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The pursuit of reusing agribusiness residues towards decreasing their environmental
impact has led to the study of its components to know their possible applications. The
nejayote is the alkaline wastewater of different food products of nixtamalized corn. This

September 2023 study characterized the physicochemical properties of popcorn nejayote (NP) and
Keywords: determined its total phenolics content (TP) and antioxidant capacity by standard synthetic
Antioxidant capacity, assays (ABTS and DPPH) and physiologically relevant ones (reducing power -RP-,
Total phenols, hydroxyl radical scavenging activity -OH-, and iron chelation IRON). NP antioxidant
Reducing power, capacity determined by ABTS, and DPPH methods were 387.9+0.7 and 419.3+2.9 mM
Hydroxyl radical,
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Trolox equivalents (mM TE)/mL, respectively. The NP showed 296% RP compared to a
control solution of coumaric acid (0.1 M). Also, the NP was obtained at 143% IRON
compared to a control solution of caffeic acid (0.1 M). In the case of OH, values ranged
from 27% to 45% compared with control solutions. TP was 0.26+0.006 pg gallic acid
equivalents/mL (mg GAE/mL). Pearson's correlation analysis found that TP is correlated
to the OH, IRON, and DPPH, while IRON activity correlates with OH and ABTS. And
finally, OH correlated with DPPH. To the best of our knowledge, this study is NP's first

antioxidant capacity report.

1. Introduction

Popcorn is a variety of corn kernels widely used as a
healthy snack due to its high fibre content; its annual
production represents around £785.7 million (Thakur et
al., 2021). Popcorn kernels have thicker endosperm that
pops up when heated (Sweley et al., 2012) changing the
size, shape, diameter (Karababa et al., 2006) and
molecular mapping of popping volume (Thakur et al.,
2021). Nejayote is the residual water obtained from
maize's nixtamalization process to obtain masa and
derived products. This process consists of alkaline
cooking by soaking and washing the corn kernels in
calcium hydroxide with water. This residue water
contains a large load of solids and dissolved organic
matter, which causes clogging of sewers and drainage, a
high calcium salts content, and a pH above 11 that
making nejayote an environmental pollutant (Nifio-
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Medina et al., 2009).

However, nejayote has been explored as a potential
agglutinant and as a chelating agent for water treatment
due to its electrochemical properties (Gonzalez et al.,
2003; Lopez-Maldonado et al., 2017). Research has
shown that nejayote can improve the nutritional
characteristics of foods through its dietary fibre, calcium,
and phenolic compounds content without affecting taste
(Nifio-Medina et al., 2010; Rojas-Garcia et al., 2012;
Acosta-Estrada ef al., 2014). Other potential uses of
nejayote are related to its anti-inflammatory activity and
its use as a bacterial culture medium (Baqueiro-Pefia et
al., 2019; Buitimea-Cantua et al., 2020). Biological
properties reported in nejayote include antioxidant
capacity, determined by ABTS and DPPH assays
(Castaneda-Ruelas et al., 2021; Herrera-Balandrano et
al., 2018; Mora-Rochin et al., 2010). The ABTS and
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DPPH assays determine the capacity to reduce redox-
active compounds. These assays are widespread and used
in fruits, cereals, and vegetables, but they use non-
physiological radicals (Floegel et al., 2011). Other
antioxidants assays, such as the Reducing Power Assay
(RP), iron chelation assay (IRON), and the hydroxyl
radical test (OH), measure physiologically relevant
molecules that can cause damage in the cell (Phaniendra
et al., 2015). This study aimed to characterize NP,
including its antioxidant capacity, physicochemical
properties, composition, and FTIR spectral data.

2. Materials and methods
2.1 Materials

The popcorn kernel was obtained in a local store
(Great Value, Walmart, USA). All chemicals and
reagents used were of analytical grade.

2.2 Extraction method

The nejayote was obtained by cooking 200 g of
popcorn kernels in a solution with 1 g of calcium
hydroxide dissolved in 400 mL of water for 40 mins at
91°C. The remaining water was filtered to obtain the
nejayote (NMX-FF-034/1-SCF1-2002,Norma Mexicana,
2002). The NP pH was adjusted to 5 with HCI 1 N
(Salmeron-Alcocer et al., 2003) and dried in a
convection oven (40°C) (Memmert, UN 110, Germany).

