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ABSTRACT

Australian Sweet Lupin (ASL) has a nutritional profile ideally suited for human consumption with high protein and fi-
bre, but low starch and fat content. The nutritional and protein profile of germinated ASL may be better than ungermi-
nated ASL and these improvements would provide further benefits in its use as an ingredient in food applications. In
this study the nutritional components such as protein, crude fibre, fat and protein profile of germinated ASL flour fol-
lowing germination at 25°C and 90% - 95% relative humidity for 9 days were determined. The changes in the pattern of
ASL protein during germination were analysed using sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE). Germination significantly increased crude fibre contents by 450% (db), total protein contents by 38% (db)
and decreased the fat content by 70% (db) at day 9 of germination. Electrophoretic analysis of the protein fractions re-
vealed that during germination up to 9 days, some of the high molecular weight proteins disappeared. Germination
represents a means to further improve the nutritional profile of the germinated ASL flour with an increased fibre and

protein, but lower fat content.

Keywords: Germination; Nutrition; Protein Profile; Australian Sweet Lupin

1. Introduction

Lupin is a grain legume and an important crop in Austra-
lia. It has been primarily used for animal feed and is high
in protein and dietary fibre, but low in fat and starch. Due
to its unique nutritional composition and health benefits,
lupin could be used in various human food formulations.
The comparable nutritional composition to soybean and
its lower price are additional benefits for the use of lupin
in the human diet [1]. Sweet lupin, in particular Austra-
lian Sweet Lupin contains lower antinutritional factors
than other species of lupin [2,3]. Protein is the main ma-
cronutrient in lupin that has nutritional benefits and other
important roles in food formulations due to its functional
properties. Functional properties of sweet lu- pin protein
isolate have been shown to be comparable with soy pro-
tein isolate which is commonly used in food formulations
[4].

Germination involves sprouting of seeds at the begin-
ning of the development of seeds into plants. Germina-
tion of legumes is often used to improve the flavour and
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nutritional value of legumes and to reduce the antinutri-
tional factors [5]. Soluble protein, protein digestibility
and essential amino acids of soybean, pigeon beans and
peas are improved by germination [6-8]. Furthermore,
regarding to protein composition during germination,
subunits of conglutin « and f in Lupinus albus are de-
graded extensively during germination, whereas conglu-
tin y is not degraded [9]. In food applications, flours pre-
pared from germinated yellow pea, lentil and faba bean
have better nutritional value than the raw seeds and the
flours have been applied in bread and pasta production
[10,11].

Chemical composition of ASL and its germinated state
is known [12]. However, further information regarding
the effect of germination on the nutritional profile, pro-
tein isolate and its profile in ASL is particularly lacking.
This research was therefore conducted to determine the
change in the nutritional components, protein isolates
and the electrophoretic protein pattern of ASL following
germination process.
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2. Materials and Methods
2.1. Material

ASL (Lupinus angustifolius L.) seeds were grown at
Wongan Hills Research Station, Western Australia, har-
vested in 2005 and stored at 9°C - 11°C until used for
experiments. The seeds were supplied by the Department
of Agriculture and Food, Western Australia.

2.2. Seed Germination

For germination, the seeds were disinfected with 0.07%
sodium hypochlorite before being spread on dishes lined
and then covered with moistened paper towel. The dishes
were placed in an incubator set up at 25°C and 90% -
95% humidity for 1 - 9 days. The seeds were rinsed twice
per day to maintain the moisture. At 1, 3, 5, 7 and 9 days
of germination, a sample of the germinated seeds was
taken and de-hulled. The de-hulled sprouts were dried in
an oven at 50°C, then ground using a grinder (DeLonghi,
Italy) and passed through a 0.5 mm sieve. The flour was
stored at 4°C until further analysis.

