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Abstract: Red, black and white seeds quinoa were germinated at 28 ◦C during 24 (G1), 48 and 72 h
(G3). Red quinoa presented a higher percentage of germination with a value of 46% of germination
at 72 h. Quinoa protein isolate (QPI) was obtained by alkaline extraction (pH 8.0) followed by
an isoelectric precipitation (pH 4.5) from white, red and black quinoa seeds, germinated QPI-G1
or QPI-G3 and non-germinated QPI-NG, Chenopodium quinoa Willd var. Real. QPI-G1, QPI-G3
and QPI-NG were subject to a simulated gastric digestion (DG) and in vitro duodenal digestion
(DD). The antioxidant activity was evaluated using the 1, 1-diphenyl-2-picryl hydrazyl (DPPH),
azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and oxygen radical absorbance capacity
(ORAC) methods. Gastric and duodenal digest of QPI-NG and QPI-G1 and QPI-G3 from white, red
and black quinoa presented antioxidant activity. QPI-G1-DD of white quinoa presented the highest
antioxidant activity with a DPPH value of 167.98 µmoL TE/g of digest, QPI-G1-DD of red quinoa with
an ABTS value of 204.86 µmoL TE/g of digest and QPI-G1-DD of black quinoa with an ORAC value
of 401.42 µmoL TE/g of digest. QPI-G3-DD of white quinoa presented higher antioxidant activity
with a DPPH value of 186.28 µmoL TE/g of sample, QPI-G3-DD of red quinoa with an ABTS value of
144.06 µmoL TE/g of digest and QPI-G3-DD of black quinoa with an ORAC value of 395.14 µmoL
TE/g of digest. The inhibition of reactive oxygen species (ROS) production in the zebrafish embryo
model (Danio rerio) was evaluated. Protein profiles of QPI from white, red and black from germinated
quinoa and non-germinated quinoa were similar with proteins between 10 kDa to 100 kDa with the
presence of globulins 11S and 7S and 2S albumins.
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1. Introduction

Quinoa (Chenopodium quinoa Willd) seeds are named Kinua in Quechua indigenous language.
Quinoa is a genus of the Amaranthaceae family of Andean origin with more than 250 species. Few
species are used for human nutrition. The crop is spread around the world in different countries such
as the USA, China, Japan, India, UK, Canada, Poland and Australia. Quinoa seeds have a high nutritive
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value for the presence of phytocomponents. The seeds of quinoa are rich in lipids, carbohydrates,
polyphenols, fiber and protein [1–4]. Protein content is around 12–16% depending on the variety.
Proteins have a high nutritive value and quality due to the presence of essential amino acids as leucine
and isoleucine. These proteins have a high digestibility as quinoa seeds are free of gluten. Quinoa seeds
are used as a diet for celiac people. Quinoa proteins have a high biological value for their biological
activities [5,6]. Many biological activities of quinoa proteins have been reported as the antibacterial,
antidiabetic, antihypertensive, chemo-preventive, anti-tumoral and antioxidant activities [7–9].

The antioxidant activity is evaluated with the degree of inhibition and blocking of free radicals
generated by oxidative stress due to the exposure of the organism to harmful substances such as ethanol,
peroxides and chemical agents. Chemical phenolic antioxidants such as butylated hydroxyl-anisole
(BHA), butylated hydroxyl-toluene (BHT), tertiary butyl-hydroquinone (TBHQ), and propyl gallate
(PG) were elaborated in the 1940s to protect petroleum products. At this time, they were used in the
food industry to inhibit the oxidation of lipids of food processed as oil and snack products and for other
purposes [10,11]. Now, there is interest to find new antioxidant compounds of natural sources such as
food proteins and hydrolysates [12–14]. The food hydrolysates have an interest in the food industry for
different purposes for their biological activities. The European Union in 2018 have approved the use of
the hen egg white lysozyme hydrolysate as a novel food ingredient for food supplements for adult
people, with the purpose of increasing the blood levels of the amino acid tryptophan. This hydrolysate
has a hydrolysis degree between 19–25% DH [15].

Germination is a biological process of the seeds. The process starts with the entry of water in the
embryos and finish with the elongation of the embryonic axis. In this process, reserve compounds from
embryos such as carbohydrates, lipids and proteins and some other components are degraded to be used
in the embryo metabolism. During the embryo development, the levels of anti-nutrient and indigestible
components as inhibitor of protease and lectin proteins decrease, the levels of carbohydrates lipids and
proteins increase. In the germination process, there are changes in the amino acid composition with
the production of intermediate molecular weight peptides [16–20].

In the germination process, secondary phytochemicals can be accumulated as vitamin C and
polyphenols compounds [21]. Germinated seeds are new foods in the market with good acceptance for
vegetarian people due to the high proportion of carbohydrates, lipids and proteins. Germinated seeds
have a high digestibility. Their components have been described with biological activities such as
antioxidant, antitumoral, antibacterial and antihypertensive activities [22–24]. Germinated seeds can
be used to obtain protein concentrates. These protein concentrates from germinated seeds can increase
the biological activities after enzymatic hydrolysis. Soybean, legumes, and cereals and pseudo-cereals
have been used to obtain germinated seeds with biological activities. For example, a protein isolate
from soybean germinated for 72 h presents the capacity to inhibit up to 50% growth of the Hela cell [25].
Robles-Ramírez et al., 2012, described hydrolysates obtained of 6 day germinated soybean presenting
anticancer activity with inhibition of 96.5% of growth of cervical cancer cells [26].

Quinoa seeds have been used to produce quinoa protein concentrate. Quinoa protein concentrate
(QPC) of (Chenopodium quinoa Willd) and Amaranth protein concentrate (APC) of (Amaranthus caudatus)
have been described to show antioxidant activity and with the capacity to inhibit lipid peroxidation
in zebrafish larvae (Danio rerio) [27,28]. In these studies, QPC and APC were subject to in vitro
gastrointestinal digestion simulation using pepsin and pancreatin enzymes. These hydrolysates
presented antioxidant activity.

