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ABSTRACT

The aim of this research was to evaluate the effect of ultrasound pretreatment on enzymatic hydrolysis with Flavourzyme® and Alcalase”
enzymes and the ACE-inhibitory activity and the antioxidant capacity of protein hydrolysates of Erythrina edulis. A protein concentration
of 78.8% was obtained after sonicating the protein solutions (10%, w/v) for 10 min at 80 kHz and 100% amplitude. The ultrasonic
pretreatment (UP) increased the degree of hydrolysis (47.7%) up to 70 min, the /C,, values in both samples [with (UP) and without
pretreatment (WP)] were 100 ug/mL, and the UP samples presented the highest percentage of inhibition at 57.3%. The UP hydrolysates
showed the highest (p < 0.05) antioxidant (ABTS*) and radical (DPPH*) - scavenging activities, with /C,, values ranging from 64.52 to
77.62 ug/mL and from 151.13 to 173.22 ug/mL, respectively. In SDS-PAGE, the hydrolysates UP exhibited low molecular weight bands
(8 - 20 kDa). The results of both, antioxidants and antihypertensive activities obtained /in vitro, showed a higher percentage of activity for
the peptides obtained after pretreatment with ultrasound than for those obtained without the use of ultrasound prior to enzymatic hydrolysis.
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INTRODUCTION

Erythrina edulis is one of the 115 species of the Erythrina
genus found in the world and is also known as pajuro,
poroto, water plant or native chachafruto of Latin
America. It is a legume that has an average height of
between 10 and 15 metres, and its leaves have an intense
dark green colour with small thorns on the midrib of
the posterior face. It also has very bright red crimson
cores arranged in an elongated cluster that become
clongated and slightly rounded pods with a light green
and bright colour, which contain several grains or seeds
commonly used for animal nutrition and human food
due to their high protein content (16 to 25%) (Cardenas,
2012; Arango-et al., Guerrero, 2012; Morillo et al., 2013).
Currently, there is great interest in protein hydrolysates

due to their diverse applications (Guerra et al., 2017).
Enzymatic hydrolysis improves the chemical, functional
and nutritional properties of protein hydrolysates
(Torruco-Uco et al., 2009). For this reason, research has
been carried out on legumes such as Phaseolus lunatus,
Phaseolus vulgaris and Glycine max (Torruco-Uco et al., 2009;
Guerra et al., 2017; Hanafi et al., 2018), obtaining
bioactive peptides (Torruco-Uco et al., 2009; Udenigwe
and Aluko 2012). Intiquilla et al. (2010), evaluated the
ability of microbial proteases (Neutrase®, Flavourzyme®
and Alcalase®) to produce antioxidant peptides from the
Erythrina edulis protein. Found a degree of hydrolysis (DH)
at 120 min of 40% with Neutrase®, 28.5% with Alcalase®
and 42.3% with Flavourzyme®. Intiquilla et al. (2018)
evaluated the potential of the Erythrina edulis protein
as a source of antioxidant peptides, hydrolyzed with
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alcalase® (120 min). Reaching a final value of the DH of
37.03 £ 0.88%, showed potent ABTS* and peroxyl radical
scavenging activity with TEAC and ORAC values of
1.37 £ 0.09 pmol TE mg"! peptide and 2.83 £+ 0.07 umol
TE mg' peptide, respectively. In addition to identifying
ten new peptides with antioxidant effects 7z vitro from
the protein hydrolyzate Erythrina edulis with Alcalase®™ and
which therefore contains a complex mixture of peptides.
However, alternatives that increase these activities have
been sought. The sequential hydrolysis increases the degree
of protein hydrolysis as shown by Chirinos et al. (2018).
Hydrolysates were obtained via enzymatic hydrolysis
using food grade enzymes. In this sense, the application
of ultrasound is able to increase the yields of extraction
of polyphenols and% DH in concentrates and protein
isolates, helping to improve the antioxidant capacity of the
extracts (Wang etal., 2015; Zhang et al., 2015; Li et al., 2018,
Xiong et al., 2018), this is achieved through the chemical,
mechanical and physical effects of acoustic cavitation
(Chen etal., 2011). The treatment with ultrasound modifies
the conformation of the protein (Chen etal., 2011; Jia et al.,
2010: Zhang et al., 2015; Li et al., 2018; Xiong et al.,
2018). Consequently, a combination of pretreatment with
ultrasound and sequential enzymatic hydrolysis could be
a promising way to modify the functionality of globular
proteins. Therefore, the aim of this research was to evaluate
the effect of ultrasound pretreatment on enzymatic
hydrolysis of the enzymes, Flavourzyme® and Alcalase®,
and the ACE inhibitory activity and the antioxidant capacity
of the protein hydrolysates of Erythrina edulis.

