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Abstract: Purple corn seeds germinated at 25 ◦C and 35 ◦C for 5 days were used to obtain purple corn
protein concentrate (PCPC25 and PCPC35). PCPC25 and PCPC35 were subject to gastrointestinal
hydrolysis. PCPC and its hydrolysates were used to evaluate their functional and biological properties.
Total flavonoid content (TFC), total flavonol content (TFLC), total anthocyanin content (TAC) and
total proanthocyanin (TAP) were determined. The polyphenols and flavonoids were identified
by UPLC-QDa. Protein solubility (PS), water and oil absorption capacity (WAC and OAC) were
determined. The antioxidant activity was evaluated by the FRAP, ABTS and DPPH methods. PCPC35
showed the highest TFLC values (11,091.37 mg rutin equivalents (RE)/100 g dry weight DW), and
TFL presented values of 7975.59 mg RE/100 g DW. The PCPCs presented better functional properties
than the hydrolysates. PCPC25 presented a PS of 59.43%PS at pH 8.0, 27.77%WAC and 24.94%OAC.
PCPC25 and PCPC35 showed high values of antioxidant activity. PCPC25 showed ABTS values
(570.97 µmol trolox equivalents (TE)/g DW) and FRAP (772.85 µmol TE/g DW). PCPCs hydrolysates
were less active with ABTS values (74.12 µmol TE/g DW) and FRAP (59.42 µmol TE/g DW).

Keywords: purple corn concentrate protein; hydrolysates; functional properties; antioxidant activ-
ity; flavonoids

1. Introduction

Cereals are among the most cultivated foods worldwide and play an important role in
the human diet and animal feed. Within cereal crops, maize or corn (Zea maize L.) represents
one of the most important crops for global food due to its nutritional value. Corn seeds
have a high starch content (72%), protein content (7–13%), total fiber (2.5%) and oil content
(4.8%) [1–3]. Purple corn seeds contain important vitamins and minerals for the diet. In the
latest Food and Agriculture Organization Corporate Statistical Database (FAOSTAT) report,
it is indicated that Ecuador had 686,896 hectares cultivated with cereals with a total cereal
production of 2,689,665 tons in 2020. An area of 341,301 hectares was destined for corn,
achieving a production of 1,304,884 tons and a yield of 38,233 hg/ha in 2020 [4]. These data
reflect the importance of this crop for Ecuador and the feeding of the population.

Pigmented corn varieties, such as purple corn or purple maize, are highly valued for
their high content of phenolic compounds, such as flavonoids and anthocyanins. These
varieties are cultivated in the Andes region of South America in Peru, Ecuador, Bolivia and
Argentina. Purple corn anthocyanin extracts have been used to color homemade desserts
and drinks, such as chicha morada and mazamorra morada, two typical drinks from the
Andean region [4–6].
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Suriano et al. (2021) have described the content of phenolic compounds for purple corn
with values of total proanthocyanin content (TPA) of 1381 µg/g, DW), total anthocyanin
content (TAC) (780 µg/g DW), total flavonoid content (TFC) (1998 µg/g DW) and total
polyphenol content (TPC) (4047 µg/g DW) [7]. It is widely described in the literature that
phenolic compounds are responsible for different biological activities of foods. The antioxi-
dant activity is one of the most studied biological activities of the types of compounds. The
use of natural compounds is an alternative to artificial antioxidants due to low toxicity and
no harmful effects on health [8–10].

Protein concentrate powders (PCP) are used as dietary supplements and in food
processing and are available in a wide variety of flavors and forms, such as shakes, bars,
snacks and gels. PCP are produced using a filtration method by pushing the proteins
through a filter, which allows water, minerals and other organic materials to pass through.
Proteins, which are of large molecular size, are retained by the filter, resulting in protein
powder or PCP. PCP contain significant amounts of carbohydrates and fats. PCP can be
used to obtain protein isolate powder (PIP) through successive filtrations [11–15]. The
most widely used PCP and PIP of animal source in the food industry are whey protein
concentrate (WPC) and whey protein isolate (WPI) obtained from whey milk proteins [16].
Soy protein concentrate (SPC) is the most widely used PCP of vegetal source. This PCP is
produced from defatted soy flour without the water-soluble carbohydrates but with fiber.
This PCP contains 70% protein [17–19]. PCP and PIP have good functional and biological
properties. Due to their composition, purple corn seeds can be a good alternative to obtain
PCP and PIP with good functional and biological properties. They can be an inexpensive
plant source of protein and are easy to grow in different climatic zones. They usually have
a high percentage of protein solubility, good absorption of water and oil. Different PCP and
PIP with antioxidant, antibacterial and anti-inflammatory capacity have been reported. An
important property to evaluate is protein digestibility. There are gastrointestinal simulation
models that allow simulating the physiological conditions of hydrolysis of food proteins.
During the hydrolysis process, peptide sequences are released by the action of enzymes
that can improve the functional and biological properties of PCPs and PIPs.

PIP have very low levels of carbohydrates and fats, containing exclusively pure
proteins. Alkaline extraction followed by isoelectric precipitation is a way to obtain PCP
and PIP in a simple, fast and economical way. SPI are commonly produced using this
technique [20–22]. Purple corn can be a suitable source of protein to obtain PCP with a high
content of phenolic compounds, especially anthocyanins, resulting in a high antioxidant
activity. In addition, PC and PI of vegetable origin usually have a high degree of digestibility,
which facilitates the bioavailability of amino acids [23]. Plant-based sources are much more
sustainable than animal-based sources because fewer natural resources are used in their
production, and they are less harsh on the environment. It is predicted that by 2030, the
world population will be around 8.6 billion people, and by 2050, it could be 10 billion
people. This increase in the population produces an increase in the demand for protein of
animal origin estimated at around 70%. For these reasons, new sources of dietary protein
that are sustainable and fair to the environment must be sought. Crops have to face the
difficulties of climate change; therefore, it is of great importance to have information on
vegetable proteins and other vegetable compounds, as well as information on crops and
their ability to adapt to environmental changes [24–26].

The main objective of the work was to evaluate the functional properties (%PS, %WAC
and %AOC) and antioxidant activity of PCPC25, PCPC35 and of their gastrointestinal
hydrolysates (GH25, DH25, GH35 and DH35).

2. Materials and Methods
2.1. Materials

2,2′-Azino-bis-(3-ethylbenzothiazoline-6-sulfonicacid) (ABTS), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ), pepsin, pancreatin and 6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox standard) were obtained from Sigma-Aldrich
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(St. Louis, MO, USA). Analytical-grade solvents and reagents were obtained from Sigma-
Aldrich (St. Louis, MO, USA).