The aim of this study was to obtain quinoa protein isolates (QPI) of germinated seeds of white, red
and black quinoa (Chenopodium quinoa Willd), to subject them to in vitro gastrointestinal simulation and
finally to evaluate their antioxidant activity and reactive oxygen species (ROS) inhibition in zebrafish
embryos (Danio rerio).
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2. Materials and Methods

2.1. Materials

Pepsin enzyme [(EC 3.4.23.1), 4500 U/mg], pancreatin from porcine pancreas, mix of enzymes
(trypsin, amylase and lipase, ribonuclease, and protease) EC 232-468-9, (10,000 U/mg), salt bile
extract, fluorescein disodium (FL), dimethyl sulfoxide (DMSO), and 2,7-dichlorofluorescein diacetate
(DCFH-DA) 2, 2′-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 1, 1-diphenyl-2-picryl
hydrazyl (DPPH), and bovine serum albumin (BSA) reactive were used. These materials were obtained
from Sigma-Aldrich (St. Louis, MO, USA).

2,2′-azobis (2-methylpropionamide)-dihydrochloride (AAPH), o-phthaldialdehyde (OPA),
trichloroacetic acid (TCA), trifluoroacetic acid (TFA) and 6-Hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox) were obtained from Aldrich (Milwaukee, WI, USA). The rest of the chemicals
used were of analytical grade to use for HPLC.

2.2. Production of Quinoa Protein Isolates (QPI) from Seeds not Germinated

Quinoa seeds, white, red and black quinoa from Ecuador, Chenopodium quinoa Willd. Var. Real
came from organic crop. Seeds were washed. Once free of saponins, they were used to produce quinoa
flour. QPI was prepared according to the protocol of Acosta et al., 2016, with small modifications.

One hundred grams of quinoa flour was suspended in Milli-Q water (1:10, w/v). The pH was
adjusted to 8.0 using a solution of 0.5 M NaOH. The suspension was shacked for 1 h and centrifuged at
8000× g for 30 min at 4 ◦C. The precipitate was removed. The pH of the supernatant was adjusted
to pH 4.5 using a 2 N HCl solution. It was centrifuged at 8000× g for 30 min at 4 ◦C. The pH of the
precipitate obtained was adjusted to pH 7.0. The samples obtained were lyophilized and kept at
−80 ◦C until further use [29]. The QPI protein content was determined by the bicinchoninic acid assay
(BCA) method.

2.3. Production of Quinoa Protein Isolates (QPI) from Seeds Germinated

Quinoa seeds (100 g) were submerged in 500 mL of 0.1% sodium hypochlorite solution (1:5, w/v)
for 30 min at 25 ◦C. Then, quinoa seeds were washed with distilled water. The pH was adjusted at pH
7.0. The distilled water was drained and finally, the hydrated seeds were placed in trays on a wet filter
paper. Germination was carried out in a sterile plate germination. Germination was performed in
darkness at a temperature of 28 ◦C and at times (24–72 h, named G1 and G3). All germinates were
made in triplicate [30]. QPI from germinated seeds was prepared by alkaline extraction at pH 8.0,
followed by an isoelectric precipitation at pH 4.5 with the same conditions described in the previous
section. The samples obtained were lyophilized and kept at −80 ◦C until further use. The protein
germinated QPI content was determined using the BCA method.

2.4. Germinated and Non-Germinated QPI In Vitro Simulated Hydrolysis

QPI-NG and QPI-G1 and QPI-G3 (10 mg/mL) from white, red and black quinoa was subject to a
simulated gastric and duodenal digestion using an in vitro model. This method has two phases. Phase
1: Gastric phase; QPI was hydrolyzed using a pepsin enzyme (2000 U/mL) at pH 3.0 for 2 h at 37 ◦C
with agitation. The pepsin enzyme was inactivated by heating at 90 ◦C for 5 min. Phase 2: Duodenal
phase; one milliliter of phase 1 was mixed with one milliliter of pancreatin solution (100 U/mL) at pH
7.0 in the presence of bile salts and Bis-Tris buffer for 2 h at 37 ◦C. The enzymes activity was stopped
by heating at 90 ◦C for 5 min. The samples were lyophilized and frozen at −80 ◦C [31].

2.5. Determination of the Degree of Hydrolysis by the Orthophthalaldehyde (OPA) Method

The hydrolysis degree (%DH) of gastric and duodenal digest from non-germinated and germinated
quinoas was calculated using the OPA method described by Morais et al. (2013).
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OPA reagent preparation: 25 mL sodium tetraborate (100 mmoL/L) was mixed with 2.5 mL of 20%
(w/v) sodium dodecyl sulfate solution, 40 mg of OPA was dissolved in 1.0 mL of methanol and 100 µL
of 2-mercaptoethanol. The volume was adjusted to 50 mL.

Derivatization OPA: 10 µL of the sample was mixed with 3.4 mL of the OPA reagent and the
mixture was stored at 25 ◦C for 2 min. The absorbance was measured at 340 nm. %DH was calculated
using the Equation:

%DH = Abs × 1934 × d/c

where Abs is the sample absorbance measure, d is the factor of dilution and c is the concentration of
protein in the sample (mg/mL) [32].

