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Summary Ganxet protein isolates (GPI) were assessed for antioxidant and functional properties including emulsifying

and foaming capacity. The protein content and water activity (aw) value of GPI were 91.08 � 4.15% and

0.248 � 0.008%, respectively. The oil- and water-holding capacities of GPI were calculated as 2.76 � 0.33

and 1.25 � 0.11 g g�1 of GPI, respectively (P < 0.05). Foaming and emulsifying properties were found to be

pH-dependent (P < 0.05). The highest foaming capacity values were observed at pH 8.0 and 10.0 and were

calculated as 86.25 � 5.30% and 78.75 � 1.77%, respectively. In addition, the generated emulsions were

found to be stable, especially at pH 8.0 and 10.0 with emulsion stability values of 94.1 � 0.0 and 93.9 � 0.1,

respectively (P < 0.05). Results obtained in the current study demonstrate the potential applications of

Ganxet-derived proteins as techno-functional ingredients for the development of novel foods.
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Introduction

Proteins are used in the food industry not only for
their nutritional importance but also for their excellent
techno-functional properties, which include emulsify-
ing and foaming properties. There is an increasing
demand for plant-derived proteins as a techno-
functional ingredient and extensive research is devoted
to consider legumes as alternative sources of protein.
According to Cheng et al. (2019), lesser-known
legumes with similar nutritional properties to soybean
are still under exploration opening opportunities to
different species from the Mediterranean-climate areas.
Common beans (Phaseolus vulgaris L.) are excellent
protein sources, which have between two and three
times as much protein as cereals (Rivera et al., 2015).
Particularly, Ganxet bean is a landrace grown in Cat-
alonia (in the northeastern area of Spain). Its seeds
are easily identified by their white colour and the

markedly hooked shape, from which its name derives.
Ganxet bean is characterised by a high content of pro-
tein and a large amount of uronic acids in the seed
coat (Casa~nas et al., 1999, 2006). Proteins derived
from Ganxet beans showed good foaming and emulsi-
fying properties previously, especially at acidic and
alkaline conditions (Lafarga et al., 2018). However,
Ganxet-derived proteins obtained in that study showed
lower functionality at neutral pH values, probably
because of the extraction methodology. Thus, the aim
of the present study was to investigate whether a dif-
ferent extraction procedure could affect the functional
properties of proteins extracted from Ganxet bean pro-
teins. Colour, pH, water activity (aw), water-holding
and oil-holding capacity (WHC and OHC), emulsify-
ing and foaming properties of the extracted proteins
were assessed. In addition, the antioxidant capacity
and the molecular weight (MW) of the extracted pro-
teins were also evaluated to assess the potential of pro-
teins derived from this valuable bean for use in the
food industry.*Correspondent: E-mails: Ingrid.Aguilo@irta.cat; lpt365@ual.es
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Materials and methods

Protein extraction and determination

Dried seeds of Ganxet beans were obtained from the
Fundaci�o Miquel Agust�ı (Barcelona, Spain). The
beans were milled with a MINIMOKA GR-020 grin-
der (Taurus Group, Barcelona, Spain) and passed
through a sieve of 1 mm. Flours were suspended in dis-
tilled water at a sample:solvent ratio of 1:10 (w/v).
The initial pH of the water used as solvent was 6.2 �
0.1. The suspended samples were sonicated for 1 h
using a JP Selecta ultrasonic bath (JP Selecta S.A.,
Barcelona, Spain) operating at 40 kHz and 250 W.
The samples were left to stir overnight on a magnetic
stirrer plate at 4 �C and 350 r.p.m. After 24 h, the
solution was centrifuged at 10,000 9 g for 20 min and
the supernatant decanted. The pellet was re-suspended
in half the initial volume of distilled water and sub-
jected to a second extraction as described above.
Supernatants from both days were pooled together
and saturated to 80% (w/v) with ammonium sulphate
for 1 h at 4 °C followed by centrifugation at 10 000 g
for 30 min using a Sigma 3–18 KS centrifuge (Sigma
Laborzentrifugen GmbH, Osterode am Harz, Ger-
many) to precipitate the protein. Protein precipitates
were re-suspended in a minimum volume of water and
were dialysed using Thermo ScientificTM SnakeSkinTM

3.5 kDa MWCO tubing against ultrapure water at 4
°C overnight. Dialysed protein extracts were frozen
and freeze-dried using a Crydos-50 freeze-dryer (Tel-
star, Barcelona, Spain). Drying temperature was kept
under 25 � 1 °C. Freeze-dried samples, labelled as
GPI (Ganxet protein isolate), were vacuum-sealed and
stored at �20 °C until further analysis.

