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Nitrogen Fractions and Mineral Content in Different Lupin
Species ( Lupinus albus , Lupinus angustifolius , and Lupinus
luteus ). Changes Induced by the a-Galactoside Extraction
Process
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The protein and mineral composition of different varieties of three different lupin species (Lupinus
albus, Lupinus angustifolius, and Lupinus luteus) and the effect of a-galactoside removal by means
of a hydroalcoholic extraction process on such composition were studied in relationship to nutrient
distribution among the different anatomical parts of the seed (embryo, cotyledon, and seed coat).
The extent of processing-derived protein insolubilization was assessed by both chemical and
electrophoretic techniques and related to the amount of nitrogen soluble in H,O, NaCl, ethanol, NaOH,
and sodium dodecyl sulfate/s-mercaptoethanol (SDS/BME). The a-galactoside extraction process
caused a significant increase in the amount of total and insoluble nitrogen and decreased the amount
of soluble protein nitrogen, without affecting the content of soluble nonprotein nitrogen. a-Galactoside
extraction was not effective at decreasing the levels of Mn present in lupins, and processing caused
an increase in the content of this mineral in all of the species studied with the exception of L. albus
var. multolupa. In general, the effect of processing on mineral content varied with the different lupin
species, and mineral losses were lower in L. luteus.

KEYWORDS: Legumes; lupin; Lupinus species; protein; nitrogen fractions; minerals; a-galactoside
extraction
INTRODUCTION On the other hand, thermal treatments and the use of organic

Lupins are a valuable source of dietary protein, complex solvents as extractants are known to cause the denaturation of

carbohydrates, vitamins, antioxidants, and nutritionally essential di€tary proteins and, consequently, a certain degree of protein
minerals for human and animal nutritiof)(In addition, lupins ~ insolubilization @, 5, 8, 9). Denaturation may pose either
are devoid of certain non-nutritional components such as trypsin d€leterious 10, 11) or beneficial ) effects on the nutritive use
inhibitors or lectins, although they may exhibit high levels of ©f Proteins and could be an efficient way to decrease the
toxic and bitter-tasting alkaloids. Nevertheless, sweet varieties Potential allergenicity of legume proteins, thus further contribut-
of Lupinus albusLupinus angustifoliusandLupinus luteusvith ing to improving their nutritional valueg).
low alkaloid content have been obtained. Among the major  Another consequence of extraction processes are changes in
constraints to the wider inclusion of lupins in human or animal the composition of several nutrients present in the legume seeds;
diets are their high levels of flatulence-causimgyalactoside some complex carbohydrates, minerals, and vitamins are liable
oligosaccharides and the accumulation of MiLiralbusseeds ~ to be lost as a result of water or hydroalcoholic extraction
(2, 3). With regard too-galactosides, efficient hydroalcoholic ~ processes such asgalactoside removal or protein isolatid) (
extraction processes that yield a 93% recovery of oligosaccha-12). The degree of compositional changes can be affected by
rides have been developed to eliminate these and other nondifferences in the extraction process (whole seed or seed flour)
nutritional components that have a negative effect on the or extraction solution and by different legume species, seed
functional properties and the nutritional value of feeds ). matrix, or thickness of the seed coat.
Furthermore, extracted-galactosides can be used as prebiotics  The objectives of this study were (1) to assess the distribution
that enhance the functional value of certain food produtts ( of nitrogen fractions in the whole seed and cotyledon of different
lupin species and study the effect on such nitrogen fractions of
_*To whom correspondence should be addressed: Departamento deg hydroalcoholic extraction process and (2) to assess the mineral
Fisiologia, Facultad de Farmacia, Universidad de Granada, Campuscomposition of different lupin species and study the changes in
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seed caused by a hydroalcoholic extraction process in relationdisulfide bond formation9) derived from the hydroalcoholic extraction
to the distribution of these minerals among the different process at 40C for 18 h. Lupin flour samples (0.5 g) were extracted
anatomical parts of the seed. with 10 mL of solvent for 2 consecutive times in the case of water,
ethanol, and SDS/BME and 3 consecutive times in the case of NaCl
and NaOH. All of the supernatants obtained after centrifugation aty2500
MATERIALS AND METHODS for 5 min and the final insoluble residue were used for Kjeldahl nitrogen
Lupins. Raw Lupin. Seeds df. albus, vars. multolupandmarta, determination. The nitrogen content of each protein fraction was
and L. luteus, vars4486 and 4492 were provided by the Agrarian expressed per 100 g of dry matter (DM) and also as the percentage of
Research and Technology Development Service from the Agriculture the sum of nitrogen contained in all of the fractions, including the
and Commerce Council of the Junta de Extremadura (Spain), whereasinsoluble residue of the meal. In comparison to the total nitrogen content
seeds ofL. angustifoliusvars. emir and troll were supplied by Dr. of the samplesTable 1), the recovery of nitrogen contained in several
Gulewicz from the Institute of Bioorganic Chemistry, PAS, Poznan, protein fractions (Table 3) ranged between 96 and 110%.
Poland. The seeds were ground to a fine powder (0.18 mm sieve) and Sodium Dodecyl SulfatePolyacrylamide Gel Electrophoresis (SBS
lyophilized for chemical analysis. PAGE). It was carried out in the supernatants ofH NaCl, NaOH,
Separation of Different Anatomical Componer@iseds of the three  and SDS/BME protein fractionation frorh. albus var. marta, L.
lupin species studied (vamaultolupa,troll, and 4492) were manually angustifoliusvar. emir, andL. luteusvar. 4486according to the method
decorticated to separate the seed coat, embryo, and cotyledons. The@f Laemmli (18). The final concentration of acrylamide in the running
different anatomical parts were freeze-dried and ground for further gel was 13%. The gels were fixed and stained with 0.2% Coomassie
analysis. brilliant blue R-250 in methanol/acetic acid/water (5:4:1, v/vIv).
o-Galactoside-Free Flour Preparatiotit was performed according Statistics. Analysis of the data was done using SAS (release 8.02,
to Gulewicz et al. 13). In brief, lupin seeds were imbibed in distilled  SAS Institute, Inc., Cary, NC). The effect of lupin species and
water at 4°C for 10-12 h. a-Galactosides were extracted from the a-galactoside removal on nitrogen and mineral composition of lupin
imbibed seeds with two consecutive extractions using 50% ethanol at flours was analyzed by 2 3 factorial analysis of variance (ANOVA)
40°C overnight. After the extraction process, the extracted seeds werewith a-galactoside extraction and lupin species (L. aldusangusti-
lyophilized and ground to obtain the-galactoside-free flour. folius, andL. luteus) as the main treatmenfBaples 2 and5). The
Analyses. Chemical Analysis. The moisture content of raw and level of significance was set at 0.05.
o-galactoside-free lupin flours was determined by drying to constant
weight in an oven at 105C. The total nitrogen was determined
according to Kjeldahl's method. Crude protein was calculated as RESULTS AND DISCUSSION
6.25. Soluble protein and nonprotein nitrogen was measured using the - Chemical Composition of Lupins. Nitrogen. The amount
methodology described by Periago et aH)(after extraction with 0.2%  of total and soluble protein nitrogen was significantly affected
NaOH and precipitation of soluble protein nitrogen with 30% trichlo- . qigterences in lupin species (Tablesahd2), with the highest
roacetic acid. The amount of peptidic nitrogen that did not precipitate values found inL. luteus followed by L. albus and L.