2.2. Plant Material

Purple corn seeds (Zea mays L., INIAP-199 bunch of grapes) were obtained from the
Bolivar State University (Guaranda, Ecuador) and the National Institute of Agricultural
Research (INIAP) (Quito, Ecuador). The crop was established in Guaranda, Ecuador, at
2800 m of altitude, south latitude 01◦34′15′ ′ and west longitude 79◦0′02′ ′. The city of
Guaranda has a temperature of 13 ◦C and a humidity of 75%, based on the annual average.
The harvest was carried out manually once the seeds reached physiological and commercial
maturity. The seeds were manually shelled and dried in a drying rack in the open air until
reaching a humidity of 14%.

2.3. Preparation of Germinated Purple Corn Protein Concentrate (PCPC)

Purple corn seeds were germinated according to Vilcacundo et al. [27]. The seeds
were germinated at 25 ◦C and 35 ◦C for 5 days. PCPCs were obtained; they were ground
until flour was obtained, which was sieved (<500 µm). Purple corn flour was defatted with
the help of hexane in the proportion (1:10, w/v) for 24 h. The solvent was then removed
in an extraction hood for 48 h. Then, 10 g of defatted purple corn flour was dissolved in
deionized distilled water in the proportion (1:10, w/v). The pH was adjusted to pH 8.0
with 1 M NaOH. The solution was centrifuged at 10,000× g for 1 h at 4 ◦C. The precipitate
obtained was discarded (fiber, fat, carbohydrates and minerals), and the supernatant was
separated (protein and phenolic compounds). The pH of the supernatant was adjusted
to 5.0 with the help of 1 N HCL. The solution was centrifuged at 10,000× g for 30 min at
4 ◦C. The precipitated proteins–phenols were collected in falcon tubes, and their pH was
adjusted to pH 7.0 with 0.5 M NaOH. The samples were named PCPC25 and PCPC35. The
precipitated proteins–phenols were lyophilized and frozen at −80 ◦C.

2.4. Gastrointestinal Hydrolysis of PCPC25 and PCPC35

They were subject to gastric and duodenal hydrolysis steps. PCPCs (10 mg, DW)
were used to induce gastrointestinal hydrolysis. Step 1: The gastric hydrolysis (GH) step
involved pepsin enzyme at pH 3.0 for 120 min dissolved in a simulated gastric fluid (SGF)
(0.035 M NaCl) with continuous agitation. The mix was heated at 80 ◦C for 5 min to stop
the reaction of the pepsin enzyme. Step 2: The duodenal hydrolysis (DH) step involved
pancreatin at pH 7.0 for 120 min dissolved in a simulated duodenal fluid (SDF) (CaCl2 plus
bile salts) with continuous agitation. Then, 1 mL of the PCPC gastric hydrolysate was taken
and mixed with 1 mL of the pancreatin mix. The mix was heated at 90 ◦C for 10 min to stop
the reaction of pancreatin. The gastrointestinal hydrolysates were frozen at −80 ◦C and
lyophilized until use [28]. The gastric hydrolysates samples were named as follows: GH25
(gastric hydrolysates obtained from PCPC25) and GH35 (gastric hydrolysates obtained
from PCPC35). The samples of the duodenal hydrolysates were named as follows: DH25
(duodenal hydrolysate obtained from PCPC25) and DH35 (duodenal hydrolysate obtained
from PCPC35).

Undigested nitrogen (N) was finally determined by the Dumas method using an
elemental analyzer (Vario Macro Cube, Elementar, Hanau, Germany). Digestibility was
calculated as % digestibility = (%N in PCPC − undigested %N in hydrolysate)/%N in
PCPC × 100 [29].

2.5. Analysis of the Protein Profile of PCPCs and Hydrolysates (GH25, DH25, GH35 and DH35)
Using the Electrophoresis Technique

PCPCs protein profile and their gastrointestinal hydrolysates were characterized by
sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). An amount of
5 mg/mL of the sample was dissolved in a sample buffer and heated at 100 ◦C for 5 min
with 2-mercaptoetanol. The samples were analyzed with Miniprotean equipment (Bio-Rad,
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Hercules, CA, USA) at 200 V for 30 min. Separator gels at 12% polyacrylamide for PCPC
and 16% polyacrylamide for hydrolysates were used. The molecular weights of the bands
were calculated with the help of a molecular weight standard with a range of 2–250 kDa
(Bio-Rad, CA, USA). Gels were stained with Coomassie blue G-250 solution for 24 h with
continuous agitation. The gels were unstained for two days. Gels were photographed and
processed on a gel analyzer instrument (Analytik Jena Geltower, Thermo Fischer Scientific,
Dublin, Ireland) [30].

2.6. Elemental Composition of PCPC25, PCPC35 and Hydrolysates (GH25, DH25, GH35 and
DH35) and Quantification of Protein Content

Carbon (C), hydrogen (H), sulphur (S) and nitrogen (N) content was determined by
the Dumas combustion method using an elemental analyzer (Vario Macro Cube, Elementar,
Hanau, Germany). The instrument was calibrated with a sample of a sulphonamide
standard. An amount of 20 mg of lyophilized PCPCs and hydrolysates was placed in
aluminum capsules. The capsules were inserted into the sample injection mechanism to
be transformed from C, H, S and N into their gaseous form by calcination. The assays
were performed in triplicate. The protein percentage of the samples was calculated using
Equation (1):

% Protein = F × %N (1)

where F is the conversion factor 6.25, and %N is the percentage of nitrogen calculated by
the instrument.

2.7. Total Anthocyanin Content (TAC)

TAC was determined by UV-visible spectrophotometry, following the pH differential
methodology described by Rapisarda et al. [31]. An amount of 0.3 g of lyophilized PCPC
was mixed with 5 mL of pH 1.0 buffer (KCl 0.2 N and HCl 0.2 N) and stirred for 5 min. Then,
the mixture was sonicated in a Cole-Parmer 8892 ultrasound bath (Cole-Parmer, Chicago,
IL, USA) and finally centrifuged at 2700× g for 10 min. The supernatant was separated
and transferred to a 25 mL amber volumetric balloon. This procedure was repeated three
more times, and the solution was brought to volume with the pH 1.0 buffer solution. The
extraction with pH 4.5 buffer (CH3COONa 1 M and HCl 1 N) was carried out using the
same process. The TAC quantification was carried out by measuring the absorbance in the
samples (pH 1.0 and 4.5) at two wavelengths (510 nm and 700 nm) on a Shimadzu model
2600 spectrophotometer (Shimadzu, Kyoto, Japan). The absorbance (A) was calculated by
the absorbance differences between pH 1.0 and pH 4.5 using Equation (2). Then, the TAC
content was determined using Equation (3).