The protein content of Ganxet beans was deter-
mined using a Leco FP 628 Protein Analyser (Leco
Corporation, MI, USA). The protein content of the
GPI was determined using the Quick StartTM Bradford
Protein assay kit (Bio-Rad Laboratories Inc., CA,
USA) following the manufacturers’ instructions. The
protein yield of the process was calculated as g of GPI
per 100 g of Ganxet bean on a dry weight (DW) basis.

In vitro and in silico enzymatic hydrolysis

Enzymatic hydrolysates of the isolated proteins were
prepared in triplicate using pepsin and a CelliGen�

115 fermenter (New Brunswick Scientific Co., Cam-
bridge, England) with agitation, temperature and pH
control. A substrate solution was prepared by re-
suspending the freeze-dried Ganxet isolated proteins in
distilled water at a concentration of 20 g L�1 at a total
volume of 500 mL. Agitation, temperature and pH
conditions were adjusted to 350 r.p.m., 37 °C and 2.0,
respectively. The enzyme was added once the optimum

temperature and pH conditions were achieved in a
substrate to enzyme ratio of 100:1 (w/w). After 60
min, the enzyme was heat-deactivated at 90 °C for 5
min in a water bath. The generated hydrolysate was
centrifuged at 10 000 g for 10 min, and the super-
natant was frozen, freeze-dried and stored at �20 °C
until further use. The Ganxet protein hydrolysate was
labelled as GPH. The amino acid sequences of proteins
previously reported from P. vulgaris L. were accessed
from the UniProtKB database available at http://
www.uniprot.org/. These proteins were hydrolysed in
silico using pepsin, and BIOPEP-UWM database was
used (Minkiewicz et al., 2019) (http://www.uwm.edu.
pl/biochemia/index.php/pl/biopep). Peptides obtained
after in silico hydrolysis were compared with bioactive
peptides obtained in their database.

High performance liquid size exclusion chromatography
analysis

Size exclusion chromatographic analyses were carried
out to determine the molecular size of the hydroly-
sates. Phosphate buffer (pH 7.5, 0.1 M) was used as
carrier with a flow of 0.85 mL min�1 in a Waters
HPLC (2795 Separation Module) coupled to two
serial-connected columns (Zorbax GF-250 and Zorbax
GF-450). The result was monitored at 254 nm in a
photodiode array detector (Waters 2996, USA), and
the area of each peak was evaluated using the
Empower Pro 2 software (Waters Corporation, USA).
A calibration curve was made using albumin (66 kDa),
carbonic anhydrase (29 kDa), cytochrome C (12.4
kDa), aprotinin (6.5 kDa), angiotensin II acetate (Asp-
Arg-Val-Tyr-Ile-His-Pro-Phe; 1046 Da) and leucine
enkephalin (Tyr-Gly-Gly-Phe-Leu; 555 Da). Blue dex-
tran (MW of 2000 kDa) was employed to determine
the void volume of the system (Ojha et al., 2016).

Colour evaluation, pH and water activity determination

Colour recordings were taken in triplicate using a
Minolta CR-200 chroma meter (Minolta Inc., Tokyo,
Japan). Chroma (C*ab) and difference from the control
(dE) were calculated as described by Wibowo et al.,
(2015). Freeze-dried Ganxet bean proteins were re-
suspended in distilled water at 1% (w/v), and the pH
was measured using a Basic 20 pH meter (Crison
Instruments S.A., Barcelona, Spain). The aw was mea-
sured using an AquaLab meter (Decagon Devices Inc.,
Pullman, WA, USA) at 22.0 � 0.9 °C.

Techno-functional properties

The water-holding (WHC) and oil-holding (OHC)
capacities and foaming capacity (FC) of the Ganxet
protein extracts were determined following the
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methodology previously described by Garcia-Vaquero
et al. (2017). WHC and OHC were expressed as gram
of water or sunflower oil per gram of protein, respec-
tively. FC was measured as the volume of foam gener-
ated as a percentage of the initial volume, and
foaming stability (FS) was expressed as the percentage
of decrease in foam volume over time as described by
Lafarga et al. (2018). Emulsifying activity (EA) and
emulsion stability (ES) of the freeze-dried Ganxet pro-
teins were determined as described by Lafarga et al.
(2018). ES was determined immediately after the emul-
sion was created and refers to the percentage of emul-
sion that resists to a thermal treatment (85 °C, 15
min).