2.3. Chemical Analysis

Protein content was determined using AOAC Kjeldahl
method (950.36) [13]. Oil content was determined by the
AOAC method (963.15) [13] using a Buchi E-816 Sox-
hlet extraction unit (Switzerland). Crude fibre content
was estimated using Fibercap 2021 (Foss Analytical,
Denmark).

2.4. Protein Isolation

The procedure of fractionation consisted of alkaline ex-
traction, followed by acid precipitation and Zn precipita-
tion of soluble protein from the supernatant [14]. For
alkaline extraction, defatted germinated flour was sus-
pended in water (1:20 w/v), then adjusted to pH 9.0 with
0.1 M NaOH solution and stirred for 2 h at room tem-
perature. The slurry was centrifuged at 4500 rpm for 15
min and the residue (fibre) was collected. Acid precipita-
tion was performed by addition of 0.1 M HCI solution to
supernatant and pH reduced to pH 4.5. The slurry was
centrifuged at 4500 rpm for 15 min. The precipitate was
expected to consist of conglutin a, £ and J. Supernatants
were collected for further purification by readjusting the
pH to 7.0 by addition of 0.1 M NaOH solution. Zinc
chloride (ZnCl,) was then added to the supernatant at a
final concentration of 20 mM. Following centrifugation,
the precipitate was collected (which should contain con-
glutin y). All the precipitates were washed to pH 7.0 with
distilled water and then freeze-dried for further analyses.

2.5. Analysis of Protein Composition Using
SDS-PAGE

NuPAGE Novex [bis (2-hydroxyethyl) amino] tris (hy-
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droxymethyl) methane 10% gels, NuPAGE MES SDS
running buffer, NuPAGE reducing agent, NuPAGE LDS
Sample buffer and SeeBlue Plus2 prestained standard
(Invitrogen, Milan, Italy) were prepared for SDS PAGE.
Electrophoresis was performed using XCell SureLock
Mini-Cell (Invitrogen, Milan, Italy). Prior to electropho-
resis, protein samples were denatured by mixing 20 pL of
protein solution (10 pg/pL), 25 pl of NuPAGE sample
buffer, 10 uL of NuPAGE reducing agent and 45 pl of
double distilled water to a final volume of 100 pl. The
mixture was heated at 70°C for 10 min to reduce the pro-
tein. The reduced protein samples (10 puL) were loaded
into the wells of the gels and electrophoresis was run at a
voltage of 150 mV for 1 h. Once the dye front reached
the bottom of the gel, the gel was stained with 0.15%
Coomassie Brilliant Blue in 50% (v/v) methanol and 7%
acetic acid. After the staining, the gels were destained
with solution composed of 7% of acetic acid and 20%
methanol. The molecular weights of proteins were de-
termined by comparing molecular weights of the proteins
present in the sample against the protein standards (4 -
250 kDa, Sigma).

2.6. Statistical Analysis

Data were analysed using SPSS for Windows version 18.
Differences between samples were determined using
one-way ANOVA. Following Levene’s homogeneity test
of variance and the Tukey’s post hoc tests were used to
determine which samples were different. Chemical com-
position data which did not meet the assumption of one
way ANOVA test were analysed by non parametric
Kruskal-Wallis test followed by Mann-Whitney U test. A
5% level of significance was applied in the statistical
tests, where P-value of less than 0.05 indicated the pres-
ence of significant differences.

3. Result and Discussion

3.1. Yield of Dried De-Hulled Germinated ASL

The weight of dried de-hulled sprouts yielded from ger-
mination of 100 g of seeds for periods up to 9 days are
shown in Table 1. The yield on dry matter basis de-
creased with germination time. Following germination
for 9 days, 100 g of ASL seeds resulted in 45 g of de-
hulled sprouts (45%), 19 g of hulls and 5 g of rotten and
non germinated seeds (Table 1). The main causes of the
low yield of dry matter of the de-hulled sprouts are
therefore due to the removal of hulls and the high portion
of rotten and non germinated seeds. Catabolism of lipids
and carbohydrates to produce energy for the germinating
seeds may have also contributed to the loss of the dry
weight. A similar reduction in yield of sprouts (db) was
also found in sprouting of flaxseed where 35% of dry
matter was lost after germination for 8 days [15].
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Table 1. Yield of ASL during germination.