2.6. ABTS Assay

ABTS was assayed according to Arnao et al. (2001). Two stock solutions were prepared at a
concentration of 7.4 mM, ABTS solution A and 2.6 mM potassium per-sulfate (K2S2O8) solution B.
The work solution was prepared by mixing 10 mL of solution A and 10 mL of solution B. We allowed
them to react for 12 h at 25 ◦C in dark conditions. The solution was then diluted 1:50 in methanol
and the absorbance was measured at 734 nm using a spectrophotometer (Thermo Fisher Scientific
Evolution 200 UV/Vis, Waltham, MA USA). The sample (150 µL) was mixed with 2850 µL of ABTS
reactive. The mixture was left at 25 ◦C for 2 h in dark conditions. A blank sample was prepared in the
same manner except that methanol was used instead of ABTS. A standard curve of Trolox was used
(0–500 µmoL Trolox/L). The curve was stablished (y = 0.477x + 0.6973, R2 = 0.9971). Each assay was
made in duplicate with three measures (n = 6). The antioxidant activity was expressed as µmoL Trolox
equivalents (TE)/g sample (QPI or digests) [33].

2.7. Oxygen Radical Absorbance Capacity-Fluorescein (ORAC-FL) Assay

The measurement was made using an instrument Multi-Mode Microplate Reader (BioTek, Winooski,
VT, USA). Samples and Trolox standards were prepared with 50% acetone solution. All other reagents
were prepared in a 75 mmol/L phosphate buffer (pH 7.4). Each well in a 96-well plate contained 20µmoL/L
sample or 50% acetone for blank and 225 µL fluorescein (81.63 nmoL/L). The plate with a cover was
incubated for 20 min in 37 ◦C. An amount of 25 µL AAPH (0.36 moL/L) was added to each well to start
reaction, resulting in a final total volume of 280 µL. The fluorescence was recorded every minute for
2 h at 37 ◦C, where excitation and emission of wavelengths were 485 nm and 528 nm. Standards and
samples were performed in triplicate with two experiments. Results were expressed as micromoles of
Trolox equivalents (TE) per gram of sample, µmoL TE/g sample (QPI or digests) [34].

2.8. DPPH Assay

Non-germinated QPI and germinated QPI from white, red and black quinoa, and their
hydrolysates, were used to evaluate the antioxidant activity using the DPPH in vitro method
according to Brand-Williams et al. (1995). We measured the decrease of the absorbance at 517 nm
spectrophotometrically (spectrum SP-2100UV/SP spectrophotometer, China). The sample was dissolved
in 0.1 mL of methanol, then 3.9 mL of a 6 × 105 mol/L methanol of 1,1-diphenyl-2-picryl hydrazyl (DPPH)
was added. Trolox was used as the reference standard (0–500 µmoL Trolox/L). The curve was stablished
(y = 0.5446x + 0.3949, R2 = 0.9804). Each assay was made in duplicate with three measures (n = 6) with
the value of antioxidant activity being expressed as mg of Trolox equivalents (TE) per 100 g DW [35].

2.9. Induction of Stress in Embryos Zebrafish Using AAPH

Zebrafish embryos of 7–9 h post-fertilization (7–9 hpf) were used for the test. These embryos
(group = 4 embryos) were transferred to the wells of a 12-well plate using an osmotic embryo medium
[E2 1× [15 mM NaCl, 0.5 mM KCl, 1.0 mM CaCl2. 2H2O, 50 µM Na2HPO4, 150 µM KH2PO4, 10 mM
MgSO4.7H2O, 0.7 mM NaHCO3]. An amount of 0.5 mg/L of methylene blue solution dissolved in
distilled water containing 1.0 mL of (0.1% DMSO) was added to the medium to drill chorion membrane.
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An amount of 2.0 mg/mL QPI hydrolysate for 2 h was also added. The groups of embryos were treated
with 25 mM (AAPH) or AAPH/QPI hydrolysate for 24 h post-fertilization (24 hpf) [36].

2.10. ROS Determination in Zebrafish Embryos

ROS presence in zebrafish embryos without chorion was analyzed using a fluorescent technique
(DCFH-DA). The embryos were put in a fish medium with 0.1% DMSO solution to permeabilize
the chorion membrane of zebrafish eggs. Zebrafish embryos (3–4 hpf) were treated with gastric and
duodenal hydrolysates at a concentration of 2.0 mg/mL. Then, 25 mM AAPH solution was added to
the multi well plate and incubated for 2 h at 28 ◦C. The zebrafish embryos were transferred to 96 well
plates, treated with a DCFH-DA solution (2.0 µL/mL). The plates were incubated for 2 h in the dark at
28 ◦C. After incubation, the zebrafish embryos were rinsed in a fresh embryo medium. The chorion
membrane was removed with the help of tweezers. The embryos without chorion were washed with
Milli-Q water. The fluorescent image of all zebrafish embryos was taken with the help of a fluorescent
microscope (Leica DM1000 LED, Wetzlar, Germany), with coupled Moticam 2000 (Taiwan, China)
digital camera [37].

2.11. Statistical Analysis

Experimental results in this study are presented as means ± standard deviation (SD), (n = 5).
Differences between group values were determined using the one-way ANOVA analysis, followed by
the Tukey’s test. All tests were considered with statistical differences at P < 0.05 and P < 0.01 using the
software Graph Pad Prism 4.

3. Results and Discussion

3.1. Percentage of Germination of Seeds Quinoas

Seeds of white, red and black quinoa (Chenopodium quinoa Willd) were germinated during 24 h,
48 h and 72 h in the laboratory at 28 ◦C in darkness. White seeds quinoa presented a retardment in the
elongation of radicle assayed at different times (Figure 1). Red and black seeds quinoa presented fast
elongation of their radicles and cotyledons. The percentage of germination with the highest value was
found in red and black quinoa at 72 h of germination (Figure 2).
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Figure 2. Germinated of white, red and black quinoa (Chenopodium quinoa Willd) at 72 h of
germination (G3).