2,2-Diphenyl-1-picrylhydrazyl radical-scavenging activity

Antioxidant capacity of the isolated proteins and of
the pepsin hydrolysates was determined the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging
activity following the methodology described by Bou-
gatef et al. (2010) using a GENESYSTM 10S UV–Vis
spectrophotometer (Thermo Fisher Scientific, Massa-
chusetts, USA).

Statistical analysis

Determinations were carried out in triplicate for each
sample. Results were expressed as mean � SD. Differ-
ences between samples were analysed using ANOVA with
JMP 13 (SAS Institute Inc., Cary, NC, USA). Where
significant differences were present, a Tukey’s pairwise
comparison of the means was conducted to identify
where the sample differences occurred. The criterion
for statistical significance was P < 0.05. To identify
relationships between physicochemical parameters,
bivariate Pearson’s correlation analysis was carried
out.

Results and discussion

Crude protein content of raw Ganxet beans was calcu-
lated as 22.7 � 0.2%, which is comparable to that
reported in previous studies (Rivera et al., 2015;
Lafarga et al., 2018) or in line to other legumes such
as pea and lupine, calculated as 21.9% and 35.1%,
respectively (Pelgrom et al., 2015). In addition, the
protein content and protein yield of GPI were calcu-
lated as 91.08 � 4.15% and 9.12 � 0.85%, respec-
tively, which was similar to other protein isolates from
white or red cowpea (87.7%–85.9%), several kidney
bean (83.3–89.8%) or field pea varieties (90.8–94.7%)
(Shevkani et al., 2015a, 2015b). The protein content
and yield obtained in the current study compared well
with those obtained by Garcia-Vaquero et al. (2017)
seaweed-derived proteins, obtained using the same
methodology and calculated as 63.3% and 6.5%,
respectively. In a previous study, ultrasound-assisted
isoelectric solubilisation–precipitation methodology
was used to achieve high Ganxet protein recoveries
ranging between 45.6% and 78.7%, but lower purities
in the protein isolates (Lafarga et al., 2018).

Molecular weight distribution

Figure 1 represents the size exclusion chromatography
(SEC) chromatogram of the protein profile obtained
for GPI. A first peak can be observed at a retention
time of 5.40 min. Such peak might be composed by
proteins larger than 150 kDa, which is the upper limit
of resolution for the column employed. Vioque et al.
(2012) reported a peak of 226 kDa when analysing
Vicia faba, which was attributed to trimmers of legu-
min, which has an isoelectric point close to the pH
employed for extraction in this paper. Although the
most common form of legumin is in the form of hex-
amer, the presence of salts and extreme pH conditions

Figure 1 Chromatogram of proteins

extracted from Ganxet common beans. The

molecular weight of the main peaks is

pointed with an arrow.
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can lead to a further dissociation in trimers (Chambers
et al., 1990). Minor amounts were expected to be
extracted following the protocol employed in this
study, and this explains the relative low abundance of
this large protein in the extract here studied. Two
main peaks can be observed in Fig. 1 corresponding to
molecular weights of 95 and 65 kDa, respectively, and
represent 29.48% and 34.03% of the total protein
detected. Those peaks can correspond to convicilin, as
reported in a previous study where such proteins were
extracted using alkaline and acid solubilisation
(Lafarga et al., 2018). However, due to the enormous
variation on the SEC profile observed for the different
varieties of V. faba, it is very hard to identify which
protein corresponds to each one of the peaks observed
in the present study (Mirali et al., 2007; Nikoli�c et al.,
2012). Next peaks in relevance are those that corre-
spond to molecular weights of 20 and 15 kDa, which
could correspond to a- and b-legumin. Their areas rep-
resent 7.11% and 13.99% of total proteins detected,
respectively. Finally, two peaks corresponding to very
low molecular weight compounds were also detected.
These correspond to 1.3 and 0.2 kDa and represent
4.04% and 1.57% of the total protein identified,
respectively, which can be either peptides or free
amino acids extracted along the main proteins. As
highlighted by Warsame et al. (2020), the molecular
weight distribution of these two proteins can be very
variable. These authors reported that convicilin from
V. faba was found to have an apparent molecular
weight of 107, 89, 83, 73, 65, 55 or 40 kDa after a pro-
teomic analysis. Those same authors reported that vici-
lin could be found with a molecular weight of 83, 50,
40 or even 30 kDa. Electrophoresis or SEC can be
used as tools to predict which proteins are present in
the extract, but results reported herein should be fur-
ther validated using mass spectrometry.

