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Abstract

With population growth, the need for natural products with a good nutritional balance increases. Digestibility is an important
factor that defines the nutritional diet and the quality of proteins. This work aims to evaluate the protein digestibility of
Amaranth (Amaranthus caudatus) seeds. Amaranthus seed extracts showed inhibitory activity and hemagglutinating activity.
In the simulating gastric fluid condition, hydrolysis products were detected, a 70 kDa band, which does not appear in the
control. After the heating treatment, pepsin easily digested the 29 kDa lectin bands and a gradual digestion of the 12 and less
than 10 kDa bands, probably the protease inhibitors. In the simulating intestinal fluid evaluation, without heating, the bands of
29, 12, and less than 10 kDa showed resistance to digestion. After heat treatment, the intensity of the corresponding bands 12
and those less than 10 kDa gradually decreased compared to the band of 29 kDa, which was digested quickly. Amaranthus seeds
showed antinutritional factors, inhibitors, and lectins, demonstrating that at appropriate treatment and increased temperature
it can improve more the efficient activities of digestive enzymes. Therefore, this work shows the importance of cooking for

better protein absorption of Amaranthus seeds, making them a good source of amino acids.

Keywords: Amaranthus caudatus; seeds; in vitro digestibility; lectins; protease inhibitor; 2S albumin.

Practical Application: Amaranthus seeds are an excellent protein source; however, boiling them properly reduces the effects

of antinutrients and improves digestibility.

1. INTRODUCTION

In the last decade, the nutritional balance of the population
has become a severe challenge due to the increasing demograph-
ic ratio for cultivable regions. In order to regulate this relation-
ship, there is a quest for food sources that contain a rich number
of nutrients and are climatically malleable, in addition to offering
arich nutritional composition such as essential amino acids, fats,
carbs, and vitamins (Food and Agriculture Organization of the
United Nations et al. 2023; Williamson et al., 2024). An increas-
ing use of protein-rich vegetables has become an option that may
replace animal proteins in the human diet (Canoy et al., 2024;
Gueugneau, 2023). However, research has recently focused on
vegetable protein’s in vitro digestibility (Ashaolu et al., 2025;
Bailey et al., 2023; Canoy et al.,, 2024; Tang et al., 2022).

Amaranthus (Amaranthus caudatus) belongs to the Am-
aranthaceae family and consists of a pseudocereal, heavily
cultivated in the Andean region and used by pre-Columbian
cultures for centuries. Likewise, for other species of Amaran-
thus, such cultures are currently gaining popularity due to their
genetic variability, agronomic advantages, and excellent nutri-
tional properties, such as a high percentage of proteins with an

excellent balance of essential amino acids. Amaranthus a highly
efficient and fast growing annual crop, which can prosper under
adverse agronomic conditions (Jan et al., 2023; Pulvento et al,,
2022). The main focus of some research areas has been the folk
claims of their proteins, outlining their pharmaceutical prop-
erties and emphasizing their clinical usefulness (Zhu, 2023).

The role of antinutritional factors in foods such as inhib-
itors, lectins, and 2§ albumin is little known in the Amaran-
thaceae family, and, in addition to the need for knowledge of
adequate methods for inactivating these in the food industry,
it is necessary to study and assess the influence on protein di-
gestibility and amino acid availability (Ohanenye et al., 2022).
Despite its nutritional availability, Amaranthus may have an-
tinutritional properties, synthesized by fruits, for its defense
either against pathogens or as an evolutionary remnant for
its proliferation. Thus, digestibility is an important factor that
defines the nutritional diet and the quality of proteins (Silva,
Pompeu, Costa et al., 2015; Silvestrini et al., 2017).

Protease inhibitors are only a part of the compounds relat-
ed to antinutritional properties. They consist of proteins that
interact with proteases, forming stable complexes that block or
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alter the active sites of enzymes (Mangena, 2022; Silva, Pom-
peu, Costa et al., 2015; Silva, Pompeu, Smolka et al., 2015).
The biological function attributed to the inhibitors of this fam-
ily is mainly related to the defense of plants against attacks by
insects and pathogens (Mangena, 2022; Rodriguez-Sifuentes
et al,, 2020). Such inhibitors in mammals strongly inhibit the
activity of the main pancreatic enzymes (trypsin and chymo-
trypsin), thus reducing the digestion and absorption of dietary
proteins by the formation of indigestible complexes, even in the
presence of high amounts of digestive enzymes. It can become
a problem from the biochemical point of view, interfering and
causing serious physiological dysfunctions (Kéarlund et al., 2021;
Samtiya et al., 2020).