Sample \cl(i'ﬁl}ﬁ;if Weight of Weiigzi?lfol:nen
sprouts (g, db) hulls (g, db) germinated (g, db)
Day 1 63.5+1.92° 20.4 + 0.68" 3.5+0.75
Day 2 59.7 £ 0.48% 19.7 +0.09° 49+292°
Day 3 58.3 +£2.79° 19.8 +0.81° 33+3.11°
Day 4 56.3 +2.05% 19.7+0.77° 3.9+0.43°
Day 5 54.4+1.78% 19.7 +0.74 47 +2.74°
Day 6 523+ 1.69% 19.3 +£0.53 2.5+0.97°
Day 7 52.9 +1.98¢ 19.8 + 0.44° 23+1.13*
Day 8 47.6 +2.13% 19.3 +0.73 43+ 1.59°
Day 9 44.8 £3.34° 19.2 +0.65° 45+285

The yields of lupin expressed as dry weight (g/100g lupin seeds) during
germination. Results are expressed as means + standard deviations of meas-
urements. Different letter in the same column are significantly different (P <
0.05).

3.2. Chemical Composition of Germinated ASL
Flour

Germination affects protein, crude fibre and lipid con-
tents of ASL (Table 2). Raw ASL seeds had 44% (db) of
protein. The protein content of germinated ASL after 9
days had a trend toward a significant increase (38%, P =
0.05) compared to that in the raw seeds. The increase in
the protein content of germinated ASL flour compared to
the protein content in the raw ASL flour may be a result,
at least in part, of the loss of non protein dry matter dur-
ing the germination. The increase was higher than that
found by Dagnia et al. [12] who reported that germina-
tion for 6 days of L. angustifolius increased the protein
content by about 10%. The increase in protein content
after germination was also found in other legumes such
as soybean [6], mungbean [16], fenugreek [17] and dry
bean, lentils, faba beans [18].

Another major chemical component of lupin is lipid,
which is a source of nutritional components and bioac-
tive compounds such as mono- and polyunsaturated fatty
acids, tocopherols and phytosterols. As shown in Table 2,
following germination for 9 days, a significant decline in
ASL total lipid content from 6.4% to 1.9% (70% de-
crease) was observed (P < 0.05). This result was higher
than that reported by Dagnia et al. [12] who observed
that germination of L. angustifolius for 6 days decreased
its lipid content by 50%. The decline is likely to be due
to the use of the lipid as energy source during germina-
tion. Lipid content has also been reported to decrease
during germination in soybean [6] and flax seeds [15].

Lupin contains a high content of dietary fibre and this
plays an important role in its hypocholesterolemic prop-

Copyright © 2012 SciRes.

Table 2. Protein, fat and crude fibre content during germi-
nation.

Samples Protein (%) Fat (%) Crude fibre (%)
Raw 4.1+1.7 6.4+0.1° 1.6 +0.02°
Day 1 483+ 1.6 6.7+0.1° 22+0.7°
Day 3 504+ 1.4° 4.6+02° 3.5+0.3°
Day 5 54.0+1.6° 3.1+0.3¢ 5.4+0.2¢
Day 7 56.7+2.1° 23+0.1° 7.4+02°
Day 9 61.0+2.0¢ 1.9+0.1 8.9+0.3f

Protein, fat and crude fibre content during germination expressed on a dry
weight basis (g/100g DM of de-hulled germinated ASL flour). Values are
means + standard deviations of measurements. Different letter in the same
column indicates a significant difference (P < 0.05).