At 24 h of germination, red and black quinoa presented a high percentage of germination, 26%
and 30%. At 72 h of germination we found 36% for white quinoa, 46% for red quinoa and 44% for
black quinoa (Figure 3). The highest percentage was obtained for red quinoa at 72 h of germination.
The germination percentages of white quinoa at 24 h, 48 and 72 h were relativity slow at 28 ◦C under
darkness. Red and black quinoa presented a higher percentage of germination.
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Figure 3. Percentage of germination of white, red and black quinoa (Chenopodium quinoa Willd) seeds
for 24, 48 and 72 h at 28◦C. Means ± (SD), black and red quinoa were compared to white quinoa.
Tuckey’s test at ** P < 0.05; * P < 0.01.

The percentage of germination of quinoa seeds was affected by the germination time, and the
quinoa variety. Different studies of production of germinated samples of different plants indicate that
the percentage of germination depends on time of incubation and temperature. For example, three
cultivars of quinoa (Chenopodium quinoa Willd) from Iran were used to obtain germinated samples. The
results demonstrated that the percentage of germination of quinoa seeds are affected by the cultivar.



Plants 2019, 8, 257 7 of 18

Each cultivar presented difference in the optimum temperature and time of germination. D’ambrosio
et al., 2017, described germination of Chenopodium quinoa Willd. Var. Real and Chenopodium quinoa
Willd. var. Regalona Baer for 4 days of germination with a percentage of germination of 50% and 72%
respectively. Our results of germination percentages are in accordance to this study. Red quinoa at
3 days of germination presented 46% of germination. Sajama cultivar at 30 ◦C for 1 day, presented 80%
germination, Santamaría cultivar at 30 ◦C, for 1 day presented 92% germination and Titicaca cultivar at
30 ◦C, for 1 day presented 100% germination [38].

3.2. Characterization of QPI no Germinated and Germinated Using SDS-PAGE Electrophoresis Analysis

Germinated QPI and non-germinated QPI of white, red and black quinoa were obtained using an
alkaline extraction followed by the isoelectric precipitation method. The pH of isoelectric precipitation
was pH 4.5. The protein profile of germinated QPI, non-germinated QPI and its digest were analyzed
using the SDS-PAGE electrophoresis analysis. Non-germinated QPI presented a protein profile with
bands between 10 kDa at 100 kDa (Figure 4a). In this profile, bands 11S and 7S globulins and 2S
albumins can be identified. QPI obtained of seeds germinated (white, red and black quinoa) G1 and G3
present the same profile than non-germinated QPIs with bands between 10 kDa to 100 kDa (Figure 4a).
These profiles of proteins were like the profile of QPI proteins from non-germinated seeds.

Figure 5a shows the protein profile of non-germinated QPIs under hydrolysis. QPI-NG from white,
red and black quinoa presented the same profile of hydrolysis with pepsin and pepsin/pancreatin.
Some proteins bands were not observed in the gel. Only bands were observed in small molecular
weights at 15 kDa. These bands correspond to small peptides produced for enzymatic hydrolysis. The
gel was made at 12% of concentration of acrylamide.

Figure 5 b shows the profile of gastric hydrolysis of QPIs G1 and G3. This profile was analyzed
using the SDS-PAGE technique with 20% of acrylamide. Figure 5b shows a gastric digest profile
of non-germinated and germinated QPIs. Germinated and non-germinated QPIs present a similar
profile of gastric hydrolysis. Small bands were observed between 25 to 15 kDa. These bands present a
better separation, the higher concentration of acrylamide allowed a better separation of the peptides.
In duodenal digestion, no bands were observed. The small peptides were not retained by the 20%
acrylamide gel. This fact suggests that peptides produced in the duodenal digest are smaller than
peptides from the gastric digest (Figure 5c).
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G1 (1 day of germination) and G3 (3 days of germination).
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QPI protein content from non-germinated and germinated seeds of white, red and black quinoas
(Chenopodium quinoa Willd) was analyzed using the BCA method. The precipitation isoelectric method
allowed us to obtain QPIs. Non-germinated QPIs presented a value of 90.6% of protein content for
white quinoa, 94.8% for red quinoa and 95.7% for QPI of black quinoa. QPIs germinated G1 presented
values with a high content of protein of 92.4% for QPI-G1 of white quinoa, 107.0% for QPI-G1 of red
quinoa and 108.0% for QPI of black quinoa (Table 1). QPIs-G3 presented a lower value than QPIS
non-germinated and QPIs-G3. For example, QPI-G3 of black quinoa presented a value of 71.5% of total
protein. Shi et al., 2019, described QPI from Chenopodium quinoa Willd hydrolyzed with pepsin, papain
and pancreatin for 0, 30, 60, 90 and 120 min [39]. They found that %DH increased with the time of
hydrolysis. Pepsin enzyme presented a DH high value between 20–35% DH. Our results of digest
gastric are in accordance with the %DH values. However, duodenal digest values are higher than the
Shi et al., 2019 values [39].

Table 1. Protein content of non-germinated QPI and germinated using the BCA method.

% Protein Content

Sample Not Germinated 1 Day of Germination 3 Days of Germination

QPI- white quinoa 90.6 ± 2.55 a 92.4 ± 1.76 a 87.0 ± 0.59 a

QPI- red quinoa 94.8 ± 0.43 b 107.0 ± 1.85 b 91.2 ± 0.75 b

QPI-black quinoa 95.7 ± 0.21 b 108.0 ± 3.68 b 71.5 ± 0.92 c

Results are the means ± standard deviation (SD) of six determinations (n = 6). Different superscripts letter for each
quinoa cultivar within columns indicate significant statistical differences by one way Anova followed by the Tukey’s
test (P < 0.05).
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Figure 5. SDS-PAGE analysis of gastric and duodenal digests from non-germinated and germinated
white, red and black quinoas. (a) Gastric and duodenal digest of QPI from non-germinated quinoa, (b)
gastric digests of quinoas germinated, (c) duodenal digests of white, red and black quinoas germinated,
GD (gastric digests), DD (duodenal digest), G1 (1 day of germination) and G3 (3 days of germination).