A = [(A510 − A700) pH1.0 − (A510 − A700) pH4.5] (2)

TAC = A ×MW × DF × 100/ε ×W (3)

where A = absorbance difference pH 1.0–pH 4.5, MW = molecular weight of cyanidin-3-
glucoside chloride (484.84 g/mol), DF = dilution factor, ε = molar extinction coefficient and
W = weight of sample.

The TAC results are expressed as milligrams of cyanidin-3-glucoside chloride (cy-3-glu)
per gram of dry weight (DW), (mg cy-3-glu/100 g DW).

2.8. Total Proanthocyanin Content (TPAC)

TPAC was quantified by a butanol acid assay. An amount of 250 µL of lyophilized
sample (1 mg/mL) was mixed with 3.25 mL of n-butanol-HCl in proportion (50:50, v/v)
in a tube test. Then, 0.2 mL (2% ammonium iron II sulphate dissolved in 2 M HCl)
was added. Then, the tubes were heated at 95 ◦C for 50 min. The absorbance of the
red solution was measured at a wavelength of 550 nm. The TFC quantification was
performed using a calibration curve with (0–100 µg/mL catechin). The curve obtained was
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y = 0.0004x − 0.0059 (R2 = 0.9961). The results obtained were expressed as milligrams of
catechin equivalents per gram of TPA on dry weight (DW) of sample (mg CE/g DW) [32].

2.9. Total Flavonoids Content (TFC)

TFC was determined by UV-visible spectrophotometry, using the method proposed
by Zhishen et al. [33]. PCPCs and purple corn flour were dissolved in the mix of methanol
and water (70:30 v/v). This step was repeated several times until the plant material was
exhausted. An amount of 1 mL of the diluted extract was mixed with 4 mL of distilled water,
and it was homogenized. Then, 0.3 mL of 5% sodium nitrite (w/v) and 0.3 mL of 10% alu-
minum chloride (w/v) were added, allowing the sample to stand for 5 min after the addition
of each reagent. Afterward, 2 mL of 1 N NaOH was added, and the volume was increased
to 10 mL with distilled deionized water. In this reaction, a pink chromophore was formed;
its absorbance was measured at 490 nm with a Shimadzu model 2600 spectrophotometer
(Shimadzu, Kyoto, Japan). The TFC quantification was performed using a calibration curve
with (0–100 mg rutin R/L). The curve obtained was y = 0.0092x − 0.0042 (R2 = 0.9936). The
results are expressed as milligrams of rutin equivalents (RE) per gram of dry weight (DW),
(mg RE/100 g DW).

2.10. Total Flavonol Content (TFLC)

The TFLC content was determined using the methodology proposed by Ramos-
Escudero et al. [34]. PCPCs and purple corn flour were dissolved in the mix of methanol
and water (70:30 v/v). This step was repeated several times until the plant material was
exhausted. An amount of 500 µL of the sample was mixed with 500 uL of 20% AlCl3
and 1500 µL of 50% CH3COONa. The samples were incubated in the dark for 2 h; the
absorbance of the reaction was measured at a wavelength of 415 nm using a UV-Vis spec-
trophotometer (Thermo Scientific.). A rutin standard calibration curve in the range of (10 to
100 ppm) was used. The curve obtained was (y = 0.0029x − 0.0008, R2 = 0.9993). The results
were expressed as milligrams of rutin equivalents (RE) contained in 100 g of dry weight
(DW) (mg RE/100 g DW).

2.11. Analysis of Biocompounds of PCPC and Hydrolysates (GH25, DH25, GH35 and DH35) by
Reversed-Phase Ultra-Performance Liquid Chromatography–Mass Spectrometry
(RP-UPLC-MS) Technique

PCPC and hydrolysates samples were diluted 10-fold with distilled deionized water,
vortexed and centrifuged at 5000× g for 5 min. Then, 1 mL of the supernatant was removed
and filtered through a 0.45 µM polyvinylidene difluoride (PVDF) membrane filter into vials.
Phenolic components of low molecular weight were measured by the RP-UPLC-MS tech-
nique. UPLC-MS on an Acquity H-Class UPLC-QDa Mass Detector (Waters Corporation,
Milford, MA, USA) with electrospray ionization interface was used. The samples were
analyzed using a column ACQUITY UPLC® BEH C18 (Waters 2.1 mm× 50 mm × 1.7 µm
of particle size) at 45 ◦C. Prefilters of 0.2 µm installed in front of the column were used
for this analysis. Extracts of 10 µL volume were injected and eluted at 0.8 mL/min with
a linear gradient from 1 to 95% of solvent B (methanol) in solvent A (Milli-Q water) for
5.5 min, then under an isocratic mode (95% of solvent B) for 1 min and finally returned
to the initial conditions. The mass spectrometer, operated in a positive mode, was set up
to scan the daughter ion of 50 to 650 v/v. The optimized mass spectrometry parameters
used were as follows: capillary voltage, 0.8 kV; cone voltage, 30 V; collision energy, 15 V;
source temperature, 450 ◦C; and desolvation temperature, 140 ◦C. Nitrogen was used as
the desolvation and cone gas with a flow rate of 760 L/h. Argon was used as the collision
gas at a flow rate of 0.1 mL/min. ACQUITY QDa detector was used. Catechin, epicatechin,
quercetin, acid gallic standards were used as settings for the selected ion response (SIR)
monitoring of each component. Data acquisition and analysis were performed using the
Empower 3.0 software (Waters Co. Milford, MA, USA) [35].
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2.12. Functional Properties of PCPCs and Gastrointestinal Hydrolysates

The functional properties of PCPCs and gastrointestinal hydrolysates were evaluated
according to the methods described by Quinteros et al. [30]. Protein solubility (%PS), water
absorption capacity (%WAC) and oil absorption capacity (%OAC) were determined.

2.12.1. Protein Solubility (PS)

PCPCs and their gastrointestinal hydrolysates (0.2% w/v, based on weight protein
content of each sample) were dissolved in distilled deionized water, and the pH of the
suspension was adjusted to pH 2.0, 4.0, 6.0,8.0 and 10.0 using solutions 0.025 N HCl and
NaOH. The suspensions were shaken for 1 h and centrifuged at 10,000× g for 15 min
using a centrifuge (Eppendorf 5804 R, Hamburg, Germany). The content of protein in the
supernatant was determined by the bicinchoninic acid (BCA) protein assay kit (Thermo
Fisher Scientific, Waltham, MA, USA) using bovine serum albumin (BSA) standard protein
at different concentrations (0.125 to 2.0 mg/mL). PS was calculated as follows:

% PS = (protein content of supernatant/total protein content in the sample) × 100 (4)