2.3 Chemical proximate composition

The NP moisture was determined with a
thermobalance (OHAUS, MB45, USA) by method
925.09 (Association of the Analytical Chemists (AOAC),
1998). Ash content was determined following the AOAC
942.05 method (AOAC, 2005). Lipids were analysed
following AOAC 920.75 (AOAC, 1920), and total
protein was measured using an automated Kjeltec 8200
with a Nx factor of 6.25 (FOSS, USA). The soluble
protein was determined using the Bradford method
modified (Bonjoch et al., 2001), in a microplate 10 puL of
sample and 100 puL of Bradford's reagent reacted for 10
min and the absorbance was measured at 595 nm in a
microplate reader with bovine serum albumin calibration
curve (0.062 to 1mg/mL). Total soluble solids were
measured by a digital refractometer (ATAGO, Japan) in
°Brix. The measurements were expressed as the average
of three replicates values + standard deviation (SD).

2.4 Total and reducing sugars

Total sugar content was determined by the
methodology of Dubois er al. (1956), 0.6 mL of 5%
phenol was mixed with 1 mL of sample (0.05% w/v),
then, 3.6 mL of concentrated H,SO4 was added to the
tubes, shaken, and allowed to stand for 30 mins.
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Subsequently, they were placed in a cold-water bath to
stop the reaction. Finally, the sample was read at a
wavelength of 490 nm by a spectrophotometer (Thermo
Fisher Scientific, Waltham, USA). A calibration curve of
glucose was used to determine the concentration of total
sugars (5-60 pg/mL).

The quantification of reducing sugars was
determined by the methodology of Miller (1959) with the
3.5 dinitro salicylic acid (DNS). In a test tube, 0.02 mL
of sample (0.5%) was mixed with 1 mL DNS and placed
in a water bath for 10 mins. Then kept at room
temperature for 15 mins. Finally, the sample was read at
540 nm in a spectrophotometer (Thermo Fisher
Scientific, Waltham, USA). A glucose calibration curve
was used to determine the concentration of reducing
sugars (50-500 pg/mL).

2.5 Fourier-transform infrared spectroscopy

The study of NP structure was determined with a
Fourier-transform  infrared  spectroscopy  (FT-IR)
spectrometer (Agilent Cary model 630, USA) with an
integration time of 6 seconds and at room temperature
(25°C). Initially, OriginPro 8 (v8.0724, USA) software
performed the baseline and spectrums were smoothed.
The FT-IR also allowed knowing the secondary structure
of proteins in the nejayote using the amide I, amide II,
and amide III corresponding bands. The amide I band
was observed at 1610-1694 cm™ (Carbonaro and
Nucara, 2010; Rojas-Candelas et al., 2022; Rojas-
Candelas et al., 2023), and the assigned structures were 3
-sheet: 1610-1639 cm™ and 1685-1669 cm™, turns 1662-
1684 cm™, a-helix: 1650-1658 cm™, random coil: 1640-
1650cm™. The amide II band was observed at 1500-1560
cm™. The assigned structures were B-Antiparallel: 1510—
1530 cm’, B-Parallel: 1530-1550 cm™ (Pelton and
McLean, 2000). The deconvolution method was used to
evaluate the areas of the regions mentioned.

2.6 Total phenols content

Total phenols content was determined according to
the methodology reported by Singleton and Rossi (1965),
with modifications for the measurement in the
microplate reader applied by Bobo-Garcia et al. (2015).
At the microplate 100 pL Folin-Ciocalteau reactive
diluted 1:4 with distilled water and 20 pL NP solution
(10% with methanol (80%)) were mixed during 60 seg
and was incubated for 4 mins. After incubation 75 pL
solution sodium carbonate (100 g/L) was added. It was
agitated and incubated at room temperature in the dark
for 2 hrs. Finally, the absorbance was measured at 750
nm. TP values are expressed as pg gallic acid
equivalents/ml of sample (mg GAE/mL) according to a
gallic acid standard curve (10 mg/25 mL). It used a
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microplate reader (Multiskan Go, Thermo Fisher

Scientific, Waltham, USA).

2.7 Antioxidant capacity
2.7.1 ABTS and DPPH

DPPH radical scavenging activity of NP was
determined by the methodology of Bobo-Garcia et al.
(2015). The radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) was obtained by reaction of 150 pMol/L DPPH
solution with methanolic solution (methanol 80: water
20), mixed and left at dark for 40 mins. At a microplate,
20 pL of NP solution (10% with methanol (80%)) was
added with 180 pL of DPPH and left for 40 min. Then
absorbance was read at 515 nm. ABTS radical
scavenging activity was determined according to Leite et
al. (2011). The ABTS radical was obtained with the
reaction of 7 mmol/L ABTS stock solution with 2.45
mmol/L of potassium persulfate at room temperature in
the dark for 12-16 h. The ABTS radical was diluted up to
an absorbance of 0.700 at 754 nm. 250 puL of ABTS
radical solution and 50 pL of NP solution (10% with
methanol (80%)) were mixed and measured the
absorbance after 6 mins at 754 nm. The concentration
range of the Trolox calibration curve was 0 to 400 pMol/
L. The results are expressed in mM Trolox equivalents
(TE)/mL.

