
ORIGINAL PAPER

Antithrombotic and Antioxidant Activity of Amaranth
Hydrolysate Obtained by Activation of an Endogenous Protease

Ana Clara Sabbione1,2,3 & Sabrina M. Ibañez2 & E. Nora Martínez1,2,3 &

María Cristina Añón1,2,3
& Adriana A. Scilingo1,2

# Springer Science+Business Media New York 2016

Abstract Ingestion of diets with antithrombotic and antioxi-
dant components offer a convenient and effective way to pre-
vent and reduce the incidence of cardiovascular diseases. The
aim of the present workwas to obtain an amaranth hydrolysate
by the activation of an endogenous aspartic protease, to estab-
lish adequate experimental conditions, and to evaluate its an-
tithrombotic and antioxidant activity in order to assess its po-
tential application as an ingredient in functional foods. The
results obtained not only confirmed the presence of an
endogenous protease in the amaranth isolate, but also
allowed us to select an adequate incubation conditions
(pH 2, 40 °C, 16 h). The hydrolysate obtained (degree
of hydrolysis 5.3 ± 0.4 %) showed potential antithrombot-
ic activity (IC50 = 5.9 ± 0.1 mg soluble protein/mL) and
had more antioxidant activity than the isolate, indicating
that the activation of the protease released bioactive pep-
tides from amaranth proteins. Decreasing the pH is a sim-
ple and cheap process and is another way to obtain poten-
tial functional ingredients with bioactive compounds.

Keywords Amaranth proteins . Endogenous aspartic
protease . Bioactive peptides .Antithrombotic and antioxidant
activity

Abbreviations
DH% Degree of hydrolysis
IC50 Concentration of isolate or hydrolysate that inhibits

50 % of the thrombus formation or produces 50 %
radical neutralization

HEP Hydrolysate prepared by activation of endogenous
protease

Introduction

Food is considered functional if it contains a component, nu-
trient or not, which benefits a limited number of functions in
the body providing welfare and health, understood as reducing
the risk of disease [1]. In this context, functional foods contain
components of different nature with proven physiological ac-
tivity known as bioactive species; among them peptides
encrypted in the sequences of proteins. Over the last years, it
has been demonstrated a clear tendency in the use of peptides
derived from food proteins due to its relevant functionality to
human health [2]. Numerous studies proved that peptides de-
rived from diverse sources which were released by exogenous
proteases, fermentation processes or endogenous enzymes,
showed antimicrobial, antihypertensive, hypocholesterolemic,
antioxidant, antithrombotic, antiproliferative and immuno-
modulatory activity, among others [3–5]. In recent years, dif-
ferent researchers have found biological activities of proteins
and peptides contained in amaranth seeds [6–9], making this
pseudocereal an interesting source for its use in functional
food ingredients.
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Due to the fact that cardiovascular diseases are among the
main causes of death in the world, the consumption of foods
containing antioxidant and/or antithrombotic compounds
could be a strategy to implement as a possible way to decrease
the incidence of these pathologies.

Studies performed in our laboratory showed the presence
of an endogenous protease in amaranth protein isolates which
was active at acid pH [10]. This finding led us to the idea of
setting a process capable to generate amaranth hydrolysates by
acidifying an isolate dispersion, as a way to release potential
bioactive components. The presence of proteases in the seeds
is very common, since they are involved in many aspects of
physiology and development of the plant. These enzymes hy-
drolyze and mobilize reserve proteins, so they can be used as a
nitrogen source by the seeds upon germination [11, 12].

In this context, the aim of this study was to obtain an am-
aranth hydrolysate by the activation of the endogenous prote-
ase to establish adequate experimental conditions and to
evaluate its antithrombotic and antioxidant activity. In this
regard, the potential application in the development of func-
tional foods will be determined.

Materials and Methods

Plant Materials and Samples Preparation

Seeds of Amaranthus hypochondriacus (cv mercado) were
harvested at Córdoba, Argentina, ground (cyclone mill,
1 mm mesh) and screened (0.092 mm mesh). The resulting
flour was defatted with n-hexane at room temperature (ratio
1:10) during 24 h, dried at room temperature, and stored at
0 °C until use.

