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ABSTRACT

Seeds of six cultivars of yellow lupin (Lupinus futeus L.), three of white lupin (Lupinus albus L.)
and four of narrow-leaved lupin {Lupinus angustifolius L.) were analysed for the content of nutri-
ents and antinutritional factors. Batches of seeds harvested during threc consccutive ycars were
analysed for each cultivar. Seeds of yellow lupin cultivars contained significantly (P<0.35) more
protein (43.5% DM), cysting (2.21 g/16gN), ash (5.4% DM), crude fibre (16.4% DM) and alkaloids
(510-1300 mg/kg DM) than seeds of white and narrow-leaved lupins. Seeds of white lupin had
significantly more fat (10.5% DM), manganese (670 mg/kg DM), toxic alkaloids (600-950 mg/kg
DM} and more threonine and isoleucine (3.77 and 4.39 g/16g N, respectively) as compared to other
species. The contents of lysine, cystine and isoleucine in yellow lupin protein and that of threonine
in white and narrow-leaved lupin seeds (g/16g N) were negatively correlated with the protein con-
tent of seeds.
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INTRODUCTION

Sweet lupin seeds are a potentially important source of protein for monogastric
animals. The nutritive value of lupin depends mainly on the content of both pro-
tein and oil. The latter is especially high in white lupin seeds. Lupin oil is not only
an energy source, but it contains essential unsaturated fatty acids (Hill, 1977).
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Good adaptability to various climatic and soil conditions gualifies lupin as a
homegrown substitute for imported soyabean meal. Yellow, white and narrow-
leaved lupins are grown in Poland. Cultivars with determined type of growth and
more uniform ripening were obtained within each species over recent years
(Swigcicki et al., 1997). Modifications of the lupin genotype resulting in the im-
provement of agronomical traits may affect the content of nutritionally important
components. Therefore, the main objective of the undertaken study was to evalu-
ate chemical composition of 13 recently grown lupin cultivars representing three
species. Only low alkaloid varieties, cultivated for feeding purposes, were ana-
lysed.

MATERIAL AND METHODS

Seeds of six cultivars (Juno, Popiel, Amulet, Radames, Cybis, Manru) of yel-
low lupin {Lupinus futeus L.), three cultivars (Hetman, Bardo, Wat) of white lupin
(Lupinus albus 1..) and four cultivars (Emir, Sur, Saturn, Polonez) of narrow-leaved
lupin (Lupinus angustifolius L.) cultivated 1n Poland were analysed n this study.
Cultivars Juno, Popiel, Radames, Manru, Hetman and Saturn are recently bred
ones, some of them with introduction of genes controlling self-completing or ther-
moneutrality. The lupins were grown in the central and middle-west regions of
Poland. The tested seeds were provided by the plant breeding stations such Wia-
trowo, Kosieczyn and Strzelce, where standard cultivation technologies are ap-
plied. The samples of each cultivar were collected and analysed for three conse-
cutive years. The average yield of yellow and narrow-leaved lupin seeds was about
2 t and of white lupin — about 3 t/ha, except for the year 1992, when water defi-
ciency decreased yields by about 60%.

Analytical methods

Dry matter (DM), nitrogen, ether extract (EE), ash (A) and crude fibre (CF)
were analysed using standard methods (AOAC, 1990). Amino acids analysis of
lupin seeds was performed with a Beckman 6300 High Pressure Amino Acid Ana-
lyzer using modified procedures according to Buraczewska and Buraczewski
(1981). 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 Soest (1973) methods. The quinolizidine alkaloids content
was analysed according to Wysocka et al. (1989) using a thin layer chromatogra-
phy. The minerals: Ca, K, Mg, Na, Fe, Mn, Zn, Cu of lupin seeds were analysed
using Atomic Absorption Spectrometer — Philips PU 9100X (Philips Scientific
1988). Phosphorus was determined by AOAC procedure (1990).
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Statistical analysis

The average values and standard deviations were calculated for three analysed
samples representing three consecutive years. Multi-way analysis of variance was
carried out on the results using year of harvest and cultivar of lupin as an inde-
pendent variable. All calculations were made using Statgraphics Plus ver. 7.0 (1993).

