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Abstract. Given that the agronomic potential of Lupinus an-
gustifolius is not yet known in Mexico, we evaluated the yield and
chemical composition of six L. angustifolius varieties (Haags Blaue,
Boregine, Borlu, Probor, Sonate, and Boruta) in Zapopan, Jalisco,
Mexico. Studies were conducted during the Autumn-Winter seasons
of 2012-2013. We identified the varieties with the highest and low-
est protein concentrations and analyzed their respective amino acid
profiles. The major protein constituents were determined by electro-
phoresis (SDS-PAGE). This experiment was conducted in an agri-
cultural facility at the University of Guadalajara using a completely
randomized block design and four replicates. The highest grain yield
(kg/ha) was recorded on the Probor variety (4950 kg/ha) followed by
Borlu (4940 kg/ha) and Sonate (4930 kg/ha). The Haags Blaue and
Boruta varieties showed the lowest yields. There were considerable
differences in seed protein content (P<0.05), with values ranging
from 28.4 to 36.6% on Boruta and Probor, respectively. Analyses of
amino acid composition showed that the Probor seeds had a higher
concentration of lysine and methionine than Boruta (2.45 and 1.93
versus 1.09 and 1.63 g/100 g protein, respectively). Electrophoresis
revealed prominent protein bands from 6 to 64 kDa for both variet-
ies. The grain yield, chemical composition, and amino acid and pro-
tein concentrations of the tested varieties indicate that they could be
successfully cultivated in the agricultural region of Zapopan, Jalisco,
Mexico.

Keywords: Lupins; Chemical Composition; Yield; Amino Acid
Analysis; Electrophoresis.

Resumen. Se evalué el rendimiento y la composicién quimica de
seis variedades de Lupinus angustifolius (Haags Blaue, Boregine, Borlu,
Probor, Sonate, y Boruta) en Zapopan, Jalisco, México dado que el
potencial agronémico de dicha especie todavia no se conoce en dicho
pais. Los estudios se condujeron durante las estaciones de Otofio-In-
vierno de 2012-2013. Se identificaron las variedades con las mayores
y menores concentraciones de proteina y analizaron sus respectivos
perfiles de amino-dcidos. Los principales constituyentes proteicos se
identificaron por electroforesis (SDS-PAGE). Este estudio se condujo
en una unidad agricola de la Universidad de Guadalajara, usando un
disefio en bloques completamente al azar y cuatro réplicas. E1 mayor
rendimiento de grano se registré en la variedad Probor (4950 kg/ha)
seguida por Borlu (4940 kg/ha) y Sonate (4930 kg/ha). Las variedades
Haags Blaue y Boruta mostraron los rendimientos mds bajos. Hubo
diferencias considerables en las concentraciones de proteina de la se-
milla (P<0,05), con valores que variaron entre 28,4 y 36,6% en Boruta
y Probor, respectivamente. La composicién de amino dcidos mostrd
que las semillas de Probor tuvieron una mayor concentracién de lisi-
na y metionina que Boruta (2,45 y 1,93 versus 1,09 y 1,63 g/100g de
proteina, respectivamente). La electroforesis revel6 bandas de proteina
prominentes de 6 a 64 KDa en ambas variedades. El rendimiento de
grano, composicion quimica, y concentraciones de aminodcidos y pro-
teinas de las variedades estudiadas indican que pueden ser exitosamen-
te cultivadas en la region agricola de Zapopan, Jalisco, México.

Palabras clave: Lupino; Composicién Quimica; Rendimiento;
Andlisis de aminoécidos; Electroforesis.
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INTRODUCTION

'The genus Lupinus is one of the most diverse in the legume
family; about 280 species are known (Eastwood et al., 2008)
of which only L. angustifolius, L. albus, L. luteus and L. mutabi-
Jis are of agronomic interest (Reinhard et al., 2006). In gener-
al, lupins are characterized by their substantial adaptability to
poor soils and cool climates (Lépez-Bellido & Fuentes, 1986).
Their seeds serve as a valuable source of protein, lipid, and
fiber, for both animal and human nutrition in various parts
of the world (Sujak et al., 2006). Typically, lupin seeds also
contain a significant content of oligossacharides (Gulewicz
et al., 2000). Since the recent development of varieties with
low levels of alkaloids (sweet varieties), lupin consumption has
increased and is now considered, at least in some parts of the
world, to be a food ingredient with nutraceutical properties
(Leterme, 2002; Martinez-Villalluenga et al., 2006a).

