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The effect of the removal of a-galactosides from Lupinus albus L. var. multolupa on the chemical
composition of the prepared flour and the dialyzability of N, total P, Ca, Mg, Fe, Zn, and Mn was
studied. The extraction process caused a significant increase in total and insoluble nitrogen contents
and decreased the amount of soluble protein nitrogen. However, neither these changes nor treatment
with phytase seemed to considerably affect in vitro protein digestibility. Except for Ca and Cu, total
mineral contents were significantly reduced by the extraction process. The process also caused a
significant reduction in the dialyzability of all the minerals studied except P. The decrease in mineral
dialyzability was partially counteracted by phytase treatment in amounts of 250—500 phytase
units/kg of lupin flour. In the case of Fe, mineral dialyzability did not differ significantly between the
two lupin flours studied with treatment with 500 phytase units/kg. Zinc dialyzability was the most
efficiently improved by phytase treatment (P < 0.0001), followed by P, Fe, and Mn, and finally by Ca
and Mg (P < 0.05).
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INTRODUCTION such as soaking in different pH solutions and cooking, germina-
tion, and fermentation have been developet~13). In addi-
tion, phytase supplementation has proved to be an efficient
h means of decreasing the content of phytic acid and reversing
the phytate-dependent inhibition of mineral availability in food-

Lupins can survive in poor soils where the growth of other
crop plants is limited). Lupin seedsl{upinusspp.) have great
potential for human and animal nutrition because of their hig
content of protein, minerals, vitamins, dietary fiber, and oil (1, ; . .
2) and their low proportion of nonnutritive components, such StUffs intended for human or animal consumption, as has been
as trypsin inhibitors and lectin8), The content ofi-galactoside shovyn by SeYefa' In vitro gnd In vivo e>.<per|rrl1enllsl(—16)..
oligosaccharides, tannins, and phytic acid in lupin seeds, With the aim of extractingr-galactoside oligosaccharides
however, is similar to or higher than that in other legums ( from I(_agume seeds for use as functlonal food ingredients,
In addition to its good nutritional properties, lupin has important Guléwicz et al. 17) developed an extraction procedure that
functional characteristics related to its hypocholesterolemic COMbines initial water imbibition of the seeds followed by
capacity (5) and its antioxidants) and antimicrobial 7) extraction in 50% ethanol at 40C. With _the use of _thls
properties. Lupin is usually used in animal diets, where it Procedure, those authors obtained a good yield-gélactosides
replaces other protein sources in small proporti@®sdnd has ~ @nd a legume seed byproduct with a high protein content that
started to be introduced in food products for human consumption €0 b€ used to prepare protein isolates or food products with
(9, 10). Among the major reasons that preclude a greater |mproved nutritional value. Howe\_/_er, prolonged so_akmg in
inclusion of lupin in human or animal diets are the production different pH and temperature conditions may lead to important
of flatulence, which results from the content ofgalactoside ~ Mineral losses as a result of leachidg 18). Furthermore, the
oligosaccharides, and the presence of phytic acid. Phytic acidYS€ of organic sqlvents such as ethapol may affect the structure
decreases the availability of important dietary minerals because®f the food matrix and reduce protein quality. .
it forms insoluble complexes with di- and trivalent cations at !N Vitro techniques based on the diffusibility of nutrients
the physiological pH of the small intestine of monogastric through a d_|aIyS|s mem_bram_a under conditions t_hat r(_ese_mble
animals. With the aim of removing nonnutritional factors such those found in the gastrointestinal tract can be a reliable indicator

asa-galactosides and phytic acid from legume seeds, treatments2f the potential availability of these nutrients from different
foods (19,20).
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o-galactoside conten(). Our objectives were (1) to assess multienzyme system described by McDonough et20)( For the pH-

N, P, Ca, Mg, Fe, Zn, and Mn availability from the free drop _method, percent protein digestibi_lity was calculated from the
a-galactosides lupin flour that remains aftergalactoside  €quationy = 210.464— 18.1X, whereX is the pH change after 10
extraction of the seed and (2) to test whether supplementationm'“t- In thle tPH'Statd”:ﬁthoii th? enzymi mt'Xt“re twats ?‘idgg E)O ttue
of a commercial phytase enzymispergillus nigey at inclusion protein solution, and the pH value was kept constant at 7.96 by the
rates similar topthyc;[se usuz;llly foun?:i in hgrgan and animal addition of 0.1 M NaOH during 10 min exactly. Percent protein

o . . . oL digestibility was calculated from the equatign= 79.28 + 40.74B,
nutrition (15, 16) improves nitrogen and mineral availability. wﬁereB :tymL of 0.1 M NaOH used duqring% min.