RESULTS AND DISCUSSION

Seed composition (Table 1) was influenced neither by the year of harvest nor
by lupin cultivar within the species. Similarly, no significant differences were found

Chemical composition of lupin cultivars harvested in 1991-1994, %DM

TABLE 1

Cultivars Weight of CP EE  Ash Fibre fraction
1000 seeds,g CF ADF NDF ADL
Lupinus luteus:
Juno 131 898 o42.5:-.5:3 53 qlb6by 2202540 22
SD 1 1.49 1.31 015 5023 ;2103 248 . 200 050
Popiel 135 894 441 53 51 152 2000 . 24.1 1.8
SD 3 214* SRS RQNT09s TR0V 286 1 38 = 032
Amulet 122 89.8 444 46 S 67 inRT: 328 TS LS
SD 13 312 . 0.90..0.06 -0.82. 082 1079 012 040
Radames 137 896 427 57 5.7 =166, 2005250 22
SD 1 092 448 057 072 161 161 177 044
Cybis 132 D02 S441 5.6 S 5859 T N4 615
SD 11 2:39 512305 0055 0511088109 0136 2015
Manru 127 90,0 .-.-43.6. 5.5 5.3 -A13n 21T=:268428
SD 26 0.15 5:62. 0T (021 13923390 961 134
Lupinus albus:
Hetman 331 909 374 108 46 136 179 216 25
SD 107 105 417 09 055 1.18 227 246 0.67
Bardo 285 90.3 351 1935 40 138 195 235 26
SD 52 205 3067 221- 023 1R 333 1.72 026
Wat 255 924  30.7 102 43156207+ 253 .. 3l
SD 17 0.31 169 059 0.80 044 075 2.63 049
Lupinus angustifolius:
Emir 148 916 325 . 63 40,142 19.1. .23.3 1.7
SD 41 1.05 143 031 026 145 1.08 230 0.25
Sur 120 90.8 316 " 6.3 4.2 L1616 222742619 7+ 22
SD 17 049 286 049 029 080 176 040 0.35
Saturn 168 913 346 59 43 158,..20.2 5.252 03 2.0
SD 3 0.68 142 .1.10 . 029 142 185 . 192 047
Polonez 154 924 341 5.5 TS 208 28 1.9
SD 17 0.81' “20i55° 1.03" “0:42 . 0.9470.95 - -1.10--0.61
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TABLE 2
Chemical composition of seeds of three lupin species harvested in 1991-1995, %DM
Species n Weight of CP EE  Ash Fibre fractions
1000, g CF  ADF NDF ADL
L. luteus ' 18 13¢0¢ 43,55 53¢ 54 le4t 209 254 2.1
L. albus 9 2900 344 105 43+ 1410 194 235 27
L. angustifolius 12 146¢ 3320 63 420 155 208 253 19

a, b—P<0.05

between the modern (new bred) and the older cultivars. Comparison of the compo-
sition of three lupin species (Table 2) showed interspecific significant differences
in the seed weight and the level of many seed components.

Weight of seeds

The mean weight of one thousand of yellow lupin seeds ranged from 122 g
(Amulet) to 137 g (Radames) and did not differ statistically among cultivars, Among
the yellow lupin cultivars the greatest variability in weight of seeds between the
years was found in Manru variety. Seeds of white lupin cultivars showed a greater
weight variability, especially Hetman, than other species. The weight of one thou-
sand seeds of narrow-leaved lupin was from 120 (Sur) to 168 g (Saturn) and it did
not differ significantly among cultivars.

Among three lupin species, the weight of one thousand seeds of white lupin
was greater (260g) than those of yellow (130 g) and narrow-leaved lupins (146 g)
(P<0.05). These data are i agreement with the results of Brllouet and Riochet
(1983), who reported large differences in the seed weight among lupins. Weather
conditions during a plant maturation influence the size and weight of lupin seeds.
This correlates with the yield which can be decreased by about 20-30% in dry
years (Aniszewski, 1993).