2.12.2. Oil Absorption Capacity (OAC)

PCPCs and their gastrointestinal hydrolysates were dissolved in sunflower oil (1:10
w/v, ratio) in a pre-weighed tube. The suspensions were homogenized for 1 min using
a vortex and then every 5 min until 30 min. Then, the suspensions were centrifuged at
2000× g for 15 min using a centrifuge (Eppendorf 5804 R, Hamburg, Germany). Then, the
oil was drained, and the tube was tilted for 10 min and weighed. The %OAC results were
calculated using Equation (5):

(%) OAC = [(weight sample + oil/weight sample] × 100 (5)

2.12.3. Water Absorption Capacity (WAC)

PCPCs and their gastrointestinal hydrolysates were dissolved in distilled deionized
water at (1:10, w/v) ratio in a pre-weighed tube. The mixture was homogenized for 30 s
every 10 min 5 times. Then, the mixture was centrifuged at 4000× g for 20 min using a
centrifuge (Eppendorf 5804 R, Hamburg, Germany). The tubes were drained at a 45◦ angle
for 10 min and then weighed. The %WAC was calculated using Equation (6):

(%) WAC = [(W2 −W1)/W0] × 100 (6)

where W0 is the weight of the sample, W1 is the weight of the centrifuge tube with the
sample, and W2 is the weight of the centrifuge tube with the sediments.

2.13. Evaluation of Antioxidant Activity of PCPC and Hydrolysates (GH25, DH25, GH35 and
DH35)
2.13.1. Ferric-Reducing Antioxidant Power (FRAP) Method

The FRAP reagent was prepared by mixing 25 mL of 300 mM sodium acetate buffer
at pH 3.60 plus 2.50 mL of 10 mM TPTZ diluted in 40 mM HCl plus 2.50 mL of 20 mM
ferric chloride hexahydrate. An amount of 900 µL of the FRAP reagent was mixed with
90 µL of distilled deionized water and 30 µL of PCPC and hydrolysates. The mixture was
incubated in the dark at 37 ◦C for 30 min. It was then centrifuged at 1000× g for 5 min.
Finally, the absorbance of the samples was measured at 593 nm. The trolox standard was
used to made a calibration curve (100–500 µmol), and the curve that was obtained was
y = 0.0017x − 0.149, R2 = 0.9976. The antioxidant activity data measured by FRAP were
expressed as µmol trolox equivalents (TE)/g, dry weight (DW) [36].
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2.13.2. 2.2′-Azinobis (3-Ethyl-benzothiazoline-6-sulfonic acid) Cation Bleaching
ABTS Method

PCPCs and hydrolysates (200 µL) were mixed with 3800 µL of the ABTS solution
(7 mM ABTS solution plus 2.45 mM potassium persulfate solution in a 1:1 ratio). The
mixture was incubated for 45 min in darkness. Then, the mix was diluted by adding a
phosphate buffer (pH 7.0) until an absorbance of 1.10 ± 0.01 at 743 nm was obtained. The
Trolox standard solution (0 µmol to 500 µmol) was used as a standard curve to determine
the concentrations of the antioxidant. The standard curve obtained was y = 0.014x + 0.2169,
R2 = 0.9931. The results of antioxidant activity by ABTS assays were expressed as µmol of
TE/g DW [37].

2.13.3. 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) Radical Scavenging Assay

The antioxidant activity of PCPCs and hydrolysates was measured by the DPPH
method described by Boeri et al. (2019). Trolox standard was used as the reference
standard curve (0–800 µmol Trolox/L), and the calibration curve was obtained (y = 0.0007x,
R2 = 0.9997). All assays were performed three times (n = 3). The results obtained were
represented as µmol TE/g DW [38].

2.14. Statistical Analysis

The results were expressed in the manuscript as mean ± standard deviation (SD). All
trials had three replicates (n = 3). Statistical differences of the samples used in this study
were evaluated with one-way ANOVA analysis (p < 0.05) followed by the Tukey test. The
statistical differences were expressed with different superscript letters in the tables and
figures. This statistical analysis was performed with the help of Stargraphics software.

3. Results and Discussion
3.1. Analysis of Profile Protein of PCPC and Hydrolysates (GH25, DH25, GH35 and DH35)

Figure 1 shows the protein profile of purple corn flour, PCPC25, PCPC335 and their
gastrointestinal hydrolysates. The protein profile of purple corn flour shows bands with
a range from 19.99 to 64.31 kDa, while PCPC25 and PCPC35 show a protein profile with
bands between 18.56 kDa and 321.27 kDa. The gel documenter appreciates the absence of
bands in the gastric and duodenal hydrolysates of the two PCPCs. The bands 19.99 kDa,
25.84 kDa and 47.55 kDa are found in purple corn flour, PCPC25 and PCPC35. The bands
expressing the highest intensity in gels are the bands of 18.56 kDa and 19.99 kDa present
in the PCPCs. In a previous work, Vilcacundo et al. [27] described the protein profile of
PCPC. The PCPCs protein profile was characterized by the presence of six bands with
molecular weights of 14.50 kDa, 20.12 kDa, 25.18 kDa, 41.85 kDa, 59.59 kDa and 65.87 kDa.
These PCPCs were germinated for 72 h at 15, 20, 25, 30, 34 and 40 ◦C and were obtained
at alkaline pH 8.0 and precipitation pH 4.0. In this study, the PCPCs were germinated for
5 days at 25◦ and 35 ◦C and obtained at alkaline pH 8.0 and precipitation pH 5.0. These
differences in the process of obtaining PCPCs can generate different proteins. The protein
content of corn kernels is largely composed of prolamin or zein proteins (40%), followed by
glutelin proteins (30%), with low amounts of globulin and albumin proteins (5%) [39,40].
Zein proteins have four subfamilies, named α (19 kDa and 22 kDa), γ (50 kDa, 27 kDa and
16 kDa), β (15 kDa) and δ (18 kDa and 10 kDa) [41–43].

Gastrointestinal hydrolysates of PCPC25 and PCPC35 were also analyzed by SDS-
PAGE. The gel photodocumenter did not record any bands in the gastric and duodenal
hydrolysates of both samples. In general, the protein profile clearly changed due to the
conditions of gastrointestinal digestion. Even so, a band of less than 10 k Da can be
seen. Wu et al. [44] described the protein profile of SPI, SPIH1, SPIH2 and SPIH3 using
the HPLC technique. They found that SPI presented peaks corresponding mainly to
molecular weight above 10 kDa, and the hydrolysates presented peaks corresponding to
molecular weight above 10 kDa with percentages of 45.26%, 26.26% and 12.11%, respectively.
Peaks corresponded to 1–5 kDa for SPI (5.39%), SPIH1 (26.27%), SPIH2 (37.34%) and
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SPIH3 (36.23%). It can be seen that the hydrolysates mainly presented low molecular
weight proteins. The protein profile of the hydrolysates is affected by the hydrolysis
conditions (type of enzymes, pH, temperature and time). The percentage of hydrolysis is
also a determining factor in the protein profile, and this depends on the set of hydrolysis
conditions.
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a) b)Figure 1. Analysis of profile protein of PCF, PCPC25, PCPC35 and hydrolysates (GH25, DH25, GH35
and DH35) by electrophoresis SDS-PAGE. PCF (purple corn flour), PCPC25 (purple corn protein
concentrate germinated for 5 days at 25 ◦C), PCPC35 (purple corn protein concentrate germinated for
5 days at 35 ◦C). GH25 (gastric hydrolysate of PCPC25), DH25 (duodenal hydrolysate of PCPC25),
GH35 (gastric hydrolysate of PCPC35) and DH35 (duodenal hydrolysate of PCPC35).