2.7.2 Reducing power

The reducing power (RP) of the nejayote was
determined according to the methodology of Oyaizu
(1986). 20 uL nejayote solution (10% with methanol
(80%)) was added with 50 uL phosphate regulator (0.2
M, at pH 6.6) and 50 pL potassium ferricyanide (1%) in
the microplate. It was incubated at 40°C for 20 mins.
Then it was added 50 pL trichloroacetic acid (10%) and
10 uL FeCl; (0.1%). Finally, it was incubated for 10
mins at 40°C, and the absorbance was read at 700 nm.
The results are presented as a percentage reduction in
absorbance compared to four control solutions: ferulic
acid, caffeic acid, Trolox, and coumaric acid (0.1 M). It
was used a microplate reader (Multiskan Go, Thermo
Fisher Scientific, Waltham, USA).

2.7.3 Hydroxyl radical scavenging activity

The methodology of the hydroxyl radical scavenging
activity (OH) reported by Li ef al. (2008) was used in
this research. In the microplate reader 50 pL. NP solution
(10% with ethanol, w/v), 50 uL of 1, 10-phenanthroline,
and FeSO,4 (3 mM). Then it was aggregated 50 uL H,O,
and mixed at 37°C for 60 mins. The absorbance was read
at 536 nm. The results are presented as the percentage
reduction in absorbance compared to four control
solutions: ferulic acid, caffeic acid, Trolox, and coumaric
acid (0.1 M).
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2.7.4 Iron chelation

The chelating activity of Fe*" was determined by the
methodology of Carter (1971) with a few modifications.
In the microplate reader, 20 uL of nejayote solution
(10% with methanol (80%)) was added with 230 pL
sodium acetate buffer (100 mM, at pH 4.9) and 30 pL
FeCl, solution (0.1 mg/mL). The mix was incubated for
30 mins at room temperature and then was added 12.5
uL ferrozine (40 mM). The results are presented as a
percentage reduction in absorbance compared to four
control solutions: ferulic acid, caffeic acid, Trolox, and
coumaric acid (0.1 M).

2.8 Statistical analysis

The measurements are expressed as average values +
standard deviation (SD), n = 3. Data were compared
using the ANOVA-Tukey test, and non-significant
differences were considered when p > 0.05. Pearson
analysis was used to obtain the correlations between
assays of antioxidants and the total phenols of nejayote.
XLSTAT software (v. 2020.1.3, Addinsoft, USA) was
used for these analyses.

3. Results and discussion
3.1 Physicochemical parameters

The nejayote is an agro-industrial residue of
nixtamalization, so several parts of the kernel, such as
endosperm, pericarp, and germ contribute to the nejayote
chemical composition. Table 1 shows the composition of
dried nejayote. Its moisture value was like the value
reported by Castaneda-Ruelas er al. (2021). Protein
content (6.30+0.30%) and total soluble solids (1.8 °Brix)
for nejayote are in accordance with those described by
Acosta-Estrada et al. (2014), which reported 5.61%, and
Diaz-Montes et al. (2016) reported a value of 1.53 °Brix
respectively. At the same time, Castafieda-Ruelas et al.
(2021) reported a protein value of 10.34% in nejayote
extracted from the white corn kernel. The insoluble
protein content is higher than soluble protein; this protein
comes from the alkaline hydrolysed pericarp, while the
soluble protein comes from the germ and endosperm.
These last components are found more internally in the
grain, they are present in less quantity in the nejayote
(Ayala-Soto et al., 2014). Fat and total sugars were
different from Castafieda-Ruelas et al. (2021), which
reported fat values around 6.47% in nejayote of white
corn. This is because they studied nejayote collected
from a factory such as Castafieda-Ruelas et al. (2021),
which extracted the nejayote with some modifications in
the methodology and used different types of kernel
(Acosta-Estrada et al., 2014). In our case, the nejayote
studied was extracted in the laboratory according to the
regulatory Mexican norm. The chemical composition of
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nejayote showed that it is a reliable source of protein and
sugars for food applications.

Table 1. Physicochemical parameters of dried nejayote.