Dialyzability. The in vitro method of Miller et al.31) that uses a

MATERIALS AND METHODS pepsin digestion period of 2 h followed by pH equilibration and
) ) ) pancreatin digestion for another 2 h coupled with equilibrium dialysis
Lupins. Raw Lupin. Raw lupin flour was froni. albus var. (diameter = 14.3 mm, MWCO = 12000—14000 Da, Medicell
multolupa. Seeds were ground to a fine powder (0.18 mm sieve) and |nternational Ltd., London, U.K.) was adapted to assess nitrogen,
lyophilized for chemical analysis and mineral dialyzability. phosphorus, calcium, magnesium, iron, zinc, and manganese dialyz-

Free a-galactosides flour obtentiowas performed according tothe  apility of raw and freea-galactosides lupin flours. At the end of
method of Gulewicz et al. (17). In brief, lupin seeds were soaked in pancreatin digestion, dialysis bags were removed from the digestion
distilled water at 4°C for 10—12 h.a-Galactosides were extracted  vials, and nitrogen, phosphorus, calcium, magnesium, iron, zinc, and
from the imbibed seeds with two consecutive extractions using 50% manganese were assayed in the dialysate. Dialyzable nitrogen and
ethanol at 40C overnight. After the extraction process, the extracted minerals were expressed as percentage of the total present in each

seeds were homogenized and lyophilized, obtaining thedrgalac- digestion vial assuming that the dialyzable component had equilibrated

tosides flour. across the dialysis membrane by the time the dialysis bag was removed
Analyses.pH and titratable aciditywere determined as described at the end of the digestion period.

by Barampama and Simar#@lZ) and Frias et al2@). Titratable acidity Phytase Treatment. An amount of exogenous microbial phytase

was expressed as milliequivalents of NaOH per 100 g of dry matter (Natuphos, BASF, Mt. Olive, NJ) equivalent to 250, 500, and 750 units/

(DM). kg of lupin flour was added from a stock solution of 34 phytase units/
Chemical Analysis. The moisture content of raw and fregalac- mL at the beginning of the pepsin digestion dissolved in equal volumes

tosides lupin flours was determined by drying to constant weight in an of bidistilled water to raw and free-galactosides lupin flour samples.
oven at 105+ 1 °C. Total nitrogen was determined according to The same amount of enzyme was added to blank samples to control
Kjeldahl's method. Crude protein was calculated as 1§.25. Soluble for the presence of minor quantities of minerals in the phytase solution.
protein and non-protein nitrogen were measured using the methodologyPhytase activity of the exogenous microbial phytase used in the
described by Periago et ak4) after extraction with 0.2% NaOH and  dialyzability experiments was assayed by measuring the free phosphorus
precipitation with 30% trichloroacetic acid. Insoluble nitrogen was released after incubation of the enzyme with sodium phytate during
measured in the remaining flour after extraction. The ash content of 15 min at 37°C in 0.2 M citrate buffer (pH 5.0). One unit of phytase
the raw and free-galactosides lupin flours was measured by calcination activity was defined as the amount of phytase activity that liberates 1
at 500 °C to a constant weight. Samples of ashed material were x#mol of inorganic phosphorus from sodium phytate per minute at pH
dissolved in 6 N HCI before analysis. Calcium, magnesium, iron, zinc, 5.0 and 37°C.

copper, and manganese contents were determined by atomic absorption For the determination of endogenous phytase activity in raw and
spectrophotometry using a Perkin-Elmer AAnalyst 300 spectropho- free o-galactosides lupin seed flours, extraction was done in 0.2 M
tometer. Lanthanum chloride was added to calcium and magnesiumcitrate buffer/phenylmethanesulfony! fluoride/Triton X-100 (pH 5.0)
samples to prevent interferences caused by phosphate ions. Potassiur{82) during 60 min at £C with a flour-to-buffer ratio of 1:8 (w/v).

and sodium were determined by atomic emission spectrophotometry The extract was spun down at 3@dfor 10 min and the supernatant
using a Perkin-Elmer AAnalyst 300 spectrophotometer. Phosphorus wasdesalted using Sephadex G-25. The enzyme activity was assayed by
measured spectrophotometrically using the technique described by Chermeasuring the free phosphorus released after incubation of the desalted
et al. (25). Analytical results were validated by a standard reference fractions with sodium phytate during 30 min at 30 in 0.2 M citrate
wholemeal flour CRM-189 (Community Bureau of Reference. Com- buffer (pH 5.0). One unit of phytase activity was defined as the amount

mission of the European Communities). [MeanSD values of five of phytase activity that liberatesgmol of inorganic phosphorus from
independent replicates were as follows: Mn, 63.9.30; Cu, 6.62+ sodium phytate per minute at pH 5.0 and %D

0.28; Fe, 66.3t 0.14; Zn, 55.0+ 1.11 (ug/g); P, 565.8: 0.90; Mg, Statistics. Analysis of the data was done using SAS (release 8.02,
189.61+ 5.81; and K, 600+ 23.7 mg/100 g of dry matter. Certified =~ SAS Institute, Inc., Cary, NC). Data on chemical composition were
values+ uncertainty ranges are for Mn, 633 1.6; Cu, 6.4+ 0.2; analyzed using a two-tailed Student®st. The effect ofi-galactoside