Non-germinated and germinated QPIs were subject to simulated hydrolysis with two phases
named gastric digest (GD) with pepsin enzyme and duodenal digest (DD) with pancreatin. Once
gastric and duodenal digests were obtained the percentage of hydrolysis (DH) was calculated. The GD
samples presented a value of % DH ranging between 17.91% to 32.86% DH (Table 2). The DD samples
presented a value of % DH between 22.99 to 64.96% HD. Samples of duodenal digest presented a
higher % DH with values of 46.80; 52.35 and 64.96 for white, black and red quinoa, respectively. The
sample with the highest value was red quinoa QPI-G3-DD. Pepsin/Pancreatin enzymes produced high
hydrolysis of the quinoa proteins. The samples were incubated for 2 h with pepsin and then incubated
for 2 h with pancreatin. This combination produced a high % DH in the duodenal digests from quinoas.

Ruiz et al., 2016, described % DH of QPI-E8 hydrolyzed with pepsin for 2 h (Chenopodium quinoa
Willd) with a value of 14% DH. When QPI-E8 was treated with heat at 60, 90 and 120◦C and then
hydrolyzed with pepsin, it presented similar values, with %DH of 14, 13 and 12 %DH, respectively.
This QPI was fractioned at pH 8.0 and precipitated at pH 5.5 and hydrolyzed in different conditions in
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the presence of mucin. In both studies, the % DH was determined using the OPA method. We reported
% DH for gastric and duodenal digests of non-germinated and germinated QPIs higher than the results
reported by Ruiz et al., 2016 [40].

Opazo-Navarrete et al., 2018 reported % DH of QPI (Chenopodium quinoa Willd, variety Riobamba)
with values of 10.5%. QPI heated at 120 ◦C and hydrolyzed with pepsin presented a value of 8.5%.
Protein-enriched flour and hydrolyzed with pepsin for 180 min presented a value of DH 16%. Our values
were higher than the ones of Opazo-Navarrete’s. Our study had different hydrolysis conditions: Time of
hydrolysis and pH of hydrolysis. In both studies the % DH was evaluated with the OPA method [41].

Aluko and Monu, 2003, reported a hydrolysate of quinoa obtained using the alcalase enzyme
for 4 h of incubation with values of % DH of 48% [42]. Mudgil et al., 2019, described hydrolysates of
quinoa (Chenopodium quinoa Willd) produced with bromelain, chymotrypsin and protease enzymes for
2, 4 and 6 h of incubation. Chymotrypsin was the enzyme with a high capacity for quinoa proteins
hydrolysis. Hydrolysate of 4 and 6 h presented values of 86.0% and 87.05% DH respectively. Bromelain
enzyme presented a percentage of hydrolysis of 76.0% at 6 h of incubation. The protease enzyme
presented 78% DH at 6 h of incubation [43]. The type of enzyme used, the times of incubation and
other hydrolysis parameters can affect the % DH. Hydrolysates from germinated QPI presented a high
% DH value. The time of germination process can increase the % DH.

Table 2. Percentage degree hydrolysis (DH) of gastric and duodenal digest from non-germinated and
germinated QPI.

Sample % DH of Gastric Phase % DH of Duodenal Phase

White quinoa

QPI-NG 27.44 ± 0.21 e 23.61 ± 107 a

QPI-G1 23.86 ± 1.44 d 22.99 ± 0.80 a

QPI-G3 23.40 ± 0.25 d 46.80 ± 5.10 e

Black quinoa

QPI-NG 19.68 ± 0.29 b 28.14 ± 5.36 b

QPI-G1 28.70 ± 2.31 e 39.96 ± 2.58 d

QPI-G3 27.46 ± 2.14 a 52.35 ± 0.26 f

Red quinoa

QPI-NG 17.91 ± 1.04 a 36.81 ± 0.65 c

QPI-G1 32.86 ± 1.87 d 40.68 ± 2.47 d

QPI-G3 21.19 ± 0.60 c 64.96 ± 3.19 g

QPI (quinoa protein isolate), NG (non-germinated, G1 (1 day of germination) and G3 (3 days of germination). Means
± (SD) (n = 3) in a column with different letters (a–g) are significantly different by Tuckey’s test at P < 0.05.

3.3. Antioxidant Activity of Non-Germinated and Germinated QPI and their Digest

3.3.1. Evaluation of Antioxidant Activity by the DPPH Method

Non-germinated QPI without hydrolysis from white, red and black quinoa have no antioxidant
activity using the DPPH method. Only gastric and duodenal digest from non-germinated QPI and
germinated QPI (G1 and G3) were active. QPI-DD non-germinated of white quinoa present antioxidant
activity with a value of 187.71 µmoL TE/g of digest, QPI-G1-DD of white quinoa presented a value of
152.26 µmoL TE/g of digest and QPI-G3-DD of white quinoa presented a value of 178.13 µmoL TE/g of
digest. Germinated QPI of white quinoa presented a value slightly higher than non-germinated QPI
DD of white quinoa. The samples obtained of black seeds quinoas such as QPI-DD of non-germinated
black quinoa presented a value of 201.49 µmoL TE/g of digest, B-QPI-G1-DD presented a value of
190.04 µmoL TE/g of digest and QPI-G3-DD of black quinoa presented a value of 150.97 µmoL TE/g
of digest. QPI-DD non-germinated red quinoa presented a value of 224.83 µmoL TE/g of digest,
QPI-G1-DD of red quinoa presented a value of 198.71 µmoL TE/g of digest and QPI-G3-DD of red
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quinoa had a value of 190.23 µmoL TE/g of digest. In general, the duodenal digest samples were more
active than the gastric digest samples (Figure 6).
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Figure 6. Antioxidant activity of hydrolysates obtained of germinated QPI using 1, 1-diphenyl-2-picryl
hydrazyl (DPPH) assay. (a) Hydrolysates from germinated white quinoa. (b) Hydrolysates from
germinated red quinoa. (c) Hydrolysates from germinated black quinoa. QPI-NG (QPI non germinated).
QPI-G1 (germinated for 1 day) and QPI-G3 (germinated for 3 days). GD (gastric digest). DD (duodenal
digest) and QPI (quinoa protein isolate without hydrolysis). Control (QPI of quinoa non-germinated).
Results are the means ± standard deviation (SD) of six determinations (n = 6). Different superscripts
letter for each quinoa cultivar over bars indicate significant statistical differences by one way Anova
followed by Tukey’s test (P < 0.05).