'The grain yield and protein content of lupins vary with the
species and variety, weather conditions, crop management, and
soil types (Capraroa et al., 2008). Proteins isolated from lupin
seeds largely comprise globulins and albumins (85% and 15%
respectively). The protein constituent of seeds demonstrate
a good balance of essential amino acids, and are considered
a source of lysine, although they are generally poor in me-
thionine, cysteine, and threonine (Martinez-Villaluenga et al.,
2006b; Drakos et al., 2007; Gulewicz at al., 2008; Pisarikova
et al., 2008).

Lupinus angustifolius is one of the most important grain
legumes in Australia, which is considered to be the world’s
leading producer and exporter (DAFWA, 2010). Recently, its
cultivation has spread to European countries, as well as Africa
and South America, where lupins are now used as an alterna-
tive crop to soybean.

In Mexico, approximately 100 wild lupin species have
been reported, although only 12 are native to Jalisco (Ruiz
& Sotelo, 2001), but none of them is useful for consumption
because of their high alkaloid content. As a way to increase
the production of vegetable protein, especially in regions with
cold climates and acidic soils, we have studied the adaptation
of domesticated species of lupin in Mexico. The aim of this
experiment was to evaluate the grain yield and chemical com-
position of six varieties of L. angustifolius using agricultural
soil common to Zapopan, Jalisco. We identified the variet-
ies with the highest and lowest protein concentrations, then
analyzed their respective amino acid profiles, and the major

proteins obtained by electrophoresis (SDS-PAGE).

MATERIALS AND METHODS

Plant material. Seeds of the varieties under study (Sonate,
Haags Blaue, Borlu, Probor, Boregine and Boruta) were pro-
vided by Saatzucht Steinach GmbH, which is a medium-size
private breeding company in Germany.
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Description of the experimental agricultural site. Our
agronomic evaluation was conducted during the autumn-
winter cycle of 2012-13, using an experimental agricultural
field at the University Center for Biological and Agricultural
Sciences (with the Spanish acronym CUCBA), of the Univer-
sity of Guadalajara in Zapopan, Jalisco, Mexico.

This site is located at the geographic coordinates 20° 44’ 47”
N and 103° 30°43” W, at an altitude of 1523 m.a.s.l. It is char-
acterized by a temperate, humid climate, with summer rains.
Rainfall varies from 700 to 1400 mm per year, with an average
annual temperature of 12.0 to 18.0 °C, with frosts (Garcia,
1988). The soil type is Regosol, with a high sand concentra-
tion (51.8%), a low concentration of organic matter (1.72%),
and acidic pH (5.04). Table 1 shows some of the chemical and
physical properties of the soil used in this experiment.

Table 1. Soil analyses during the experimental culture period.
Tabla 1 . Andlisis de suelo durante el periodo de cultivo experimental.