Fe, 68.3+ 1.9; and Zn, 56.5: 1.7 ug/g. Indicative values are 530 for ~ removal and supplementation of different phytase doses on mineral
P, 190.0 for Mg, and 630 for K.] Phytic acid and free phosphorus were dialyzability from raw and free-galactosides lupin flours was analyzed
determined using the methodology described by Latta and E&Rin ( by a 2x 4 factorial ANOVA with a-galactoside extraction and phytase
and Chen et al. (25). (0, 250, 500, and 750 units/kg) as the main treatments. Tukey’s test
Sodium Dodecy! SulfatePolyacrylamide Gel Electrophoresis (SDS- Was used to detect differences between treatment means. Data on
PAGE).Proteins were extracted from the raw and feegalactosides mineral dialyzability in response to-galactoside extraction and phytase
lupin flours in a two-step sequential extraction process as described treatment was adjusted to a multiple lineal regression model. Multi-
by Melo et al. 27). The albumin fraction of the protein was extracted Vvariate analysis of variance was done among the estimated b parameters
by stirring with bidistilled water (pH adjusted to 5) containing 1 mM  from the regression equations that predict Zn, P, Mn, Fe, Ca, and Mg
phenylmethanesulfonyl fluoride The remaining flour was extracted with dialyzability, with the aim of assessing the efficiency of response to
100 mM phosphate buffer/1% SDS/28emercaptoethanol/2% NaCl, phytase treatment by the different minerals studied. The level of
pH 9; the residual flour was collected for nitrogen determination. SDS- significance was set at 0.05.
PAGE was done according to the method of Laem28)( The final
concentration of acrylamide in the running gel was 15%. The gels were RESULTS

fixed and stained with 0.2% Coomassie brilliant blue R-250 in Chemical Anal No sianifi diff lated H
methanol/acetic acid/water (5:4:1 v/v/v). The mixture of molecular emical AnalysesNo signiticant differences related to p

weight markers (Merck) consisted of cytochromse(12.3 kDa), were observed as a result of theyalactoside extraction process
myoglobin (16.9 kDa), carboanhydrase (30 kDa), ovalbumin (42.7 kDa), (Table 1), which, on the other hand, did cause a significant
albumin (66.25 kDa), and ovotransferrin (78 kDa). decrease in the titratable acidity of the fiegalactosides lupin

In zitro protein digestibility (IVPD)was determined using the pH-  flour (23%). Of the total nitrogen present in raw lupin flour,
drop multienzyme system described by Hsu et 29) (or the pH-stat 81.2% corresponded to soluble protein nitrogen, 10.6% cor-
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Table 1. Changes in pH, Titratable Acidity, and Nitrogen Content of L.
albus Var. multolupa Flours as a Result of the a-Galactoside
Extraction Process?

raw free o-galactosides

lupin flour lupin flour
pH 5.4+0.01 55+0.01
titratable acidity (mequiv of 16.67 £ 0.22B 12.83+0.13A

NaOH/100 g)

total N (g/100 g) 5.58 + 0.03A 6.24 + 0.05B
insoluble N (g/100 g) 0.46 £ 0.01A 1.52 +0.06B
soluble protein N (g/100 g) 453 £0.04B 4.23 £ 0.05A
soluble non-protein N (g/100 g) 0.59 £ 0.01 0.58 £0.01
peptidic soluble non-protein 0.46 +0.004B 0.37 £0.007A

N (g/100 g)

78.8kDa
66.2 kDa
42.7 kDa

30.0 kDa

16.9 kDa

12.3kDa

Porres et al.

2Results (expressed in dry matter) are means + SEM of five independent
replicates. Means within the same line with different letters differ significantly (P <
0.05). Analysis of variance of the results was done using Student's ¢ test.

Table 2. Changes in Protein Solubility in Water (pH 5) and 100 mM
Phosphate Buffer/1% SDS/2% [3-Mercaptoethanol/2% NaCl (pH 9) of
L. albus Var. multolupa Flours Caused by the a-Galactoside
Extraction Process?

Mm o1 2 3 “

Figure 1. Lanes: M, molecular weight marker; 1, water-soluble proteins
of raw lupin flour; 2, buffer-soluble proteins of raw lupin flour; 3, water-
soluble proteins of extracted lupin flour; 4, buffer-soluble proteins of
extracted lupin flour. Equal amounts of nitrogen (1.20 and 6.30 ug for
the water- and buffer-soluble fractions, respectively) were loaded in each

raw free a-galactosides
lupin flour lupin flour
total N 5.58 + 0.03A 6.24 + 0.05B
water-soluble N 0.61+0.03B 0.34 +0.05A
buffer-soluble N 471+0.12A 5.13+0.08B
insoluble N 0.32+0.02A 1.10 £ 0.03B

@Results (expressed in g/100 g of dry matter) are means + SEM of five
independent replicates. The factor 6.25 was used to calculate the crude protein
content. Means within the same line with different letters differ significantly (P <
0.05). Analysis of variance of the results was done using Student’s t test.

lane. The figure is representative of four independent analyses.