3.3.2. Evaluation of Antioxidant Activity by the ABTS Method

Non-germinated QPI and germinated QPI and digests from white, red and black quinoa
(Chenopodium quinoa Willd) were used to evaluate the antioxidant capacity using the ABTS assay.
It was observed that the more active samples were non-germinated QPI and germinated QPI without
hydrolysis from white, red and black seeds of quinoas. Only QPI G1 duodenal digest of white and red
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quinoa presented a higher value than non-germinated QPI. QPI-G1 of red quinoa presented a value of
234.71 µmoL TE/g of QPI and red quinoa QPI-NG presented a value of 230.85 µmoL TE/g of QPI. Also,
red quinoa QPI-G3 presented a higher value of antioxidant activity with 182.51 µmoL TE/g of QPI
than the respective control. When DPPH and ABTS methods results are compared to the duodenal
digest of germinated and non-germinated quinoas, results show an increase of the antioxidant activity.
In non-germinated QPIs and germinated QPIs without hydrolysis, samples were simply inactive.
In both methods, QPI-G1 of red quinoa was the sample with the highest antioxidant activity. The
process of germination increases the susceptibility of the proteolytic enzymes for the quinoa proteins.
(Figure 7).
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Figure 7. Antioxidant activity of hydrolysates obtained of germinated QPI using azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay. (a) Hydrolysates from white quinoa germinated,
(b) hydrolysates from red quinoa germinated, (c) hydrolysates from black quinoa germinated. Control
(non-germinated QPI). G1 (germinated for 1 day) and G3 (germinated for 3 days). GD (gastric digestion).
DD (duodenal digestion) and QPI (quinoa protein isolate without hydrolysis). Control (QPI of quinoa
non-germinated). Results are the means ± standard deviation (SD) of six determinations (n = 6).
Different superscripts letter for each quinoa cultivar over bars indicate significant statistical differences
by one way Anova followed of Tukey’s test (P < 0.05).
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3.3.3. Evaluation of Antioxidant Activity by the ORAC-FL Method

The antioxidant activity of non-germinated QPI and germinated QPI from white, red and black
quinoa (Chenopodium quinoa Willd). Var. Real was evaluated at concentrations of 10, 50 and 200 µmoL.
QPI- NG from white, red and black quinoas presented antioxidant activity using the ORAC method.
The activity increases with the concentration. The highest activity was obtained at 200 µmoL of sample.
For example, QPI-G3 presents 112.33 < 150.93 < 390.13 at concentrations of 10, 50 and 200 µmoL
respectively (Table 3). This activity was similar to QPI-G3 of white, red and black quinoa at the same
concentrations. For example, QPI-G3 presented 150.93; 149.55 and 152.35 µmoL TE/g of QPI at 50 µmoL,
with no statistical differences at P < 0.05 (Table 3). When concentration increased in the sample, the
antioxidant activity increased, the effect was proportional to the concentration (Table 3). The most
active sample was the sample assayed at 200 µmoL.

Table 3. Antioxidant activity of non-germinated and germinated QPIs of white, red and black quinoas
using the ORAC method.

ORAC (µmoL TE/g QPI)

Samples 10 µmoL 50 µmoL 200 µmoL

White quinoa

QPI-NG 112.80 ± 1.12 a 151.56 ± 0.95 d 175.15 ± 1.35 b

QPI-G1 110.01 ± 0.97 a 147.80 ± 0.91 a 170.82 ± 1.83 a

QPI-G3 112.33 ± 0.83 a 150.93 ± 0.89 b 174.43 ± 1.86 b

Black quinoa

QPI-NG 111.18 ± 1.95 a 149.38 ± 1.77 b 172.64 ± 1.78 a

QPI-G1 111.05 ± 1.78 a 149.21 ± 1.75 b 172.44 ± 2.24 a

QPI-G3 111.31 ± 1.14 a 149.55 ± 1.21 b 172.84 ± 2.21 a

Red quinoa

QPI-NG 112.35 ± 1.10 a 152.21 ± 1.20 b 175.91 ± 2.00 b

QPI-G1 113.29 ± 0.96 a 152.21 ± 0.85 b 175.91 ± 2.15 b

QPI-G3 113.47 ± 0.98 a 152.35 ± 0.81 b 175.66 ± 2.23 b

QPI-NG (Non-germinated quinoa protein isolate), QPI-G1 (quinoa protein isolate germinated for 1 day), QPI-G3
(quinoa protein isolate germinated for 3 days. Results are the means ± standard deviation (SD) of six determinations
(n = 6). Different superscripts letter for each quinoa cultivar within columns indicate significant statistical differences
by one way Anova followed of Tukey’s test (P < 0.05).