Crude protein

In seeds of yellow lupin cultivars, the crude protein level was high and ranged
on average from 42.2 to 44.4% DM. In white lupin cultivars the variation was
greater and was: from 30.7 in Wat to 37.4% DM in Hetman but the differences
were not statistically significant. Manru and Hetman shawed the greatest variabili-
ty between the years in protein content among the yellow and white lupins, re-
spectively. In narrow-leaved lupin seeds, the crude protein ranged from 31.6 (Sur)
to 34.6% DM (Saturn).

Among the tested species the highest protein content was determined for yel-
low lupin seeds, what supports other findings (Hill, 1977; Pagowska, 1990, 1993).
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Ether exiract

In seeds of yellow lupin cultivars, the ether exiract content was between 4.6
(Amulet} and 5.7% DM (Radames). The fat content in white lupin seeds was sig-
nificantly higher as compared to other species and ranged from 10.2 to 10.8%
DM. It was shown that the fat level was negatively correlated with ADF content
(r=—0.687; P<0.05) of these species. Narrow-leaved lupin cultivars did not differ
in their fat content; it ranged from 5.5 (Saturn) to 6.8% DM (Emir) and was similar
to that of yellow lupins. As raported by others, lupin oil is mainly composed of
unsaturated long-chain fatty acids; oleic, linoleic and o-linolenic acids dominated
among them (Green and Oram, 1983; Lampart-Szczapa et al., 1994).

Fibre fractions

The crude fibre content of yellow lupin seeds was relatively high and ranged
from 15.8 to 17.3 % DM. The highest NDF (26.8%), ADF (21.7%) and ADL
(2.8%) contents were found in the cultivar Manru. Greatest variations in fibre
fractions among years of cultivation was observed for Popiel. A positive correla-
tion (r = 0.915, r = 0.906; P<0.01) was found between the content of ¢crude fibre
and either the NDF or ADF content. The level of fibre fractions did not differ
significantly among cultivars within each lupin species. In white lupin culti-
vars the crude fibre content varied from 13.0 in Hetman to 15.6% DM in Wat.
In narrow-leaved lupins the level of fibre fractions were slightly higher in Sur
than in Saturn, Emir and Polonez. A positive correlation was found between
crude fibre and both the NDF and ADF content (r =0.917, r =0.847,; P<0.01).
Among three lupin species, no significant differences were observed in the
content of fibre fractions, with the exception for ¢rude fibre, the level of which
was lower for white than for yellow lupin (P<(.05). Similar content of NDF
and ADF in yellow lupins was found by Flis (1993) and in white lupin seeds
by Robinson and McNiven (1993). Positive correlations between NDF and
ADF content were found in yellow {r = 0.875; P<0.01) and of narrow-leaved
lupin seeds (r = 0.795; P<0.05).

Ash

The crude ash content in yellow lupin cultivars, ranged from 5.1 to 5.7% DM
and was significantly greater than in seeds of white lupins (4.0-4.6%) and in those
of narrow-leaved cultivars (3.9-4.3% DM).