Table 3. Changes in Phytate and Mineral (P, Ca, Mg, Zn, Cu, Mn, Fe,
K, Na) Contents of L. albus Var. multolupa Flours Caused by the
a-Galactoside Extraction Process?

raw free o-galactosides

lupin flour lupin flour
ash (%) 3.51+0.02B 2.34+0.01A
total P (mg/100 g) 332.15+3.24B 301.60 + 0.55A
phytate (mg/g) 8.31+£0.08 8.56 £ 0.12
free P (mg/100 g) 14.20+0.22 14.27+0.35
Ca (mg/100 g) 138.92 + 1.21A 178.95 +0.77B
Mg (mg/100 g) 145.0 + 0.74B 69.71  1.06A
Zn (mg/100 g) 4.25+0.04 4.20£0.04
Cu (mg/100 g) 0.72 +0.03 0.78+0.01
Mn (mg/100 g) 90.13+1.27B 82.06 + 0.47A
Fe (mg/100 g) 3.80+0.02B 351+ 0.03A
K (mg/100 g) 955.9 +7.90B 572.8 £ 3.51A
Na (mg/100 g) 112.3+0.84B 65.18 + 0.61A

responded to soluble non-protein nitrogen, and the remaining
8.3% was not soluble at the basic pH used for nitrogen
extraction. A considerable proportion of the soluble non-protein
nitrogen (78%) was of peptidic nature and could be detected
by a colorimetric method. The-galactoside extraction process

brought about a significant increase in the total (11.8%) and
insoluble (3.3-fold) nitrogen contents compared with those in
raw lupin flour, decreased the content of soluble protein nitrogen

@Results (expressed in dry matter) are means + SEM of five independent
replicates. Means within the same line with different letters differ significantly (P <
0.05). Analysis of variance of the results was done using Student's ¢ test.

Table 4. In Vitro Protein Digestibility (IVPD) of Raw and Free
o-Galactosides L. albus Var. multolupa Flours?

(6.6%; P < 0.05), and did not significantly affect the content raw free a-galactosides
of soluble non-protein nitrogen. With regard to the soluble non- lupin flour lupin flour
protein nitrogen content of the freegalactosides lupin flour, IVPD pH-stat (%) 93.34 +0.20B 91.50 + 0.41A
the percentage of peptidic nitrogen (63.8%) was lower than that  IVPD pH-drop (%) 84.95+0.50 86.1+0.49

found in the raw lupin flour.
The percentage of nitrogen soluble in water (pH 5) or buffer ~ #Results (expressed in dry matter) are means + SEM of four independent

(PH 9) with respect to the total nitrogen content was higher in replicates. Me_ans within the same line with different Iett‘ers differ significantly (P <

raw than in freea-galactosides lupin flour (10.6 vs 5% and 0.05). Analysis of variance of the results was done using Student's ¢ test.

84.4 vs 82.2% in water and buffer solution, respectivelgke

2). When the water-soluble proteins were separated in afor Mn (9.0%) and Fe (7.6%). With regard to Ca, the extraction

polyacrylamide gelFigure 1), the highest density of polypep-  Process brought about a 28.8% increase in content. Total P losses

tide bands corresponded with the raw lupin flour sample despite @s a result of the extraction process were 9.2%, whereas no

the similar amounts of nitrogen loaded in the gel for the raw significant differences between the two lupin flours studied were

and freea-galactosides flour samples. Regarding the buffer- observed in phytate, free P, or Cu content.

soluble proteinsp-galactoside extraction led to the appearance  In Vitro Protein Digestibility. 1VPD (Table 4), measured

of high molecular weight protein aggregates that remained at with the use of a pH-stat method, gave significantly higher

the top of the resolving gel and that were not present in the values in raw than in free-galactosides lupin flourR < 0.05),

raw lupin sample. whereas no significant differences were apparent when a pH-
The average total ash content of the foegalactosides lupin drop method was used.

flour decreased by 33% with respect to raw lupin flour as a  Nitrogen and Mineral Dialyzability. No significant differ-

result of the extraction proces$gble 3). The minerals with ences were found in N or P dialyzability between the two lupin

the highest losses as a result of the extraction process were Mdlours studied (Table 5). In contrast, a negative effect of the

(51.9%), Na (42%), and K (40.1%), whereas losses were lower o-galactoside extraction process was observed on the dialyz-
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Table 5. Changes in Nutrient Dialyzability of L. albus Var. multolupa Flours Caused by o-Galactoside Extraction Process and Treatment with
Different Phytase Doses?