MATERIALS AND METHODS

Materials

Erythrina edulis was collected in the municipality of
Rioblanco Tolima, Colombia. The enzymes, Flavourzyme®
and Alcalase®,were purchased from Sigma-Aldrich (Sigma
Chemical Co., St. Louis, MO, USA). All other reagents
used in this study were analytical grade chemicals. The
chemical composition of the flour was 18.5, 3.3, 0.9,
1.5, 2.6 and 73.2% of protein, moisture, fat, ash, fibre
and carbohydrates contents. The samples were placed in
vacuum-sealed polyethylene bags and stored at 4 + 0.5 °C
until later use.

Preparation of Erythrina edulis flour

The seeds of Erythrina edulis were cleaned by hand and
subsequently ground in a mill (Thomas Wiley brand) and
sieved, mesh No. 200 (74 um) (standard test sieve ASTM
E-11 specification W.S. Tyler, USA). The flour was defatted
with hexane in a Soxhlet system for at 50 °C for 2h (ED 115
Binder Oven, Germany) (Rodriguez-Miranda et al., 2012).
The defatted flour was screened through a no. 100 (149 um)
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mesh (standard test sieve ASTM E-11 specification W.S.
Tyler, USA).

Preparation of Erythrina edulis protein concentrate (PC)
The PC was fractionated using an established method by
Betancur-Anacona et al. (2004) with some modifications
(Fig. 1). To raise the pH, 1 N NaOH was added to the
flour suspension to reach pH 11, and the suspension was
stirred for 75 min at 450 rpm. The suspension was then
centrifuged (Hermle-Z32HK, Germany) at 4000 X g for
30 min, and the supernatant was adjusted with 1 N HCI
to pH 4.2, the isoclectric point (The obtained extracts
were taken to different pH in a range of 3 to 6 using 1
N HCL, and the protein content of the supernatants and
precipitates obtained in each sample was evaluated. The
isoelectric point in the range in which the supernatant
was lower and the precipitate higher protein content was
stabilized), and filtered by a no. 100 mesh (149 um, standard
test sieve ASTM E-11 specification W.S. Tyler, USA),
again to steps 1 to three twice as shown in Fig, 1; after
being centrifuged at 4000 x g for 30 min, the precipitate
was washed with distilled water 10 times; subsequently,
the precipitate was freeze-dried. The protein content was
determined by the micro-Kjeldahl method (N x 6.25)
(Rahmaninia et al., 2018). The PC obtained had a protein
content of 78.8%.

Ultrasound pretreatment (UP)

The PC dispersions (10%, w/v) were prepared in distilled
water (Resendiz-Vazquez et al., 2017) and stirred in a
vortex (Vortex-2 Genie, Model G-560, Scientific Industries,
Inc., Bohemia, NY, 11716, USA) for 1 min at = 20 rpm.
An Elmasonic ultrasonic bath (Model P30 H, Elma
Schmidbauer GmbH Gottlieb-Daimler-Str. 17 D-78224,
Singen, Germany) with a volume of 1.9 L was used. The
UP was performed with a frequency of 80 kHz and an
amplitude of 100% for 10 min. After the UP, the samples
were freeze-dried and placed in vacuum-sealed polyethylene
bags and stored at 4 = 0.5 °C until later use.

Enzymatic hydrolysis

The method described by Adler-Nissen, (1986) with some
modifications (Pedroche et al.,, 2002; and Guerra et al.,
2017) was used for the hydrolysis of the PC.

