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Abstract
Gelling ability of a bean protein isolate (BPI) obtained from a naturally low-lectin variety (Phaseolus vulgaris var. Almonga) 
was analysed. For that purpose differences on gels processing: concentration (14% and 17%), salt addition (0 and 2%), and 
pH (6.5 –lot A- and 7 –lot B), were studied to obtain suitable colour, mechanical and viscoelastic properties for making 
appropriate meat and seafood analogues. Gelation at pH 7 at both 14 and 17% BPI concentrations, produced less rigid, more 
flexible, time-stable and cohesive gel networks. Colour of the resulting gels was white enough to be considered as an adequate 
base for making plant-based analogues. The content of total galactoside, inositol phosphates and trypsin inhibitors (bioactive 
compounds) present in one serving (100 g) of these BPI gels were up to 0.80 mg/g, 8.06 mg/g and 239 TIUs, respectively.
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Introduction

The use of plant protein isolates, particularly pulses, is of 
growing industrial interest due to their functional and tech-
nological properties but also their nutraceutical/health ben-
eficial properties [1]. Different scientific studies have asso-
ciated the consumption of legumes with physiological and 
health benefits, such as prevention of some types of cancer, 
cardiovascular diseases, type 2 diabetes, obesity, improve-
ment of the metabolic syndrome, osteoporosis or chronic 
degenerative diseases [2, 3]. These healthy roles have been 
linked with pulse proteins and some phytochemicals or 

bioactive compounds such as galactosides, phytates or phe-
nolic compounds [4].

With the growth of vegetarianism and the demand for 
non-soy and non-wheat proteins in developed countries, 
dry beans (Phaseolus vulgaris L.) are receiving little by 
little increased attention for novel food formulations [5]. 
Although they have similarities, each variety of beans pre-
sent a unique phytochemical profile [6, 7]. It is important to 
note that among these phytochemical, the P. vulgaris lectin 
(PHA) is considered as an antinutrient compound since it 
can be toxic for humans producing vomits, diarrhoea, bloat-
ing and interfering with nutrient absorption; however, some 
potential health benefits (anti-cancer, anti-microbial or 
reduction diabetes type 2) have been described [2, 6–8] PHA 
is a glycoprotein highly resistant to thermal denaturation in 
comparison to other plant proteins, and the presence of this 
lectin may be the reason for the underutilization of beans as 
ingredients, mainly, in the elaboration of those food products 
that are processed at low temperature and/or during a short 
time. Considering that it is not known the toxicity of all P. 
vulgaris beans they should be considered carefully the lectin 
intake [8]; therefore, the use of varieties with naturally low-
lectin content could be an interesting option for the produc-
tion of bean protein isolates and for the development of new 
safe and healthier food products [4, 7, 8]. This is the case 
of the commercially available common bean var. Almonga 
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used in this study; a white dry bean in the planchada market 
class, with good culinary quality, and whose consumption 
has been reported to produce a significant reduction of tri-
glyceride levels [6].

Protein isolates usually are obtained from bean flour by 
alkaline extraction followed by isoelectric precipitation [4]. 
Legume proteins comprise water-soluble albumins, globu-
lins (legumins and vicilins) soluble in salt solutions, the 
family of lectin-related proteins, and a minor proportion of 
prolamins and glutelins soluble in dilute acid/base solutions. 
Thus, the final composition of the BPI plays an important 
role on the techno-functional properties, which are of great 
importance for gelation ability [9]. Moreover, there are some 
factors such as pH, ionic strength and protein concentration 
that also affect gel formation [10]. Taking that into account, 
mechanical properties are important for the behaviour of 
food materials, and especially of gels, which are major fea-
tures in consumer perception and acceptance [11]. These 
factors will result in gels with different characteristics such 
as texture, viscoelasticity, colour and flavour as the basis 
for processing final products that mimic seafood or meat 
products [12].

One important parameter to take under consideration dur-
ing BPI gelation is the effect of pH on proteins and their 
influence on techno-functional properties. It has suggested 
that β-sheet can be reduced by acidic pH, thus reducing the 
stability of the network structure. Also, NaCl may increase 
the presence of disordered structures such as random coil 
by reducing β-sheet [1], thus altering the physicochemical 
properties of the resulting gel.