Parameter Values
Moisture (%) 7.34+0.14
Total soluble solids (°Bx) 1.8
Ash (%) 51.39+0.43
Fat (%) 0.69+0.14
Total sugars (%) 15.0+£0.45
Reducing sugars (%) 5.38+0.13
Non-reducing sugars (%) 9.59+0.35
Nitrogen (%) 1.00+0.04
Crude protein total (%) 6.30+0.30
Crude protein soluble (%) 0.11£0.003
Crude protein insoluble (%) 6.23+0.30

Results expressed as mean value=SD.

3.2 FTIR spectra of nejayote

In addition to sugars, proteins, and lipids, nejayote
contains  starch, polysaccharides, and phenolic
compounds such as p-coumaric, ferulic acid (Baqueiro-
Pefa et al., 2019). These components were observed in
the FT-IR spectrum (Figure 1) with their specific
absorption areas and the formation of their secondary
structure of the proteins of nejayote. The typical
absorption areas of the functional groups of
carbohydrates in NP's spectra were found at 900-1200
cm™. The characteristic signals of carbohydrates are
present at 1150 and 1080 cm™. The band at around 1160
cm’ is related to cellulosic material (Wellner, 2013),
while the bands typical of the arabinose were observed in
1079 and 1100 cm™”. The signal at 835 cm™ is the
characteristic band related to the p-coumaric acid even
though it presented a low intensity, so it is concluded
that the nejayote has a low level of p-coumaric
(Chateigner-Boutin et al., 2016). Additionally, Figure 1
shows phenolic groups associated with ferulic acid
around 1519 cm™ (Buitimea-Cantaa et al., 2020). The
signals at 1076 and 1029 cm™ are the fingerprint of
characteristic bands related to glucose (Petibois et al.,
1999). The second part of the spectrum showed lipids
(3050cm™) (Ogbaga et al., 2017). The band at around
3350 cm™ is related to the OH and NH stretching, while
the CH stretching is 2929 cm™. Finally, the protein zone
(1200-1800 cm™) and aromatic molecules (1609, 1608,
1516, and 1517 cm™) (Buitimea-Cantia et al., 2020).
The aromatic molecules or intermolecular zone gives
foods emulsification properties (de la Rosa-Millan et al.,
2018), while the protein zone is divided into two parts
with the amide I band at 1610-1694 cm™ and amide II at
1500-1560 cm™. The deconvolution method was applied
to obtain the secondary structures of the protein present
in NP. The NP obtained 22.73% of the B-sheet structure
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(Figure 2), and it is divided into two parts B-antiparallel
(12.73%) and p-parallel (10.60%). Compared with a
55.73% o-helix structure, these secondary structures give
emulsification and gelation properties in food (de la Rosa
-Millan et al., 2018). The highest value of the secondary
structures in nejayote was random coil with 18.15%
(Gémez et al., 2013), and the 3.37% remaining is from
the turn structures. The importance of the knowledge of
FTIR spectra of nejayote is to understand the protein's
internal structure and if it can have major active sites free
to capture oxidative species.
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3.3 Total phenols content

Phenolic compounds found in maize are
anthocyanins, = p-coumaric  acid, wvanillic acid,
protocatechuic acid, ferulic acid, hydroxybenzoic acid,
caffeic acid, syringic acid, gallic acid, and quercetin.
Ferulic acid is found in greater quantity in maize than in
other ones (Hernandez-Martinez et al., 2016). The ferulic
acid stabilizes reactive radicals by hydrogen atoms and
then converts a phenoxy radical. This radical cannot
react or generate chain reactions and can only be
condensed with another radical and collision (Graf,
1992). The TP values found in NP are lower (0.26+0.006
mg GAE/mL) from the literature because they used other
methodologies or control solutions, Castafieda-Ruelas et
al. (2021) reported 68.62+1.53 mg GAE/100 g in white
corn nejayote. Zhang et al. (2017) found TP values of
38.00 to 57.04 mg GAE/100 g in eight sweet corn
varieties. Another research reported values in different
milling cereals and found that the barley and spelt flour
fractions showed higher values of TP of approximately
232.943.6 mg GAE/g (IvaniSova et al., 2012).