ACE-inhibitory activity

The ACE-inhibitory activity was measured by the method
of Cushman and Cheung (1971) with slight modifications, as
described in a previous publication (Muguerza et al., 2000).

Effects of ultrasound on antioxidant activities
ABTS* inhibition activity

The methodology described by Kuskoski et al. (2004) was
followed.
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Fig 1. Schematic diagram of experimental obtaining protein concentrate.

DPPH* inhibition activity
The methodology described by Braca et al. (2002) was
followed with slight modification.

SDS-PAGE Electrophoresis

Sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) of PC, UP and WP was performed following
the method of Sambrook etal. (1989) using 12% separating
gel and 5% stacking gel. The samples were dissolved in
sample buffer (0.001 g in 200 microliters of reducing
SDS loading buffer containing 50 mM tris-HCI pH = 6.8,
100 mM dithiothreitol, 10% glycerin, 2% SDS, and 0.1%
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bromophenol blue). After heating samples for 3 min at
90 °C and cooling to room temperature (25 °C), 10 pug of
protein was loaded onto gels, and run in OmniPage Mini
Vertical Systems (Cleaver Scientific, Warwickshire, UK)
using Tris-glycine-SDS buffer as the running buffer. The
conditions were set at 200 V constant, and the gels were run
for 45 min. Sigma MarkerTM (ColorBurst Electrophoresis
Marker - C1992 -Sigma Chemical), was used as molecular
weight marker. After electrophoresis, the gels were
stained with Coomassie Blue for 60 min, destained with
a 10% acetic acid-10% methanol solution for 12 h, and
photographed using a digital camera.
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Fig 2. General diagram of the ultrasonic pretreatment and enzymatic hydrolysis of the Erythrina edulis protein concentrate.

Gel filtration chromatography

Gel filtration chromatography profile of hydrolysates (UP
and WP) on Sephadex G-15 column (1.8 X 60 cm) (Beijing
RuiDaHengHui Science & Technology Development co.
Ltd, China). Separation was performed at a flow rate of
0.5 mL/min with 20 mM sodium acetate—acetic acid buffer
solution (pH 4.0) and collected at a fraction volume of

3 mL. The absorbance of the samples was measured at
260 nm.

Statistical analysis

The results were analysed using a one-way analysis of
variance (ANOVA), and the differences between the means
were determined by a least significant difference test (LSD)
with a confidence level of 95% using Statistica Version 8
software (StatSoft, Inc. 1984-2008, USA).

RESULTS AND DISCUSSION

Effect of ultrasound pretreatment on enzymatic
hydrolysis

Fig. 3 shows the effect of the ultrasonic pretreatment on the
degree of hydrolysis (DH) of the PC of Erythrina edulis. The
percentage of DH of both samples with (UP) and without
pretreatment (WP) ultrasound pretreatment showed the
same tendency to increase with increasing hydrolysis time,
showing significant differences (p < 0.05). However, at 60
and 70 min, the WP samples were not significantly different
(p > 0.05), with 37.2% being the highest %DH for the WP
samples. The samples the with the UP presented higher
values (p < 0.05) at all times than those of the WP samples.
The highest %DH value of 47.7% was found for the UP
samples at 70 min of hydrolysis; therefore, the use of the
ultrasonic pretreatment increased by 10.2% with respect
to the WP sample at 70 min. This is because ultrasound
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Fig 3. Effect of ultrasonic pretreatment on degree of hydrolysys
of the protein concentrate E. edulis. The results are indicated as
mean =+ standard deviation (n = 3). WP = without pretreatment,
UP = ultrasonic pretreatment. Different letters indicate significant
differences (p < 0.05).