raw lupin flour, free o-galactosides lupin flour,
phytase dose of phytase dose of
0 25 500 750 0 250 500 750 extraction phytase extraction x
units/kg units/kg0 units/kg units/kg units/kg units/kg units/kg units/kg SEM effect effect phytase

N 61.2A 61.4A 59.6A 60.0A 58.0A 58.6A 58.8A 59.4A 1.98 0.20 0.98 0.88
total P 8.8A 31.8B 42.9C 50.2D 7.6A 30.3B 43.7C 54.0D 117 0.55 <0.0001 0.11
Ca 91.5A 107.3B 106.9B 102.9B 33.8C 45.1D 49.0D 47.2D 2.30 <0.0001 <0.0001 0.55
Mg 68.1A 74.0AB 78.5B 74.3AB 53.8CD 63.7A 68.0AB 62.8AD 2.24 <0.0001 <0.0001 0.79
Zn 27.5A 78.9B 80.1B 80.7B 5.5C 25.9A 47.0D 457D 2.61 <0.0001 <0.0001 <0.0001
Mn 36.1A 60.5B 62.3B 61.7B 19.4C 35.7A 45.8D 45.8D 1.09 <0.0001 <0.0001 0.0002
Fe 27.8A 45.0B 49.1B 48.3B 13.3C 34.8A 50.5B 52.8B 2.28 0.0050 <0.0001 0.0001

*Results (expressed in dry matter) are means of five independent experiments. SEM, pooled standard error of the mean. Means within the same row with different letters
differ significantly (P < 0.05).

ability of Ca, Mg, Fe, Zn, and Mn, for which dialyzability was ~ Table 6. Relationship between the Percentage of Dialyzable Minerals
significantly higher in the raw than in the freegalactosides ~ @nd Phytase Treatment in Raw and Free o-Galactosides Flour of L.
lupin flour. This was reflected in a significant effect (R albus Var. multolupa

0.0001) of the extraction process on the dialyzability of the A. Multiple Regression Model®
above-mentioned cations. mineral a b c d adjusted r2 P
The treatment with 250 phytase units (PU)/kg significantly — p 7.83 009954 —0.00005600 0.9490  <0.0001

increased the P, Ca, Mg, Fe, Zn, and Mn dialyzability of the ca 15062 0.06490 -0.00006572 -58.41 0.9451  <0.0001
two lupin flours studied, which was reflected in a significant Mg 7816 0.04870 -0.00005041 -11.67 05168  <0.0001
effect of the phytase treatment on the dialyzability of these 2" 7082 016926 -0.00014497 -3579 ~  0.8749  <0.0001

inerals. Addition of higher phytase doses (500 and 750 Mn 5587 009549 -0.00008264 -18.46 09273  <0.0001
minerais. gher pny Fe 2754 009581 -0.00007436 —4.668  0.6986  <0.0001

PU/kg) did not lead to any further improvement in mineral

dialyzability from the raw lupin flour except for P. In contrast, B. Multivariate Test of Differences among the Different b Terms
3_ g:radg_elx_l and significar&t_imﬁriveme?t in Ze, fn,_afrlld Mn 7n P Fe Mn Ca Mg
ialyzability w rved in r i in flour
f[‘hy. ability \ asck)l se ed the ?e%%gcéﬁk eslele ! flou n F=2882 F=2309 F=2800 F=7275 F=4407
with increasing phytase doses up to 500 PU/kg. This improve- P<00001 P<00001 P<0.0001 P<00001 P<00001
ment was reflected in a significant statistical interaction between p  F=2g8.82 F=011 F=033 F=1229 F=2212
the a-galactoside extraction process and phytase treatment in P <0.0001 P=10.7439 P=0.5663 P=0.0008 P <0.0001
relation to Fe, Zn, and Mn dialyzability. The highest phytase Fé F=0286%9 F=o01 Fig.oo ng-37 F=1042
dose (750 PU/kg) had a significant effect on only the total P M P<_ 0001 P:0'7439 _ P=0.9806 P: 0232 P:0'0018
. - i ; n F=2800 F=033 F=000 F=876 F=17.88
dialyzability of the two lupin flours studied. P<0.0001 P=05663 P=0.9806 P=0.0041 P<0.0001
Changes in the percentage of dialyzable P, Ca, Mg, Fe, Zn,Ca F=7275 F=1229 F=537 F=876 F=132
and Mn in response to thegalactoside extraction process and P<0.0001 P=0.0008 P=0.0232 P=0.0041 P=02539
phytase treatment were fitted to a multiple linear regression
model that was satisfied by the equatipr= a + b[phytase 2 The multiple regression model applied was satisfied by the following equation:

mineral dialyzability = a + b[phytase dose] + c[phytase dose]? + d[extraction

dose]+ c[phytase doséH- d[a-galactoside extraction]iable treatmen)