Lectins are glycoproteins that are able to recognize specific
sites in molecules and bind reversibly to monosaccharides and
oligosaccharides, without altering the covalent structure of
glycosidic bonds, presenting several biological functions (Nas-
er et al., 2024; Silva et al., 2024). Ingesting lectins incorrectly
can cause an interaction with the intestinal mucosa, causing
inflammation and mucosal damage, which interfere with the
absorption of nutrients. In the liver, liver lipidosis and necrosis
occur, and, in addition, it causes type I hypersensitivity, which
can be local or systemic and direct tissue damage (Kong et al.,
2022; Vasconcelos & Oliveira, 2004).

The 2§ albumin class received this name based on its sed-
imentation coefficient. They are water-soluble proteins, widely
distributed by both dicot and monocot seeds, being rich in
cysteine, arginine, glutamine, and asparagine (Souza, 2020).
The isoforms of 2S albumin consist of a small subunit with
approximately 3-4 kDa and a large subunit with approximately
9 kDa, joined by disulfide bonds that guarantee excellent sta-
bility. These proteins are related as antinutrients due to their
allergenic nature (Bueno-Diaz et al., 2022; Katsube-Tanaka &
Monshi, 2022; Souza, 2020).

In order to improve the nutritional quality of Amaranthus
seeds, different feeding processes have been developed to inac-
tivate or decrease inhibitory activities within limits. Thus, the
present study aims to characterize the antinutritional factors of
A. caudatus seeds in order to inactivate these factors, enabling
the consumption and absorption of nutrients surely.

1.1 Relevance of the work

With population development, there is a greater demand
for natural products with a high nutritional balance. Ama-
ranth (Amaranthus caudatus) seeds stand out because they
are an excellent protein source; however, boiling them prop-
erly lowers the effects of antinutrients and increases digestion.
This study demonstrates the need for boiling for increased
protein absorption in Amaranthus seeds, making them a good
source of amino acids.

2. MATERIALS AND METHODS

2.1 Materials

Bovine serum albumin (BSA), trypsin, bovine ¢-chymo-
trypsin, NR-benzoyl-DL-arginine p-nitroanilide (BAPNA), and

N-benzoyl-L-tyrosine p-nitroanilide (BTpNA) were acquired
from Sigma-Aldrich (St. Louis, MO, USA). Also, acrylamide,
bis-acrylamide, dithiothreitol (DTT), standard molecular
weight markers, and other electrophoresis reagents were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). The seeds of
A. caudatus were purchased from the Municipal Market of Di-
vindpolis-MG. It is noteworthy that the seeds used in this study
were identified by a taxonomy specialist from the Department
of Botany at UNICAMP (University of Campinas).

2.2 Extraction of proteins

The crude extract was prepared according to Osborne’s
method (Osborne, 1924), in which untoasted seeds (50 g) were
ground using a power mill while stirring with 1 mM phosphate
buffer at pH 7.6 for 1 hour at 37°C. The crude extract was cen-
trifuged at 3,600 x g for 15 minutes at 37°C, and the supernatant
was dialyzed for 48 hours at 4°C with distilled water. The recov-
ered material was subsequently lyophilized.

2.3 Determination of protein concentration

The protein concentration was calculated using the Bradford
technique (Bradford, 1976), which assumed that an A760 nm of
1.0 equated to a protein concentration of 1 mg/mL using BSA
as a standard.

2.4 Purification of crude extract from Amaranthus seeds

The crude extract of Amaranthus seeds was submitted to
molecular exclusion chromatography on a Shephadex G50 mo-
lecular exclusion column previously balanced with AMBIC
(ammonium bicarbonate) at pH 7.6 buffer, with a flow rate of
0.25 mL/min and fractions monitored at A280 nm. The fractions
were lyophilized and employed in the next procedures.

2.5 Determination of protease inhibitory activity

To determine protease inhibitory activity, 50 mL of extract
(1 mg/mL) was incubated with 50 mL of trypsin (0.33 mg/mL of
1 mM HCI) and 250 uL of 0.1 M Tris-HCI buffer pH 8.0 for 10
minutes at 37°C. According to Pompeu et al. (2014), mix 1.0 mL
of BAPNA solution (0.4 mg/mL of 0.1 M BAPNA Tris-HCl pH
8.0 buffer) and incubate for 20 minutes at 37 °C before stopping
the reaction with 500 pL of 30% acetic acid. The amount of in-
hibitor required to achieve 50% trypsin inhibition with BAPNA
as the substrate. The experiment was repeated three times, and
the obtained values were plotted as mean + SD.