Characteristics Value

pH 5.04

Electrical conductivity dSm-1%  0.47

Organic matter % 1.72

Estimated nitrogen % 0.09

* Phosphorus mg/kg 68.53

Sodium (Na+) cmol(+)/kg 0.36

Potassium (K+) cmol(+)/kg 0.84

Calcium (Ca++) cmol(+)/kg 1.37

Magnesium (Mg++) cmol(+)/kg  0.18

Texture Sand 51.8%
Clay 20.9%
Loam 27.3%

Method used NOM-021-RECNAT-2000
“Bray

Experimental cultivation conditions. After conventional
land preparation with a moldboard plow and disk harrow,
seeding was performed manually under an experimental ran-
domized block design, with four replicates. We established
plots 3.20 m wide x 8 m long (25.6 m?total area). Each plot
comprised four rows, with 80 cm between rows, and 10 cm
between plants (giving an approximate density of 12-13
plants/m?). After seeding, drip irrigation was performed at
field capacity; this was repeated every 15 days, and suspended
10 days before harvest. Due to the limited presence of weeds,
these were removed manually during cultivation. At the time
of sowing, seeds were not inoculated and no fertilizers were
used. This was because early studies reported that lupins are
known for their ability to thrive on soils of low fertility (Dra-
cup et al., 1998). Pesticide application was not necessary for
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growth and development of the crop because of the low in-
cidence of pests and diseases. Table 2 shows the minimum,
maximum, and average temperatures during crop growth.

Table 2. Precipitation, maximum and minimum temperatures, and
radiation measurements during the experimental culture period.
Tabla 2. Precipitacion, temperaturas méaxima y minima, y mediciones
de radiacion durante el periodo de cultivo experimental.

Month T max T min Rainfall  Radiation
(O (O (mm) (cal/em’)
November 249 9.3 0.4 157.4
December 16.8 5.4 2.0 179.6
January 14.6 5.7 0.5 309.3
February 22.6 8.8 0.0 421.8
March 29.2 10.3 0.0 610.6
April 32.3 12.9 0.0 535.2

Source: Weather station of experimental agricultural field (Centro
Universitario de Ciencias Biolégicas y Agropecuarias, Universidad
de Guadalajara, México).

Agronomic variables. At maturity, all plants found in a
linear meter of the central rows of each plot were harvested.
Grain yield, number of pods per plant, number of grains per
pod, and the 1000-grain weight were recorded.

Proximate composition. Dry seeds of each lupin variety
were separately ground using a cutter mill to obtain flour of
0.5 mm in diameter. The following flour parameters were then
assessed according to the methodologies detailed in AOAC
(2000): moisture content (925.09), crude fat (920.30), crude
protein (979.09), ash (923.03), crude fiber (962.09), and car-
bohydrate content.

Amino acid analyses. Amino acid composition was ana-
lyzed by HPLC according to Khayat et al., (1982). In these
analyses we utilized Probor for their highest protein concen-
tration (36.6%), and Boruta with the lowest value (28.4%).
A sample equivalent of 2 mg of protein was hydrolyzed with
4 mL of 6N HCI for 21 hours at 110 °C under vacuum. To
remove HCI, hydrolysates were concentrated using a rotary
evaporator under vacuum, then rinsed twice with water and
filtered with Millipore filters (Merck Millipore Mexico).
Amino acids were dansylated using dansyl chloride [5-(Di-
methylAmino) Naphthalene-1-Sulfonyl chloride]. Aliquots
of 20 pL. were subsequently injected into an HPLC (Waters,
Milford, MA, USA) using a WISP Autosampler 712 with a
UV-VIS detector. A C-18 column was used as the station-
ary phase (Lichrosorb, 4.6 mm internal diameter x 250 mm
in length, with 5 pm particles) with a mixture of acetonitrile
(5%) with 4 mL of H,PO, and 31mM NaZHPOA" at a pH of
7.6, as the mobile phase. The flow rate was 1 mL/min with an

acetonitrile gradient of 30 to 80%. Amino acids were iden-
tified by comparison of their retention times versus external

standards (Sigma A-9656).

Protein isolates. Likewise were utilized Probor and Boru-
ta for their highest and lowest protein content, respectively.
Flour was defatted using n-hexane (1:20 w/v) for 4 hours in a
Soxhlet apparatus, filtered, and then dried at room tempera-
ture. Flour (100g) was then mixed in 1L of distilled water
containing 0.025% Na,SO, (with pH adjusted to 9.0 using
1N NaOH). The suspension was stirred for 1 hour at room
temperature and then centrifuged at 10000 rpm for 10 min.
The supernatant was then collected and the pH adjusted to
4.5 using 1IN HCL. After a further 1 hour stirring, the solution
was centrifuged at 10000 rpm for 10 min at 4 °C. Proteins
were recovered, neutralized with 1IN NaOH to pH 7, and im-
mediately washed several times with distilled water, accord-
ing to the method described by Martinez-Villaluenga et al.
(2007). The protein precipitate was freeze dried (Labconco)
and the content of soluble protein determined by the tech-

nique described by Lowry et al., (1985), using bovine serum
albumin as a standard (BSA) (Sigma, USA).