6A), wherey = percentage of dialyzable mineral. Multivariate
analysis of theb terms (corresponding to the phytase dose), ) ]
intended to determine which of the minerals had a more efficient insoluble nitrogen content was related to the appearance of high
response to phytase treatmefitible 6B), showed significant ~ Molecular weight protein aggregates in the salt-soluble protein
differences among the minerals studied. The highéstm value  fraction that hardly migrated into the resolving geldure 1).
corresponded to ZrP(< 0.0001), followed by P, Fe, and Mn,  Nevertheless, the increase in insoluble nitrogen content was

finally by Ca and Mg P < 0.05). flour with 80% ethanol fo3 h at 50°C. The lower proportion

of ethanol added to the extraction solution in the present study
(50%), the lower temperature used during the extraction process
(40 °C), and the use of whole lupin seed rather than legume
Chemical AnalysesThe lupin flour used in the present study flour may explain the lower degree of protein denaturation under
had a high protein content similar to that described by other our experimental conditions.
authors for this lupin variety and for soybeaB8) and higher The ash content of the raw lupin flour used in the present
than that of other legumes, such as peas, beans, and l&8tils ( study was within the range of values found in the literature (1)
34,35). The proportion of insoluble nitrogen or soluble protein for this variety and was higher than that of other legumes, such
and non-protein nitrogen with respect to the total nitrogen as chickpeas (38). The high solubility of Mg, K, and Na was
content was similar to that in other legumes, such as peas andesponsible for the decrease in ash content observed as a result
beans (1334). The increase in total nitrogen content resulting of the extraction process. The losses of total P, Mn, and Fe
from the a-galactoside extraction process was due not only to also contributed, albeit to a lesser extent. Furthermore, total
the mineral losses caused by leaching but also to the removalmineral losses were higher than what is inferred from the results,
of a-galactosides (36) and the decrease in dietary fiber contentgiven that total mineral content was expected to increase as a
(Martinez-Villaluenga, unpublished results). The increase in result of the removal ofi-galactoside oligosaccharides and the

DISCUSSION
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decrease in dietary fiber content as a result of the extraction active at the pH conditions used was responsible for the
process. In the case of manganese, the losses resulting fronsignificant improvement in phosphorus dialyzability. However,
the extraction oft-galactosides are beneficial, because the seedsthe rise in phosphorus dialyzability observed for both lupin seed
of L. albusare efficient accumulators of this mineral. Neverthe- flours after supplementation with increasing doses of phytase
less, the manganese content of the lupin variety used for thedid not correlate well with the amount of enzyme added.
present study was considerably lower than the upper range ofFurthermore, the dialyzability of total P did not exceed-50
values reported in the literature, which may be as high as 447.955% upon addition of the highest phytase dose (750 PU/kg).
mg/100 g of DM (39). These results suggest that a higher amount of phytase is
Other authors have described mineral losses higher than thoséiecessary to achieve complete dephosphorylation of phytic acid.
reported in the present study after soaking and cooking various!n addition, product-related inhibition of the phytase enzyme
legume seeds at different pH valueg (8). In general, the or a lower affinity of A. niger phytase for inositol phosphates
amount of mineral that leaches into the soaking solution during With a lower degree of phosphorylation (45) may play a role in
the course of processing depends on the legume species, théhe final amount of dialyzable phosphorus. Nevertheless, the
thickness of the seed coat, the time and temperature of theobserved increase in total P availability resulting from phytase
soaking or extraction process, and the pH of the soaking or treatment represents an important nutritional improvement for
extracting solution. the development of lupin products intended for human or animal