The aim of this paper was to throw light on the gelation 
ability of a bean protein isolate from a variety with a low-
lectin content (P. vulgaris var. Almonga). The effects of BPI 
concentration, presence of salt, and pH were studied with a 
view to developing gels with suitable textures for making 
meat and seafood plant-based analogues, as well as with a 
bioactive compounds content sufficient to exert an effective 
health protective effect. To our knowledge this is the first 
research work done on the gelation ability of this low-lectin 
bean variety based on the electrophoretic analysis, mechani-
cal and viscoelastic properties.

Materials and Methods

The methods used to determine the proximate composi-
tion of the bean protein isolate and their techno-functional 
properties (pH and last gelation capacity), as well as the 
mechanical properties (puncture test), the electrophoretic 
profile, colour, viscoelasticity (oscillatory tests) of the gels 
and their bioactive compounds content are described in the 
supplementary material and methods file (Electronic sup-
plementary material-1).

Preparation of Bean Protein Isolates (BPI)

Beans (P. vulgaris var. Almonga -Benjamín Rodríguez 
Álvarez, León, Spain-) was used to prepare the bean pro-
tein isolate by alkaline extraction followed by isoelectric 
precipitation (bean composition and additional details are 
given in Electronic supplementary material −1).

Preparation of Bean Protein Isolate Gels

Samples were prepared using the obtained BPI at three 
concentrations (14, 17 and 20%). The lowest BPI concen-
tration corresponds to the LGC value determined previ-
ously (Online resource 1) and that secure a suitable gel for 
the purpose of this work. The addition of 2% of NaCl and 
the pH adjustment of the gels resulted into the different 
sample codes: G14-A, G17-A and G-20-A with a final of 
pH 6.5 and G14-B, G17-B, G20-B with a final of pH 7.0 
for 0% NaCl, and 2G14-A, 2G17-A, 2G20-A, 2G14-B, 
2G17-B, 2G20-B for the samples containing 2% NaCl 
(additional details are given in Electronic supplementary 
material −1).

Puncture Test

It was firstly performed on all the gels prepared in order to 
select those with the most suitable mechanical properties 
(Online resource 1). The selected samples were included 
in the subsequent analyses and the others were discarded.

Dynamic Rheometry (Stress Sweep Tests 
and Mechanical Spectra) of Bean Protein Isolate 
Gels

Small amplitude oscillatory shear (SAOS) tests were 
performed for Lots A and B of BPI gels with the better 
mechanical properties from puncture tests (14 and 17% 
BPI concentration and 0% NaCl) (additional details are 
given in Electronic supplementary material −1).

Statistical Analysis

One-factor ANOVA analysis was carried out with the 
SPSS® computer programme (SPSS Inc., Chicago, IL, 
USA) and average differences were evaluated by the Tukey 
test using a 95% confidence interval. Viscoelastic data 
were tested with expanded uncertainty limits as the maxi-
mum and minimum deviation from the respective mean 
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values. Trends were considered significant when means of 
compared sets differed by p < 0.05 (Student’s test).