3.4 Antioxidant capacity
3.4.1 ABTS and DPPH

Table 2 shows the values of ABTS and DPPH
radical scavenging activity of NP. Herrera-Balandrano et
al. (2018) reported antioxidant capacity values of white
corn nejayote of 16.60 to 21.27 umol TE/g by ABTS and
29.49 to 31.69 umol TE/g by DPPH. Another report of
with corn nejayote antioxidant capacity measured by
ABTS was 1670.02 umol TE/100g (Castafieda-Ruelas et
al., 2021). In described mechanisms, it is known that the
DPPH radical reacts with polyphenols (catechins,
proanthocyanins) but not with phenolic acids and sugars.
Therefore, the antioxidant values of DPPH and ABTS
are partially different. Herrera-Balandrano et al. (2018)
reported values of DPPH from nixtamalized maize bran
0f 29.49 to 31.69 umol TE/g; these values are lower than
the values reported in this research. The DPPH of
different agro-industrial solid wastes has already been
evaluated in other works, and the data show that the
antioxidative activity varies widely. Makris et al. (2007)
conducted a study on this variability and compiled a
wide range of DPPH data of other agro-industrial solid
waste such as grape seeds, olive tree leaves, apple peels,
onion peels, potato peels, and carobs. The grape seeds
had the highest value, around 5.94+0.11 mm TE/g

Table 2. Antioxidant activity (ABTS and DPPH) of nejayote
and total phenols (TP).

Sample TP ABTS DPPH

Nejayote 0.26+0.006 387.9+0.7 419.3£2.9

Values reported as mM Trolox equivalents (TE)/mL to ABTS
and DPPH while total phenols (TP) reported mg GAE/mL.
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expressed as Trolox equivalents. Compared to the values
reported in this research, NP antioxidant capacity is
higher.

3.4.2 Reducing power

The results of RP are shown in Figure 3. The activity
of the nejayote is compared with the activity shown by
Trolox, caffeic acid, ferulic acid, and coumaric acid. The
NP exerts an RP of 99% concerning a Trolox, 103% of
caffeic acid, 112% of ferulic acid, and 296% coumaric
acid. All values present significantly different among
them. Lopez-Martinez et al. (2011) observed that corn
(around 85% compared with Trolox) has significant RP
than the masa (41%) and tortilla (45%), data comparable
with the values in this research (Figure 3), where NP has
more RP than the elements mentioned before because
when the raw material is subjected to different
transformation processes, it loses certain elements and
changes its properties. IvaniSova et al. (2012) studied RP
variability in the milling of cereals. They compiled a
wide range of data on barley, spelt, oat, wheat, rye, and
triticale, being barley the ones that obtained higher
values (32-38%) in the RP. Compared to the values
reported in this research, the nejayote has higher values,
around 99%.

280 -
cdf
200 4

bef

abc ade

Reducing power (%)

Trolox Caffeicacid Ferulicacid Coumaric acid

Figure 3. Percentage of reducing power of Nejayote in
comparison with Trolox, caffeic acid, ferulic acid, coumaric
acid (0.1 M). Values are reported as percentages (%)
mean+SD of triplicates. Bars with different notations are
statistically significantly different (p < 0.05).

3.4.3 Hydroxyl radical

The results of OH are shown in Figure 4. The NP
exerts OH scavenging activity at 39% concerning
Trolox, caffeic acid at 28%, coumaric acid at 41%, and
ferulic acid at 43%. All values present significantly
different among them. The bonito fish from Japan had
values in OH radical compared with NP around 54+1
compared with ascorbic acid (Sri Kantha et al., 1996).
Li, Han and Chen (2008) reported OH radicals in protein
hydrolysates prepared from corn gluten meal around 20
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to 100% compared with ascorbic acid. Other research
obtained results of OH in chickpea protein hydrolysate
that was around 36.42 to 81.3%. The two studies
occupied protein, but this study's initial values were
similar. Wang er al. (2008) studied OH radicals in
pigments extracted from molasses alcohol wastewater
and obtained values from 20 to 98% compared with
ascorbic acid.
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Trolox Caffeicacid  Ferulicacid Coumaric acid

Figure 4. Percentage of hydroxyl radical of nejayote
comparison with Trolox, caffeic acid, ferulic acid, coumaric
acid (0.1 M). Values are reported as percentages (%)
mean+SD of triplicates. Bars with different notations are
statistically significantly different (p < 0.05).

3.4.4 Iron chelation

The results of IRON are shown in Figure 5. The NP
exerts IRON at 135% concerning Trolox, coumaric acid
at 117%, ferulic acid at 115% and caffeic acid at 143%.
The values that present significant differences are caffeic
acid with Trolox, coumaric acid and ferulic acid.
Hinneburg et al. (2006) carried out a study of antioxidant
capacity in herbs and spices from samples low in IRON

Iron chelation (%)

Trolox Caffeicacid Ferulicacid Coumaric acid

Figure 5. Percentage of iron chelation of nejayote comparison
with trolox, caffeic acid, ferulic acid, coumaric acid (0.1 M).
Values are reported as percentages (%) meantSD of
triplicates. Bars with different notations are statistically
significantly different (p < 0.05).
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such as bay leaves (15 mg Na,EDTA/g extract), huniper
(20mg Na,EDTA/g extract), ginger (30 mg Na,EDTA/g
extract) to high values in IRON such as parsley (178 mg
Na,EDTA/g extract) and fennel (110 mg Na,EDTA/g
extract). At the same time, Wong et al. (2014) found
values of metal chelation in six medicinal plant extracts
where the highest value was 88.2+0.4% of C. nutans.