Colour, pH and water activity

CIELAB colour space referred to L* (lightness), a*
(positive a* red, negative a* green) and b* (positive b*
yellow, negative b* blue). L*, a* and b* values of GPI
were 76.72 � 0.70, 0.72 � 0.11 and 17.17 � 0.97,
respectively. The L* parameter was significantly lower
than that of Ganxet proteins obtained by isoelectric
solubilisation–precipitation, which was 91.40 � 1.63
(Lafarga et al., 2018). However, similar L* values were
reported for kidney bean and amaranth protein iso-
lates, which were reported as 79.6 � 0.1 and 78.0 �
0.8, respectively (Shevkani et al., 2015b). No major
differences were observed between the a* value
reported herein and those reported for other proteins
derived from pulses (Lafarga et al., 2018). The b*
value of GPI was higher when compared to that of
proteins derived from soybean, pigeon pea or cowpea

(Garcia-Vaquero et al., 2017). C*ab represents the
degree of departure from grey towards pure chromatic
colour and is a quantitative indicator of colourfulness.
The C*ab of the GPI obtained in the current study was
calculated as 17.19 � 0.57. The dE combines the
change in L*, a* and b* values to quantify the colour
deviation from a standard reference sample. The dE
was higher than 3, meaning that colour deviations
were visible to the human eye (Wibowo et al., 2015),
when compared GPI with proteins derived from soy-
bean, pigeon pea, cowpea, kidney bean and field pea
(Shevkani et al., 2015a; Garcia-Vaquero et al., 2017).
Therefore, the colour of GPI was perceptually different
to that of other vegetables-derived proteins, including
a Ganxet protein concentrate obtained by isoelectric
precipitation (Lafarga et al., 2018).
The pH and aw values of GPI were 4.65 � 0.11 and

0.248 � 0.008, respectively. The aw value was higher
than that of the aw Ganxet protein concentrate
obtained by isoelectric precipitation, which was
reported as 0.180 � 0.002 (Lafarga et al., 2018), and
than those previously reported for proteins isolated
from different food sources (Lafarga et al., 2016a;
Garcia-Vaquero et al., 2017; Tontul et al., 2018). The
low aw value suggested a stable product during storage
as aw values in the range 0.1–0.3 usually do not enable
microbial growth.

Techno-functional properties

The WHC and OHC of GPI were 1.25 � 0.11 and
2.76 � 0.24 g g�1 of GPI, respectively. Similar WHC
values were obtained for Ganxet bean (Lafarga et al.,
2018) and cowpea (Ragab et al., 2004) proteins. WHC
represents the ability of a protein matrix to absorb
and retain bound, hydrodynamic, capillary and physi-
cally entrapped water against gravity (Damodaran &
Paraf, 1997). The ability of proteins to hold water
without dissolving is desirable mainly in viscous foods
such as sausages or custards. High WHC values help
to maintain freshness and moist mouth feel of foods.
However, WHC values observed in the current study
were low when compared to those reported for other
plant-derived proteins such as for kidney bean proteins
(5.34–5.85 g g�1) (Wani et al., 2015). Differences can
be attributed mainly to the different extraction meth-
ods used, as proteins studied herein are water soluble
and were extracted at neutral pH values and those
studied by Wani et al. (2015) were obtained by isoelec-
tric solubilisation/precipitation.
Proteins with high OHC can be used in oily foods

such as sausages or salad dressings (Tontul et al.,
2018) and providing flavour retention and palatability.
The OHC of the GPI was also low when compared to
that obtained previously for kidney beans, which ran-
ged from 5.8 to 6.9 g g�1 (Wani et al., 2015), but were
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comparable to those reported for proteins chickpea-
(Tontul et al., 2018), mung bean- (Li et al., 2010) and
Ganxet bean- (Lafarga et al., 2018) derived proteins.
The OHC is attributed to the physical entrapment of
fat by the protein (Zayas, 1997).