produces a series of chemical and physical changes in the
protein, such as mechanical effects, cavitation, heating
effects, dynamic agitation, shear stress and turbulence
(Wang et al.,, 2015; Zhang et al., 2017). These effects
include breaking the covalent bonds, changing the protein
structures and promoting the enzymatic hydrolysis process
by increasing the combination of enzymes and proteins
(Wang et al., 2015; Jia et al., 2010; Ding et al., 2018). The
results suggest that the UP contributes to the breakdown
of strong intermolecular interactions of the solute-matrix,
including Van der Waals forces and hydrogen bonds (Ding
etal., 2018). The %DH (37.2 to 60 min) found for samples
without the ultrasound pretreatment was in the range of
values reported by other authors in PC of Erythrina edulis,
Intiquilla et al. (2016) report 43.3% after 120 min using
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Flavourzyme®, while Intigilla et al. (2018) reported 37.03%
in 120 min using Alcalase®. Therefore, this research shows
that with the sequential use of enzymes during hydrolysis,
the hydrolysis time is significantly reduced to 50% to reach
the same %0 DH. The value of WP (37.2%) was in the range
of values reported for other legumes. Guerra et al. (2017)
measured the protein concentration (82%) of mung bean
(Vigna Radiata) using the commercial enzymes, Alcalase®,
trypsin® and Flavourzyme®, and achieved %DH values
of 40.81, 30.45 and 37.45%, respectively, after 60 min
of hydrolysis. Torruco-uco et al. (2009) reported a DH
value of 37.94% for the protein concentrate (71.8%) of
P. Lunatus after reacting with Alcalase® for 45 min and a
value of 49.48% for the protein concentrate (63.8%) of
P. vulgaris after 30 min of reaction time. The %DH found
for the UP samples of this study is higher than that of oat-
isolated protein reported by Wang et al. (2015), which was
58.3%; after 20 min of ultrasonic pretreatment at 750 W
and 60 min of enzymolysis with Alcalase®. The value of
%DH was 32.1%. Ding et al. (2018) in protein concentrates
of grape seeds hydrolyzed with Alcalase® for 90 min with
pretreatment of dual ultrasonic (20/35 kHz) for 20 min,
DH of 40 - 47%. Zhang et al. (2017) treated pig skin
collagen hydrolysates with Alcalase® after pretreatment
with ultrasound (25 kHz at an ultrasonic power of 290 W
for 40 min (pulse durations of 1 s on and 3 s off)) and
alkali and achieved a %DH value of 32% after 180 min
of hydrolysis.

Effect of ultrasound pretreatment on ACE-inhibitory
activity

Significant differences were found (p < 0.05) between
the concentrations used in both treatments (UP and WP)
Fig. 4. The concentration was 100 pg/mL when mote than
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Fig 4. Effect of ultrasonic pretreatment on inhibition ACE (%) of
the protein concentrate E. edulis. The results are indicated as
mean =+ standard deviation (n = 3). WP = without pretreatment,
UP = ultrasonic pretreatment. Different letters indicate significant
differences (p < 0.05).
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50% inhibition was reached in both groups (UP and WP);
however, the UP group presented higher % inhibition (57.3%)
compared to the WP group (50.7%). These differences are
resulting in forces that are able to break the chains of protein
molecules, thus improving proteolysis and the release of
peptides, (Bosiljkov et al., 2011; Ren et al., 2014; Liu et al.,
2018). This effect was also reported by Jia et al. (2010). Ren
ctal. (2014) reported that pretreatment with fixed-frequency
ultrasound at 40 kHz increased the ACE-inhibitory activity
of zein hydrolysate by 97% compared to the control. The
values of IC, found in this investigation are within the range
(56 - 1140 pg/mL) reported for protein concentrates from
other plant sources, such as Phaseolus lunatus, Phaseolus vulgaris,
chickpea seed, green soybeans, cafiihua and oats (Torruco-Uco
et al,, 2009; Hanafi et al.,, 2018; Chirinos et al., 2018; Gupta
and Bhagyawant, 2018; Wang et al., 2015). Therefore, it can
be concluded that the ultrasonic pretreatment effectively
increased the ACE-inhibitory activity of hydrolysed peptides
from Erythrina edulis protein. However, IC, values indicate
the ability of the hydrolyzate to inhibit ACE and cannot be
completely attributed to the degree of hydrolysis, but can
be provided by the amino acid composition of the peptides
present in the hydrolysates, which in turn depends on the
activity proteolytic enzyme system used (Tsai et al., 2008;
Chirinos et al., 2018) therefore further studies on the amino
acid composition of the peptides obtained in this research
need to be carried out.