after treatment with trichloroacetic acid was measured in the soluble . . . .

nonprotein nitrogen fraction by the method of Lowi5j. Insoluble angustifolius. I,n this respgct., no r.na.jor differences Were f°‘%”d
nitrogen was measured in the remaining flour after extraction. Ash Petween the different varieties within the same lupin species.
content of the raw and-galactoside-free lupin flours was measured The content of insoluble nitrogen followed the same trend
by calcination at 500C to a constant weight. Samples of ashed material described for total and soluble protein nitrogen with the
were dissolved in 6 N HCI before analysis. Calcium, magnesium, iron, exception ofL. angustifoliusvar. emir for which the insoluble
zinc, copper, and manganese content were determined by atomicnitrogen content was almost twice the amount found.in
absorption spectrophotometry using a Perkin-Elmer AAnalyst 300 angustifoliusvar. troll. With regard to the soluble nonprotein
spectrophotometer. Lanthanum chloride was added to calcium a”dnitrogen content, a significant effect among species was also
magnesium samples to prevent interferences caused by phosphate ion?ound with the highest values correspondind.t@ngustifolius
Potassium was determined by atomic emission spectrophotometry usinng”OW’ed byL. albusandL. luteus. In all of the lupin species

a Perkin-Elmer AAnalyst 300 spectrophotometer. Phosphorus was tudied iderabl i fth bl tei
measured spectrophotometrically using the technique described by Cherp U0I€C, @ consiaerable proportion of theé sofubleé nonprotein

et al. (L6). Analytical results were validated by the following standard Nitrogen fraction (67.3—91.5%) was present in the form of

reference materials: whole-meal flour CRM-189, lyophilized green Peptidic nitrogen detectable by the method of Lowt) and
beans RM-383, and synthetic feed for growing pigs BCR-709 (Com- Significant differences were observed in its content between the

munity Bureau of Reference, Commission of the European Communi- two different varieties within a single species.

ties). Meant standard deviation (SD) values of five independent CRM-  As expected, the content of total and soluble protein nitrogen
189 replicates were Mn 64.2 0.6, Cu 6.62+ 0.28, Fe 74.4£ 1.7, increased as a result of dehulling in the cotyledonk.aflbus

and Zn 57.6+ 1.0 ug/g versus certified values uncertainty range 5 myitolupa L. angustifoliusvar. troll, andL. luteusvar. 4492

declared by the Community Bureau of Reference for Mn &3.8.6, whereas the content of soluble nonprotein nitrogen increased
Cu 6.4+ 0.2, Fe 68.3+ 1.9, and Zn 56.5¢ 1.7 ug/g; RM-383, ash p g