3.5 Pearson correlation in assays of antioxidant
capacity

Pearson’s correlation analysis (Figure 6) showed the
assays of antioxidant capacity used have correlations
among them. The intensity of the colorations indicates
which assays have the highest positive (green) or
negative (red) correlations. The variables with
correlation coefficients > 0.70 Pearson criterion can be
considered very high correlation (Asuero et al., 2006).
DPPH had a similarly positive correlation between TP
and OH (0.89). Especially this correlation was widely
studied in different types of foodstuffs as extracts and
seed oil samples (Kozlowska et al., 2016), olive oil
(Samaniego Sanchez et al., 2007), and grapes (Kedage et
al., 2007). This behaviour by phenols is attributed to the
aromatic rings bearing one or more hydroxyl groups.
They contribute to scavenging free radicals. The highest
values of correlations positive (from 0.96 to 0.99) were
OH with TP and IRON. The correlation between OH
with TP was observed in a perennial herbaceous plant,
Pouzolzia zeylanica (L.) Benn, concluding that phenolic
compounds are an important contributor to antioxidant
capacity (Li et al., 2011). But DPPH and ABTS (0.25)
do not correlate, and other studies such as Floegel et al.
(2011) that worked with fruits and vegetables found a
correlation positive among these assays. At the same
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Figure 6. Pearson correlation matrix image using five assays
of antioxidant activity and total phenols. ABTS, DPPH, Total
phenols (TP), Reducing power (RP), Hydroxyl radical (OH)
and Iron chelation (IRON).
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time, a positive correlation exists between DPPH and
ABTS with IRON (0.75).

4. Conclusion

Different antioxidant capacity assays were used to
measure the antioxidant capacity of NP. It was found that
NP has a significant antioxidant capacity compared with
other antioxidants such as ferulic acid, caffeic acid,
Trolox, and coumaric acid. Pearson correlation analysis
showed a positive correlation between physiological
antioxidant capacity (RP, OH, and IRON) and the
synthetic and standard assays (ABTS and DPPH). The
FT-IR spectrum allowed us to know how NP is found
because it can have a higher antioxidant capacity with
major active sites free and capture reactive species. The
study provided some scientific information to reutilize
the NP in food benefits and applied it to other industries.

Conflict of interest

The authors declare no conflict of interest.

References

Acosta-Estrada, B.A., Lazo-Vélez, M.A., Nava-Valdez,
Y., Gutiérrez-Uribe, J.A. and Serna-Saldivar, S.O.
(2014). Improvement of dietary fiber, ferulic acid
and calcium contents in pan bread enriched with
nejayote food additive from white maize (Zea mays).
Journal of Cereal Science, 60(1), 264-269. https://
doi.org/10.1016/j.jcs.2014.04.006

Association of the Analytical Chemists (AOAC). (1920).
Separation of fat in cacao products (AOAC 920.75).
Gaithersburg, USA: AOAC.

Association of the Analytical Chemists (AOAC). (1998).
Solids (total) and loss on drying (moisture) (AOAC
925.09). Gaithersburg, USA: AOAC.

Association of the Analytical Chemists (AOAC). (2005).
Determination of Ash in Animal Feed (AOAC
942.05). Gaithersburg, USA: AOAC.

Asuero, A.G., Sayago, A. and Gonzalez, A.G. (2006).
The correlation coefficient: An overview. Critical
Reviews in Analytical Chemistry, 36(1), 41-59.
https://doi.org/10.1080/10408340500526766

Ayala-Soto, F.E., Serna-Saldivar, S.O., Garcia-Lara, S.
and Pérez-Carrillo, E. (2014). Hydroxycinnamic
acids, sugar composition and antioxidant capacity of
arabinoxylans extracted from different maize fiber
sources. Food Hydrocolloids, 35, 471-475. https://
doi.org/10.1016/j.foodhyd.2013.07.004