Effects of ultrasound on antioxidant activities
ABTS* inhibition activity

The ABTS* radical activity assay was analysed at different
times of hydrolysis of the PCs to investigate more
thoroughly the effect of UP on the antioxidant capacity
of the obtained hydrolysates. The UP hydrolysates showed
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Fig 5. Effect of ultrasonic pretreatment on ABTS* IC,, of the protein
concentrate E. edulis. The results are indicated as mean + standard
deviation (n = 3). WP = without pretreatment, UP = ultrasonic
pretreatment. Different letters indicate significant differences (p < 0.05).
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the best (p < 0.05) antioxidant activity (ABTS*) with IC
values of 77.62 to 64.65 pg/mL (Fig. 5). However, no
significant difference was found (p > 0.05) among samples
hydrolysed for 30, 40, 50 and 60 min, with an average
value of 65.71 pg/mL. The WP hydrolysates showed
lower activity with IC, values of 72.62 to 84.14 yug/mlL..
These results of the radical (ABTS*)-trapping activity
of the UP hydrolysates indicate that these hydrolysates
favoured the hydrolysis of peptides or substances that
are electron donors and that can react with free radicals
to yield more stable products and end the reaction in the
radical chain (Torruco-Uco et al., 2009; Schaich et al., 2015;
Intiquilla et al., 2019). The presence of tyrosine at the
C-terminal extreme of peptide seems to be primary for the
ABTS* radical scavenging activity of vegetable proteins-
derived peptides (Babini et al., 2017), and according to
Intiquilla et al. (2016) the essential amino acids present in
greater proportion in the PC of Erythrina edulis, are Leu,
Lys, Phe, Val and Tyr. This is in agreement with the results
of Li et al. (2018) for quinoa protein isolates pre-treated
with ultrasound, which showed greater radical-trapping
activity than the control. The value of WP is lower than
that reported by Guerra et al. (2017) in protein hydrolysates
of mung bean with Trypsin® and Flavourzyme® with IC,,
values of 81.89 and 123.44 pg/mlL, respectively, as well as
by low hydrolyzate with Alcalase® IC_ = 81.89 ug/mL.

DPPH* inhibition activity

Antioxidants can interact with free radicals and form stable
species, which end oxidation (You et la., 2009). The free
radical, DPPH*, has been widely used to evaluate reducing
substances (Bae and Suh, 2007). Fig, 6 shows the effect of
the ultrasonic pretreatment on the radical-trapping activity
(DPPH*) and the hydrolysis time of the PCs of Erythrina
edulis. The antioxidant activities of both samples (UP
and WP) tended to increase after the hydrolysis time had
elapsed. Significantly high values (p < 0.05) of the trapping
activity of DPPH* radicals were found for the UP samples
with IC, values of 151.13 to 173.22 pug/ml. (Fig. 5). No
significant difference was found (p > 0.05) among samples
hydrolysed for 20, 30 and 40 min (average 152.3 pg/mlL)
and between 50 and 60 min (average 148.1 ug/mL). The
WP samples showed lower activity with IC_ values of
152.72 to 182.22 pg/mlL. The ultrasonic pretreatment
helped that during the hydrolysis the fractions of proteins
with great molecular weight were degraded in fractions
of relatively small molecular weight with the capacity to
donate electrons and that could react with free radicals to
turn them into products more stable, thus ending chain
reactions (Aderinola et al., 2019; Yang et al., 2008; 2011).
The higher uptake capacity of DPPH radicals in UP may
be due to the presence of greater amounts of hydrophobic
residues compared to WP, since hydrophobicity could have
improved the peptide interactions with DPPH molecules
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(Sarmadi and Ismail, 2010, Jarotimi et al., 2018). Therefore,
ultrasonication improves free radical-trapping activity, a
finding that coincides with those reported by other authors,

where the activity increased with the use of ultrasonication
(Nadeem et al., 2018; Jiang et al., 2018; Ma et al., 2018).