3.2. Elemental Composition of PCPCs and Hydrolysates and Quantification of % Hydrolysis of
Hydrolysates (GH25, DH25, GH35 and DH35)

An elemental analysis of the samples was performed. The percentage of hydrolysis
was determined and calculated in the gastrointestinal hydrolysates of PCPC (Table 1).
The percentage of carbon presented very high values in PCF, PCPC25 and PCPC35; the
same occurred for the percentage of hydrogen. Meanwhile, the percentage of sulphur was
high for the PCPC25, DH25 and PCPC35 samples. The percentage of nitrogen presented
the highest values for PCPC25 and PCPC35 (7.81%N and 7.31%N) without significant
differences between them. Gastric and duodenal hydrolysates presented no significant
differences between them when comparing their % hydrolysis. GH25 and DH25 presented
values of 77.24% and 78.61%DH. GH35 and DH35 presented percentages of 76.23 %DH and
76.64%DH. Statistical analysis revealed no statistical differences when comparing the four
hydrolysates among themselves. The hydrolysis percentage values for the four hydrolysates
were high. Vivas et al. [45] described the percentage digestibility of the yellow maize meal.
The gastric hydrolysate presented a value of 42.8%DH. The digestibility percentage was
calculated using the nitrogen percentage of the samples and the hydrolysate. The values
of our study were higher. Kiers et al. [46] have described differences in the percentage of
defatted and non-defatted fermented white corn for seven varieties. The flour was subject
to a gastrointestinal hydrolysis process with pepsin (pH 4.0 for 60 min) and pancreatin
(pH 6.0 for 30 min). They found values for defatted samples ranging from 24.1 to 67.1%DH,
and for non-defatted samples, values of 20.8–65.0% hydrolysis. Our hydrolysis percentage
values were higher than those previously described, which may be due to differences in
the samples and differences in the digestion process.

The percentage of hydrolysis can be important to determine the protein profile and to
influence its biological activities because, depending on the degree of hydrolysis, peptides
of different sizes and with different charges will be formed. Depending on the size and
amount of the peptide available, interactions between peptides/polyphenols could occur;
these interactions are not always as expected.
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Table 1. Elemental composition, quantification of protein of PCPCs and hydrolysates and hydrolysis
degree of hydrolysates (GH25, DH25, GH35 and DH35).

Sample % Carbon % Hydrogen % Sulfur % Nitrogen % Protein % Hydrolysis
Degree

PCF 41.00 ± 0.28 c 8.70 ± 0.06 c 0.10 ± 0.01 a 1.61 ± 0.03 a 9.94 ± 0.28 a N. D
PCPC25 59.05 ± 0.28 d 9.97 ± 0.10 c 0.40 ± 0.00 c 7.81 ± 0.01 b 48.79 ± 0.15 b N. D

GH25 16.52 ± 1.00 b 1.35 ± 0.23 a 0.16 ± 0.02 a 1.78 ± 0.08 a 11.10 ± 0.29 a 77.24 ± 0.25 a

DH25 12.07 ± 0.13 a 2.59 ± 0.09 b 0.58 ± 0.03 d 1.67 ± 0.03 a 10.44 ± 0.08 a 78.61 ± 0.29 a

PCPC35 59.74 ± 0.18 d 10.14 ± 0.09 0.33 ± 0.01 b 7.31 ± 0.02 b 45.67 ± 0.02 b N. D
GH35 13.04 ± 0.58 a 1.19 ± 0.09 a 0.11 ± 0.00 a 1.74 ± 0.05 a 10.85 ± 0.04 a 76.23 ± 0.32 a

DH35 13.30 ± 0.27 a 2.46 ± 0.05 b 0.08 ± 0.00 a 1.71 ± 0.02 a 10.67 ± 0.04 a 76.64 ± 0.19 a

Results were expressed as mean ± standard deviation (n = 3) and were analyzed by one-way ANOVA followed by
the Tukey test. Statistical differences are indicated with lowercase letters PCF (purple corn flour), PCPC25 (purple
corn protein concentrate germinated for 5 days at 25 ◦C), PCPC35 (purple corn protein concentrate germinated for
5 days at 35 ◦C). GH25 (gastric hydrolysate of PCPC25), DH25 (duodenal hydrolysate of PCPC25), GH35 (gastric
hydrolysate of PCPC35) and DH35 (duodenal hydrolysate of PCPC35).

3.3. Content of Phenol Compounds of PCPCs and Gastrointestinal Hydrolysates (GH25, DH25,
GH35 and DH35)

The PCPCs contents of the phytocomponents and their gastrointestinal hydrolysates
were determined (Table 2). PCPC35 presented the highest values of TFLC (11091.37 mg
RE/100 g DW) and TFL (7975.59 mg RE/100 g DW). The highest TAC values were presented
by PCPC35 with a value of 1620.24 mg Cy3GE/g DW, followed by flour (1609.59 mg
Cy3GE/g DM) and PCPC25 (1157.35 mg Cy3GE/g DW). The lowest values were obtained
in the hydrolysates with a range of 66.52–181.45 mg Cy3GE/g DW. A very important
decrease in the concentration of TAC was observed in all the hydrolysates when compared
to the purple corn flour and the concentrates. Galvez-Ranilla et al. [47] have reported the
TAC content in Peruvian purple corn (310.04 mg Cy3GE/g DW). Lopez-Martinez et al. [48]
have reported the TAC content of four varieties of purple corn (purple, AREQ516540TL,
Veracruz 42 and Oaxaca 337 IG04 PV) from Mexico with values of (93.2; 850; 389; and 131
mg Cy3-glu/100 g, DW), respectively. Mendoza-Mendoza et al. [49] have reported the TAC
content of 52 varieties of purple corn from Mexico with ranges of 0.0398 to 0.2398 g of Cy3-
glu/100 g DW. Zhang et al. [50] have reported the content of TAC in 20 varieties of purple
maize extracts obtained from the pericarp of maize. They reported values ranging from
12.8 to 93.5 mg C3GE/g, DW. Cuevas-Montilla et al. [51] reported the TAC (0.02–0.7 mg
C3GE/g DW) present in nine Bolivian purple maize varieties. Žilić et al. [52] have reported
the content of TPC in six colored maize varieties with values of 4.5–10.5 mg GAE/g, DW,
with low values of TAC (0.003–0.7 mg C3GE/g DW). Lao et al. [5] have reported the TAC
content of 14 varieties of purple corn with values between 3.1 and 100.3 mg C3G/g DW
purple corn powder.