2.48+ 0.01 g/100 g, N 1.03- 0.01, Ca 2.78+ 0.04, and K 7.89+ in the cotyledons of.. albusvar. multolupaandL. luteusvar.
0.05 mg/g versus certified values uncertainty range of ash 24 4492but was slightly reduced in the cotyledon lof angusti-
0.1, N 1.054 0.02, Ca 2.9+ 0.2, and K 7.8+ 0.2; BCR-709, protein folius var. troll when compared to the whole seethble 1).
196.6+ 3.2 g/kg, ash 4.2% 0.07 g/100 g, Ca 0.7% 0.02, P 5.42+ The increments in total and soluble protein nitrogen were related

0.01, Mg 1.96+ 0.01 mg/g, and Cu 17.2 0.34ug/g versus certified to the thickness of the seed coat and its weight with respect to
values+ uncertainty range of protein 1995, ash 4.2+ 0.4, Ca 1.05 the total seed weight (16.8, 23.9, and 25.7%, respectively, for
+0.16, P 5.4+ 0.7, Mg 1.89+ 0.3, and Cu 17.3= 2.5. Results for | albus, L. angustifolius, and.. luteus, Table 6), a finding
P and Mg were within the range of declared indicative values stated it was reflected in a higher increase in the content of the
for reference materials CRM-189 and RM-383. above-mentioned nitrogen fractions in the cotyledoh.diteus

Protein Fractionation It was carrled‘out usmg.the‘class_lc storne and L. angustifoliusthan in that ofL. albus Regarding the
procedure (17) by means of sequential extraction in deionized water .

(resistivity > 18 Q), 5% NaCl, 70% (v/v) ethanol, 0.2% (wiv) NaOH, insoluble nitroggn content,. an increase in this nitrogen fraction
and 100 mM phosphate buffer (pH 7.65) containing 2% (w/v) sodium W& o_bserved in. angu_shfohusand L. albusas a _result of
dodecyl sulfate (SDS) and 2% (v/v) mercaptoethanol (SDS/BME). The dehulling, whereas no dl_f‘feltenc_es_, were pbserved in th_e_ case of
additional extraction step using SDS/BME was done to study the degreel. luteus(Table 1). This finding is indicative of the significant

of protein insolubilization associated to hydrophobic aggregation or influence of the seed coat in the latter lupin species on the
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Table 1. Nitrogen Composition of Raw and o-Galactoside-Free Lupin Seed and Cotyledon Flours Expressed in Dry Matter?

soluble soluble peptidic soluble
total N insoluble N protein N nonprotein N nonprotein N
(9/100 g) (9/100 g) (9/100 g) (9/100 g) (9/100 g)
L. albus var. multolupa
raw seed flour 5.70 +0.03 0.20 +0.00 4.98+0.01 0.52+0.01 0.41+0.01
(3.5%) (87.4%) (9.1%)
a-galactoside-extracted flour 6.27 £ 0.03 1.14+0.06 4.37+0.12 0.48 £0.00 0.41+0.01
(19%) (73%) (8%)
cotyledon 6.50 +0.03 0.37+£0.02 5.74+0.02 0.54 +0.02 0.50+0.01
(5.6%) (86.2%) (8.2%)
L. albus var. marta
raw seed flour 5.83+0.03 0.23+0.01 5.02 +0.03 0.58 +0.04 0.49+0.01
(4%) (86%) (10%)
a-galactoside-extracted flour 6.02 +0.02 0.74£0.01 4.85+0.01 0.43£0.02 0.42 £0.00
(12.3%) (80.5%) (7.2%)
L. angustifolius var. troll
raw seed flour 5.45+0.02 0.23+0.00 452 +0.02 0.66 +0.02 0.55+0.01
(4.3%) (83.5%) (12.2%)
a-galactoside-extracted flour 6.15+0.06 1.16 +0.06 4.33£0.07 0.68 £ 0.03 0.54 £0.01
(18.8%) (70.2%) (11.0%)
cotyledon 6.79 +£0.02 041+0.01 5.56 +0.02 0.58 +0.05 0.51+0.00
(6.2%) (84.9%) (8.9%)
L. angustifolius var. emir
raw seed flour 5.46 + 0.02 0.48+0.01 4.47 +0.04 0.68 +0.03 0.50 +0.03
(8.6%) (79.3%) (12.1%)
a-galactoside-extracted flour 6.05 + 0.02 2.40 £0.04 3.32£0.05 0.62+£0.01 0.42 £0.00
(37.9%) (52.3%) (9.8%)
L. luteus var. 4486
raw seed flour 6.44 +0.05 0.53+0.02 5.50 +0.03 0.53+0.02 0.48+0.01
(8.3%) (83.3%) (8.4%)
a-galactoside-extracted flour 7.48 £0.04 1.72+£0.04 5.28 £0.04 0.55+0.02 0.52£0.01
(22.7%) (70%) (7.3%)
L. luteus var. 4492
raw seed flour 6.72 £ 0.04 0.69+0.02 542+0.10 0.52 +0.03 0.35+0.01
(10.4%) (81.8%) (7.8%)
a-galactoside-extracted flour 7.46 +0.02 1.56 +0.09 5.23£0.05 0.53£0.02 0.42 £0.01
(21.3%) (71.4%) (7.3%)
cotyledon 8.46 + 0.04 0.66 + 0.04 7.03 £ 0.06 0.75+0.02 0.42+0.00
(7.9%) (83.3%) (8.9%)

@ Results are means + standard error of the mean (SEM) of three independent replicates. Data in parentheses represent the percentage of total nitrogen content present
in each protein fraction.