SDS-PAGE

Fig. 7 shows the page SDS-page, the protein profile of
hydrolysates (UP and WP) and PC. The SDS-PAGE profile
of the samples showed significant difference between the
samples. The UP sample exhibited five low molecular
weight bands ranging from 8 to 20 kDa, based on the width
and intensity of the band, compared to WP. According to
Torruco-Uco et al. (2009), the presence of low molecular
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Fig 6. Effect of ultrasonic pretreatment on DPPH* IC, of the protein
concentrate E. edulis. The results are indicated as mean + standard
deviation (n = 3). WP = without pretreatment, UP = ultrasonic
pretreatment. Different letters indicate significant differences (p < 0.05).
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Fig 7. SDS-PAGE electrophoretic profiles of PE = molecular
weight marker (ColorBurst Electrophoresis Marker - C1992 Sigma).
PC = protein concentrate of E. edulis, UP = hydrolyzed protein of
E. edulis with ultrasonic pretreatment and hydrolysis time of 60 min,

WP = hydrolyzed protein of E. edulis without ultrasonic pretreatment
and hydrolysis time of 60 min.
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Fig 8. Sephadex G-15 gel chromatography: A) hydrolyzed protein of E. edulis without ultrasonic pretreatment and hydrolysis time of 60 min and
B) hydrolyzed protein of E. edulis with ultrasonic pretreatment and hydrolysis time of 60 min.

weight bands in legumes suggests that the hydrolysis was
extensive, as shown in this investigation, the samples
with ultrasonic pretreatment presented the highest ACE
inhibitory activity and the lowest molecular weight bands.
It is clear that changes in molecular weight of UP samples
occurred after ultrasonication by enzymatic hydrolysis.
The effect observed in the molecular structure is related
to the creation of disturbed flow with high shear, in the
liquid environment protein, after ultrasonic pretreatment
causing the division of the molecular structure of the
protein, helping the availability of some compounds for
hydrolysis enzymatic. These results are in agreement with
those reported by Jambrak et al. (2014, 2010). Nazari et al.
(2018) reported changes in the electrophoretic patterns
of the protein concentrate of native Panicum miliacenm and
treated with ultrasound. It showed important changes in
protein fractions, especially in the 40 and 50 kDa links after
the treatment in 73.95 W/cm? of intensity during 12.5 min.

Gel filtration chomatography

Gel filtration is known to isolate substances based on their
molecular weight (Ji et al., 2014). Fig, 8 shows that in the
UP were obtained 12 fractions that were designated as
F1 - F12. Showing that fractions F7, F§, F9, F10, F11 and
F12 eluted at the end indicate that their molecular weight is
smaller compared to other fractions and why they showed a
greater inhibitory activity of the ACE, as the results found
in this investigation. While in WP only 6 fractions of higher
molecular weight are shown. The antioxidant properties
of the peptides are more related to their composition,

294

structure and hydrophobicity (Wang et al., 2007), therefore
the considerable value of the amino acids like Lys, Met,
Trp, Tyr and Phe could be favoured the high antioxidant
activity of the hydrolysates. Similarly, amynoacids that have
an important role in the inhibitory action of ACE, such as;
Pro, Phe, Arg, Trh, Lys and Tyr, that was observed with
a high value could be responsible for the coupling to the
active site of the ACE (Lopez-Fandifio et al., 2000).

CONCLUSIONS

The use of pretreatment with ultrasound in the production
of bioactive peptides by enzymatic hydrolysis of Erythrina
edulis showed that this method helps in the previous
breakdown of the protein and thus in the enzymatic
hydrolysis. A relationship between the degree of hydrolysis
and the 7 vitro antioxidant activity ABTS* and DDPH* was
observed, showing that the greater the degree of hydrolysis
is, the greater the antioxidant activity 7 vifro. Results of the
inhibitory activity of ACE show that the bioactive peptides of
Erythrina edulis can be used as an alternative in the processing
of nutraceutical products. It will be interesting to examine
the behaviour of these peptides 7 vivo and to perform other
biological tests to determine the sequences of these peptides.
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