The calcium over-concentration observed afterdhgalac- consumption.
toside extraction process was due to the above-mentioned loss In vitro calcium digestibility may be affected by dietary
of other components of the seed by solubilization and the fact components such as phytic acid, dietary fiber, and oxad (
that most of the calcium in the seed is usually present in a poorly However, these components did not seem to play an important
soluble form associated with phytate in the cotyleda®) ©r role in the raw lupin seed meal used in the present study, as
in complexes with oxalate and pectins in the seed ldl| 42). shown by the high calcium dialyzability obtained, which was
In Vitro Protein Digestibility. The IVPD of raw lupin flour ~ higher than that found for other legumeis3(46). Phytic acid
assessed by the use of either the pH-drop or pH-stat methodappeare_d_ to bg the only factor that may ha_ve affected calcium
was high and was similar to that of other soy-based and animaldialyzability, given that supplementation with 250 PU/kg was
protein sources2@, 30). The higher levels of insoluble nitrogen  €nough to achieve complete dialyzability of this mineral.
present in the freei-galactosides lupin flour did not seem to In contrast with what was described by other authdr®),(
affect its protein digestibility measured by the pH-drop method. the decrease in calcium dialyzability was found to correlate with
This was in contrast with the results obtained with the pH-stat the removal ofoa-galactosides from the lupin seed meal. The
method, in which a small but significant decrease in digestibility lower calcium dialyzability was also related to the observed
was associated with higher insoluble nitrogen content. Thesedecrease in titratable acidity of the freegalactosides lupin
differences are probably related to the different buffering flour, which may have resulted from the leaching of organic
capacities of the two legume flours, which may have affected acids into the extraction solutiod§). Other factors that could
the results obtained by the pH-drop but not the pH-stat method. contribute to lower calcium dialyzability are changes in dietary
Nitrogen and Mineral Dialyzability. The slight reduction  fiber composition and phytic acid, although an increase in
in the percentage of dia|yzab|e nitrogen found for the free d|a|yzab|||ty similar to that observed for raw |Upin flour was
a-galactosides lupin flour was related to its higher content of found in freea-galactosides lupin flour after supplementation
insoluble nitrogen. On the other hand, the percentage of With 250 PU/kg.
dialyzable nitrogen in both lupin flours was lower than expected ~ Magnesium dialyzability from raw lupin flour was lower than
from the sum of their soluble protein and non-protein nitrogen expected in view of the high amount of soluble, and thus
contents. However, this index of protein digestibility was potentially dialyzable, magnesium lost from the seed during the
significantly higher in the lupin flours used in the present study o-galactoside extraction process. This could be attributed to the
than in beans13) and was similar to percentages found in high dietary fiber in lupin seeds and, to a lesser extent, the
legumes with good protein quality, such as peas)( presence of phytic acid, given that treatment with the lowest
The detrimental effect of phytic acid on protein digestibility Phytase dose (250 PU/kg) was sufficient to slightly improve
arises from its ability to form poorly digested complexes with Mmagnesium dialyzability, which did not continue to improve
dietary protein 43) and to inhibit the activity of proteolytic ~ With increasing phytase doses.
enzymes (44). Under our experimental conditions, such an Despite the 50% reduction in total magnesium content caused
inhibitory effect was not observed, and supplementation with by the a-galactoside extraction treatment, the dialyzability of
increasing phytase doses did not result in a significant incrementthe remaining magnesium was efficient compared with raw lupin
in nitrogen dialyzability. flour. In a similar way to what was observed with calcium, the
Phosphorus dialyzability from legumes is highly correlated improvement in dialyzability caused by phytase treatment (250
with the amount of free inorganic A.3). This was confirmed  PU/kg) of extracted lupin flour was analogous to that observed
in the present study by the low percentage dialyzability of total With the raw lupin flour and did not continue to increase with
P from both flours. The lack of effect of the-galactoside  higher phytase doses.
extraction process on the content of phytic acid, and thus on  The higher percentage of dialyzable iron from raw lupin flour
the release of free inorganic P, may have resulted from the pHthan from other legumes such as beal) (may be related to
and temperature conditions of the extraction process not beingthe lupin flour's lower phytic acid content, higher titratable
optimal for the efficient degradation of phytic acid by the acidity, and different protein structure. The loss of soluble iron
endogenous phytase of lupin seed (40 units/kg at pH 5.0 andand endogenous ligands responsible for titratable acidity during
50°C). Furthermore, the extraction process was performed with a-galactoside extraction is a probable reason for the lower
whole legume seeds, which may have prevented phytic acid proportion of iron capable of diffusing through the dialysis
from leaching into the extraction media. The addition of membrane at the pH conditions used to resemble digestion in
increasing doses of a commercial phyta8e rfiger) that was the small intestine than was the case for the raw lupin flour.
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Nevertheless, under our experimental conditions, phytic acid (5) Sirtori, C. R.; Lovati, M. R.; Manzoni, C.; Castiglioni, S.;

seemed to be the most significant component related to iron Duranti, M.; Magni, C.; Morandi, S.; D’Agostino, A.; Arnoldi,
dialyzability in the two lupin flours studied, given that supple- A. Proteins of white lupin seed, a naturally isoflavone-poor
mentation with the lowest phytase dose studied (250 PU/kg) legume, reduce cholesterolemia in rats and increase LDL receptor

activity in HepG2 cellsJ. Nutr. 2004,134, 18-23.
(6) Tsaliki, E.; Lagouri, V.; Doxastakisk, G. Evaluation of the
antioxidant activity of lupin seed flour and derivativésipinus
albusssp. Graecusfood Chem1999,65, 71-75.

led to a considerable improvement in the percentage of
dialyzable iron, whereas a maximum dialyzability value of 50%
was reached when 500 PU/kg was supplemented.