2.6 Determination of hemagglutinating activity

In a 96-well microtiter plate, hemagglutinating experiments
were performed with O red blood cells in the presence or ab-
sence of trypsin. To determine the minimal concentration of
erythrocytes of various types, 6.5 mg/mL inhibitor was serially
diluted in a 96-well microtiter plate. Pompeu et al. (2015) report-
ed that these tests were carried out in the presence of EDTA in
CTBS solution (150 mM NaCl, 20 mM Tris-HCI, 5 mM CaCl,).
The experiment was carried out in triplicate.
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2.7 Electrophoresis

According to Laemmli (1970), the apparent molecular
weight was determined using DTT (dithiothreitol) under re-
ducing conditions (15% SDS-PAGE) on a Bio-Rad electropho-
resis system (Hercules/USA). An amount of 50 mg/mL of crude
extract was added to 10 uL of sample buffer, and 0.1% bright
blue Coomassie R-250 was used to stain the proteins.

2.8 In vitro digestibility

Three peptidases, trypsin (EC 3.4.21.4, Type III), a-chy-
motrypsin (EC 3.4.21.1, Type II), and pepsin A (EC 3.4.23.1),
were utilized to analyze in vitro digestibility using SDS-PAGE.
The enzymes were utilized to generate gastric juice (SGF) and
fluid (SIF). The seeds were tested in their natural environment
before being thermally denatured at 100°C for 30 minutes.
In SGEF, 40 uL of crude extract fraction (20 mg/mL) was diluted
in 250 uL of 10 mM phosphate buffer at pH 6.8 and combined
with 5 pL of enzyme (6.2 mg/mL of pepsin, 50 mM HCI, and
0.1 M phosphate buffer containing 0.1 M NaCl, pH 7.7) and
55 uL of sample buffer. In SIE, 40 pL of crude extract fraction
(24 mg/mL diluted in 250 uL of 0.1 M phosphate buffer with
NaCl pH 7.7) was mixed with 5 UL of enzyme (1 mg/mL of
trypsin/chymotrypsin) and sample buffer. Mixed samples of
0.5, 1, 2, 4, and 8 hours were added at different times based on
SGF or SIF conditions, totaling 15 pL.

2.9 Statistical analyses

The mean residual trypsin was compared using one-way
ANOVA (o = .05), followed by the Tukey test. p < .05 was em-
ployed as statistically significant. GraphPad Prism 5 was used
to conduct statistical studies and plot graphics.

3. RESULTS AND DISCUSSION

In the Amaranthaceae family, there are several studies that
have detected the presence of protease inhibitors or hemaggluti-
nating activities by the action of their proteins (Adamcova et al.,
2021; Capraro et al,, 2021; Dang et al., 2017; Hasan et al., 2021;
Resendiz-Otero et al., 2024). However, little is known about
their protein digestibility, which may interfere significantly with
nutritional health (Kong et al., 2022).

The protein content in the seed of the A. caudatus in this
study was 0.267 mg/mL. This result was greater than that pre-
sented by native proteins from Pequi seeds (Caryocar brasiliense)
(Silvestrini et al., 2017). Different methods have been used to
quantify total protein in plant origin samples. However, few
studies have compared the results of such methods. Sever-
al factors must be analyzed before choosing a methodology for
the quantification of total proteins; however, knowledge of the
nature of the sample constituents and their approximate con-
centrations is essential (Pesoti et al., 2015; Pompeu et al., 2015;
Pompeu et al., 2016; Silvestrini et al., 2017). The extraction of
vegetable proteins depends on the characteristics of protein
solubility, which relate to the hydrophobicity of the amino acid
residues and the protein load, in addition to their interaction
with the solvent (Lao et al., 2023).
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3.1 Partial purification of Amaranthus seeds

The crude extract was then applied to a gel filtration column
containing Sephadex G-50 resin. The resulting chromatographic
profile revealed the separation of components into three main
fractions, as shown in Figure 1. The peaks were analyzed in-
dividually for the presence of trypsin inhibitors, lectins, and
proteases. Peak I showed hemagglutinating activity, while peak
IT showed inhibitory activity for trypsin protease, and peak III
showed protease activity.