Amaranth protein isolate was obtained as described by
Martínez and Añón [13]. Briefly, amaranth defatted flour was
suspended in distilled water (10 g defatted flour/100mL, pH 9,
1 h stirring, room temperature). Centrifugation at 9000×g,
10 °C, 20 min was made and the supernatant was adjusted to
isoelectric point in order to precipitate the proteins (pH 5). The
precipitate obtained after centrifugation at 9000×g, 4 °C,
20 min, was suspended in water, neutralized and lyophilized.

Selection of Conditions to Prepare Amaranth Protein
Hydrolysate by Activation of an Endogenous Protease
(HEP)

Assays modifying pH, temperature and incubation time were
performed (Fig. 1). The isolate was suspended in water
(20.4 ± 0.3 mg/mL) and different aliquots were used to study
pH effect for 3 h at 40 °C (pH 1.5; 2.0; 2.5; 3.0; 3.5; 4.0),
temperature effect for 3 h and pH 2.0 (25 °C, 40 °C, 55 °C,
65 °C), and incubation time effect at pH 2.0 and 40 °C (1, 3, 5,
7 y 16 h). The proteolysis was conducted at constant agitation

and was stopped at 85 °C for 10 min. Samples were stored at
−20 °C until use. After establishing the adequate pH, temper-
ature and time conditions, HEP was obtained, freeze-dried,
ground and stored at 0 °C until use.

Samples Characterization

Centesimal Composition

Protein content was determined by Kjeldahl method, using the
conversion factor 5.85 g protein/g nitrogen [14], water content
by drying in a stove at 105 °C until constant weight and ashes
content was obtained by heating in a muffle at 550 °C (AOAC
methods 954.01, 923.03, and 925.09; 1990). Carbohydrates
and fiber content was calculated by difference.

Electrophoresis SDS-PAGE and Tricine-SDS-PAGE

SDS-PAGE runs were carried out in stacking and separating
gels containing 40 and 120 g/L acrylamide, respectively [15],
and tricine-SDS-PAGE runs were carried out in stacking, spac-
ing and separating gels using 160, 100 and 40 g/L acrylamide,
respectively [16]. Runs were performed under reducing con-
ditions (sample buffer with 50 mL/L of 2-mercaptoethanol, 2-
ME). Gels were fixed and stained with Coomassie Brilliant
Blue R-250 (Anedra, San Fernando, Argentina) stain. Gels
images were analyzed with Image J in order to determine the
molecular masses of the peptides and polypeptides, and the
relative intensity of the bands. Electrophoretic runs were per-
formed in duplicate.

Degree of Hydrolysis (DH%)

The o-phthaldialdehyde method (OPA, Sigma, St. Louis, MO,
USA) described by Nielsen et al. [17] was employed to quan-
tify free amino groups. The following expression was used in
order to calculate the DH%:

DH% ¼ NH2 t−NH2 t0ð Þ= NH2 t∞−NH2 t0ð Þ � 100 ð1Þ

NH2 t, NH2 t0, and NH2 t∞: free amino groups at time t,
initial time (0) and infinite time of hydrolysis, respectively.
NH2 t0 was determined experimentally from a non-
hydrolyzed isolate, and NH2 t∞was obtained using the follow-
ing expression:

NH2 t∞ ¼ 1=MWaað Þ � 1þ fLys
� �� P� 1000 ð2Þ

MWaa is the average molecular weight of the amino acids
of amaranth proteins, 130 g/mol fLys is the lysine proportion in
amaranth proteins, 1/16 [14].

P is the protein concentration [18].
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Molecular Exclusion Chromatography

Soluble fractions were analyzed in a Pharmacia LKB
(Uppsala, Sweden), FPLC System, using the molecular exclu-
sion column (GE- Healthcare total volume, Vt = 25 mL)
Superose-6 N°3 (range: 5–5000 kDa). It was calibrated with
blue dextran (void volume, Vo = 7.16 mL), thyroglobulin
(669 kDa), alcohol dehydrogenase (150 kDa), albumin
(67 kDa), ovoalbumin (44 kDa), and ribonuclease (19 kDa)
from GE Healthcare. The molecular masses of the fractions
were calculated using the equation:

log MW ¼ −0:2526 Ve þ 5:976 ð3Þ

where MW is the molecular weight in kDa and Ve is the
elution volume in mL.