Baqueiro-Pefia, 1., Contreras-Jacquez, V., Kirchmayr,
M.R., Mateos-Diaz, J.C., Valenzuela-Soto, E.M. and
Asaff-Torres, A. (2019). Isolation  and
Characterization of a New  Ferulic-Acid-

https://doi.org/10.26656/fr.2017.7(5).174

Biotransforming Bacillus megaterium from Maize

Alkaline Wastewater (Nejayote). Current
Microbiology,  76(10), 1215-1224.  https://
doi.org/10.1007/s00284-019-01726-4

Bobo-Garcia, G., Davidov-Pardo, G., Arroqui, C.,

Virseda, P., Marin-Arroyo, M.R. and Navarro, M.
(2015). Intra-laboratory validation of microplate
methods for total phenolic content and antioxidant
activity on polyphenolic extracts, and comparison
with conventional spectrophotometric methods.
Journal of the Science of Food and Agriculture, 95
(1), 204-209. https://doi.org/10.1002/jsta.6706

Bonjoch, N.P. and Ramos-Tamayo, P. (2001). Protein
content quantification by Bradford method. In
Reigosa Roger, M.J. (Ed) Handbook of plant
Ecophysiology techniques, p. 283-294. Dordrecht,
Netherlands: Springer. https://doi.org/10.1007/0-306
-48057-3 19

Buitimea-Cantua, N.E., Antunes-Ricardo, M., Gutiérrez-
Uribe, J.A., del Refugio Rocha-Pizafia, M., de la
Rosa-Millan, J. and Torres-Chavez, P.I. (2020).
Protein-phenolic aggregates with anti-inflammatory
activity recovered from maize nixtamalization
wastewaters (nejayote). LWT-Food Science and
Technology, 134, 109881. https://doi.org/10.1016/
jlwt.2020.109881

Carbonaro, M. and Nucara, A. (2010). Secondary
structure of food proteins by Fourier transform
spectroscopy in the mid-infrared region. Amino
Acids, 38(3), 679—690. https://doi.org/10.1007/
s00726-009-0274-3

Carter, P. (1971). Spectrophotometric determination of
serum iron at the submicrogram level with a new
reagent (ferrozine). Analytical Biochemistry, 40(2),
450-458. https://doi.org/10.1016/0003-2697(71)
90405-2

Castanieda-Ruelas, G.M., Ibarra-Medina, R.K., Nifio-
Medina, G., Mora-Rochin, S., Montes-Avila, J.,
Cuevas-Rodriguez, E.O. and Jiménez-Edeza, M.
(2021). Phenolic extract from nejayote flour:
Bioactive properties and its potential use as an
antimicrobial agent of alginate-based edible
coatings. Cereal Chemistry, 98(6), 1165-1174.
https://doi.org/10.1002/cche.10467

Chateigner-Boutin, A.L., Ordaz-Ortiz, J.J., Alvarado, C.,
Bouchet, B., Durand, S., Verhertbruggen, Y.,
Barriere, Y. and Saulnier, L. (2016). Developing
pericarp of maize: A model to study arabinoxylan
synthesis and feruloylation. Frontiers in Plant
Science, 7, 1476. https://doi.org/10.3389/
fpls.2016.01476

de la Rosa-Millan, J., Orona-Padilla, J.L., Flores-
Moreno, V.M. and Serna-Saldivar, S.0. (2018).

© 2023 The Authors. Published by Rynnye Lyan Resources



19 Rojas-Candelas et al. / Food Research 7 (5) (2023) 12 - 20

Physicochemical, functional and ATR-FTIR
molecular analysis of protein extracts derived from
starchy pulses. [International Journal of Food
Science and Technology, 53(6), 1414—1424. https://
doi.org/10.1111/ijfs.13719

Diaz-Montes, E., Castro-Mufioz, R. and Yanez-
Fernandez, J. (2016). An overview of nejayote, a
nixtamalization by product. Ingenieria Agricola y
Biosistemas, VIII(2), 41-60. https://doi.org/10.5154/
r.inagbi.2016.03.002

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A.
and Smith, F. (1956). Colorimetric Method for
Determination of Sugars and Related Substances.
Analytical Chemistry, 28(3), 350-356. https://
doi.org/10.1021/ac60111a017

Floegel, A., Kim, D.O., Chung, S.J., Koo, S.I. and Chun,
O.K. (2011). Comparison of ABTS/DPPH assays to
measure antioxidant capacity in popular antioxidant-
rich US foods. Journal of Food Composition and
Analysis, 24(7), 1043—-1048. https://doi.org/10.1016/
jjfca.2011.01.008