In a gel filtration column containing Sephadex G-50 resin,
the proteins are eluted in accordance with the weight of pro-
teins; proteins with the highest molecular weight are eluted
first, followed by those with the lowest weight. Lectins, which
have a larger molecular weight, were eluted first, as evidenced
by strong hemagglutinating activity in peak I, whereas protease
inhibitors, which are lower-weight proteins, were eluted later.
Accordingly, Pompeu et al. (2015) and Pompeu et al. (2022)
eluted Chenopodium quinoa lectins in a peak I gel filtration
column with Sephadex G-50 resin. Pesoti et al. (2015) eluted
protease inhibitors from C. quinoa seeds in a peak II filtration
column with Sephadex G-50 resin.

3.2 Trypsin inhibition activity and inhibition curve

Figure 2 shows the inhibition curve obtained from peak II.
In order to confirm the presence of protease inhibitors in the
extract of Amaranthus seeds, an activity test was carried out
demonstrating the presence of proteins with inhibitory capac-
ity against trypsin. An inhibition curve was constructed using
peak II gel filtration chromatography, elucidating that trypsin
lost 50 % of its activity when the molar ratio was 0.1 mg/mL
and 90% of its activity when the molar ratio was increased to
0.4 mg/mL. A linear extrapolation to obtain 100% inhibition
indicated that the inhibitors of Amaranthus can bind to trypsin,
approximately, in a proportion of 1:1 molar ratio. The inhibition
curve was confirmed by the Tukey test (o = .05).

Figure 1. Sephadex G-50 gel chromatography using the fast protein
liquid chromatography system.

The column was equilibrated with AMBIC 1 M buffer, under a flow of 0.25 mL/min (5 mL
/ tube). The numbers correspond to the three fractions obtained.
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Figure 2. Inhibition curve of bovine trypsin by peak II obtained by
gel filtration chromatography. Residual trypsin activity was monito-
red by DL-BAPNA hydrolysis.

The inhibition curve allows us to evaluate the partial con-
centration to promote the interaction and formation of the
enzyme-inhibitor complex, being similar to the complex formed
between enzyme-substrate (Pesoti et al., 2015; Silvestrini et al.,
2017). The substrate used in the technique was BAPNA, with
the purpose of identifying the specific activity of the inhibitor
against trypsin. The rate of change in residual trypsin activity
can occur, since the specificity of inhibitors by specific classes
of proteases is associated with the composition, the conforma-
tion of the reactive site, and the three-dimensional shape of the
inhibitor molecule, these factors being essential for efficiency
and protein stability (Bobrovs et al., 2022; Krauchenco et al.,
2004; Vishvakarma & Mishra, 2022).

3.3 Detection of hemagglutinating activity

To detect hemagglutinating activity (AHE) at peak I derived
from the column in gel filtration, red blood cells from the most
common blood types were used in order to select the one with
the greatest susceptibility to hemagglutination. As AHE is the
well-elucidated property of the lectin family, this method has
become more widely used for detecting these proteins (Castro
et al., 2018; Idries et al., 2024). Peak I of A. caudatus demon-
strated an AHE over the tested red blood cells that had not
been trypsinized to a concentration of 0.020 mg/mL, showing
a high protein rate of lectins capable of forming immunological
complexes with the most common blood types.

It is common that in plants that have high climatic malle-
ability, as in the study carried out by Arcoverde et al. (2014),
about 66 species of plants native to the cerrado (Brazilian sa-
vanna) were subjected to hemagglutinating activity. Of the
results, 77.7% were positive for hemagglutinating activity, that
is, capable of forming immunocomplexes; in addition, 66%
of the species showed trypsin inhibitory activity, possibly due
to the presence of the protease inhibitor. Studies to identify
the presence of protease inhibitors and lectins are performed
in different types of plants because many plants show these

proteins to defend themselves (Arcoverde et al., 2014). Inter-
estingly, a study undertaken by Feijoo-Coronel et al. (2024)
showed antibacterial synthetic peptides derived from a protein
with lectin-like properties.