Soluble fractions were obtained by dissolving the sample in
buffer 28mmol/L Na2HPO4, 7 mmol/L NaH2PO4, pH 7.8 and
incubating it for 1 h at 25 °C with agitation. Samples were
then centrifuged at 10,000×g for 30 min at 15 °C. 200 μL of
the soluble fraction were loaded in the column and eluted in
the same buffer at 0.2 mL/min. Polypeptides and peptides

were detected by absorbance at 280 nm. Every determination
was performed at least twice.

Percentage areas of the peaks were calculated by determin-
ing the total area of each chromatogram and the area of every
peak obtained. These data was processed with the Origin 8.0
program, peak analyzer function.

Antithrombotic Activity

The ability to inhibit the coagulation of fibrinogen was mea-
sured according to Yang et al. [19], and modified by Zhang
et al. [20] with the microplate method. Briefly, in a microplate
were added 140 μL of 0.1 g/100 mL fibrinogen (Sigma), and
40 μL of amaranth isolate and its hydrolysate solubilized at
different concentrations, buffer as a negative control of the
coagulation inhibition or 0.3 mg/mL heparin (Abbott,
Alameda, CA, USA) as a positive control of the coagulation
inhibition. The clotting process was initiated with the addition
of 10 μL of thrombin (12 UI/mL, Sigma) and absorbance at
405 nm was measured before and after 10 min of adding the
enzyme in a microplate reader Synergy HT-Siafrt™ (Biotek

Fig. 1 Design of exploratory experiences to determine the best
conditions to obtain the amaranth hydrolysate. Electrophoresis SDS-
PAGE in presence of 2-ME of amaranth protein isolate (I) at pH 7. a
Isolate treated at different pHs during 3 h at room temperature. b Isolate
treated at pH 2 during 3 h at different incubation temperatures. c Isolate

treated at pH 2 at room temperature during 1 to 16 h. Variables are
indicated in each line. LMW: standards low molecular weight:
phosphorylase-b (94 kDa); bovine serum albumin (67 kDa); ovalbumin
(45 kDa); carbonic anhydrase (30 kDa); trypsin inhibitor (20.1 kDa); α-
lactalbumin (14.4 kDa)

Plant Foods Hum Nutr



Instruments, USA). The inhibitory effects were calculated ac-
cording to the following equation:

% Inhibition ¼ C−CBð Þ− S−SBð Þ½ �
.

C−CBð Þ � 100 ð4Þ

where, CB (control blank) is the initial absorbance of the neg-
ative control of inhibition, C (control) is the absorbance of the
negative control at 10 min of incubation with thrombin, SB
(sample blank) is the initial absorbance of the sample, and S
(sample) is the absorbance of the sample at 10 min of incuba-
tion with thrombin.

Solution of the samples in the buffer 50 mmol/LTris-HCl,
pH 7.2, 0.12 mmol/L NaCl were prepared, and incubated for
1 h at 25 °C with agitation. Samples were then centrifuged at
10,000 x g for 30 min at 15 °C. The protein content in the
supernatant was determined by the Lowry colorimetric meth-
od [18].

Antioxidant Activity

Oxygen Radical Absorbance Capacity (ORAC). The ORAC
assay was performed in a 96-well black microplate, according
to Orsini Delgado et al. [21]. Briefly, 150 μL of 53.3 nM
fluorescein solution (Sigma) in 35 mmol/L phosphate buffer
pH 7.8 were mixed with 25 μL of sample, phosphate buffer
(negative control) or Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid Sigma, 6.25–
75.0 μmol/L, positive control). After 10 min incubation at
37 °C, 25 μL of 160 mmol/L AAPH (2,2′-azo-bis-(2-
methyilpropionamidine) dihydrochloride, Sigma) were added
and the microplate was incubated for 45 min at 37 °C, while
fluorescence intensity (λexc: 485, λem 535 nm) was measured
every min in a microplate reader Synergy HT-Siafrt™. A
blank without AAPH was included. The area under fluoresce-
in decay curve was calculated (AUC) with the equation
AUC = 0.5 + f1/f0 + f2/f0….. + fi-1/f0 + 0.5 fi/f0, where f
is the fluorescence value at a particular time. The scavenging
% was calculated with the following equation:

Scavenging % ¼ AUCS−AUCNCð Þ= AUCB−AUCNCð Þ½ �*100
ð5Þ

where, S is sample, B is blank, NC is negative control.
Scavenging of ABTS+. Radical. ABTS radical cation

(ABTS+.) discoloration assay was performed according to
Siddhuraju [22] with some modifications [8]. Briefly,
ABTS+. was produced, diluted in water and equilibrated at
room temperature to give an absorbance of 0.8 ± 0.2 at
734 nm (Beckman DU 650, USA spectrophotometer).
10 μL of amaranth isolate and its hydrolysate solubilized at
different concentrations were mixed with 990 μL of ABTS+.

solution, and absorbance at 734 nm was measured at different
times (0–120 min). Trolox (0.5–1.5 mmol/L) was used as

positive control, while buffer Tris 50 mmol/L pH 8, was used
as negative control. Scavenging % was calculated with the
following equation:

Scavenging % ¼ Abs0−AbStð Þ− Abc0−AbCtð Þ=Abc0½ �*100
ð6Þ

where, AbCt and Abc0 are absorbance of the negative control
at 10 and 0 min, respectively. AbSt and Abs0 are absorbance of
the sample at 10 and 0 min, respectively.

Suspensions of the samples in the corresponding buffer 8
were prepared using the same conditions indicated in section
Samples Characterization and protein content was determined
by Lowry method [18]. Scavenging % was plotted as a func-
tion of the protein content of the sample in order to obtain the
mass of protein necessary to produce 50 % of scavenging
(IC50).

Statistical Analysis

Isolates and hydrolysates were prepared three times at least.
Data were analyzed by means of the analysis of variance
(ANOVA) with the post-hoc least significant differences
(LSD) Fisher test (p < 0.05).

Results and Discussion

Incubation Conditions, Preparation,
and Characterization of Amaranth Hydrolysate

In order to produce a hydrolysate using the endogenous pro-
tease, incubation conditions of the isolate had to be deter-
mined (Fig. 1). Considering the fact that most of the anti-
thrombotic and antioxidant peptides described in bibliog-
raphy present low molecular masses [23], pH, time and
temperature conditions that produced major changes in
the electrophoretic profiles were established as hydrolysis
conditions of the protease.

Figure 1a shows an electrophoretic gel with profiles of
samples incubated at different pHs for 3 h at 40 °C. The isolate
profile (I, pH 7) presented bands of 56.6 ± 0.9 kDa,
52 ± 1 kDa, 36 ± 1 and 31 ± 1 kDa, and bands of molecular
masses of 26.2 ± 1.4, 21.5 ± 1.1 and 20 ± 1 kDa. As pH
decreased from 7 to 2, more drastic changes were observed
in the profiles: 56 and 52 kDa bands diminished in intensity or
disappeared; at pH 3 the band of 52 kDa was not observed,
whereas 56 kDa band was present even at pH 2.5. The region
of low molecular mass polypeptides was dyed more intensely
as pH descended, due to the appearance of new lowmolecular
mass bands that were not adequately separated in this gel
(showed in tricine-SDS-PAGE, ESM2). A treatment at pH 2
was considered adequate to obtain the hydrolysate as its
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profile exhibited drastic changes and was the only one that did
not contain the 36 kDa band.

Figure 1b shows electrophoretic SDS-PAGE profiles of
samples treated at different temperatures for 3 h at pH 2.
Even though proteolytic activity was observed in every sam-
ple, the profiles exhibited some differences. At 25 and 40 °C
profiles resulted similar, the two bands with molecular masses
near 20.1 kDa disappeared in both profiles, but the treatment
at 40 °C presented a lower quantity of high molecular mass
bands. At 40, 55 and 65 °C bands of 56 and 52 kDa get
cleaved, and numerous bands near 14.4 kDa appeared in the
inferior part of the those profiles. A treatment at 40 °C was
considered adequate to obtain the hydrolysate as the highest
extent of hydrolysis was reached when the sample was incu-
bated at that condition.