Table 2. ANOVA of Species, Treatment, and Species—Treatment

Interactions on Total, Insoluble, and Soluble Protein and Nonprotein
Nitrogen Content from Three Different Lupin Species?

source of variation

species treatment species— Ccv
effect effect treatment (%)
Pr>F
total <0.0001 <0.0001 <0.0001 21
nitrogen (65.5%) (25.6%) (5.5%)
insoluble 0.0002 <0.0001 0.0320 334
nitrogen (13.6%) (63.8%) (4.6%)
soluble protein <0.0001 0.0001 0.0435 5.6
nitrogen (66.5%) (11.5%) (4.2%)
soluble nonprotein <0.0001 0.0129 0.0052 7.0
nitrogen (68.4%) (4.5%) (8.0%)

4The level of significance was set at p < 0.05. Data in parentheses represent

the contribution to total variance of the specific ANOVA component.

content of all of the lupin species studietiaples 1 and 2).

The highest levels of total nitrogen were obtained for the
a-galactoside-fred. luteusflour, followed byL. albusandL.
angustifolius, thus resulting in a significant level of interaction
(p < 0.0001) between the lupin species and ¢hgalactoside
extraction process (Table 2). A significant level of interaction
between lupin species and the extraction process was also found
for insoluble nitrogen (p= 0.0320), with the highest values
being found forL. angustifolius, followed by.. luteusandL.
albus. The observed increments in the concentration of the
above-mentioned nitrogen fractions can be attributed to the loss
of other seed constituents, such as ash (12—41.9% Tadde

4), a-galactosides and other soluble sugars, and dietary fiber
(3, 11, 12) in the case of total nitrogen, and to protein
denaturation caused by the organic solvent and temperature used
for the extraction process in the case of insoluble nitrogen (

5, 9, 10). Regarding the concentration of soluble nonprotein
nitrogen, the extraction process decreased the content of this

content of insoluble nitrogen, because this nitrogen fraction is Nitrogen fraction (expressed in grams per 100 g of DM}.in
concentrated in the seed coat and/or because the seed codlbusvars.multolupaandmartaandL. angustifoliusvar.emir,
interferes with nitrogen extraction from the seed flour during whereas no major changes were observed.iangustifolius
the process of soluble and insoluble nitrogen detection.
The experimental conditions selected for the hydroalcoholic a significant speciesextraction process interactiop £ 0.0052,
extraction ofa-galactosides (50% ethanol at 4G for 12 h)
led to a significant increase in the total and insoluble nitrogen percentage of the total nitrogen contefalle 1), the extraction

var. troll or L. luteusvars.4486and 4492, thus giving rise to

Table 2). Nevertheless, when the results are expressed as a
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Table 3. Nitrogen Solubility in Different Extractive Solutions of Raw and a-Galactoside-Free Lupin Flours?

ddH,0 5% NaCl 70% EtOH 0.2% NaOH 1% SDS/2% BME insoluble
lupin treatment (9/100 g DM) (9/100 g DM) (9/100 g DM) (9/100 g DM) (9/100 g DM) (9/100 g DM)
raw 2.44 +0.05 2.98 +0.06 0.13+0.01 0.51+0.03 0.13+0.01 0.13+0.02
L. albus (38.6%) (47.1%) (2.1%) (8.0%) (2.0%) (2.0%)
var. multolupa o-galactoside free 0.85+0.03 1.20+£0.02 0.09£0.02 3.15+0.06 0.53+0.01 0.75+0.03
(12.9%) (18.3%) (1.4%) (47.9%) (8.1%) (11.4%)
raw 2.37+0.05 2.81+0.07 0.04+0.0 0.45£0.02 0.03+0.01 0.21+0.01
L. albus (44.1%) (47.5%) (0.8%) (7.6%) (0.5%) (3.6%)
var. marta o-galactoside free 0.62 £0.03 1.27 £0.05 0.03£0.01 3.24 £0.03 0.44 £0.01 0.43 £0.02
(10.4%) (21.0%) (0.5%) (53.6%) (7.4%) (7.2%)
raw 1.18 +£0.06 3.45+0.05 0.02+0.01 0.58 +0.02 0.04+0.01 0.19+0.02
L. angustifolius (21.6%) (63.2%) (0.5%) (10.5%) (0.7%) (3.5%)
var. troll o-galactoside free 1.06 +0.04 1.74£0.05 nd 2.32+£0.03 0.58 £0.04 0.87 £0.02
(16.2%) (26.5%) nd (35.3%) (8.8%) (13.2%)
raw 1.55+0.05 2.88 +0.09 0.09 £0.03 0.50 £0.05 0.13+0.02 0.36 £ 0.06
L. angustifolius (28.4%) (49.7%) (2.2%) (9.7%) (1.9%) (8.1%)
var. emir o-galactoside free 0.55+0.02 1.22+0.04 0.07 £0.02 1.79 £ 0.04 0.71+£0.03 1.44 +0.04
(8.96%) (19.8%) (1.2%) (31.8%) (12.5%) (25.7%)
raw 1.07 +0.01 4.04+0.03 0.08 £0.01 0.61+0.02 0.07 +0.01 0.51+0.03
L. luteus (16.8%) (63.4%) (1.2%) (9.6%) (1.1%) (7.8%)
var. 4486 o-galactoside free 0.63 £0.02 2.46 +0.04 0.06 £0.01 2.30+0.04 0.66 + 0.02 1.29+0.04
(8.5%) (33.3%) (0.8%) (31.1%) (8.9%) (17.4%)
raw 1.66 + 0.09 344+0.01 0.06 £0.01 0.61£0.02 0.12+0.01 0.60 £0.07
L. luteus (25.3%) (53.7%) (1.0%) (8.9%) (1.6%) (9.5%)
var. 4492 o-galactoside free 0.98 £0.07 2.76 £0.01 0.04 +0.02 2.02+0.09 0.44 +0.04 117 +0.01
(13.9%) (36.6%) (0.7%) (28.0%) (5.2%) (15.5%)