The TAC values reported in this study were higher than those described by the previ-
ously cited studies. The hydrolysates presented lower TAC values than those described
in the literature. When the values of the four phytocomponents present in PCPCs are
compared to the values obtained by the hydrolysates, a strong decrease in the contents
is observed. The TPA content was also calculated in the samples. It was found that TPA
presented high and similar values for purple corn flour, PCPC25 and PCPC35. The hy-
drolysates presented the lowest values. The statistical analysis shows significant differences
between purple corn flour and PCPC25. Significant statistical differences are also seen
between the gastric and duodenal hydrolysate of PCPC35. The statistical analysis shows
that there are statistical differences between the values of the four phytocompounds of
PCPCs and the values of the hydrolysates.

Approdu et al. [53] have reported the thermal degradation of anthocyanins in purple
corn extracts. They found that as the heating temperature of purple corn extracts increased,
the TAC content decreased. The TAC content of the non-thermally treated samples was
520.42 mg C3G/g DW. Additionally, the TAC extracts from purple corn were subject to
simulated gastrointestinal digestion with pepsin (pH 2.0 for 20, 40, 60, 80, 100 and 120 min)
and pancreatin (pH 7.0 for 20, 40, 60, 80, 100 and 120 min), observing a decrease of 21%
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in the TAC content in non-thermally treated extracts after 120 min of gastric digestion.
Extracts heat treated at 80 ◦C lost 60% of the TAC content after 120 min of duodenal
digestion. Extracts heat treated at 120 ◦C lost 83% of the TAC content. In the present study,
the content of the TAC decreased in the gastrointestinal hydrolysates of purple corn, as
in the previous case. In this study, in the simulated gastrointestinal heating digestion, the
enzymes were blocked by heat treatment at 90 ◦C for 10 min. This thermal treatment could
affect the stability of the phenolic compounds in the samples. On the other hand, it is known
that anthocyanins are stable at acidic pH and very unstable at basic pH [54]. Cevallos-
Casals et al. [55] indicated that anthocyanins are unstable molecules and susceptible to
degradation due to the effects of temperature, pH, enzymes, light and oxygen radicals. All
these factors can affect its stability and color intensity [56]. The stability of these molecules
depends on their chemical structure [57]. The phenolic compounds measured in this
study decreased their content in the hydrolysates, which may suggest that the hydrolysis
conditions (pH, enzymes, hydrolysis time, heating to block the enzymes) affect the stability
of the said components, and their content is affected in the process samples of purple
corn hydrolysates.

Table 2. Quantification of biocompounds of PCF, PCPC25, PCPC35 and their hydrolysates (GH25,
DH25, GH35 and DH35).

Sample
Total Flavanol

Content (TFLC)
mg RE/100 g DW

Total Flavonoids
Content (TFC)

mg RE/100 g DW

Total Anthocyanins
Content (TAC)

mg Cy3-glu/g DW

Total Pro-Anthocyanins
Content (TPA)
mg CE/g DW

PCF 460.90 ± 0.49 a 503.07 ± 0.27 a 1609.59 ± 0.02 d 56.98 ± 0.00 b

PCPC25 4228.54 ± 1.69 b 2039.38 ± 0.27 d 1157.35 ± 0.02 b 67.00 ± 3.54 a

GH25 630.57 ± 0.47 a 1603.66 ± 0.26 c 66.52 ± 0.01 a 35.08 ± 3.42 c

DH25 690.03 ± 0.85 a 1326.37 ± 0.27 b 181.45 ± 0.01 a 36.80 ± 3.59 c

PCPC35 11091.37 ± 6.11 c 7975.59 ± 0.59 e 1620.24 ± 0.01 c 57.73 ± 3.36 b

GH35 1097.28 ± 1.09 a 1539.54 ± 0.23 c 116.35 ± 0.01 a 28.95 ± 0.00 d

DH35 783.07 ± 0.78 a 1796.30 ± 0.14 d 88.88 ± 0.01 a 37.25 ± 0.00 c

Results were expressed as mean ± standard deviation (n = 3) and were analyzed by one-way ANOVA followed
by the Tukey test. Statistical differences were indicated with lowercase letters. PCPC25 (purple corn protein
concentrate germinated for 5 days at 25 ◦C), GH25 (gastric hydrolysate from PCPC25) and DH25 (duodenal
hydrolysate from PCPC25). PCPC35 (purple corn protein concentrate germinated for 5 days at 35 ◦C), GH35
(gastric hydrolysate from PCPC25), DH35 (duodenal hydrolysate from PCPC35) and PCF (purple corn flour). RE
(rutin equivalents), Cy3-glu (cyanidin-3-glucoside chloride) and CE (catechin equivalents). DW (dry weight).

3.4. Identification of Phenolic Acid and Flavonol Compounds of PCPC and hydrolysates

Table 3 shows the phenol acids and flavonoids identified in purple corn flour and
PCPCs using UPLC-Da. The compounds were identified with the help of their respective
standards, retention times and by their mass/charge. Figure 2 shows the chromatogram of
the identified compounds with their respective retention times. Eight phenolic compounds
were identified (six flavonols and two phenol acids). The eight compounds were only
identified in purple corn flour, PCPC25 and PCPC35. It was not possible to identify these
molecules in any of the gastrointestinal hydrolysates. Catechin, quercetin, taxifolin are
flavonols that were described in corn samples. Two acid phenols were identified: p-
coumaric acid 4-O-glucoside and gallic acid 4-O-glucoside derived from p-coumaric acid
and gallic acid, respectively. The p-coumaric acid and gallic acid are compounds that
have been described in the literature as typical phenols from corn-derived samples. The
hydrolysates presented very low contents of all the phytocomponents and could be present
in very low concentrations. They could contain other derivatives of these molecules with
molecular weights below or above the spectrum of mass spectrometer analysis.
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Table 3. Identification of phenolic components of PCF, PCPCs and their hydrolysates (GH25, DH25,
GH35 and DH35).