Results and Discussion

Proximate Composition and Techno‑Functional 
Properties of Bean Protein Isolate

The chemical composition can influence the techno-func-
tional properties of the isolate; in particular thermally 
induced gelation behaviour [9]. BPI moisture and ash 
content was 1.08% ± 0.01 and 4.70 ± 0.06, respectively. 
The content of total protein (75.42% ± 0.91 d.w.) and fat 
(3.86% ± 0.20 d.w.) of the BPI was in the range 70–77% 
and 2.5–4%, respectively, reported in the literature, and the 
proportion of carbohydrates was 16.03% ± 0.77 (d.w.), of 
which 0.73% ±0.07 (d.w) was starch and 3.27% ± 0.07 (d.w.) 
was dietary fibre. This proximate composition was similar 
to that reported by other authors for different varieties of 
kidney bean protein isolates [13]. The high proportion of 
soluble protein (44.1% ± 1.5 d.w.) present in the BPI indi-
cated that this isolate is suitable for use as an ingredient in 
different food applications. Vicilins and legumins (the main 
storage legume proteins) can form thermally-induced gels, 
although their gelation behaviour is slightly different and 
changes in the vicilin/legumin can affect the functionality 
of the protein isolate [14]. The legumin/vicilin ratio was 
15.25, indicating that this BPI is a legumin-rich isolate. The 
pH of the BPI powder in water dispersion was 5.33 ± 0.02. 
The legume protein isolates exhibit better techno-functional 
properties (such as gelation, foaming or emulsifying proper-
ties) at pH values close to neutral [15], for that reason the 
pH of the samples was raised up to 6.5 (lot A) and 7.0 (lot 
B). LGC was 14% BPI at natural pH (5.33), so, 14, 17 and 
20% BPI gels were checked at both pHs to determine their 

mechanical characteristics according to the aim of this work. 
This LGC value of BPI was similar to that reported by some 
authors for red kidney bean faba bean or chickpea isolates 
[12, 15–17], and lower than that reported for pea or soybean 
isolates, these differences can be related to the influence of 
the type and variety of pulse studied [13].

Mechanical Properties: Puncture Test on Bean 
Protein Isolate Gels

The effect of salt (0 and 2% NaCl) on the mechanical prop-
erties of the gels were tested through a puncture test. The 
addition of 2% salt dramatically decreased the breaking force 
(BF) and breaking deformation (BD) for 2G14-A, 2G14-B, 
2G17-A, 2G17-B, 2G20-A, 2G20-B vs G14-A, G14-B, G17-
A, G17-B, G20-A, G20-B (Fig. 1a and b). This is probably 
due to the presence of saline ions that alter the electrostatic 
balance of the charges that stabilized the BPI gel network 
without salt. This result indicates that higher ionic strength 
at pH higher than that of the isoelectric point increased the 
repulsive electrostatic forces among proteins weakening 
the inter-protein packing and consequently the mechanical 
resistance to gel rupture was reduced. The effect of NaCl 
concentration has also been related to the protein content in 
the medium, so the higher the ionic strength, the higher is 
the protein concentration required to form a proper gel net-
work [18, 19]. This is consistent with the results shown since 
the increase in BF and BD associated to the greater BPI con-
centration, was mitigated in presence of salt. Besides that, 
all gels made with 2% of NaCl (2G14-A, 2G14-B, 2G17-A, 
2G17-B, 2G20-A, 2G20-B) had poor mechanical properties 
to be considered as proper gels to the aim of this study and 
were discarded for further analysis.

Focusing on the pH of gels, the narrow difference between 
them (6.5 vs 7.0) had a considerable impact on the gel prop-
erties, as evidenced by the higher values of BF (p < 0.05) in 

Fig. 1   Breaking force (a) and breaking deformation (b) for bean pro-
tein isolate (BPI) gels at different pHs. Different capital letters for 
each value indicate significant differences p < 0.05 among samples 

of pH = 6.5 (A –dark grey-) and pH = 7 (B –light grey-) without salt. 
Different lowercase letters for each value indicate significant differ-
ences p < 0.05 among samples of pH A and B with 2% NaCl
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gels B (pH 7.0) vs A (pH 6.5), irrespective of BPI concentra-
tion (Fig. 1a). This could be related to the prevalent surface 
charge of the proteins at each pH [19]. Protein unfolding 
and aggregation is required to form an adequate gel, and it 
has been reported that legume protein isolates exhibit better 
functional properties at pH values close to neutral [14, 15]. 
Gels containing 20% BPI without salt (G20-B) were also 
rejected for the purpose of the study due to the extremely 
high values of BF and BD which are far from those desired 
to make meat and seafood products analogues.

Electrophoretic Profile

Bean proteins are composed mainly of vicilin (7S) and legu-
min (11S) and in the BPI of this low-lectin variety, vicilins 

made up 51.47 ± 0.98% of the total proteins and legumins 
72.1 ± 1.0%. Vicilin is a kind of glycoprotein frequently 
non-covalently associated in trimers (7–8S globulins) with 
a molecular weight of 150–250 kDa, or even hexamers, 
while the legumin consists of acidic (about 40 kDa) and 
basic (20 kDa) subunits linked by disulphide bonds [20].