2Results are means + SEM of three independent experiments. Data in parentheses are percentages of total nitrogen soluble in each specific extracting solution. nd =
not detected.

Table 4. Mineral Composition of Raw and o-Galactoside-Free Lupin Seed Flours (mg/100 g of Dry Matter)?

ash (%) Ca K Mg P Cu Fe Mn Zn

L. albus 352+£0.04 139.0+272 1068.0+9.71 145.0+1.65 3321+£512 0.72+006 3.80+0.05 90.1+1.34 430%0.09

var. multolupa
o-galactoside-free  2.33+£0.02  179.0+1.93 573.0+8.31 700+£259 3020+135 0.78+0.03 351+0.08 820+055 4.20+0.10

L. albus 3.890+0.02 133.6+053 1426.0+2146 1932+086 468.1+1.76 0.75+0.03 6.20£0.06 350+032 524+0.02
var. marta

o-galactoside-free 226 +0.04  151.2+1.58 783.8 +18.03 98.1+028 310.8+129 069+0.01 3.76+012 78.0+0.30 4.54+0.02
L. angustifolius 413+0.02 161.8+1.49 12944+7.76 1919+1.00 5433+225 1.02+0.11 4.15%0.03 76+006 3.65+0.03
var. troll

o-galactoside-free  3.45+0.02  186.6 £2.51 936.5+7.44 163.7+2.96 553.0+£598 0.92+0.09 3.25+0.10 87+0.08 4.05+0.04
L. angustifolius 429+0.02 143.0+1.05 13049+5.75 219.1+1.25 6134+£205 0.95+005 4.26+0.03 84+004 3.79%0.02
var. emir

o-galactoside-free  3.15+0.02  149.4+0.24 786.4 +4.03 171.3+1.37 5425+172 058+0.06 2.87+0.03 8.8+0.04 420+0.04
L. luteus 467002 1348+061 12102+12.76 2940+239 7155+139 1.10+0.03 5.84+0.03 56+003 5.90£0.02
var. 4486

o-galactoside-free  4.05+0.05  163.6 £0.31 900.0+3234 316.1+080 757.0+4.57 1.06£0.03 7.61+0.11 76+003 7.93+0.03
L. luteus 517+0.03 1104+066 14243+10.26 3088+184 8457+272 125+0.04 7.05%0.05 6.8+0.02 6.42+0.02
var. 4492

o-galactoside-free  455+0.04  154.6+0.78 1041.7+1579  3309+0.70 817.0+350 111+0.26 7.24+0.03 85+0.03  7.66+0.05

@Results are expressed as means + SEM of five independent results.