erties. The crude fibre content during germination in the
present study increased by 456% (approaching signifi-
cance, P = 0.05) after 9 days (Table 2). In other studies,
a high concentration (36%) of dietary fibre has been re-
ported in L. albus following germination for 2 days [19].
The effect of germination on dietary fibre has also been
studied in peas where it was found that the total dietary
fibre increased substantially during germination by about
100% [20]. This increase in dietary fibre was reported to
be mostly due to changes in the polysaccharides found in
the cell wall such as cellulose, glucose and mannose,
suggesting that the changes were due to an increase in
the cellular structure of the plant during germination [20].
Therefore, germination of ASL seeds in the present study
appears to be an effective way to improve fibre content
in ASL.

3.3. Protein Isolate from Germinated ASL Flour

Vegetable proteins have been widely used in food for-
mulations due to their functional properties such as
emulsifying activity, emulsion stability and foaming ca-
pacity. Protein isolate of germinated ASL flour may ex-
hibit different functional characteristics when compared
to protein isolate of raw ASL flour. In this study, proteins
in germinated ASL flours were fractionated into protein
isolate and soluble fraction. There was a change in yields
of protein isolates (approaching significance, P = 0.05)
following germination (Table 3). The yield of protein
isolate in the raw ASL flour was 21% (db) whereas the
protein isolate was only 4.7% (db) following germination
for 9 days. The yields of protein in the soluble fraction
were also reduced by about 76% (approaching signifi-
cance, P = 0.05) at day 9 of germination. These results
were in contrast with results of a similar study by Akae-
rue and Onwuka [21], who found that sprouting of
mungbean from 1 day to 2 days results in an increase in
protein isolate from 6.6% to 7.2% (g protein/100g of
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Table 3. Yields of protein isolate and soluble fraction iso-
lated from germinated ASL flours.

% Yields (db)
Samples
Protein Isolate Soluble Fraction
Raw 216+ 1.8 59+1.1°
Day 3 17.6£3.8° 3.8+0.03
Day 5 147+32° 32+0.33°
Day7 6.0 £0.5° 2.1+027¢
Day 9 47+0.4¢ 1.4+0.42°

Yields of the protein isolate and the soluble fractions isolated from germi-
nated ASL flour expressed as % (g/100g db). Values are means + standard
deviations of measurements. Different letter in the same column indicates a
significant difference (P < 0.05).

flour) however the discrepancy may be due to the differ-
ence in the length of germination. The changes in the
yields of the protein isolate due to germination process in
this study may influence their functional properties. In
another study, germination has been reported to improve
functional properties of legumes [22].

3.4. Protein Composition of Protein Isolate and
Soluble Fraction of Germinated ASL Flour
Using SDS-PAGE

Proteins in legume seeds consist of storage proteins,
structural proteins and biologically active enzymes. The
storage proteins can be categorized into globulins, albu-
mins, prolamins and glutelines. Globulins in lupins con-
sist of a, f, y and J-conglutin [9]. The total protein ex-
tracts of lupin can be further fractionated to separate
proteins into protein isolate E (a, B, d-conglutin) and so-
luble fraction/isolate F (y-conglutin) as reported by Sironi
et al. [14].

The profile of proteins extracted from the raw and
germinated ASL flour samples were analysed using SDS-
PAGE. As shown in Figure 1, the proteins present in raw
ASL have a molecular weight ranging from 15 - 90 kDa
(lane 1). The major proteins found in legume seed are
storage proteins, making up to approximately 75% of the
total protein content [9]. The total protein profile of ASL
was dramatically changed by germination after day 3 as
shown in lane 3 in Figure 1. In comparison with the pre-
vious studies [23,24] and the SDS-PAGE results of pro-
tein isolate and soluble fraction, it can be considered that
the proteins which have the molecular weights of ap-
proximately 19, 38, 40, 46, 58, 50 - 65 and 90 kDa are
likely to belong to the subunits of the a and f conglutin,
whereas proteins with molecular weight of 35, 30 and 19
kDa are probably polypeptides of y-conglutin.