3.4 Electrophoresis of the isolated
fractions of the Amaranthuss seeds

SDS-PAGE (polyacrylamide electrophoresis gel with so-
dium dodecyl sulfate) was used to determine the quantity and
molecular weights of the protein fractions, which is a simple
and cost-effective approach (Pompeu et al., 2014; Silva, Pompeu,
Smolka et al., 2015; Silvestrini et al., 2017). In electrophoresis,
you can observe the proteins of the fractions and their molecular
weights. Figure 3 shows the amount of protein extracted from
the crude extract, reduced with DTT and without reduction.
The electrophoretic profile of the unreduced protein extracts
from the seeds of the examined species indicated a dispersion
of protein bands with molecular weights ranging from roughly
110 to less than 10 kDa. Protein content in crude extracts of
Amaranthus seeds treated with DT'T showed bands about 110,
29, and 12 kDa, as well as proteins smaller than 10 kDa. In the
reduced conditions with DTT, PI hydrolysis products were
found, a 70 kDa band that cannot be seen in the control, and
a 110 kDa band, most likely from a vicillin subunit. The elec-
trophoretic profile of the seed proteins subjected to heating
methods revealed two apparent molecular areas of 30 (lectin)
and less than 10 kDa (inhibitor).

It was pointed out in the SDS-PAGE electrophoresis gel of
Amaranthus protein fractions with molecular masses ranging
from 29 to 35 kDa, which are indicative of lectin structures
(Van Damme, 2014). Protein bands ranging from 5 to 25 kDa
appear to be consistent with the presence of proteinase inhibi-
tors. Accordingly, Cordeiro et al. (2024) discovered a protease
inhibitor from the medicinal plant Alocasia macrorrhizos in two
bands: 11 and 24 kDa, using SDS-PAGE. The molecular weight
band at 12 kDa was the most prevalent in both stages, and it
appears to be very similar to proteins with trypsin inhibitory
action (trypsin inhibitors), as seen in the protein composition
of Albizia niopoides seeds investigated by Pompeu et al. (2016).

When preparing the sample to be placed in the gel, several
reactions may occur during heating including insolubilization
and reduced protein extractability. Furthermore, the likelihood
that the collected samples have a large molecular mass, making
them impossible to permeate the gel and therefore eliminated
from the electrophoretic runs (Carrillo, Gomez-Casati et al.,
2017), cannot be ruled out.

3.5 Protein digestibility by electrophoresis

There are several studies on digestibility in legumes, but
little is known about the digestibility of the Amarantaceae
family. Then, Amaranthus seeds were subjected to heating
(denatured) and under native conditions for the elaboration of
protein digestibility in vitro. To evaluate the effect of heating
on the denaturation of antinutritional protein factors, in vitro
digestibility was performed based on SGF (simulating gastric
fluid) and SIF (simulating intestinal fluid), monitoring the

Food Sci. Technol, Campinas, 45, e467, 2025
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Figure 3. Electrophoretic profile of Amaranthus protein fractions in 15% polyacrylamide-SDS gel. (A) No reduction with dithiothreitol and

(B) Reduced with dithiothreitol.

MW: Molecular weight marker; EB: crude extract; fractions purified by peak 1 exclusion chromatography PI; PII: peak 2; PIII: peak 3; ACIT: trypsin inhibitor.

incubation of fractions with digestive tract enzymes until a
time of 8 h, time referring to the complete digestion of food
(Lang et al., 2015; Lang et al., 2021; Luz et al., 2024; Pompeu
et al,, 2014; Silvestrini et al., 2017). A higher rate of digestion
in duodenal conditions can be attributed to the combined
actions of trypsin and a-chymotrypsin and their specificity
of sites of cleavage in proteins, while pepsin is related to the
digestion of proteins in gastric conditions (Rawdkuen et al.,
2022; Zhang, Wen et al., 2022).

Acidification, hydrolysis, and heat treatment are critical pro-
cesses in the complete digestion of dietary proteins. These pa-
rameters have a substantial impact on protein structures, as well
as their resistance to digestion (Bhat et al., 2022; Zhou et al.,
2023). Choosing appropriate ways for inactivating or decreasing
the antinutritional and allergic components of Amaranthus
seeds is highly important. The reactions were designed as a
model that simulates physiological conditions seen at various
intervals in order to determine whether the percentage of pro-
teins, with potential inhibitor and enzyme activity, were digested
and the time required for complete digestion. The samples were
separated into two groups: native and denatured, which had
been heated at 100°C for 30 min.

3.5.1 Crude seed extract simulating gastric fluid

In the evaluation of SDS-PAGE 15%, a sample of the crude
extract was treated with pepsin, and the intensity of the asso-
ciated bands 70, 29, 26, 12, and less than 10 kDa were seen at
varjous intervals up to 8 h under simulating gastric fluid (SGF)
conditions (Figure 4). When the 70 kDa bands were heated, they
disappeared, while others dropped in intensity; this finding is
most likely related to the occurrence of reactions during the
heating process, such as those responsible for breaking bonds
between protein subunits. Under native conditions, pepsin
did not show significant activity, and it is possible to observe

Food Sci. Technol, Campinas, 45, e467, 2025

that there was almost no change in the bands over the time of
the technique.