The electrophoretic profiles of the above selected gels 
according to their mechanical properties (G14-A, G14-B, 
G17-A and G17-B) were similar, with bands corresponding 
to a molecular weight around 250 and 160 kDa (vicilins) 
and 75, 40, 25 and 15 kDa (Fig. 2), which are assumed to be 
legumin subunits [21]. As reported earlier, this low-lectin 
BPI is legumin-rich, which would explain the lower intensity 
of the vicilin bands as compared to legumins, particularly in 
the samples with 17% BPI (Lot A and B).

Fig. 2   Electrophoretic profile 
for bean protein isolate (BPI) 
gels at different pHs
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The presence of noticeable aggregates retained in the 
stacking electrophoresis gel [22] seems to be due to MTGase 
activity, which has the ability to form intermolecular aggre-
gates [23] and in the formation of dimers and polymers of 
11S and 7S [22, 23].

Comparison of the A and B groups of gels showed that 
the bands most affected, regardless of BPI concentration, are 
the ones of the lowest molecular weight (40 kDa and below), 
whose intensity is lower in B gels. The reason for the reduc-
tion in intensity of these bands (G14-B and G17-B) could be 
that the location of the reactive residues to MTGase in these 
proteins is more accessible [24].

Colour of Bean Protein Isolate Gels

Colour parameters (L*, a* and b*) and whiteness index (WI) 
of BPI gels are presented in Table 1. L* varied between 
73.55 ± 0.15 and 75.78 ± 0.47, indicating high luminosity; a* 
ranged from 0.83 ± 0.21 to 0.04 ± 0.03, meaning no tendency 
to redness; while all the gels showed a positive b* ranging 
from 12.95 ± 1.03 to 15.25 ± 0.04, indicating a trend to yel-
lowness, especially in the samples with higher BPI content 
regardless of the pH (G17-A and G17-B). Calculation of WI 
revealed a significantly lower “perceived” whiteness in sam-
ples with the highest BPI content regardless of pH (G17-A 
and G17-B) as in the case of b*. This could be due to the 
yellowness/creamy colour of that particular BPI. All these 
values indicated that the gels were very light in colour and 
thus suitable for making different food analogues in which 
light colours are desired or in which the colour can be easily 
modified.

Oscillatory Measurements

Stress Sweeps

The limit values of the linear viscoelastic (LVE) range: 
the stress amplitude (σmax), and the strain amplitude (γmax) 
(Table 2), evidence that BPI gels had considerable structural 
stability and adequate conformational flexibility [12].

At lower BPI concentration, both σmax and γmax increased 
significantly (p < 0.05) with increasing pH; specifically σmax 
increased by 33% and γmax increased by 158% in G14-B vs 

G14-A (Table 2). This result indicates that the slight increase 
in pH noticeably enhanced the structural stability and more 
the conformational flexibility. Moreover, there was a signifi-
cant decrease (53%) in gel strength (G*) between G14-A and 
G14-B gels (Table 2), indicating a considerable reduction 
in the overall rigidity of the protein network at pH = 7. A 
possible explanation for these findings is that beyond the 
isoelectric range -pH =4.8 and 5.5- of bean proteins [25], a 
fine-stranded structure would be formed and hence the diam-
eter of the protein strands would decrease [26], which in turn 
would reduce the overall (elastic and viscous) resistance to 
deformation (low G*). In the case of 17% BPI, the analo-
gous pH increase was reflected in a similar qualitative trend 
in the viscoelastic parameters (γmax and G*), although with 
lower percentages than at 14% BPI concentration (Table 2). 
Naturally, at the higher protein concentration a more com-
pact protein matrix was formed which partially screened 
the structural effect of pH on the gel-network density. So, a 
more fine-stranded structure (Gels-B) would favour a more 
accessible location of the reactive residues observed in the 
electrophoretic profiles.