Protein electrophoresis. Protein isolates (2 mg per vari-
ety) were analyzed by 12% SDS-PAGE under non-denatur-
ing conditions (Laemmli, 1970), using a Protean II apparatus
(Bio-Rad). Samples were denatured at 95 °C for 5 minutes
(Bio-Rad, California, USA) with loading buffer containing
2-Mercaptoethanol (2%). Proteins were subsequently revealed
by staining with Coomassie Brilliant Blue R250 solution, with
molecular weight estimates made by inclusion of a reference

mix of pre stained molecular weight protein standards (Stan-
dards, Kaleidoscope, Bio-Rad, Hercules, CA, USA).

Statistical analysis. Agronomic and chemical composition
data were subjected to analyses of variance (ANOVA) using
the Statgraphics Plus software (v.4.1). Tukey’s test was used to
determine the significance of differences between treatments
at P<0.05.

RESULT'S

Yield components and grain yield. Analyses of variance
for the lupin varieties revealed significant differences (P<0.05)
for the following variables: number of pods per plant, weight
0f 1000 seeds, and grain yield. The lowest number of pods per
plant was found for the Haags Blaue variety (61.1 = 13.2),
with the highest value recorded for the Boregine variety
(95.08 + 4.47). The number of seeds per pod ranged from 3.2
+ 0.1 in Boregine to 4.4 + 0.03 in Probor. The variety with the
highest weight per 1000 seeds was Boregine (142.0 = 6.5 g).
Equivalent weights for the other varieties ranged from 119.0
+ 10.1g for Probor to 137.0 = 14.4 g for Borlu. The high-
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est grain yields (kg/ha) were achieved using the Borlu variety,
with the lowest yield showed on Boruta (Table 3).

Chemical analyses. Significant differences in protein con-
tent for the different lupin varieties (P<0.05) were also iden-
tified. The highest protein content (dry basis) corresponded
to Probor (36.6%), with the lowest value found for Boruta
(28.4%). The Borlu, Sonate and Haags Blaue varieties were
of intermediate protein values (33.4%, 32.5% and 32.3%, re-
spectively). Ash content ranged from 3.1 to 3.5%, although no
statistically significant differences were identified.

Values for oil concentrations (dry basis), which were sta-
tistically different (P<0.05) between varieties, varied from 3.9
to 5.3%, with Boruta showing the highest oil concentration,
and Boregine the lowest. Crude fiber levels ranged from 8.1%
in Haags blaue to 15.1% in Boruta (Table 4). The Boregine
variety contained the highest carbohydrate concentration
(51.7%), followed by Haags Blaue at 48.1%; the varieties
with the lowest carbohydrate concentration were Probor and
Sonate.

Amino acid concentration. While amino acid patterns
were similar for both the Boruta and Probor varieties, their
absolute values differed (Table 5). Phenylalanine, tyrosine,

lysine, methionine, and alanine were found at greater quanti-
ties in Boruta than in Probor (with values of 4.27, 8.07, 2.45,
1.93, and 3.76 g/100 g protein, respectively). In contrast, the
concentrations of isoleucine, leucine, valine, histidine, aspartic
acid, and glutamic acid were higher in Probor than Boruta
(with values of 3.12, 8.04, 2.36, 7.98, 4.94, and 17.48 g/100 g
protein, respectively). The content of threonine, arginine, gly-
cine, and serine were similar for both varieties.

Protein pattern. Figure 1 shows the electrophoretic pro-
files (SDS-PAGE) of protein isolates from Probor and Boruta
under non-denaturing (lanes 1, 2). Under these conditions,
the protein bands determined for the Boruta and Probor vari-
eties were distributed between 6 and 64 kDa.