process tended to decrease the amount of soluble nonproteirabove-described results highlight the significant influence of
nitrogen in all of the lupin species studied. The percentage of genetic factors on the amount of total nitrogen and the different
Lowry-reactive nitrogen present in the soluble nonprotein soluble nitrogen fractions present in the seed, whereas the
nitrogen fraction increased ih. luteus as a result of the insoluble nitrogen fraction was preferentially affected by the
extraction process, whereas it was not modified or decreasedtechnological treatment applied under our experimental condi-
slightly in L. albusandL. angustifolius. These changes could tions.
be attributed to a higher solubility in ethanol of the nonpeptidic ~ Variations in the content of different nitrogen fractions as a
nitrogen present in the soluble nonprotein nitrogen fraction of result of processing were reflected in changes in nitrogen
L. luteus. extractability in different media. Nearly all of the extractable
When total variation of the ANOVA treatment (total SS) was nitrogen present in the raw lupin flours was soluble in water or
partitioned into its various components (species, treatment, andNaCl, whereas solubility in 70% ethanol, NaOH, or SDS/BME
speciestreatment interaction), the highest magnitude was found was considerably lower (Table 3). Water-extracted nitrogen
for the species effect in total and soluble protein and nonprotein consists mainly of the albumin protein and the nonprotein
nitrogen content, whereas the treatment effect had the highestitrogen fraction, whereas the globulin protein fraction is
magnitude for the content of insoluble nitrogérable 2). The solubilized by NaCl 19, 20). Nevertheless, as can be seen from
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Figure 1. (a—c) Effect of the o-galactoside extraction process on the
protein pattern in different extractive solutions. Lane 1, water-soluble N
of raw lupin flour; lane 2, NaCl-soluble N of raw lupin flour; lane 3, NaOH-
soluble N of raw lupin flour; lane 4, SDS/BME-soluble N of raw lupin
flour; lane 5, water-soluble N of a-galactoside-free lupin flour; lane 6,
NaCl-soluble N of o-galactoside-free lupin flour; lane 7, NaOH-soluble N
of a-galactoside-free lupin flour; lane 8, SDS/BME-soluble N of a-galac-
toside-free lupin flour. The amount of Kjeldahl-N loaded per lane was (a)
lanes 1 and 2, 3.8 ug; lane 3, 1.8 ug; lane 4, 0.24 ug; lanes 5-7, 2.2
1g; lane 8, 1.7 ug; (b) lanes 1 and 2, 4.0 ug; lane 3, 1.7 ug; lane 4, 0.65
ug; lane 5, 2.24 ug; lanes 6-8, 3.2 ug; and (c) lanes 1 and 2, 3.0 ug;
lane 3, 2.0 ug; lane 4, 0.48 ug; lanes 5-8, 2.35 ug. Each panel is
representative of three independent analyses. The mixture of molecular-
weight markers (Merck) consisted of cytochrome ¢ (12.3 kDa), myoglobin
(16.9 kDa), carboanhydrase (30 kDa), ovoalbumin (42.7 kDa), albumin
(66.25 kDa), and ovotransferrin (78 kDa).

the separation of the different protein extracts in SIPAGE

(partsa—c of Figure 1), minor proportions of globulins are

extracted by water.

In a similar way to what has been reported by Nikokyris and
Kandylis (19) and Zheng et al9) for legumes, such as the
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Table 5. ANOVA of Species, Treatment, and Species—Treatment
Interactions on Ash, Ca, K, Mg, P, Cu, Fe, Mn, and Zn Content from
Three Different Lupin Species?

source of variation

species treatment species— cv
effect effect treatment (%)
Pr>F

ash <0.0001 <0.0001 <0.0001 5.2
(63.1%) (28.8%) (3.8%)

Ca 0.0007 <0.0001 0.0098 8.7
(11.2%) (51.2%) (6.7%)

K <0.0001 <0.0001 0.0124 11.7
(9.6%) (69.2%) (3.6%)

Mg <0.0001 <0.0001 <0.0001 8.0
(86.4%) (2.4%) (8.2%)

P <0.0001 <0.0001 0.0048 26.8
(66.3%) (8.3%) (5.2%)

Cu <0.0001 0.0038 0.0709 13.7
(59.7%) (6.0%) (3.6%)

Fe <0.0001 0.0063 <0.0001 12.6
(75.1%) (2.2%) (10.1%)

Mn <0.0001 0.0648 0.0360 36.5
(86.1%) (0.9%) (1.7%)

Zn <0.0001 <0.0001 <0.0001 5.7
(84.3%) (3.4%) (8.5%)

2The level of significance was set at p < 0.05. Data in parentheses represent
the contribution to total variance of the specific ANOVA component.

proteins extracted by NaOH, usually termed glutelins, contrib-
uted 8-10.5% of the total nitrogen content, higher than the
proportion of ethanol-soluble proteins but lower than water- or
NaCl-soluble proteins and similar to the values reported by
Chavan et al. (20) for a legume such laathyrus maritimus.

The o-galactoside extraction process led to a considerable
decrease in the content of water-, NaCl-, and ethanol-extractable
nitrogen (10.2-73.8, 20-57.9, and 22-33% reduction, respec-
tively). However, it did not bring about a complete extraction
of prolamins, given that the amount of ethanol-soluble nitrogen
fluctuated between not determined (nd) and 1.4% of the total
nitrogen content present im-galactoside-free lupin flours. In
contrast, the amount of NaOH- and SDS/BME-extractable
nitrogen was increased considerably as a result of the hydro-
alcoholic extraction process (3:3.2- and 3.714.7-fold incre-
ments, respectively), reaching up to 28%B.6 and 5.212.5%
of the total nitrogen conteniTéble 3). When the NaOH- and
SDS/BME-extracted proteins were separated by SDS—PAGE,
they appeared as high-molecular-weight protein aggregates at
the top of the resolving gel or else as a continuous smear of
protein residues throughout the resolving gel (lanes 7 and 8 in
a—c of Figure 1). The residual insoluble nitrogen content that
was left after sequential nitrogen extraction was increased by
o-galactoside extraction (Table 3). Nevertheless, it was con-
siderably lower than the amount obtained by the soluble protein/
nonprotein nitrogen technique (Table 1). This difference can
be attributed to a higher efficiency of the sequential extraction,
and, specifically, to SDS/BME-extractable nitrogen.