At fixed pH, the increase in BPI concentration, naturally 
increased G* due to the greater network density in both 
G17-A vs G14-A and G17-B vs G14-B. However, it should 
be noted that in lot A gels, γmax was significantly lower at 
the lower BPI concentration (G14-A vs G17-A). This is a 
peculiar characteristic of globular proteins, since at lower 
concentrations the protein aggregates contributing to the 
structure are shorter and more compact [27] than at higher 

Table 1   Colour values of the 
different bean protein gels

Values are given as mean ± standard deviation. a-c: Different superscript letters for each parameter indicate 
significant differences (p < 0.05) among samples in each parameter

Samples L* a* b* Whiteness Index

G14-A 75.78 ± 0.47c −0.21 ± 0.33b 13.92 ± 0.39a,b 34.02 ± 1.64c

G17-A 74.80 ± 0.45b 0.04 ± 0.03b 14.80 ± 0.19b,c 30.41 ± 0.20b

G14-B 73.55 ± 0.15a −0.83 ± 0.21a 12.95 ± 1.03a 34.69 ± 2.19c

G17-B 74.09 ± 0.25a,b −0.01 ± 0.04b 15.25 ± 0.04c 28.35 ± 0.28a

Table 2   Effect of pH and BPI concentration on the viscoelastic 
parameters from small amplitude oscillatory shear (SAOS) tests for 
bean protein isolate (BPI) gels at 20  °C. 2a Viscoelastic parameters 
for the linear viscoelastic (LVE) range at 1 Hz

Values are given as mean ± expanded uncertainty limit (EUL). a-d: 
Different superscript letters for each parameter indicate significant 
differences p < 0.05 among samples

Sample σmax (Pa) γmáx. (%) G* (kPa)

G14-A 1500 ± 150a 4.23 ± 0.71a 39.0 ± 3.8c

G14-B 1989 ± 198b 10.9 ± 1.1c 18.3 ± 1.9a

G17-A 3796 ± 380d 6.76 ± 0.29b 58.6 ± 2.6d

G17-B 3000 ± 300c 9.32 ± 0.62c 32.2 ± 2.2b
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protein concentrations. That is why a less deformable gel 
network was formed for G14-A vs G17-A (Table 2).

Frequency Sweeps

Mechanical spectra of the BPI gels with 14 and 17% BPI 
concentration indicated that samples were true gels at both 
concentrations because G’ > G” [28] with slight frequency 
dependence in both G’ and G” (Fig. 3). To quantify their 
frequency dependence both parameters were fitted to the 
power law (Eqs. (1) and (2)):

where G0’ and G0” are the elastic and viscous moduli at 
1 rad/s, and n’ and n” denote the rate of increase in G’ and 
G” respectively with increasing the angular frequency (ω). 
The loss factor tanδ =

G
��

0

G
�

0

 is a measurement of the solid-like 
character of gels and provides useful information about the 
energy of interactions in the gel network [29].
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�
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0
· ω

n
�
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��
= G

��

0
· ω
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At fixed BPI concentration, the increase in pH reduced 
both G0’ and G0” parameters irrespective of the concentra-
tion (Table 3). Thus, at pH = 7, outside the pI range of bean 
proteins, the electrostatic charge in the amino acid residues 
would increase, so the inter-chain repulsive forces aug-
mented and consequently a more hydrated protein network 
was formed which would explain the observed softening of 
the solid matrix in gels B vs A at both 14 and 17% BPI con-
centrations (Table 3). This fact is consistent with the lower 
L* values for lot B vs A, since L* shows the light scattered 
by protein aggregates in the gel network. Therefore, at higher 
pH the BPI gel network had a less compact protein-matrix, 
reducing the effect of diffuse reflection and consequently a 
decrease of L* [30]. In addition, tanδ values were signifi-
cantly lower (p < 0.05) in gels B vs A (Table 3) indicating 
that at pH = 7 the ideal network-fraction was enhanced irre-
spective of BPI concentration [31]. This fact is equivalent 
to a greater lifetime of protein-protein interactions than that 
for gels at pH = 6.5 [30].