Antioxidant activity of gastric and duodenal of non-germinated QPI and germinated QPI from
white, red and black quinoa (Chenopodium quinoa Willd Var. Real) was evaluated at concentrations
of 10, 50 and 200 µmoL. The antioxidant activity increased with the increase of the concentration.
QPI-G1-DD from white, red and black quinoas presented 230.05 < 277.22 < 412.51 µmoL of QPI
(Table 4). The statistical analysis indicates that there are differences at P < 0.05. When the antioxidant
activity of germinated quinoas was compared to the antioxidant activity of non-germinated quinoas,
the antioxidant activity increases more than double. It was observed that non-germinated quinoas
have lower values than germinated quinoas. For example, QPI-NG of red quinoa at 10 µmoL of sample
presented an ORAC value of 112.35 µmoL TE/g of QPI and QPI-G1-DD of red quinoa at 10 µmoL of
digest presented an ORAC value of 228.29 µmoL TE/g of digest. Gastric and duodenal digests at the
same concentration presented similar antioxidant activity with small differences (Table 4).

Many extracts from Chenopodium quinoa Willd were obtained with different solvents such as
ethanol, methanol and acetone. These extracts content polyphenols, carotenoids, flavonoids and
anthocyanins molecules with high antioxidant activity. This activity has been evaluated using different
antioxidant assays such as DPPH, ABTS, FRAP (ferric reducing antioxidant power), PCL (photo
chemiluminescence of luminol) and the ORAC method. For example, Tang et al., 2015, have described
carotenoids and tocopherols from white, red and black quinoa with antioxidant activity with a value of
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DPPH of 4.5; 4.8 and 5.8 µmoL TE/g, ORAC of 4.5; 5.7 and 6.5 µmoL TE/g, PCL of 4.5; 4.7 and 5.3 µmoL
TE/g and FRAP of 6.40; 7.20 and 7.80 µmoL AAE/g [44].

Table 4. Antioxidant activity of QPIs digest of non-germinated and germinated white, red and black
quinoas using the ORAC method.

ORAC (µmoL TE/g Digests)

Samples 10 µmoL 100 µmoL 200 µmoL

White quinoa

QPI-NG-GD 181.62 ± 3.22 233.85 ± 3.00 280.10 ± 1.78
QPI-NG-DD 206.23 ± 4.15 260.36 ± 3.42 345.91 ± 1.02
QPI-G1-GD 190.01 ± 2.36 240.70 ± 2.08 305.22 ± 2.07
QPI-G1-DD 220.01 ± 0.57 275.01 ± 4.15 394.62 ± 3.19
QPI-G3-GD 195.08 ± 3.45 252.87 ± 2.09 310.13 ± 4.11
QPI-G3-DD 224.56 ± 2.13 272.87 ± 6.26 390.13 ± 5.03

Black quinoa

QPI-NG-GD 184.89 ± 1.09 237.94 ± 3.36 275.43 ± 5.47
QPI-NG-DD 200.14 ± 4.03 257.11 ± 1.09 352.67 ± 3.12
QPI-G1-GD 230.05 ± 3.18 278.22 ± 1.55 401.42 ± 2.36
QPI-G1-DD 230.05 ± 3.18 277.22 ± 3.44 412.51 ± 3.98
QPI-G3-GD 235.31 ± 2.00 279.24 ± 0.60 395.14 ± 4.023
QPI-G3-DD 228.35 ± 2.30 273.01 ± 0.31 385.91 ± 2.25

Red quinoa

QPI-NG-GD 180.02 ± 1.18 241.95 ± 0.01 272.11 ± 2.55
QPI-NG-DD 203.55 ± 1.10 263.08 ± 0.35 349.11 ± 1.00
QPI-G1-GD 232.05 ± 1.95 281.54 ± 0.94 396.21 ± 2.37
QPI-G1-DD 229.28 ± 3.24 295.63 ± 1.92 398.55 ± 2.60
QPI-G3-GD 233.35 ± 3.19 290.64 ± 1.11 385.04 ± 3.00
QPI-G3-DD 228.29 ± 2.65 275.49 ± 3.34 382.09 ± 3.14

QPI-NG (non-germinated quinoa protein isolate), QPI-G1 (quinoa protein isolate obtained of quinoa germinated
for 1 day), QPI-G3 (quinoa protein isolate obtained of quinoa germinated for 3 days). GD (gastric digests) and
DD (duodenal digests). Results are the means ± standard deviation (SD) of six determinations (n = 6). Different
superscripts letter for each quinoa cultivar within columns indicate significant statistical differences by one way
Anova followed of Tukey’s test (P < 0.05).

Jin et al., 2017 reported extract ethanolic obtained from quinoa (Chenopodium quinoa Willd)
cultivated in Korea, USA and Peru. They reported high antioxidant activity using both the FRAP and
DPPH methods. Korean quinoa extract presented a FRAP value of mM/kg of dry material and a DPPH
value of 95.29%, USA quinoa extract presented a FRAP value of 8.42 mM/kg of dry material and a
DPPH value of 94.50%. Peruvian quinoa extract presented a FRAP value of 7.12 mM/kg of dry material
and a DPPH value of 85.16% [45].

Paucar-Menacho et al. (2017) described germinated samples obtained of quinoa (Chenopodium
quinoa Willd var. INIA-415 Pasankalla) from Perú. They reported that the process of germination
induces the accumulation of bioactive compounds such as polyphenols and γ-aminobutyric acid
(GABA). Extract methanolic were obtained of germinated quinoa and were used to evaluate the
antioxidant activity using the ORAC method. They described that the extract of germinated quinoa
increases the antioxidant activity with respect to the extract of non-germinated quinoa. Germinated
quinoa presented ORAC values between 315.8–1410.42 mg TE/100 g DW, while quinoa seeds presented
a range value of 1085.75 mg TE/100 g DW. The optimum germination conditions were stablished at
20 ◦C for 42 h. At these conditions they presented a higher TPC content and antioxidant activity [46].