Minerals. The mineral content of raw and-galactoside-
free lupins is presented ifable 4. The content of total ash,
Mg, P, Cu, Fe, and Zn was highest lat luteus seed flour,
followed byL. angustifoliusandL. albus, whereas the highest
Ca levels were found ih. angustifolius, followed by.. albus

common bean, pea, or lentil, the ethanol-soluble protein fraction andL. luteus. The Mn content df. albus, in which significant
ranged from 1 to 2.2% in raw lupin seed flour, thus highlighting differences were found between the two varieties tested, was
the low proportion of prolamins present in legumes compared up to 16-fold higher than that found In angustifoliusandL.

to cereals. Under our experimental conditions, the amount of luteus In general, all of the lupin species studied exhibited high
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Table 6. Distribution of Nitrogen and Minerals in Different Anatomical Parts of L. albus, L. angustifolius, and L. luteus?

L. albus var. multolupa L. angustifolius var. troll L. luteus var. 4492

embryo cotyledon SC embryo cotyledon SC embryo cotyledon SC
weight (mg) 336+9 140 £ 4 100 £2
percent seed weight 3.0 80.2 16.8 34 72.6 23.9 3.8 70.5 25.7
N (/100 g) 128+0.05 6.5+0.03 0.6 £0.03 12.1£0.05 6.8 £0.02 0.4£0.01 6.7 £0.04 9.0+0.04 0.6 £0.00
N (%)° 6.8 91.6 16 7.6 90.5 19 38 94.0 2.3
ash (9/100 g) 55+0.04 35+0.03 33+0.04 55+0.05  4.2+007 3.6+0.01 66+005 6.1+0.08 2.6+0.04
ash (%)° 4.7 79.7 15.6 4.6 74.6 20.8 48 82.2 13.0
Ca (mg/100 g) 779+124 89.7+0.70 532.8+12.46 2844+094 1105+092 762.1+3.47 1266+1.13 929+168 530.5+3.40
Ca (%)b 14 44.0 54.6 3.6 294 67.0 2.3 317 66.0
K (mg/100 g) 1307.6+£435 9256+5.92 591.6+7.31 13268+5.23 11729+6.47 833.7+735 13655+581 13555+6.74 541.2+541
K (%)b 45 84.3 113 4.6 75.7 19.7 45 83.3 12.2
Mg (mg/100 g) 3286+243 1878+198 443+0.33 406.3+1.32 2708+0.99 1181+338 6448+181 4123+114 206.3+3.30
Mg (%)® 5.9 89.7 4.4 6.5 80.7 12.8 6.6 78.9 14.4
P (mg/100 g) 4935+0.94 395.0+0.66 3.9+0.26 1050.8+2.48 657.4+518 36.3+054 1368.1+7.41 1083.1+258 21.1+0.16
P (%)b 45 95.3 0.2 6.9 91.4 1.7 6.3 93.0 0.7
Cu (mg/100 g) 144007 0.9+0.06 0.2+0.01 08+0.04 07+0.03 0.4+0.03 20+001 1.8+001 0.3+0.01
Cu (%)° 5.2 89.6 52 45 79.3 16.2 53 89.0 5.7
Fe (mg/100 g) 101+£012 31+0.15 2.4 £0.05 8.8 £0.05 3.2+0.07 6.9 £0.09 12.8+0.05 53+0.10 13.8+£0.03
Fe (%)b 9.5 78.1 124 7.1 54.5 384 6.2 48.0 45.8
Mn (mg/100 g) 196.4+1.10 1093+1.16 150+0.16 201+021  9.1+0.10 2.0+0.03 148+0.14  7.0%0.07 5.9+0.08
Mn (%)® 6.2 91.2 2.6 8.9 84.8 6.3 8.0 70.4 21.6
Zn (mg/100 g) 11.9+£021 55+0.10 0.5+0.02 11.1+£0.06 42+0.04 2.6 £0.02 17.9+0.22 8.6 £0.23 0.6 £0.01
7n (%)® 74 90.8 1.8 9.4 75.3 15.2 9.8 88.1 2.1

aResults expressed in dry matter are means + SEM of four independent results. © Percentage of the indicated nutrient with respect to the total seed composition.

levels of K, which makes lupin a good dietary source of this Zn, the content of these minerals increased in each of the lupin
mineral, in a similar way to what has been reported for other species studied as a result of the extraction process with the

legumes such as the bean or lend] 21). exception of Zn irL. albusvars.multolupaandmartaand Mn
The total mineral content of legumes is known to be in L. albusvar. multolupa, for which slight reductions were

dependent upon genetic and environmental facR2s23). The observed.

content of Mn found in each of the two varieties lof albus The effect ofa-galactoside extraction on the Cu and P content

studied was far above the nutrient recommendations for this varied among the different lupin species studied and between
mineral in rat, poultry, swine, or humag4—27). Because of  the two different varieties within the same lupin species.