At fixed pH, the increase in BPI concentration logically 
increased both G0’ and G0”, indicating a denser protein 
matrix in a more packed network. However, tanδ signifi-
cantly increased (p < 0.05) in G17 vs G14 irrespective of 
pH (Table 3). This trend indicates that higher (17% BPI 

Fig. 3   Mechanical spectra 
of gels at 14% and 17% BPI 
concentration for lots A and B 
at 20 °C

Table 3   Effect of pH and BPI concentration on the viscoelastic parameters from small amplitude oscillatory shear (SAOS) tests for bean protein 
isolate (BPI) gels at 20 °C. 2b Fit parameters of mechanical spectra (Eqs. 1 and 2)

Values are given as mean ± expanded uncertainty limit (EUL). a-d Different letters for each parameter indicate significant differences p < 0.05 
among samples

Samples Go’ (kPa) n’ r2 Go” (kPa) n” r2 tan δ

G14-A 32.6 ± 3.2b 0.102 ± 0.001b 0.999 6.5 ± 1.1b 0.095 ± 0.004c 0.977 0.199 ± 0.002c

G14-B 17.35 ± 0.73a 0.086 ± 0.001a 0.999 2.76 ± 0.53a 0.107 ± 0.003b 0.984 0.166 ± 0.003a

G17-A 52.5 ± 2.6c 0.102 ± 0.001b 0.999 13.0 ± 3.7c 0.063 ± 0.003a 0.953 0.227 ± 0.006d

G17-B 29.0 ± 2.1b 0.100 ± 0.001b 0.999 4.97 ± 0.53b 0.103 ± 0.003b 0.986 0.172 ± 0.002b
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concentration, produced a more rigid and less energy-stable 
inter-protein bonds resulting in a less ideal network-fraction 
at 17% vs 14% BPI [12] more evident in lot A samples. This 
result is consistent with the greater difference between the 
two exponents (n’ > n”) in G17-A vs G14-A (Table 3), indi-
cating that at the higher BPI concentration, a less time-stable 
protein matrix was formed, as evidenced by the faster loss 
of the ideal network fraction (high n’) compared to the non-
ideal part (n”). In lot B the same increase in BPI concentra-
tion produced similar values for n’ (0.100 ± 0.001) and n” 
(0.103 ± 0.003) at 17% BPI concentration (Table 3). These 
low and comparable exponents (n’ and n”) corroborate the 
greater time stability of the protein network [30] produced 
by the higher BPI concentration at pH = 7 (G17-B).

Bioactive Compounds of Selected Bean Protein 
Isolate Gels

The content of some bioactive compounds present in dif-
ferent foods is affected by the food matrix and the manu-
facturing process, increasing or decreasing their content in 
the end-product. Therefore, it is recommended to determine 
their presence in novel foods such as vegetable meat or sea-
food analogue gels.

The studied BPI was analysed in a previous work [2] and 
it was characterized by the presence of inositol phosphates 
(32.67 mg/g), α-galactosides (14.27 mg/g), lectins (0.73% 
PHA or 0.60 HU/mg) and trypsin inhibitors (24.17 TIU/
mg). Stachyose and phytic acid, respectively, were the main 
α-galactoside and inositol phosphates found in the isolate. 
Regarding the PHA content, notably, the BPI contained 
a very low lectin content since the Almonga variety is a 
low-lectin seed [5] and thus this BPI can be used safely in 
the development of new products, especially made at low 
temperature and/or short time. The higher percentage of 
BPI produced the larger amount of bioactive compounds in 
the vegetable gels (Table 4). The content of bioactive com-
pounds in these gels is higher of that reported by Borderias 
et al. [30] in pea-surimi-like gels containing up to 15% of 
pea protein isolate (PPI). This is due to the BPI presented 
higher amount of bioactive compounds that the commer-
cial PPI studied by these authors. In general, the concentra-
tion of these compounds determined in the gels was low; 
however, the healthy effect of these compounds depends on 
their intake, and there is not always a threshold level recom-
mended to achieve the healthy effect [2]. Trypsin inhibitors 
are known to be anticarcinogenic compounds; it has been 
reported that the traditional Japanese diet contains around 
420 protease inhibitor units per day, and a consumption of 
25–800 units per day during three month exerts a protective 
effect against cancer in humans [2] (and citations therein).