Foaming properties are also of key importance for
the development of certain foods such as meringues or
mousses, which are generally made using egg white
proteins. However, the increased demand for vegan
proteins and foods has led to an increased interest in
plant-derived proteins with the ability to form foams.
FC and FS values are shown in Fig. 2. A positive cor-
relation was revealed between pH and FC (r2 = 0.900),
which is consistent with previous reports that demon-
strated that FC is influenced mainly by pH (Sadahira
et al., 2015). Higher FC values were observed at pH
8.0 and 10.0 and were calculated as 86.25 � 5.30%
and 78.75 � 1.77%, respectively. At high pH values,
there is an electrostatic repulsion of closely spaced
like-charged protein groups leading to an overall
increase in the hydrophobicity of the protein surface.
High hydrophobicity has been associated with opti-
mum FC and is also an important factor in FS (Town-
send & Nakai, 1983). Results were in line with those
obtained for other proteins derived from Kappaphycus
alvarezii (Kumar et al., 2014) and cowpea (Ragab
et al., 2004). FC values obtained herein were higher to
those obtained by isoelectric precipitation of proteins
from Ganxet beans, which were higher at pH 2.0 – FC
was approximately 65% at this pH (Lafarga et al.,
2018). These results demonstrated the importance of
selecting a suitable extraction protocol depending on
the desired functionality. FS was significantly affected
by time (P < 0.001), pH (P < 0.001) and the interac-
tion between both factors (P < 0.001). Both FC and
FS were higher than those obtained previously for
chickpea proteins, which ranged between 3.7%–37.0%
and 0.0%–11.7%, respectively (Tontul et al., 2018).
The different extraction protocols and the different
proteins found in both matrices could be the causes
for the observed differences. GPI showed lower FS at
pH 6.0 and pH 8.0, being statistically different to the
rest of the groups during the first 90 min – except for
the FS assessed at pH 10.0 after 90 min. Similar
results were reported previously (Khalid et al., 2003;
Ragab et al., 2004; Garcia-Vaquero et al., 2017).

Figure 3 shows the EA and ES of GPI. EA was
found to be pH dependent (P < 0.05). The highest EA
was observed at pH 6.0 and was calculated as 71.0 �
1.4% (P < 0.05). No significant differences were
observed between the EA when assessed at pH 2.0,
4.0, 8.0 and 10.0. The EA of GPI was similar to that
obtained for seaweed-derived proteins, which showed
EA values ranging from 70% to 95% when assessed
using sunflower oil (Garcia-Vaquero et al., 2017). Sim-
ilar EA values were reported previously for Ganxet

proteins (Lafarga et al., 2018). However, because of
the differences in the extraction protocols, the opti-
mum EA values in that study were observed at higher
pH values (pH 8.0). In the study by Lafarga et al.
(2018), proteins were solubilised at high pH values,
and therefore, their solubility at pH 8.0 was higher
when compared to those studied herein, isolated at pH
6–7. Moreover, different proteins have different func-
tionalities and the different proteins present in both
suited could partially cause for the observed differ-
ences. In the present work, ES was found to be pH
dependent (P < 0.05). The generated emulsions were
found to be stable, especially at pH 6.0, 8.0 and 10.0

Figure 2 (a) Foaming capacity and (b) foam stability of Ganxet

bean proteins. Values represent the mean of three independent exper-

iments � SD. Different letters indicate significant differences. The

criterion for statistical significance was P < 0.05. Foam stability was

significantly affected by time (P < 0.001), pH (P < 0.001) and the

interaction between both factors time 9 pH (P < 0.001).
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(P < 0.05). A significant decrease in ES was observed
at pH 4.0 in comparison with pH 2.0 (P < 0.05).
Dependence of EA and ES on pH was observed previ-
ously, and it was suggested to be caused because the
emulsifying capacity of proteins depend on the
hydrophilic–lipophilic balance, which is affected by the
pH (Ragab et al., 2004). Higher ES at higher pH val-
ues can also be caused by a greater amount of electro-
static repulsive forces between droplets present at
higher pH values (Lam & Nickelsin, 2015).

Antioxidant activity

Common beans are rich sources of antioxidant com-
pounds including polyphenols, ascorbic acid, phytic
acid, tocopherols, carotenoids and saponins that con-
tribute to their antioxidant capacity (Lee et al., 2011).
More recently, peptides released during digestion were
suggested to contribute to the total antioxidant capac-
ity of common beans and other protein-rich foods
(Jakubczyk et al., 2013). Figure S1 shows the antioxi-
dant capacity of GPI and the enzymatic hydrolysate
generated thereof. Overall, the antioxidant capacity
was higher after enzymatic hydrolysis (P < 0.05),
which was expected because of the release of antioxi-
dant peptides. The health implications of legume-
derived antioxidant peptides are linked to their potent
action against oxidation (Matemu et al., 2021). Results
obtained in this study were comparable to those
obtained for cod-derived proteins and hydrolysates
(Sabeena Farvin et al., 2014). In addition, the EC50