Figure 1c presents electrophoretic SDS-PAGE profiles of
samples treated at different times. As incubation time in-
creased, new polypeptides appeared as a set of bands in the
inferior zone of the gel and other bands of high molecular
masses disappeared. At 1 h incubation the protease showed
proteolytic activity, 56 and 52 kDa bands disappeared from
the profile. As hydrolysis progressed 36 and 31 kDa bands
diminished in intensity, profiles got more defined and in the
region of low molecular mass, the intensity of the bands de-
creased indicating that those polypeptides were substrate of
the enzyme, becoming even smaller. The electrophoretic
profiles in Fig. 1c showed that a treatment at 16 h pro-
duces a hydrolysate more proteolyzed than those obtained
at fewer incubation times. It must be taken into consider-
ation that the changes of the isolate were generated not
only by the protease activity, but also by the dissociating
and denaturing effect of the acidic medium. Protonation
of storage proteins promoted at acidic pH induces their
unfolding and the dissociation of their quaternary struc-
ture with release of their subunits [24].

According to the results (Fig. 1a, 1b and 1c), the highest
extent of hydrolysis was reached incubating for 16 h at pH 2
and 40 °C.

After determining proteolysis conditions, the hydrolysate
was prepared from an Amaranthus hypochondriacus isolate.
The activity of the endogenous protease was studied by mea-
suring the degree of hydrolysis (DH%) over time of the ama-
ranth isolate using OPA method. Aliquots treated at pH 2 and
40 °C were taken at different reaction times (1, 3, 5, 7 and
16 h) and DH%was calculated. Figure 2a shows an increment
of DH% over time. After 7 h of incubation a decrease in the
rate of hydrolysis was observed, maybe due to substrate de-
pletion or to partial inactivation of the enzyme [25]. At 16 h of
incubation the highest DH% (5.3 ± 0.4 %) was reached. This
result coincides with that observed in Fig. 1c, where the 16 h
treatment sample showed more changes in the profile, when
compared to the isolate, than the other samples. As the quan-
tity of enzyme contained in the seeds remains unknown, the

relation enzyme/substrate is not controlled and this may be a
possible explanation for the low DH% obtained.

The centesimal composition of the HEP, compared with that
of the isolate (I) is presented in Table 1. The composition of I
was similar to that described by Condés et al. [26] and
Sabbione et al. [9]. The hydrolysate showed a higher content
of ashes, which came from the salt formed after acidification
and neutralization of the sample, and also, a higher moisture
content, probable because of the higher hydrophilicity of the
peptides released during the hydrolysis (increase of amino and
carboxyl groups). As a consequence, the protein content was
lower than that of the isolate.

In order to visualize amaranth protein changes as a conse-
quence of the hydrolysis, molecular mass variations were an-
alyzed using molecular exclusion chromatography. Figure 2b
presents the chromatograms obtained for I and HEP divided in
three zones: molecular masses 100 kDa for zone I, between 5
and 100 kDa for zone II, and 5 kDa for zone III. The chro-
matogram of the isolate exhibited the presence of polymers in
zone I that correspond to molecules of P and 11S globulins of
280–360 kDa described by Martínez et al. [15] and to mole-
cules of 7S globulin of 180–220 kDa, described by Marcone
and Kakuda [27] and Quiroga et al. [28]. In zones II and III
there were observed molecular species of 100 kDa, which
probably correspond to albumins and dissociated subunits
from globulins. Changes observed in the chromatogram pro-
file of the hydrolysate when compared with the profile of the
isolate confirm the fact that the protease generates important
changes in the structure of the proteins. Table 1 shows the %
area of the peaks in zones I, II and III. Unlike the chromato-
gram of the isolate, the chromatogram of HEP did not show the
presence of any high molecular mass polymers in zone I,
whereas the proportion of species increased in zones II and
III. This could be due to the generation of lower molecular
mass species from the high molecular mass ones, result sup-
ported in Tricine-SDS-PAGE gels (ESM2).

Antithrombotic Activity

Antithrombotic activity was evaluated using the microplate
method described by Yang et al. [19], and modified by
Zhang et al. [20]. The assay emulates last stage of blood co-
agulation, where thrombin hydrolyses fibrinogen generating
fibrin monomers that subsequently polymerize. The ability to
prevent total or partial formation of the fibrin clot is analyzed
by looking at a diminution or total absence of turbidity at
405 nm in a microplate spectrophotometer.