According to Martínez-Villaluenga et al. [32] consumption 
of 3 g/day of α-galactosides produced a clear prebiotic effect, 

increasing the growth of beneficial microbiota, and improving 
the immune system. Hurrell et al. [33] reported a significant 
increase in iron absorption when IP6 was below 10 mg/g pro-
tein in one serving of the meal. Most of the surimi manufacturer 
recommended in the product label consuming one serving/day 
of around 70-125 g. Thus, taking these gels as vegetable surimi-
like gels, one serving of 100 g was chosen to determine the 
content of the bioactive compounds in one meal. Thus, one 
serving of these BPI gels supplied from 0.58 g (G14) to 0.80 g 
(G17) of total galactosides and one serving of G14 and G17 
contained 3.38 and 8.06 mg of IP6 per g meal protein. In addi-
tion, taking into account the presence of these phytochemicals 
in the vegetable gels, the BPI may be considered an added-
value ingredient in the development of new foods with specific 
health roles. One serving of G14 and G17 samples provided 
142 and 239 TIUs of trypsin inhibitors, amounts that are in the 
effective range for prevention or suppression of carcinogen-
induced effects [2, 4]. The amount of bioactive compounds 
supplied by one serving of these BPI gels are higher of that 
reported that reported by Borderias et al. [30] in pea-surimi-like 
gels. According to some authors [33, 34] consumption of food 
with total galactosides content lower than 12 mg/g and total 
inositol phosphates <20 mg/g (like the studied gels) produced 
low flatulence and afforded a mineral availability similar to 
commercial formulas based on soybean protein.

Conclusions

From the results of the physicochemical, mechanical and vis-
coelastic properties of the resulting gels it can be concluded 
that the low-lectin BPI is a legumin-rich isolate with great 

Table 4   Bioactive compounds content (wet basis) on gels elaborated 
at two BPI concentrations (14 and 17%)

Values are given as mean ± standard deviation; n = 4; n.d. = not 
detected

Bioactive compound G 14% G 17%

Inositol phosphates (IP) (mg/g)
  IP3 0.06 ± 0.00b 0.07 ± 0.00b

  IP4 0.23 ± 0.00c 0.44 ± 0.03b

  IP5 0.97 ± 0.03c 1.96 ± 0.05b

  IP6 2.55 ± 0.10c 6.08 ± 0.04b

  Total IP 3.79 ± 0.08c 8.62 ± 0.12b

  Trypsin inhibitors (TIU/mg) 1.42 ± 0.01c 2.39 ± 0.02b

Lectins (%PHA) n.d. n.d.
α-galactosides (mg/g)

  Raffinose 3.01 ± 0.11b 4.08 ± 0.07a

  Ciceritol 0.81 ± 0.07b 1.01 ± 0.01b

  Stachyose 2.77 ± 0.14c 3.90 ± 0.10b

  Total galactosides 5.78 ± 0.15c 7.98 ± 0.13b
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gelation ability at pH 7 (Lot B) in 14 and 17% BPI concen-
trations. Rheologically, they rendered less rigid gel networks 
with improved conformational flexibility, cohesiveness, and 
time stability than the lot A obtained al pH 6.5. These find-
ings permit to deduce that Lot B (pH 7) made with 14 and 
17% BPI with 5 U/g of MTGase was the most suitable for the 
study objective. Regarding the colour, all the gels showed a 
slight yellowness/creamy that easily permit gel colour modi-
fication. In addition, the light colour of the gels in combina-
tion with the viscoelastic and mechanical properties of Lot B, 
regardless of BPI concentration, would allow the formation 
of gels with a wide range of textures as the basis of mak-
ing meat-products and seafood analogues from a vegetal raw 
material. From a health point of view and according to the 
literature gels of Lot B contain enough bioactive content to 
exert a protective effect against some carcinogenic processes, 
to improve iron absorption, and to produce a prebiotic effect 
on the microbiota without the discomfort of flatulence.
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