Mineral composition expressed in g or mg per kg DM of lupin cultivars is
summarized in Table 3. The figures are means of three successive years of lupin
seed analyses.
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TABLE 3
Mineral composition of lupin cultivars harvested in 1991-1994
Cultivars DM Ca K P Mg Na Fe Mn  Zn Cu
g'kg DM mg/kg DM
Lupinus luteus.
Juno 898 24 140 8.9 3.1 89 %0 50 78 8.7
SD 0.1 0.55 02 0.0 5 11 22 6 220
Popiel 894 28 126 7.9 2.8 103 93 102 86 118
SD 0.0 260 19 0.3 23 6 35 8 2.70
Amulet 898 32 124 7.7 3.6 98 85 37 74 100
SD 0.9 1.59 0.5 0.8 3 7 11 14 0.50
Radames 896 38 133 88 3.0 99 80 70 82 105
SD 0.7 169 1.3 0.1 22 11 51 13 433
Cybis 902 34 120 7.6 36 111 128 48 76 100
SD 1.1 .10 09 1.1 17 21 36 12 196
Manmu 90.0 43 123 7.6 2.6 79 69 85 72 8.9
SD 0.8 1.18 0.7 0.3 33 9 15 8 0.50
Lupinus albus:
Hetman 909 39 1138 5.0 2.1 96 63 828 46 5.7
SD 1.7 055 04 0.7 13 20 490 15 0.5
Bardo 903 35 115 44 1.7 126 53 742 47 57
SD 0.0 1.60 04 0.1 35 2 254 7 2.1
Wat 924 33 124 5.0 2.0 134 62 447 50 6.7
SD 0.4 210 1.2 0.0 20 25 47 3 12
Lupinus angustifolius:
Ermir 916 3.1 123 5.2 1.9 97 84 54 43 5.8
SD 0.7 010 0.1 0.3 18 20 24 1.9 1.10
Sur 908 35 108 4.8 21 90 63 58 43 57
SD 0.1 0.10 0.1 0.1 20 3 34 1.5 0.60
Saturn 913 43 103 4.6 28 112 61 26 37 14
SD 1.0 030 0.0 0.5 4 7 12 3 0.06
Polonez 924 29 106 5.1 2.0 79 39 29 33 35
SD 0.6 113 02 0.4 41 6 17 1 0.14
TABLE 4
Mineral composition of sceds of three lupin species harvested in 1991-1995
Specics Ca K P Mg Na Fe Mn Zn Cu
1 g'kg DM mg/kg DM
L. luteus 18 33 128 8.1 3.k 964 957" 652* 77.9° 10.0°
L. albus 9 3.6 11.9% 48  1.9* 1187 592 672.3° 478 6.1
L. angustifolius 12 34 1100 49 200 945 6L 418 391* 46

a, b, c —P<0.05
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No significant differences were found among cultivars of any lupin species
including the modern and older type cultivars, which suggests that the content
of minerals depends rather on fertilization and soil properties than on genetic factors.
In all tested cultivars potassium was a dominant macroelement (10.3-14.0 g/kg DM).

An interspecies comparison (Table 4) showed that yellow lupin seeds contained
significantly more K, P, Fe, Zn and Cu than seeds of white and narrow-leaved
lupins, concommtantly with their ash level (Table 1). However, the greatest diffe-
rences among species were observed in the Mn content. Its level in white lupin
cultivars ranged widely from 447 to 828 mg/kg DM. Its content was much lower
{up to 102 mg/kg) of other lupin species seeds. The present results are in agree-
ment with those of Zduficzyk and Flis (1997) who determined up to 830 mg/kg
DM of Mn in white Polish lupins. Even higher levels of Mn were reported by
Gross (1984) and Gross et al. (1994) for Multolupa and Astra white lupin seeds
containing, per kg DM 1.42 and 1.27 g of this mineral, respectively.

Amino acids

Amino acid composition {Table 5), except tryptophan, did not differ among
yellow lupin cultivars. It was found that protein of Radames contained significant-
ly more tryptophan (0.90 g/] 6g N) than that of other varieties (0.76-0.80 g/16g N).
Among white lupin varietics, protein of Wat lupin contained more (P<0.05) lysine
(5.15}) and threonine (3.93) than protein of Hetman (4.71 and 3.60 g/T6g N, re-
spectively). Significant differences in the content of some amino acids were atso
found among narrow-leaved varieties: protein of Emir and Sur contained more
threonine and less glutamic acid and serine than protein of Saturn and Polonez.
Protein amino acid composition of newly bred cultivars, such as Hetman, Saturn
and Polonez was found to be less favourable than of other varicties of each spe-
cies. Comparison of amino acid composition of protein of the species (Table 6)
shows small but significant interspecific differences in nonessential and essential
amine acids content, except lysine, mcthionine and phenylalanine. The mast im-
portant difference was the highest cystine content and consequently its proportion
in the sum of sulphur amino acids and relatively lowest threonine and isoleucine
content in yellow lupin. Also, substantially greater tryptophan content was found
in protein of narrow-leaved lupin than of the other two species. Comparatively, the
highest threonine, tyrosine and isoleucine content in white lupin protein is in agree-
ment with values found by Green and Oram (1983).