N◦ Name Phenol Type Retention
Time (min)

[M − H]−
m/z WM (Da)

1 Apigenin Flavonoid/Flavonol 3.004 270.2 270.237
2 7,4’-Dihydroxy-3’-methoxyflavone Flavonoid/Flavonol 3.570 284.4 284.263
3 (+) Catechin Flavonoid/Flavonol 5.362 290.4 290.268
4 Quercetin Flavonoid/Flavonol 2.984 302.3 302.236
5 Dihydroquercetin/Taxifolin Flavonoid/Flavonol 5.743 304.3 304.252
6 Myricetin Flavonoid/Flavonol 2.742 318.3 318.235
7 p-Coumaric acid 4-O-glucoside Phenolic acid 3.809 326.4 326.299
8 Gallic acid 4-O-glucoside Phenolic acid 5.903 332.4 332.260
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Figure 2. Profile of phenolic components of PCPC35 by UPLC-QDa. (1) Apigenin; (2) 7,4’-Dihydroxy-
3’-methoxyflavone; (3) (+) Catechin; (4) Quercetin; (5) Dihydroquercetin/Taxifolin; (6) Myricetin;
(7) p-Coumaric acid 4-O-glucoside; and (8) Gallic acid 4-O-glucoside.

Pedreschi et al. [58] indicated that quercetin derivatives are the most abundant phe-
nolic compounds (non-anthocyanin) in purple corn, followed by ferulic and p-coumaric
acid derivatives. Different authors have identified and quantified phenolic compounds and
flavonoids from purple corn (kernel and pericarp) of various species. Among the identified
compounds are mainly anthocyanins (cy-3-gluc, pg-3-gluc, pn-3-gluc, cy-3-malonylglu,
pg-3-malonylglu, pn-3-malonylglu, condensed form), phenolic acids (ferulic acid, caffeic
acid, gallic acid, p-coumaric acid, vanillic acid, sinapic acid and chlorogenic acid) and
flavonoids (quercetin, catechin, naringenin glucoside, rutin, kaempferol, taxifolin, luteolin
and morin) [1,59–62].
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In corn plants, the presence of flavone O-glycosides, such as apigenin 7-O-glucoside
and 6,4-dihydroxy-3-methoxyflavone-7-O-glucoside, has been described by different au-
thors [63–66]. It is known that plants accumulate flavonoid compounds in their vacuoles
as derivatives of O-glycosides, but some plants, such as gymnosperms and various an-
giosperms, also produce C-glycosides from flavonoids [67,68]. Specifically, cereals produce
flavonoid C-glycosides, such as flavone C-glycosides. In corn, C-glycosyl flavones are in-
volved in protection against UV-B radiation and in defense against pathogens [69]. Maysin,
the predominant C-glycosyl flavone in the tissues of some maize varieties, is a natural
insecticide against the armyworm Helicoverpa zea [70].

3.5. Evaluation of Functional Properties
3.5.1. Protein Solubility (PS) of Purple Protein Corn Concentrate (PCPC) and Hydrolysates
(GH25, DH25, GH35 and DH35)

The solubility of proteins evaluated at different pH values represents an indicator of
the performance of flours, concentrates and protein isolates when they are used in food
products, and it provides information on the degree of denaturation of proteins during
chemical and thermal treatments in industrial processes of food products.

Figure 3 shows the results of %PS of the samples tested in the study. PCPC25 presents
higher values of PS at pH 2.0, 6.0 and 8.0. At pH 10, it presents a high and similar percentage
to PCF with values of 40.54% and 49.74%, respectively. At pH 4.0, the difference between
the %PS of PCPC and PCF is due to the denaturation of the proteins during the removal
of fat in the alkaline extraction process, the chemical treatments applied in the protein
purification and during the sample lyophilization process. PCPC35, hydrolysates and PCF
have very similar %PS values at pH 2.0–8.0. PCPC25 was the sample with the best result
for this functional property. In this way, its possibilities for use as a functional ingredient
in other products are extended. Paraginski et al. [71] have described a 47.2% PS of yellow
corn flour; the PS values of purple corn flour reported in this study are in agreement with
those previously described for yellow corn flour. There are few studies on the PS of PCF
and its derivatives, such as PI, PC and hydrolysates.
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Figure 3. The %PS of PCF, PCPC25, PCPC35 and their hydrolysates at different pH (a) PCPC25 and
gastric and duodenal hydrolysates; (b) PCPC35 and gastric and duodenal hydrolysates. PCF (purple
corn flour), PS (protein solubility), PCPC25 (purple corn protein concentrate germinated for 5 days at
25 ◦C), PCPC35 (purple corn protein concentrate germinated for 5 days at 35 ◦C), PCF (purple corn
flour), GH25 (gastric hydrolysate obtained from PCPC25), GH35 (gastric hydrolysate obtained from
PCPC35), DH25 (duodenal hydrolysate obtained from PCPC25) and DH35 (duodenal hydrolysate
obtained from PCPC35).

3.5.2. Quantification of %WAC and %OAC of PCPC25, PCPC35 and Hydrolysates (GH25,
DH25, GH35 and DH35)

Table 4 shows the results of the functional properties of %WAC and %OAC. PCF,
PCPC25 and PCPC35 presented similar percentages of WAC, and the statistical analysis
revealed no significant differences. The hydrolysates presented lower values of %WAC
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when compared to the data obtained for the concentrates and the flour. This same situation
is observed with the PCF oil absorption capacity; PCPC25 and PCPC35 presented the
highest values of %AOC. When comparing the PCPC data and the hydrolysates, significant
statistical differences are observed (p < 0.05). This functional property may also be important
for the use of the concentrates as functional ingredients. Akaffou et al. [72] have described
%WAC of yellow and purple corn flours, called yellow corn, dark purple corn, light
purple red corn and, light purple corn from Pakistan with values of 70.59, 70.38, 69.24
and 69.35 %WAC and 131, 130, 128 and 128%AOC, respectively. Our %WAC and %OAC
values are below those values. This difference could be due to the characteristics of the
maize varieties studied. Gong et al. [73] have described % water absorption index (%WAI)
and %OAC of germinated yellow corn flours. The %OAC values were in the range of
18.7–20.5%OAC. These values are consistent with those reported in our study. The non-
germinated corn flour presented a %WAC value of 25.1. This value is consistent with those
reported in this study for the samples tested.

Table 4. Functional properties of purple PCF, PCPC25, PCPC35 and hydrolysates (GH25, DH25,
GH35 and DH35).

Sample % Water Absorption
Capacity (WAC)

% Oil Absorption
Capacity (OAC)

PCF 26.90 ± 0.52 a 22.08 ± 0.21 b

PCPC25 27.77 ± 2.97 a 24.94 ± 1.22 a

GH25 19.04 ± 0.93 a,b 19.05 ± 1.40 b,c

DH25 13.48 ± 0.00 a 11.32 ± 0.07 a

PCPC35 29.89 ± 5.47 a 23.80 ± 1.19 ab

GH35 19.26 ± 2.20 a,b 16.45 ± 2.04 b

DH35 13.17 ± 0.50 a 11.31 ± 0.60 a

Results are expressed as mean ± standard deviation (n = 3) and were analyzed by one-way ANOVA followed
by the Tukey test. Statistical differences were indicated with lowercase letters. PCPC25 (purple corn protein
concentrate germinated for 5 days at 25 ◦C), PCPC35 (purple corn protein concentrate germinated for 5 days at
35 ◦C), PCF (purple corn flour), GH25 (gastric hydrolysate obtained from PCPC25), GH35 (gastric hydrolysate
obtained from PCPC23), DH25 (duodenal hydrolysate obtained from PCPC25) and DH35 (duodenal hydrolysate
obtained from PCPC35).

