sugar residues. A negative correlation was found
between the level of uronic acids and that of arabinose (r=-0.90, P=0.01), and
fucose (r=-0.85, P=40, 03).

The sucrose content was significantly higher in Saturn seeds (19.2 vs. 14.0 g/kg
DM) than in Sur. Galactopinitol, galactoinositol, digalactopinitol and digalac-
toinositol were found in small amounts. Stachvose dominated among the
raffinose family oligosaccharides (29.9 g in Saturn and 35.3 g in Sur), while
raffinose and verbascose were found at the same low level (7 and 10 g). In studies
by Saini {1988), verbascose represented nearly | 7% of the total x-galactosides in
seeds of narrow-leaved lupin. In the present study the respective value was
slightly lower, 14%. In contrast, according to Cerning-Béroard and Fihatre-
Verel (1980), verbascose was the predominating oligosugar (35-43% of total
ethanol-soluble sugars) in the seeds of L. angustifolius.

Interspecies differences

Of the three lupin species, L. albus seeds were bigger (P < 0.05) than those of
L. luteus and L. angustifolius (Table 5). Significant differences among species
were found in the content of crude protein, fat, ash and non-starch polysac-
charides. More protein and ash, but less NSP was determined in seeds of L. luteus
than in those of L. albus and L. angustifolius. The highest level of fat (P <0.05)
was found in seeds of L. albus. No significant differences were observed in the
content of fibre fractions, but there were some differences in the content of
sucrose, «-galactosides and NSP components. The sucrose level was the highest
in the seeds of L. albus, while that of galactopinitol was highest in the seeds of
L. angustifolius. The latter also contained the highest level of digalactoinositol
and digalactopinitol. The level of the dominant oligosaccharide in all of the
species, stachyose, in the seeds of L. futeus and L. albus was double that in
L. angustifolius. L. luteus seeds had the highest verbascose content. Generally,
the level of total a-galactosides significantly differed in the lupins. Seeds of
L. angustifolius contained more NSP (P<0.05) than seeds of L. luteus and
L. aibus. Some considerable differences among lupins were found in the content
of rhamnose, xylose and uronic acids, but the most characteristic difference
pertained to the galactose level. The cell wall matenal of L. angustifolivs and
. L. albus seeds contained a twofold higher level of galactose than that of L. fureus.
The main NSP of the lupin seeds i1s a highly complex branched structure
comlaining x-arabian and fS-galactan side chains attached to a pectin-like main
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TABLE 4

The content of oligosaccharides and NSP in seeds ol L. afbus and L. angustifolius cultivars, g/kg DM (the average of three years and standard

deviation)
Lupinus albus SEM Lupinus angustifolius SEM
Bardo Hetman Wat Saturn Sur
Oligosaccharides:
sucrose 2207+ 5.6 18.2°+ 5.6 32.6°+ 2.7 1.6 19.2°+0.3 140"+ 1.1 0.3
galactopinitol 09 + 0.2 1.3 4+ 05 1.0 + 0.1 0.1 1.4 +0.1 1.8 £0.5 0.2
galactoinositol 1.8 + 0.3 1.9 + 0.6 1.7 + 04 0.2 1.3 +0.2 1.6 +0.5 0.2
raffinose 88 + 25 88 + 1.9 100 + 1.4 0.7 2.6 +1.0 8.8 +0.1 03
digalactopinitol 22 + 04 K I 22+ 05 03 2.6 +£09 3.9 +2.1 0.7
digalactoinositol 1.8 £ 0.1 22+ 06 28+ 06 0.2 34 03 37 +£03 0.1
stachyosc 67.5 £174 48.5 +10.9 753 £11.5 4.5 299 +39 355 +£20 1.3
verbascose 35 + 1.8 22+ 08 7.1 + 2.6 4.2 89 +1.0 7.1 £2.0 0.6
total &-galactosides 86.6 +18.6 680 +12.6 100.1 +13.1 4.3 570 +6.3 624 +3.9 2.1
total oligosaccharides 108.6 +16.4 86.2 +£17.6 132.7 +15.4 5.5 764 £6.3 764 +4.1 22
NSP:
rhamnose 6+ 0.9 5+ 1.0 54 08 0.3 4+ 0.9 34+ 0.8 0.4
fucose 1+ 03 1+ 0.2 1+ 0.3 0.1 1+ 0.1 2+ 04 0.1
arabinose 494 2.7 39+ 3.2 40+ 43 1.1 41+ 1.7 454 6.9 2.0
xylose 47+ 6.3 43+ 5.0 45+ 3.7 1.7 N4+ 22 334+ 3.5 1.2
mannose 10+ 2.4 8+ 2.8 7+ 0.5 0.7 7+ 0.6 8+ 1.2 04
galactose 126+ 5.1 115+27.9 136+ 9.1 57 149+17.2 150+ 18.6 73
glucose 1334+ 5.1 101 +26.2 1424+ 18.9 6.8 123+ 4.7 122+ 2.5 1.5
uronic acids 46+ 3.1 414+ 2.7 46+ 1.7 .8 45+ 04 43+ 4.8 1.4
total NSP 418 +27.2 3534633 4224283 14.3 4014237 4071119 7.7
a, b-P<0.05
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TABLE 5
. Comparison of chemical composition of seeds of three lupin species, g/lkg DM
Species L. luteus L. albus L.angustifolius SEM
No. of cultivars n=_6 n=3 n=2
1000 seeds weight, g 131° 290 144* 6.63
Dry matter 898 912 210 2.27
Crude protein 435° 344° 331° 5.95
Ether extract 53° 105* 61° 1.44
Ash 542 420 43" 0.85
Fibre fractions:
NSP 321t 398 404* 6.90
NDF 254 235 261 344
ADF 212 194 217 3.4%9
CF 164 141 158 2.69
ADL 21 27 21 1.08
hemicellulose 45 42 44 2.80
cellulose 188 167 192 R
Oligosaccharides:
SUCrosc 14.6" 243 16.620 1.0
galactopinitol 1.2° 1.1® 1.6 0.0
galactoinositol 1.6 1.8 1.5 0.1
raffinose 10.9 9.2 9.2 0.3
digalactopinitol 1.7 2.5 3.3 0.2
digalacioimosilol 2.6° 2.3 36 0.1
stachyose 59.5° 63.7° 32.7° 2.0
verbascose 27.6° 4.2 8.0° 1.1
total x-galactosides 105.0° 84.9° 59.8° 2.6
total oligosaccharides 119.6° 109.2% 76.4° 28
NSP:
rhamnose 2 5° 3t 0.2
fucose 1 1 1 0.0
arabinose 40 43 43 4.1
xylose 37 45 32t 1.0
mANose 7 9 8 0.3
galactose 62° 126° 150% 2.6
glucase 138 125 123 35
uronic acids ask 442 a4+ 0.7
total NSP 3210 397* 404" 6.9