Twomechanisms could be involved in the inhibitory action
of the peptides contained in the sample. The first one is inhi-
bition of thrombin, due to their binding to the active site or one
of the exosites of the enzyme, thereby preventing the proteol-
ysis of fibrinogen. The second one implies the presence of
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certain sequences capable of binding to fibrin monomers
formed, preventing its polymerization [29].

Antithrombotic activity in vitro of the amaranth isolate and
its hydrolysate was evaluated. The isolate did not exhibit
clotting inhibition at the concentrations studied in this work
(0.17–12 mg/mL). Figure 3a shows the inhibition curve ob-
tained when HEP was used in the assay. The inhibition curve
vs protein concentration presented dose-response behaviour;
HEP showed clotting inhibition at 0.8 mg/mL and higher con-
centrations increased the inhibition reaching a plateau at ap-
proximately 13 mg/mL. These data were processed with the
GraphPad Prism program to calculate the IC50 of the sample,
concentration that inhibits the 50 % of the thrombus forma-
tion. The IC50 was 5.9 ± 0.1 mg/mL (Table 2); this result
verifies that the endogenous protease digestion, along with
the acid treatment, released antithrombotic peptides or poly-
peptides, among others, that were initially encrypted in ama-
ranth proteins.

The information gathered in bibliography shows that pep-
tides with antithrombotic activity tend to be short [30, 31],
though some peptides described present higher molecular
masses [32, 33]. Generally they correspond to peptides that

contain positively charged amino acids, such as arginine, in a
defined position in their sequence. Notably, even though the
hydrolysis degree reached by activating the protease resulted
relatively low, the clotting inhibition of HEP proved to be
higher when compared with that informed by Zhang et al.
[20] and Yang et al. [19]. The authors reported inhibitory ef-
fects of 50% ormore at concentrations between 20 and 30mg/
mL for crude rapeseed peptides, and >50mg/mL for white egg
hydrolysates. In a previous work [9], an IC50 value of
10.87 ± 1.00 mg/mL was obtained when analyzing the anti-
thrombotic activity of an Amaranthus mantegazzianus isolate
hydrolyzed with two exogenous proteases, alcalase and tryp-
sin. The hydrolysate obtained using an endogenous protease
presented a higher activity when compared to those prepared
in our laboratory by proteolysis of exogenous enzymes [9].

Antioxidant Activity

The ORAC assay studies the oxidative degradation of fluores-
cein after being mixed with free radical generators. This meth-
od measures the antioxidant capacity against the peroxyl rad-
ical, which damages the fluorescent molecule, resulting in the

Fig. 2 aHydrolysis evolution with time. Degree of hydrolysis (DH%) of
protein isolate obtained by acid activation of the endogenous Protease.
error bars correspond to standard deviation. b FPLC chromatograms of
protein isolate (solid line) and its hydrolysate (dotted line) solubilized in
buffer HNa2PO4 28 mmol/L, H2NaPO4 7 mmol/L, pH 7.8 using a
molecular exclusion column (Superose 6HR 10/30, elution range 5–

5000 kDa). Elution volume and molecular mass standards are indicated
with arrows (1: blue dextran, 2: thyroglobulin, 3: alcohol dehydrogenase,
4: albumin, 5: ovalbumin, 6: ribonuclease). Zones I, II and III include
species with molecular masses 100 kDa, 5–100 kDa, and 5 kDa,
respectively

Table 1 Centesimal composition
of amaranth protein isolate (I) and
of hydrolysate obtained by
activation of endogenous protease
(HEP). Percentage of areas in
FPLC chromatograms

Centesimal composition (g/100 g sample) %Area of the peaks in the different
zones of FPLC-molecular
exclusion chromatograms

Protein Carbohydrates + fiber* Ashes Water Zone I Zone II Zone III

I 82.4 ± 1.6b 10.3 2.4 ± 0.1a 4.9 ± 0.2a 39.7 50.1 10.2

HEP 68.4 ± 0.8a 12.0 10.2 ± 0.1b 9.4 ± 0.1b 0 75.1 24.9

Different superscripts letter in the same column corresponded at different values (p < 0.05, LSD)

*Carbohydrates + fiber were calculated by difference
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loss of fluorescence. Hence, compounds able to yield peroxyl
radicals are considered antioxidants that protect the fluores-
cent molecule from the oxidative degeneration. Subsequently,
the degree of antioxidant-mediated protection is quantified
using the Trolox as a standard.