[t was found that lysine (r = —0.594), cystine {r = — (0.542), and isoleucine
(r =— 0.483) content of yellow lupin protein, and threonine of white {r=—0.713)
and of narrow-leaved lupin (r = — 0.645) were negatively correlated with the pro-
tein level. A negative correlation between the same amine acids and protein was
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Mean amino acid composition of lupin cultivars harvested in 1991-1994, g/16g N

TABLE 5

Indices Lupinus luteus Lupinus albus Lupinus angustifolius
Juno Popiel Amulct Radames Cybis Manru Hetman Bardo  Wat Emir Sur  Saturn Polonez
Nx6.25, %DM 42,5 44.1 444 422 441 436 374 351 307 325 316 346 3410
Lys 501 492 503 500 497 5303 4.71° 497" 515 494 499 491 487
Met 070 075 068 070 068 071 070 080 079 079 080 068 060
Cys 218 2.11 221 231 226 215 180 165 165 164 172 168 134
Thr 312 315 322 325 321 322 360° 378" 393> 363% 361" 343 343
Tmp 0.79" 0.76° 0.76° 0.90° 0.85* 080" 068 079 082 094 093 081 0388
e 3.80 381 379 388 375 380 432 430 456 407 404 421 422
Arg 11.20 11.20 10.84 1041 1066 1078 985 1028 9.19 1036 10.62 10.57 10.80
His 265 267 276 270 275 269 231 234 231 279 276 285 276
Leu 758 756 766 164 760 745 750 745 780 705 710 720 696
Phe 284 388 371 394 4.06 389 404 3958 419 395 393 416 404
Val 3.57 3.1 359 360 3.60 360 406 420 443 418 417 4.02 403
Ala 307 308 314 316 313 316 328 340 363 354 358 341 337
Asp 970 992 973 971 977 976 1049 1048 11.02 971 971 986 10.13
Glu 2432 2426 2510 2511 2498 2431 2301 21.61 22.54 21.92* 22,08 24.16* 2421
Gly 369 374 385 386 381 381 393 401 416 432 429 422 418
Pro 378 384 381 377 381 377 397 416 431 416 411 408 408
Ser 466 468 472 475 474 467 513 500 530 459 4.61* 485" 494
Tyr 267 272 257 272 280 280 431 436 446 344 337 352 351

a, b, ¢ - P<0.05
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TABLE 6
Amino acid composition of seeds of three lupin species harvested in 1991-1995,
g/l6g N

Indices L. luteus L. albus L. angustifolius

n=18 n=9 n=12
Nx6.25, %DM 43.5° 34.4° 32.9°
Lys 4.99 4.94 495
Met 0.70 0.76 0.72
Cys 221° 1.70° 1.65°
Thr 319 37T 3.56°
Trp 0.81* 0.76 0.89°
Ile 3.80° 4.39¢ 4.14"
Arg 10.84° 9.78¢ 10.40®
His 2.70° 2.32% 2.80¢
Leu 7.58° 7.58° 7.08°
Phe 3.72 4.07 4.01
Val 359" 4230 4.12°
Ala 37120 3.44° 3.47°
Asp 9.77* 10.67" 9.76°
Glu 24.70° 2239 22.72
Gly 3.79 4.03" 4.28¢
Pro 3.79 4.14° 4.12%
Ser 470 5.14° 4.75
Tyr 2. 748 4.38¢ 3.46°
a, b, c — P<0.05

also reported for other leguminous seeds (Evans and Butler, 1980; Reichert and
McKenzie, 1982; Gdala et al., 1992).

In spite of rather uniform lysine, methionine and tryptophan contents of protein
of three lupin species, the nutritional value of yellow lupin as a source of protein
supplementing cereal proteins may be lower because of relatively low threonine
content. Tests with rats (Wasilewko et al., 1995) showed that methionine is the
first limiting amino acid in all lupins protein, while the second limiting one de-
pends on the species.