DISCUSSION

Yield components and grain yield. The varieties tested in
this study (Probor, Haags Blaue, Boruta, Borlu, Sonate and
Boregine) have also been evaluated in other countries in terms
of their yield and chemical composition. Yeheyis et al. (2012)
in Kosober, Ethiopia, reported values of 17 to 38 pods per
plant for the following varieties: Probor, Haags Blaue, Boruta,

Table 3. Yield components (average) for the indicated varieties of Lupinus angustifolius grown in the state of Jalisco, Mexico.
Tabla 3. Componentes del rendimiento (promedio) para las variables indicadas de Lupinus angustifolius que crecieron en el estado de Jalisco,

México.

Variety Number of pods/plant Number of seeds/pod 1000 seed weight (g) Seed yield (kg/ha)
Haags Blaue 61.1+£13.2b 39+0.1a 129.7 £ 4.0 ab 3650 + 790 b
Boregine 951+45a 32+0.1a 142.0£6.52 4710 + 680 a
Borlu 720+55b 43+03a 137.0 £ 14.4 ab 4940 + 440 a
Probor 81.8+3.7b 44+0.03a 119.0+10.1b 4950 + 1820 a
Sonate 83.3+18.7b 40+02a 133.3 +16.0 ab 4930 + 640 a
Boruta 67.8+18.3b 42+0.1a 116.7+5.8b 3630+ 1380 b

Different letters in the same column indicate significant differences (P<0.05).

+ Standard deviation

Table 4. Proximal chemical-composition (% dry basis) of varieties of Lupinus angustifolius grown in the state of Jalisco, Mexico.
Tabla 4. Composicion quimica (% sobre una base seca) de variedades de Lupinus angustifolius que crecieron en el estado de Jalisco, México.

Variety Protein Ash Moisture Oil Crude fiber *Carbohydrates
Haags blaue 323b 35a 3.6b 44b 81c 48.1a
Boregine 292 ¢ 33a 3.7b 39b 82¢ 51.7a
Borlu 33.4b 31a 44a 42b 10.1b 445b
Probor 36.6a 33a 3.8b 42b 9.9 ab 42.2b
Sonate 325b 35a 3.8b 53a 125a 42.4b
Boruta 28.4c¢ 34a 3.7b 53a 151a 44.1b

*Carbohydrates obtained by difference (% dry basis); different letters in the same column indicate statistically significant differences

(P<0.05).
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Table 5. Amino acid composition of two Lupinus angustifolius vari-
eties (9/100 g protein) grown in the state of Jalisco, Mexico.
Tabla 5. Composicion de amino acidos de dos variedades de Lupi-
nus angustifolius (g/100 g de proteina) que crecieron en el estado de
Jalisco, México.

Amino acid Varieties

Probor Boruta
Phe 2.657 4.269
Tyr 3.458 8.077
Ile 3.121 2.889
Leu 8.045 6.484
Lys 1.094 2.451
e 1.637 1931
o 14.355 14.046
Val 2.361 1.506
His 7.984 4522
Asp 4.946 3.352
Glu 17.483 13.528
Ala 3.293 3.763
Arg 2.764 2.448
Gly 6.339 6.147
Ser 3.027 3.625

Borlu and Boregine. In our study, the number of pods per
plant for the same varieties ranged from 61 to 95. Other stud-
ies in Poland and Serbia recorded an average of 13 pods per
plant, which is also lower than the average reported in this
study (Mihailovic et al., 2008; Podlesny & Podlesna, 2011).
Plausible explanations for the higher pod number reported
here include differences in the agronomic and climate condi-
tions during the growing season. In other countries, L. an-
gustifolius varieties are cultivated under conditions of low to
medium rainfall and at high plant density. In this experiment,
a low plant density was used, with unlimited irrigation.

No significant differences between varieties were found
in terms of seed number per pod; the values we report are
consistent with those previously published by Clements et al.
(2005), who noted that a pod might contain 3-7 seeds.