During the germination process, there were some
marked changes in the protein composition. For example,

Copyright © 2012 SciRes.

- — 188 (kDa)
— 98

— 62
" oo — 49

— 38

"
-
— 28
8E
»

— 14

i

1 2 3 4 § 6 7

Figure 1. Changes in total protein profile of extracts from
germinated ASL flour. The electrophoresis gel shows bands
of proteins extracted from germinated ASL flour separated
by SDS-PAGE. The following lanes (from left to right) are
protein extracts of: 1) Raw seeds; 2) Day 1; 3) Day 3; 4)
Protein molecular weight marker; 5) Day 5; 6) Day 7; 7)
Day 9. The molecular weights of the protein standards (lane
4) are indicated on the right of the electrophoresis gel.

proteins with molecular weights of around 40, 50, 65 and
90 kDa began to disappear at day 5 of germination (Fig-
ure 1, lane 5). Whilst, a single band with molecular
weight at 46 kDa remained until day 9 of germination
(Figure 1, lane 7). Two bands with molecular weight
close to 16 kDa were still present following 9 days of
germination. Normally during the process of germination,
protein breakdown occurs as the plant uses the storage
proteins as source of nitrogen and carbon for
bio-molecule synthesis [25]. However, there was no evi-
dence of low molecular weight polypeptides being
formed during germination. It is therefore suggested that,
the high mo- lecular weight of proteins may have broken
down to short chain peptides and amino acids which
were not detectable under our electrophoretic conditions.
It has been reported that proteins isolated by the same
procedure by Sironi et al. [14] were predominantly com-
posed of a and f conglutin and the isolate was termed
protein isolate E. Whereas the soluble fraction was re-
ferred to as protein isolate F which consists mainly of
y-conglutin. Figure 2 shows the electrophoresis gels fol-
lowing SDS PAGE to confirm the proteins present in
protein isolate and soluble fraction. As shown in Figure
2, polypeptides of protein isolate which may be a and S
conglutin with molecular weight of around 50, 40 and 19
kDa diminished following germination for more than 3
days. These results are in agreement with the previous
results of SDS PAGE for total proteins (Figure 1). Fur-
thermore, the bands with MW of 30, 19 and 16 kDa may
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Figure 2. Changes in the protein profile of protein isolate (a)
and soluble fraction (b) from germinated ASL flour. The
electrophoresis gel shows bands of the protein isolate (a)
and soluble fraction (b) from germinated ASL flour sepa-
rated using SDS-PAGE. The following lanes (from left to
right) are: 1) Protein molecular weight marker; 2) Raw seeds;
3) Day 3; 4) Day 7; 5) Day 9. The molecular weights of the
protein standards (lane 1) are indicated on the left of elec-
trophoresis.

be y- conglutin and a low molecular weight protein pre-
sent in the soluble fraction (Figure 2).

The change in composition of protein isolates and so-
luble fraction of germinated ASL flour could affect the
functional properties of the protein isolates. As reported
by Lqari et al. [26], different composition of protein iso-
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lates of L. angustifolius isolated with different methods
had different functional properties. The increased fibre
and decreased fat content of germinated ASL flour make
it an ideal food ingredient for incorporation in human
diet. The breakdown of proteins of ASL during germina-
tion process may affect the yield of protein isolate and
protein composition which may affect its functional
properties.

4. Conclusion

The results of this study suggest that germination repre-
sents an attractive, inexpensive means of improving the
nutritional profile of lupin flour. Importantly an increase
in the fibre, but decrease in the lipid content would im-
prove the nutritional profile of foods incorporated with
germinated lupin flour. The changes in protein profile in
germinated ASL flour possibly affect the functional
properties of the protein. However further characterisa-
tion of the protein profile and the suitability and accept-
ability of germinated lupin flour for incorporation into a
range of food products remains to be determined.
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