Alkaloids

Quinolizidine alkaloids are the main lupin antinutritional factors. Their content
(Table 7) ranged from 600 (Hetman) to 950 mg/kg DM (Wat) in white lupin seeds.
Much lower alkaloid level, from 300 (Saturn) to 510 mg/kg DM (Sur) was found in
narrow-leaved lupin.The level of quinolizidine alkaloids and gramine (an indol alka-
loid) in yellow lupin seeds ranged from 230 (Juno) to 1300 mg/kg (Popiel). Erickson
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TABLE 7
Alkaloids content in choiced lupin cultivars, mg/kg DM
Alkaloids
Lupin Harvest year sum proportions
Lupinus albus
Wat 1991 950 lupanine > 13-hydroxylupanine > multiflorine
Bardo 1991 790 lupanine > 13-hydroxylupanine > multiflerine
Hetman 1992 600  lupanine >13-hydroxylupanine, scce-12,13-didchydromultiflorine
Hatman 1994 866 lupanine > hydroxymultiflorine, hydroxylupanine, multiflorine
Lupinus angustifolius
Sur 1991 510 lupanine > 13-hydroxylupanine
Emir 1991 440  lupanine >13-hydroxylupanine, seco-12,13-didehydromultiflorine
Helios 1991 400 lupanine, 13-hydroxylupanine
Saturn 1991 300 lupanine, 13-hydroxylupanine
Saturn 1994 440  lupanine, 13-hydroxylupanine
Lupinus luteus
Juno 1991 230 lupinine > graming > sparteine
Popicl 1991 1300 gramine > sparteine > lupinine
Cybis 1992 510 gramine, lupinine > sparteinc

(1988), who analysed the lupin alkaloids obtained similar values expresed per kg of
seeds: 900 mg for white lupin Nyirsegi, 1100 mg for yellow lupin Bortula and 100
mg for narrow-leaved fupin Unicrop. The main alkaloids in white and narrow-leaved
lupin seeds are lupaninc and 13-hydroxylupanine in yellow lupin seeds are lupinine,
gramine and sparteine. There is a correlation between the level of lupin alkaloids and
the level of rainfall during plant flowering (Christiansen et al., 1996); dry weather
significantly increased the level of lupin alkaloids. Similar tendency for alkaloids in
white (Hetman) and narrow-leaved (Saturn} lupin seeds was observed in the present
study. Generally, higher level of alkaloids are given by Matyka ¢t al. (1997) than
found in this study for the home-grown lupin seeds.

CONCLUSIONS

Three lupin species differ in content of components affecting nutritional value
of their seeds. The chemical composition of seeds depend primarily on the species
and less on the cultivar and year of harvest. The good knowledge about the seeds
of each lupin species/varieties is essential to choose the best lupin as a protein
source increasing the production of farm animals.
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STRESZCZENIE

Sklad chemiczny, w tym mineralny, aminokwasowy oraz zawartos¢ alkaloidow w nasionach
trzech uprawianych w Polsce gatunkach lubinu

Oznaczono sklad chemiczny uwzgledniajac zawartosé¢ podstawowych skladnikéw pokarmo-
wych, aminokwasow, zwiazkow mincralnych oraz alkaloidow nasion tubinu stodkicgo uprawiane-
go w kraju. Material dodwiadczalny stanowity nasiona 6 odmian lubinu zétego (Lupinus luteus L),
3 tubinu bialege (Lupinus albus L.) 1 4 odmian tubinu waskelistnego (Lupinus angustifelius L.),
ktore pochodzily z trzyletnich zbiorow.

Stwierdzono, ze w poréwnaniu z pozostatymi dwoma gatunkami, nasiona tubinu zdltego zawie-
raja wigeej (P<0,05) biatka (ok. 44% s.m.), a w nim cystyny (2,2 g/16 g N), nasiona hubinn bialego
sg wigksze (ok. 290 g/1000) i zawierajg wigce) thuszezu (0k.10,5% s.m.}, treoniny (3,8 g/16 g N),
izoleucyny (4.4 g/16 g N} i wielokrotnie wigcej manganu {do ok. 830 mg/kg s.m.). Nastona tubinu
nie zawieraja skrobi, a wsrod weglowodandw nieskrobiowych dominuje frakcja NDF, ktora stanowi
od 21,6 de 26,9% s.m. nasion. Gléwnymi czynnikami antyodzywczymi tubinu sg alkaloidy. Ogolny
ich poziern w wybranych analizowanych probach nasion wynosit od 230 do 1300 mg/kg s.m.