Weights per 1000 seeds (116-142 g) were comparable to those
reported in different agro-ecological zones including Ethiopia,
where values from 95.8 to 213.6 g were recorded for the Probor,
Haags Blaue, Boruta, Borlu and Boregine varieties (Yeheyis et
al,, 2012). On the other hand, Stoddard (2011) reported a mean
value of 174.6 g for the Boregine, Haags Blaue, and Boruta vari-
eties, which is higher than that found in this study.

Previous investigations of the yield of L. angustifolius have
revealed significant effects incurred by the genotype, year, and
cultivation system. The average yield for all the varieties tested
in this study was 4460 kg/ha, which is higher than that re-

1818 kDa
1155 kDa
82.2kDa
64.2 kDa*
488kDa

37.1kDa
259kDa

194 kDa
14 8kDa oo
6.0kDa

Fig. 1. SDS-PAGE of L. angustifolius (Boruta variety) protein iso-
lates, with major protein species revealed by staining with Coo-
massie Brilliant Blue. Lanes 1 and 2 indicate protein lysates re-
solved under non-denaturing conditions. Protein standards are
shown in lane 3.

Fig. 1. SDS-PAGE de aislamientos de proteina de L. angustifolius (varie-
dad Boruta) con las principales clases de proteinas reveladas utilizando
el colorante Azul Coomassie Briliant. Las columnas 1y 2 indican roturas
de proteinas determinadas bajo condiciones de no desnaturalizacion.
Los estandares proteicos se muestran en la columna 3.

ported for the same varieties in Germany (3800 kg/ha) over
a three year period (Jansen, 2015). On the other hand, our
results are similar to those reported in Kosober-2, Ethiopia,
of 4540 kg/ha using Probor, Haags Blaue, Boruta, Borlu and
Boregine (Yeheyis et al., 2012).

Our data showed a high number of pods per plant, in com-
parison to values obtained in other countries, although grain
yields were similar. The lower number of pods per plant re-
ported in other studies is compensated for by a greater num-
ber of pods and seeds/m?, because of the use of higher plant
densities. On the other hand, the high yields obtained in this
experiment, indicate that climate and irrigation conditions
were favorable for lupin cultivation.

Chemical analyses. The mean crude protein concentra-
tions found in this study are comparable with those reported
in other countries, including 28.0-35.6% for Poland, Finland,
and Ethiopia (Sujak et al., 2006; Yeheyis et al., 2012; Saas-
tamoinen et al., 2013). In particular, the Probor variety had
the highest seed crude protein concentrations of the six va-
rieties (36%), which was comparable with protein values re-
ported for Probor in Merawi and Finoteselam, Ethiopia (35.5
and 34.9 %, respectively; Yeheyis et al., 2012). However, in
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Ethiopia, the Haags Blaue variety recorded the lowest pro-
tein concentrations (27%), whereas our data revealed a much
higher protein concentrations for this variety (32%) (Yeheyis
et al., 2012).

The average concentration of oil recorded in this study
(4.5%) was much lower than that reported previously by Su-
jak et al. (2006) (7%) for eight lupin varieties grown in Poland.
Beyer et al. (2015) also reported a mean oil concentration of
6.3% in 50 genotypes, including the varieties assayed in this
study. In this work, the protein concentration and yield did
not show a relationship with the oil concentration. Therefore,
these differences could be attributed to other factors, includ-
ing temperatures, soil type, and rainfall during lupin growth.
In this regard, Williams (1979) reported that oil percentage is
subject to environmental effects. Although the lupin varieties
cultivated in this study had a lower oil concentration, their
high mean seed protein concentration make Lupinus angusti-
Jfolius an alternative species for production, and a viable alter-
native for animal nutrition.

The crude fiber values were lower than those reported in
Finland for the Haags blaue and Sonate varieties (23.9 and
15.7%, respectively: Saastamoinen et al., 2013). However, Sujak
et al. (2006) reported comparable values to those found in this
research (11.6-14.1%), when evaluating eight distinct varieties
of lupin, in Poland. The results for carbohydrate concentration
reported in this study are similar to those reported for other va-
rieties of L. angustifolius (41.0-51.0%) (Sujak et al., 2006), and
lower than those found in other legumes such as peas, lentils
and beans (55%) (de Almeida et al., 2006; Moon, 2007).