Nowadays, there is an interest to find antioxidant compounds of protein sources. Chenopodium
quinoa Willd include proteins with interest for their biological properties. Many proteins derived
as hydrolysates are evaluated using the in vitro and in vivo antioxidants methods. For example,
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Vilcacundo et al., 2018, reported gastric and duodenal digest of QPC (quinoa protein concentrate)
with antioxidant activity using the ORAC method. QG120 (QPC gastric digest for 120 min) reported
an ORAC value of 1.03 µmoL TE/mg of protein and QD120 (QPC duodenal gastric for 120 min)
presented an ORAC value of 2.22 µmoL TE/mg of protein. These hydrolysates were fractioned using
an ultrafiltration membrane. They found that the fraction with peptides < 5kDa presented high
antioxidant activity using the ORAC method [9].

Mudgil et al., 2019, described hydrolysates obtained with bromelain, chymotrypsin and protease
with high antioxidant activity using the ABTS and DPPH methods. Hydrolysate of quinoa obtained
with chymotrypsin at 2 and 6 h of incubation presented a high ABTS value of 420.5 and 498.6 µmoL
TE/µg and a DPPH value of 1442.5 and 1188.0 µmoL TE/µg, respectively [43].

The antioxidant activity results reported in this study are higher than the ones of Mudgil et al.,
2019, because our data measures antioxidant activity as µmoL TE/g sample. Pepsin is an efficient
enzyme to produce hydrolysates with antioxidant potential at 2 h of incubation at pH 3.0. When pepsin
and pancreatin are combined, the antioxidant activity of non-germinated and germinated hydrolyzed
QPI increases [43]. The production of small peptides with pepsin and pancreatin increases the % DH
in duodenal digests.

Li et al. (2018) described QPI treated with an ultrasound technique (200, 400 and 600 W). QPI
was hydrolyzed with a catalase enzyme. The antioxidant activity was evaluated using the DPPH and
ABTS methods. QPI-H400 (6 mg/mL) present high antioxidant activity with a value of DPPH of 80%
RSA and QPI-H400 (2 mg/mL) present high antioxidant activity using the ABTS method with a value
of 80% RSA [47].

Nongonierma et al., 2015 described QPI (quinoa protein isolate), QPH-P (quinoa protein
hydrolysate with papain) and QPH-PL (quinoa protein hydrolysate with papain-like) with antioxidant
activity using the ORAC method with a value of 264.42; 501.60 and 514.36 µmoL TE/g respectively [48].

The germination process can be a good tool to increase the content of bioactive compounds in food
and food-derived from quinoa and increase the biological activities such as the antioxidant activity.
Consumers are interested in fresh foods of vegetal sources such as germinated from quinoa, soybean,
lentils and lupin. Many vegan supermarkets have as products sprouts of white, red and black quinoas.

3.4. Reduction of Stress Oxidative ROS by Germinated QPI Digests

Zebrafish (Danio rerio) is an emerging animal experimentation model with many possibilities of
use in medicine, pharmacy, molecular biology, and biotechnology. Zebrafish genomic expression for
certain diseases is similar to humans [49,50]. DCFH-DA fluorescent assays can be used to evaluate and
quantify ROS production in cell lines in an in vivo animal model. Jensen et al. (2016) described PMN
cells incubated with DCFH-DA and samples (aqueous cyanophyta extract). The oxidative stress was
induced with hydrogen peroxide, the cells with fluorescence intensity were immediately analyzed [51].
Reduction of the intensity of the fluorescence indicated the reduction of ROS in cells. Kang et al. (2014)
adapted the DCFH-DA assay to be used in zebrafish embryos. They reported a reduction of ROS in
zebrafish embryos when embryos were incubated with polysaccharide molecule isolate of aloe vera
(Aloe barbadensis) [52].

Zebrafish embryos without chorion membrane were used to evaluate the reduction of oxidative
stress to quantify the reduction of intracellular ROS with the treatment of germinated QPI digests. The
groups of embryos were treated with a DCFH-DA fluorescence technique which an intracellularly
ROS with the DFC green fluorescent compound (Figure 8a–e). The oxidative stress was induced by the
embryos AAPH exposition. A decrease of the green fluorescence in the zebrafish embryos indicated a
ROS reduction in zebrafish embryos. This method has been described for different authors using the
emergent zebrafish model and cell lines. For example, Figure 8 shows the imagen of zebrafish embryos
after the DFCH-DA assay. Figure 8a shows the group of embryos treated with control (AAPH). The
intensity of these groups was considered as 100% of ROS production. Embryos treated with AAPH
presented strong green fluorescence indicating a high ROS production. Only the group of embryos
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treated with QPI-G3-DD of white quinoa was able of reducing the intensity of green fluorescence
(Figure 8c). Vilcacundo et al., 2018 reported gastric and duodenal digests from Amaranthus caudatus
with the capacity to reduce the ROS formation in zebrafish embryos [28]. Piñuel et al., 2019 recently
described hydrolysates from Phaseolus vulgaris with potential to inhibit the ROS formation in zebrafish
embryos [31].
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4. Conclusions

White, red and black quinoa (Chenopodium quinoa Willd Var. Real) can be used germinated to
produce protein isolate with biological activities, resulting in an increased quality and nutritional value.
QPI, obtained from germinated quinoa and treated with pepsin, increases the hydrolysis capacity
presenting a high % DH. This gastric and duodenal digest presents a high antioxidant activity. This
enzyme produces small fragments of proteins that can be reactive with radicals used in the antioxidants
assay. QPI-DD of white quinoa was able of decreasing the ROS formation. We used the in vivo
model zebrafish embryos. Germinated quinoa and QPI can be used as new foods for their antioxidant
potential and proteins quality.
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