The low p_ercentage of dialyzable zinc fo_und in raw I_u_pin (7) Lampart-Szczapa, E.. Siger, A.; Trojanowska, K.; Nogala-
flour was mainly correlated under our experimental conditions Kalucka, M.; Malecka, M.; Pacholek, B. Chemical composition

with the presence of phytic acid, as seen by the huge increase and antibacterial activities of lupin seeds extra@hrung/Food

in dialyzability caused by supplementation with 250 PU/kg. 2003,47, 286—290.
Other components of raw lupin flour, such as dietary fiber, may  (8) Farrell, D. J.; Perez-Maldonado, R. A.; Mannion, P. F. Optimum
also play a role and would be responsible for the lower zinc inclusion of field peas, faba beans, chick peas and sweet lupins
dialyzability of raw lupin flour than what has been reported for in poultry diets. Il. Broiler experiment®r. Poult. Sci.1999,
another legumes such as beans @), 40, 674—680.

The significant reduction in Zn and Mn dialyzability caused ~ (9) Dervas, G.; Doxastakisk, G.; Hadjisavva-Zinoviadi, S.; Trian-
by the loss of soluble cations and changes in the chemical tafillakos, N. Lupin flour addition to wheat flour doughs and

effect on rheological propertiefood Chem1999,66, 6773.

composition of the lupin seed that took place during the
b P P 9 (10) Hall, R. S.; Johnson, S. K. Sensory acceptability of foods

a-galactoside extraction process was pa@”e' to t_h_at pr_eviously containing Australian sweet lupih.¢pinus angustifolius) flour
reported for Ca and Fe. Zn and Mn dialyzability differed J. Food Sci2004,69, SNQ92—SNQ97 '

between the two lupin flours studied in response to phytase (11) Vidal-Valverde, C.: Frias, J.: Sotomayor, C.; Diaz-Pollan, C.:

treatment, and dialyzability values were significantly lower for Fernandez, M.; Urbano, G. Nutrients and antinutritional factors
the freea-galactosides lupin flour even at the highest supple- in faba beans as affected by processiigLebensm. Unters.
mented dose (750 PU/kg). This is in contrast with what was Forsch. A1998,207, 140—145.
observed for Fe and suggests that changes in certain food (12) Vidal-Valverde, C.; Frias, J.; Sierra, |.; Blazquez, |.; Lambein,
components that can interact with phytic acid and thus affect F.; Kuo, Y. New functional legume foods by germination: effect
mineral dialyzability may alter the response of the cations to on the nutritive value of beans, lentils and pest. Food Res.
phytate hydrolysis by phytase during the digestive process. Technol.2002,215, 472—477.

The different affinities of phytic acid for divalent and trivalent ~ (13) Porres, J. M.; Aranda, P.; Lopez-Jurado, M.; Urbano, G. Effect
cations may be of great importance to research into the inhibitory of natural and controlled fermentation on chemical composition

and nutrient dialyzability from bean®laseolusyulgaris L.).
J. Agric. Food Chem2003,51, 5144—5149.

(14) Sandberg, A. S.; Hulthen, L. R.; Turk, M. Dietafgpergillus
niger phytase increases iron absorption in humanblutr. 1996

effect of this food component on mineral absorption. In the
multivariate analysis, we found that the dialyzability of zinc
was most efficiently improved by phytase treatment. The

nutritional importance of phytase was intermediate for Fe and 126, 476—480.

Mn and much lower for Ca and Mg. (15) Porres, J. M.; Etcheverry, P.; Miller, D. D.; Lei, X. G. Phytase
In conclusion, the flour ofL. albus var. multolupais a and citric acid supplementation in whole-wheat bread improves

valuable dietary source of protein and minerals (Ca, P, Mg, Zn, phytate-phosphorus release and iron dialyzabilltyFood Sci.

Fe, Cu, K, and Na). Neither the removal @fgalactosides nor 2001,66, 614—619.

supplementation with increasing phytase doses had a significant (16) Stahl, C. H.; Roneker, K. R.; Pond, W. G.; Lei, X. G. Effect of

effect on IVPD. Mineral losses caused by leaching into the combining three fungal phytases with a bacterial phytase on

extraction solution of cations with higher solubility and plasma phosphorus status of weanling pigs fed a corn-soy diet.

potentially higher dialyzability may be partially compensated J. Anim. Sci2004,82, 1725—-1731.

(17) Gulewicz, P.; Ciesiotka, D.; Frias, J.; Vidal-Valverde, C.;
Frejnagel, S.; Trojanowska, K.; Gulewicz, K. Simple method of
isolation and purification ofx-galactosides from legumed.
Agric. Food Chem?2000,48, 3120—3123.

(18) Bhatty, R. S. Cooking quality and losses of phytic acid, calcium,
magnesium and potassium of lentils soaked in different solutions.
Can. Inst. Food Sci. Technol. 1989,22, 450—455.

for by phytase treatment in amounts of 2500 PU/kg. In that
sense, the best response is obtained for Fe. The dialyzability of
this cation is high, and treatment with 500 PU/kg totally
compensates for the reduction in dialyzability caused by the
a-galactoside extraction process.
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