the potential toxicity of high Mn levels in the diet, the excessive ~ From the results of the present experiment, it can be
amount of this mineral found ib. albuscould limit the use of concluded that mineral content of lupin was significantly
this lupin species to the preparation of protein isolates, in which affected by genetic factors and the hydroalcoholic extraction

considerable amounts of Mn are lost during process2&y, (©r process. Nevertheless, partitioning the total variation of the
dietetic products, in which Mn levels would be very low because ANOVA treatment into its various components (species, treat-
of the inclusion of lupin flour as a minor food ingredie29]. ment, and species—treatment interaction) gave the highest
The Fe and Zn content df. albusvar. marta and L. luteus magnitude for ash, Mg, P, Cu, Fe, Mn, and Zn content to the

vars.4486 and 4492 was high and exceeded that of the other species effect, whereas the treatment effect had the highest
lupin species studied, although it was within the range of values magnitude for the content of Ca and Kable 5).
found in the literature for other legumes such as beans, peas, An increase in the mineral content of the lupin seed was
lentils, or soybeans (&1, 30—32). However, despite the high  expected as a result of the-galactoside extraction process
Fe and Zn levels provided by lupins, the bioavailability of the because of the loss of other seed components that leach out
above-mentioned cations can be affected by the presence of thénto the soaking solution. However, it appears that a considerable
significant amounts of phytate in all of the lupin species used proportion of minerals was also lost during processing in all of
in the present study (1233), which may negatively affect the lupin species studied, although the percentage of losses
mineral bioavailability (34). Furthermore, phytate was present varied considerably among the different minerals and lupin
mainly in the form of inositol phosphates with a high degree of species (Table 4). Such differences may be attributed to the
phosphorylation that are known to exhibit a higher affinity for different solubility and mineral speciation specific to each
nutritionally essential minerals (35). particular lupin species, as well as to specific mineral distribution
Hydralcoholic extraction ofi-galactosides led to considerable and the association to the different anatomical seed components.
changes in the content of total ash and different minerals studiedWith the aim of studying the latter factor in greater detail, we
among the different lupin species tested and resulted in a signifi-assayed the total N, ash, and specific mineral content of the
cant treatment effect and a significant level of interaction be- different anatomical components of the lupin seed (i.e., embryo,
tween lupin species and the extraction proc&sble 5). In cotyledon, and seed coat) in a selected variety of each lupin
general, losses were observed in total ash and K content of allspecies studied (L. albugar. multolupa,L. angustifoliusvar.
lupin species (Table 4), although to a lesser exterit.ituteus troll, and L. luteusvar. 4492; Table 6). Mineral distribution in
andL. angustifoliuscompared td_. albus. Likewise, consider-  the different anatomical parts of the seed is genetically
able losses were observed in the content of Fe and Mg as adetermined and does not appear to be influenced by differences
result of the extraction processlin albusandL. angustifolius in environmental or culture conditions (23).
(with smaller losses in the latter lupin species), whereas an Total mineral content was remarkably high in the embryo of
increase was found ih. luteus. With regard to Ca, Mn, and the seedTable 6), although, because of the small fraction of
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the total seed represented by this anatomical component, itcoat, because the concentration of this mineral increased
would appear that the corresponding amount of nutrients significantly in all lupin species after the selective extraction
provided would be equally low. The highest proportion of process (Tables 4nd5). The low level of Ca solubility could
minerals was located in the cotyledons, with the exception of be attributed to the formation of poorly soluble complexes with
Ca, which was mainly distributed in the seed coat in a similar oxalate or pectins in the seed codB(44).

way to that reported for other legumes such as lentils or beans Higher Fe levels were found in the seed coat of dark-colored
(21,23), and Fe, which was also present in considerable amountsgeeds (L. angustifoliusndL. luteus) compared to light-colored
(38.4—45.8% of the total seed content) in the seed co&t of  ones (L. albus). These results are in agreement with what has
angustifoliusandL. luteus. been observed in the common bean by Moragh#s), (who

K is located mainly in the cotyledons of lupin seeds, and reported a positive correlation between Fe accumulation in the
because of its high solubility, considerable losses were observedseed coat and the level of antocyanins responsible for its color
as a result of the-galactoside extraction process. Nevertheless, put not with the levels of condensed tannins.
leaching of this mineral into the extraction solution appeared From the results of the present study, it can be concluded

to be influenced by the th|cI§ngss of the seed coat, and Iosses[hat thickness of the seed coat appeared to play a major role on
were much '.°V.Vef in.. angu;ﬂfohusandL. luteusthanL. albus the leaching of minerals to the hydroalcoholic extractive
(Table 4). $|m|Iar obs.ervatlons were made for the Mg content solution, independent of the anatomical component of the seed
that even increased ih. luteusas a result of the extraction where they are located. On the other hand, because of the high
process, compared to the raw ;eed. ) . ) content of Ca and potentially bioavailable Fe present in the seed
The content of Mn and Zn in the different lupin species cqat, this seed component can be used as a valuable source of

followed a similar pattern of response to thegalactoside  (he apove-mentioned nutrients for the preparation of integral
extraction processT@ble 4). Both minerals are mainly located {544 products.

in the cotyledon, although Mn tends to accumulate more in the

seed coat as the thickness of this anatomical component

increases (Table 6), and the amount of processing-derived ACKNOWLEDGMENT
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