3.6. Antioxidant Activity of PCPC and Gastrointestinal Hydrolysates

Table 5 shows the results of the antioxidant activity of PCF, PCPC25, PCPC35 and their
gastrointestinal hydrolysates evaluated with the ABTS, FRAP and DPHH methods. The
standards of three flavonoids (rutin, catechin and quercetin) and an acid phenol (gallic acid)
were used as positive controls. It was observed that PCF presented the highest values of an-
tioxidant activity with the three methods used. Its antioxidant activity was higher against
the four positive controls. PCPC25 and PCPC35 presented high values of antioxidant
activity with the three methods (ABTS, FRAP and DPPH) compared to the values of the
hydrolysates. Approdu et al. [53] have evaluated the antioxidant activity using the in vitro
DPPH method of purple corn samples subject to gastrointestinal digestion (pepsin, pH 2.0
and pancreatin, pH 7.0) previously treated with heat (80, 100 and 120). They found that the
antioxidant activity of the control extracts (not heat treated) decreased their antioxidant
activity by 14% for the gastric phase and 24% for the duodenal phase after 120 min of diges-
tion. Gastric digestion showed a decrease in antioxidant activity with ranges between 7%
and 14%. However, the thermally treated samples significantly decreased their antioxidant
activity with a range between 24% and 78% DPPH, indicating that this loss of antioxidant
activity was related to the loss of anthocyanins in the hydrolysates. In the present study,
the antioxidant activity of all the hydrolysates decreases compared to the activity of the
flour and PCPCs. Our hydrolysates have a low content of all the determined phenolic
compounds. Therefore, the decrease in antioxidant activity may be related to the loss of
these components.



Agronomy 2022, 12, 2217 14 of 17

Table 5. Antioxidant activity of PCPC25, PCPC35 and their gastrointestinal hydrolysates (GH25,
DH25, GH35 and DH35) by ABTS, FRAP and DPPH methods.

Sample ABTS
(µmol TE/g DW)

FRAP
(µmol TE/g DW)

DPPH
(µmol TE/g DW)

Purple corn flour 63772 ± 1.00 e 47292 ± 2.64 c 93203 ± 1.18 c

PCPC25 570.97 ± 0.07 d 772.85 ± 0.29 b 90.60± 20.90 b

GH25 142.00 ± 0.00 b 64.73 ± 0.01 a 74.72 ± 8.00 a

DH25 74.12 ± 0.01 a 59.42 ± 0.02 a 85.30 ± 7.90 b

PCPC35 402.75 ± 0.09 c 747.02 ± 0.09 b 83.98 ± 13.69 b

GH35 107.52 ± 0.04 b 53.89 ± 0.00 a 57.34 ± 7.95 a

DH35 77.10 ± 0.01 a 59.16 ± 0.01 a 67.12 ± 7.92 a

Results were expressed as mean ± standard deviation (n = 3) and were analyzed by one-way ANOVA followed by
the Tukey test. Statistical differences were indicated with lowercase letters. PCPC-5D-25 ◦C (purple corn protein
concentrate germinated for 5 days at 25 ◦C). PCPC-5D-35 ◦C (purple corn protein concentrate germinated for
5 days at 35 ◦C). TE (trolox equivalents). DW (dry weight).

Wu et al. [44] have described the interactions between soy protein isolate hydrolysate
(SPIH) and cyanidin-3-O-glucoside (C3G) and their effect on the antioxidant activity evalu-
ated by the ABTS and DPPH methods. They found differences between the antioxidant
activity by ABTS of SPIH3 (41.34%ABTS) and SPIH3-C3G (66.07%ABTS) mix and SPIH3
plus C3G (69.07%ABTS) sum. In general, the protein/polyphenol (SPIH/C3G) interaction
significantly (p < 0.05) decreased the antioxidant activity using the mixed-system ABTS
and DPPH methods compared to the sum of their individual activities. They indicated that
there are interactions between the proteins and polyphenols of the masking/antagonistic
type that block the antioxidant capacity of the molecules. They suggested that a possible
explanation could be that the composition and structure of the peptides of the hydrolysates
interact with the aromatic rings and the hydroxyl groups of C3G, affecting the antioxidant
activity. It is clear that the presence of anthocyanins in the hydrolysates affects their antioxi-
dant response. In our study, the content of the TAC in the hydrolysates was low; its presence
could produce protein/polyphenols interactions that affected its antioxidant activity.

Ren et al. [74] have described the antioxidant activities of corn protein hydrolysates
(CPH) under simulated gastrointestinal digestion. Corn gluten meal was hydrolyzed with
the alcalase enzyme, and then, it was subject to simulated gastrointestinal digestion, gastric
phase (pepsin for 6 h) and duodenal phase (pancreatin for 10 h). Gastric digestion at
0 min presented 33.5% DPPH, and gastric digestion at 4 h presented 31.5% DPPH. Finally,
duodenal digestion at 10 h presented 46.3% DPPH. The increase in the antioxidant activity
in the duodenal phase is explained by a greater production of small peptides that are
produced with pancreatin. In this study, the hydrolysates from the duodenal phase (DH35)
presented a higher antioxidant activity by the FRAP and DPPH methods than the gastric
hydrolysates (GH35).

4. Conclusions

Purple corn sprouts allowed obtaining protein concentrates with a high content of
phenolic compounds compared to the data reported in the literature, highlighting the
high content of TAC in PCPC25 and PCPC35. The gastrointestinal hydrolysates of PCPC
presented low contents of all the determined phenolic compounds when compared with
non-hydrolyzed PCPCs. The conditions of the in vitro gastrointestinal simulation favored
the degradation of these molecules. PCF and PCPCs showed high functional properties
(%PS, %WAC and %OAC) and antioxidant activity when using the ABTS, FRAP and DPPH
methods. The hydrolysates presented little antioxidant capacity due to the degradation of
the biocompounds and the interactions of proteins/polyphenols. Finally, six flavonols and
two acid phenols were identified in corn flour, PCPC25 and PCPC35. The characterization
of the functional and biological properties of PCPCs and their hydrolysates may be an
important aspect for their use in the food industry as a functional ingredient.
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