Amino acid concentration. In general, the seeds of Lu-
pinus species contain a good balance of essential amino acids
(Drakos et al., 2007). They are considered to be a good source
of lysine, although they are generally low in sulfur-contain-
ing amino acids (methionine and cysteine) (Gulewicz et al.,
2008), and threonine (Pisarikova et al., 2008). The concen-
trations of amino acids in Probor and Boruta are similar to
those reported by Martinez-Villaluenga et al. (2006b), except
for leucine. In general, there is similarity with the amino acid
concentration reported by Lqari et al. (2004). However, the
levels of some amino acids were found to be higher than those
reported by Lqari et al., (2004), who measured 2.7 and 4.9
g/100g of protein for histidine and threonine, respectively.
The amount of arginine found in the Probor and Boruta vari-
eties were comparatively low at 2.76 and 2.45 g/100 g, respec-
tively, which disagrees with previous reports where values as
high as 11 g/100 g were shown (Sujak et al., 2006; Yeheyies
etal.,2012; Lqari et al., 2004). In addition, Sujak et al. (2006)
reported that sweet lupine seeds cultivated in Poland were
deficient in sulfur amino acids, as found for other legumes.
Methionine levels in Boruta and Probor (1.64 and 1.93 g/100
g of protein, respectively) are comparable to data previously
reported for other species of lupin (El-Adawy et al., 2001).
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Protein pattern. The electrophoretic profiles (SDS-
PAGE) of the protein isolates that we report are compara-
ble to those identified by Vargas-Guerrero et al. (2014), and
Garzon-de la Mora et al. (2008), using protein isolates of L.
albus. The results are also consistent with data reported for L.
mutabilis (Acufa et al., 1996).

Globulins are the main soluble proteins in leguminous
seeds (Lqari et al., 2004). Lupinus albus, L. luteus, and L. an-
gustifolius have all been shown to contain three main globulins:
y-conglutin, B-conglutin (known as vicilin), and o-conglutin
(known as legumin) (Santos et al., 1997). Studies of the protein
content of L. albus have revealed the presence of -conglutin,
which is composed of monomers of a molecular weight rang-
ing from 17 to 20 kDa, 25 to 46 kDa, and 53 to 64 kDa (Du-
ranti et al., 2008). Furthermore, the 40-kDa bands represent
y-conglutin, while the bands at 53, 60, 66 and 70 kDa represent
a-conglutins (Melo et al., 1994). The presence of globulins in
the seeds of the Boruta and Probor L. angustifolius varieties (Fig.
1) is suggested by their SDS PAGE profile, with banding pat-
terns at 10-15 kDa, 20-30 kDa, and 35-50 kDa, which prob-
ably correspond to the three monomers of 3-conglutin. The 40
kDa bands likely indicate y-conglutin, while the higher molec-
ular weigh bands (>50 kDa) could represent the a-conglutins.
Further protein analyses are needed to corroborate these find-
ings. In studies with seeds of L. angustifolius, Lqari et al. (2004)
reported that the globulins were the most abundant species,
with the 60 kDa a-conglutin protein being the most abundant
species, comprising 76.6% of the seed’s protein reserve.

In conclusion, the results obtained in this study, in terms of
grain yield and seed composition for the varieties, suggest that
climate and soil conditions in Zapopan, Jalisco, Mexico, are com-
patible for cultivation of L. angustifolius under irrigation. The
essential amino acid concentrations (leucine, histidine, isoleu-
cine, threonine, and tyrosine) recorded for these varieties meet
the requirements suggested by FAO. The protein profiles of the
varieties under study are similar to other species of sweet lupin
that have been commonly used for food. These characteristics are
indicative of an important source of vegetable protein that could
be used to obtain protein isolates for human consumption.
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