value, which is defined as the concentration of sample
needed to inhibit DPPH activity by 50%, was calcu-
lated as 1.21 � 0.06 and 1.04 � 0.02 mg mL�1 for
GPI and GPH, respectively, showing significant

differences (P < 0.05). The EC50 value of GPH was
comparable to that of egg protein (Chalamaiah et al.,
2013) and sardine or mackerel (Garc�ıa-Moreno et al.,
2014) hydrolysates. Reported peptide fractions
obtained from chickpea proteins hydrolysates showed
DPPH radical-scavenging activities of 57% at concen-
trations of 1 mg mL�1 (Kou et al., 2013). Segura
Campos et al. (2010) reported IC50 values ranging
44.7–112 lg mL�1 of cowpea hydrolysates with
pepsin–pancreatin. Xie et al. (2019) reported DPPH
values of 74.23% at concentrations of protein hydroly-
sates from mung bean of 2.6 mg mL�1 at low molecu-
lar fractions of <3 kDa. The antioxidant capacity of
peptides depends largely on their amino acid sequence
and molecular weight. Different studies in peptides
obtained from legume protein hydrolysates indicated
that enzymatic hydrolysates with a molecular weight
under 1 kDa contained high proportion of antioxidant
peptides (Li et al., 2008; Zhang et al., 2011; Kou
et al., 2013; Segura Campos et al., 2010; Sonklin et al.,
2020). Therefore, further fractionation and purification
of the hydrolysate produced herein would potentially
lead to higher antioxidant capacity, although this
needs to be assessed in vitro.
In silico analysis was carried out to predict antioxi-

dant peptides formed after hydrolysis of proteins
found in common beans using pepsin. This strategy
can also be used to predict which protease could be
used to obtain hydrolysates with optimal bioactivity or
to predict properties such as potential allergenicity and
toxicity (Lafarga et al., 2016b). Proteins from P. vul-
garis L. were obtained from Luna-Vital et al. (2015)
and included a- and b-phaseolin which belong to the
7S seed storage protein family. Antioxidant peptides
identified included de di-peptide VY which
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Figure 3 (a) Emulsifying activity and (b) stability of Ganxet bean proteins. Values represent the mean of three independent experiments � SD.

Different letters indicate significant differences. The criterion for statistical significance was P < 0.05.
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corresponded to f(435–436) and f(420–421) of a- and
b-phaseolin, respectively. The peptide VY was charac-
terised by Cheng et al. (2010) and was reported to
inhibit lipid oxidation in soybean oil-in-water emul-
sions. In addition, the dipeptide EL, which corre-
sponded to f(159–160) of RNA polymerase subunit
beta, was previously obtained from casein using pepsin
and reported to possess antioxidant properties. Not
only antioxidant peptides were obtained after in silico
hydrolysis of common bean proteins. Several renin
(EC3.4.23.15), angiotensin-I-converting enzyme (EC3.
4.15.1) and dipeptidyl peptidase-IV (EC3.4.14.5) inhi-
bitory peptides were also predicted to be released.
Inhibition of these enzymes is one of the strategies fol-
lowed to treat and prevent diseases related with meta-
bolic syndrome such as hypertension and type-2
diabetes.

Conclusions

The functional properties of proteins isolated from
Ganxet beans depend largely on the extraction method
used. Water-soluble proteins extracted from Ganxet
beans showed low WHC and OHC values when com-
pared to other plant-derived proteins. However, high
FC and EA values were observed, especially at alka-
line conditions (high pH values). Enzymatic hydrolysis
of the isolated proteins using pepsin resulted in
increased radical-scavenging activity when compared
to the unhydrolysed protein. In silico analysis results
suggested that the observed increase in the antioxidant
activity could be caused by the release of peptides with
antioxidant activity. Although further studies would
be needed, the enzymatic hydrolysates of Ganxet bean
proteins showed potential for being used as novel
sources for peptides with varied health-promoting
bioactivities. The concession of Protected Designation
of Origin led to an increased commercial interest in
Ganxet beans. However, those seeds that do not com-
ply with the appearance standards (colour, size and
hooked shape) are used for low-value purposes. Thus,
the extraction of proteins from Ganxet beans and their
utilisation for the development of novel foods opens
novel commercial opportunities for this valuable lan-
drace.
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