A study conducted by Lee et al. (2024) demonstrated that
heating plays a crucial role in protein digestion in adult and
elderly in vitro digestive models. Accordingly, in the study of
Carrillo, Cordoba-Diaz et al. (2017), it was pointed out that
after heat treatment, there is a very rapid decline in the 29 and
26 kDa bands in the denatured sample after 30 min, as well as
a time-dependent smooth digestion in the 5 and 10 kDa bands
(from 4 to 8 h).

3.5.2 Crude seed extract simulating intestinal fluid

In the evaluation using 15% SDS-PAGE, a sample of the
crude extract was incubated with trypsin/chymotrypsin (Fig-
ure 5), and the intensity of the corresponding bands 29, 26, 12,
and less than 10 kDa were not digested by the enzymes without
heating. After heat treatment, the intensity of the bands de-
creased during digestion, significantly higher when compared
to the results of digestion in a condition without heat treatment.
The 29 and 26 kDa bands, probably lectins, had a good digestion
in both gastric and intestinal fluids, suggesting the efficiency of
heat treatment.

Changes in protein structure are evident with heat treat-
ment, regardless of whether it is gastric or intestinal, indicating
that the conformational structure plays a major role in its resis-
tance to proteolytic degradation (He et al., 2015). According to
Zhang, Wang et al. (2022), a study performed on whole soybeans
with variable moisture content demonstrated that protein struc-
ture contributes to variability of in vitro digestibility.

In the present study, it was demonstrated that, after SGF and
simulating intestinal fluid (SIF) digestion, the 12 kDa protein
that was not digested by pepsin was both denatured and native.
In SIE the 12 kDa protein starts the digestion process with
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Figure 4. Electrophoretic profile of the protein digestibility of the yellow seed by pepsin.

MW: Molecular weight marker; Incubation times: 30 min to 8 h; CT: control without enzyme; Gel A Native. Denatured B. Gel. The arrows indicate the storage proteins.
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Figure 5. Electrophoretic profile of protein digestibility of the Amaranthus seed by trypsin/chymotrypsin.

MW: Molecular weight marker; Incubation times: 30 min to 8 h; CT: Control without enzyme; Gel A Native. Denatured B. Gel. The arrows indicate the storage proteins.

approximately 2 h in the native state and 1 h in the denatured
state. Most food allergens are stable under gastric conditions,
giving this band a possible allergenic potential (Sun et al., 2022).
Resistant protein fragments larger than 3.5 kDa in the low
pepsin activity test may be immunologically important in the
context of allergenicity risk assessment for vulnerable groups
(Wang et al., 2022).

A study performed on pea showed that pea seeds lacking
specific proteins such as lectin, pea albumin 2 (PA2), and trypsin
inhibitors (TT) through genetic alterations boosted protein di-
gestibility and had no negative influence on seed protein content
or yield (Olias et al., 2023). Legume seed protein is a valuable
source of nutrients; however, it is not as digestible as animal
protein. Protein modifications during germination often im-
prove proteolysis and digestibility by lowering antinutrient levels.
Such knowledge could lead to the development of more digestible
food preparations, possibly combining germination with other
factors affecting digestibility, such as heating and fermentation
(Beraetal., 2023). A study on pigeon pea, a protein-rich legume
with low protein digestibility, found that thermal treatments can
increase the nutritional quality of pigeon pea protein, making it
suitable for use as a new ingredient in the development of healthy
diets (Dutta et al., 2024). Our findings showed that the protein
content of Amaranthus was significantly reduced, implying that

digestion of the ACTT inhibitor and lectin after heating lowered
the antinutritional components of Amaranthus seeds.

4. CONCLUSION

The analysis of protein portions of Amaranthus demon-
strated the presence of antinutritional factors, in which lectins
and trypsin ACT inhibitors stand out. Proteins with a mass less
than 10 kDa proved to be quite similar to protease inhibitors,
and 29 and 26 kD proteins were similar to lectins. Both showed
good stability in gastric and intestinal conditions, requiring a
previous heating for a better action of proteolytic enzymes due
to their compact structures. Heating methods can diminish
and inactivate Amaranthus seeds’ antinutritional properties,
improving their nutritive and absorptive capabilities.
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