a, b, c-P<0.05
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chain of rhamnose and galactouronic acid linked by $-(1-4} and z-(1-2) bonds,
respectively (Annison, 1993).

Non-starch polysaccharnides in animal feed are a complex group of com-
ponents differing in chermical composition, physical properties and physiological
activity. They can be divided into insoluble and soluble fractions, which can
differ in nutritional effects. The insoluble NSP enclose nutrients forming
a barrier to endogenous enzymes, while the soluble part can depress the
digestibility of nutrienis by changing conditions in the gut {i.e. viscosily). In the
case of lupin seeds, the level of insoluble polysaccharides varied from 230 to 260
g/kg DM. The soluble fraction of NSP calculated as the difference between NSP
and NDF amounted, onaverage, to 70 gin L. futeus and 150 g/lkg DM in L. albus
and L. angustifolius. Only a small proportion of lupin NSP (11-14%) is broken
down in the pig's small intestine (Gdala et al., 1996). Most of the cell wall
material undergoes fermentation in the large intestine.

Lupin seeds contain a high level of sucrose x-galactosides and minor
quantities of inositols and corresponding z-galactosides (Obendorf and Hor-
bowicz, 1994). These oligosaccharides are not hydrolyzed by digestive enzymes
of pigs, but they are fermented by microflora in the digestive tract. In our
previous studies (Gdala et al.,, 1996), it was shown that about 80% of the
s-galactosides were already broken down in the small intestine of voung pigs fed
a semisynthetic diet with Jupin seed meal. The most important products of this
process are volatile fatty acids (VFA), which appear to be an important energy
source for pigs. It has been calculated that 50% of the VFA production ansing
from ingestion of lupin meals was from non-starch polysaccharides, and 50%
from a-galactosides (Champ et al., 1991). However, the amount of energy
available from carbohydrate fermentation is expected to be lower than that from
carbohydrates absorbed as monosaccharides. The differences result from
additional losses as methane, fermentation heat and from slighily less efficient
VFA utilization in the intermediary metabolism of amimals (Miiller and
Kirchgessner, 1986).

CONCLUSIONS

In the present study, NSP and o-galactosides constituted up to 48% of lupin
seed dry matter. To improve utilization of these compounds as an energy source
by pigs , feed enzymes should be added to lupin diets. It is important, however,
that these enzymes release monosaccharides (glucose, galactose), which are
effectively absorbed in the small intestine of pigs.
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STRESZCZENIE
Skiad chemiczny i zawartos¢ weglowodanéw w nasionach roinych gatunkow fubinu

Zbadano zawartos¢ i sklad chemiczny weglowodanow nasion szescin odmian lubinu zoltego
(Lupinus luteus L.), trzech odmian tubinu bialego {(Lupinus albus 1..) oraz dwoch odmian tubinu
waskolistnego (Lupinus angustifolius L.}.

Badane nasiona roznily sig istotnie iloscia x-galaktozydow, ktorveh érednia zawartosé w 1 kg
suchej masy nasion lubinéw zottych wynosita 105 g, lubindw biatych 85 g, a tubinow waskolistnych
60 g. Wsrod g-galaktozydow dominowala stachioza. Nasiona tubinow zottych i biatych zawieraly jej
istotnie wiecej (po ok. 60 g) niz nasiona tubindw waskolistnych (ok. 33 g). Stwierdzono, Ze nasiona
lubindéw zoltych zawieraly istotnie mniej (321 g) polisacharydow mieskrobiowych niz nasiond
fubindéw biatych 1 waskolistnych (ok. 400 g).