The ABTS method detects compounds able to yield hydro-
gen in order to neutralize the preformed free radical. The ad-
dition of antioxidants to the preformed chromophore radical
cation reduces absorbance in a dependant manner to the anti-
oxidant capacity of the sample, its concentration and exposure
time [34]. Therefore, the discoloration degree associated with
the antioxidant capacity depends on concentration and time,
and it is usually expressed in relation to the reactivity of
Trolox, a known antioxidant used as positive control in the
same assay conditions.

Scavenging % was calculated from measured values,
which were plotted as a function of the protein concentration.

A dose-dependent activity was observed in the isolate and HEP

curves (Fig. 3b) and these data were processed with the
GraphPad Prism program to calculate IC50 values. Table 2
shows ABTS and ORAC IC50 values of the samples and
Trolox; in both methods, the isolate and HEP exhibited antiox-
idant capacity.

ORAC results presented an IC50 value of the isolate
(0.102 ± 0.021 mg/mL) similar to that informed by
Orsini Delgado et al. [21], whereas the IC50 of HEP

(0.058 ± 0.027 mg/mL) resulted higher when compared to
other amaranth protein hydrolysates [21]. The values obtained
in the ORAC assay did not show significant difference be-
tween the antioxidant capacity of the isolate and HEP

(Table 2). In the ABTS assay the IC50 obtained for the isolate
(5.40 ± 0.50 mg/mL) was slightly lower than that previously
informed by Orsini Delgado et al. [35] for isolates from
A. mantegazzianus (10.2 ± 0.8 mg/mL), whereas IC50 of
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Fig. 3 Biological activities of
isolate (I, square symbol) and its
hydrolysate (HEP, circle symbol).
a % Clotting inhibition versus
protein concentration. b
Scavenging % versus protein
concentration, using ORAC and
ABTS methods

Table 2 IC50 values for each
biological activities of amaranth
protein isolate (I) and hydrolysate
obtained using acid conditions to
activate an endogenous protease
(HEP)

Antithrombotic activity IC50 (mg/mL) Antioxidative capacity IC50 (mg/mL)

Microplate method ORAC method ABTS method

I not detected 0.102 ± 0.021a 5.40 ± 0.50a

HEP 5.90 ± 0.10 0.058 ± 0.027a 2.1 ± 0.3b

Trolox 0.0049 ± 0.0001b 0.38 ± 0.05c

Different superscripts letter in the same column corresponded at different values (p 0.05, LSD)

IC50: concentration of sample that inhibits the 50 % of the thrombus formation or that produce 50 % radical
neutralization
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HEP resulted slightly higher (2.1 ± 0.3 mg/mL) than amaranth
hydrolysates obtained performing a simulated gastrointestinal
digestion (1.36 ± 0.26 mg/mL) and alcalase proteolysis during
4 h (1.44 ± 0.03 mg/mL) described by Orsini Delgado et al.
[35]. In this assay a significant reduction of IC50 (p < 0.05)
was observed when comparing the isolate after and before
activating the endogenous protease, indicating an increase in
the antioxidant potency of HEP led by the proteolysis
performed.

The samples studied are a blend of diverse components
with different antioxidant potency, suggesting the existence
of some species with high antioxidant activity. The bioactive
peptides contained in the samples must be isolated and iden-
tified in order to achieve IC50 values comparable to Trolox.

Conclusions

The results obtained in the present study confirm the presence
of an endogenous aspartic protease in an isolate of
A. hypochondriacus (ESM1). This enzyme was active in a
limited range of acid pH and a wide range of temperatures.
Selected incubation conditions, pH 2, 40 °C and 16 h, gener-
ated a hydrolysate of 5 DH%which exhibited important struc-
tural differences in comparison with non-treated proteins.
Confirming the results informed by Tironi and Añón [8], the
isolate contained potential antioxidant peptides, whereas anti-
thrombotic activity was not observed at the concentrations
studied. The hydrolysate presented higher antioxidant and an-
tithrombotic activity, indicating that the activation of the pro-
tease released bioactive peptides from amaranth proteins.
Thereby, an amaranth hydrolysate which could be used as a
potential functional ingredient, was obtained by using a sim-
ple and inexpensive process, such as decreasing the pH.
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