Gomez, A.V., Ferrer, E.G., Afiéon, M.C. and Puppo, M.
C. (2013). Changes in secondary structure of gluten
proteins due to emulsifiers. Journal of Molecular
Structure, 1033, 51-58. https://doi.org/10.1016/
j-molstruc.2012.08.031

Graf, E. (1992). Antioxidant potential of ferulic acid.
Free Radical Biology and Medicine, 13(4), 435-448.
https://doi.org/10.1016/0891-5849(92)90184-1

Hernandez-Martinez, V., Salinas-Moreno, Y., Ramirez-
Diaz, J., Vazquez-Carrillo, G., Dominguez-Ldpez,
A. and Ramirez-Romero, A. (2016). Color, phenolic
composition and antioxidant activity of blue tortillas
from Mexican maize races. CyTa-Journal of Food,

14(3), 473-481. https://
doi.org/10.1080/19476337.2015.1136842
Herrera-Balandrano, D.D., Baez-Gonzalez, J.G.,

Carvajal-Millan, E., Muy-Rangel, D., Urias-Orona,
V., Martinez-Lopez, A.L., Marquez-Escalante, J.A.,
Heredia, J.B., Beta, T. and Nifio-Medina, G. (2018).
Alkali-Extracted Feruloylated Arabinoxylans from
Nixtamalized = Maize  Bran  Byproduct: A
Synonymous with Soluble Antioxidant Dietary
Fiber. Waste and Biomass Valorization, 11(2), 403—
409. https://doi.org/10.1007/s12649-018-0462-z

Hinneburg, 1., Damien Dorman, H.J. and Hiltunen, R.
(2006). Antioxidant activities of extracts from
selected culinary herbs and spices. Food Chemistry,
97(1), 122-129. https://doi.org/10.1016/
j.foodchem.2005.03.028

IvaniSova, E., Ondrejovid, M. and Silhar, S. (2012).
Antioxidant Activity of Milling Fractions of Selected
Cereals. Nova Biotechnologica et Chimica, 11(1), 45

https://doi.org/10.26656/fr.2017.7(5).174

—56. https://doi.org/10.2478/v10296-012-0005-0

Karababa, E. (2006). Physical properties of popcorn
kernels, Journal of Food Engineering, 72(1), 100-
107. https://doi.org/10.1016/j.jfoodeng.2004.11.028

Kedage, V.V., Tilak, J.C., Dixit, G.B., Devasagayam,
T.P.A. and Mhatre, M. (2007). A study of
antioxidant properties of some varieties of grapes
(Vitis vinifera L.). Critical Reviews in Food Science
and  Nutrition, 47(2), 175-185. https://
doi.org/10.1080/10408390600634598

Leite, A.V., Malta, L.G., Riccio, M.F., Eberlin, M.N.,
Pastore, G.M. and Junior, M.R.M. (2011).
Antioxidant potential of rat plasma by administration
of freeze-dried jaboticaba peel (Myrciaria jaboticaba
Vell Berg). Journal of Agricultural and Food
Chemistry, 59(6), 2277-2283. https://
doi.org/10.1021/5£103181x

Li, X., Han, L. and Chen, L. (2008). In vitro antioxidant
activity of protein hydrolysates prepared from corn
gluten meal. Journal of the Science of Food and
Agriculture, 88(2), 1660-1666. https://
doi.org/10.1002/jsfa.3264

Li, Y., Jiang, B., Zhang, T., Mu, W. and Liu, J. (2008).
Antioxidant and free radical-scavenging activities of
chickpea protein hydrolysate (CPH). Food
Chemistry, 106(2), 444-450. https://doi.org/10.1016/
j-foodchem.2007.04.067

Lopez-Maldonado, E., Oropeza-Guzman, M. and Suérez-
Meraz, K. (2017). Integral use of Nejayote:
Characterization, New Integral use of Nejayote:
Characterization, New Strategies for
Physicochemical Treatment and Recovery of
Valuable By-Products. In Farooq, R. and Ahmad, Z.
(Eds.) Physico-Chemical Wastewater Treatment and
Resource Recovery. InTech Open E-Book. https://
doi.org/10.5772/66223

Lopez-Martinez, L.X., Parkin, K.L. and Garcia, H.S.
(2011). Phase II-Inducing, Polyphenols Content and
Antioxidant Capacity of Corn (Zea mays L.) from
Phenotypes of White, Blue, Red and Purple Colors
Processed into Masa and Tortillas. Plant Foods for
Human  Nutrition,  66(1), 41-47.  https:/
doi.org/10.1007/s11130-011-0210-z

Makris, D.P., Boskou, G. and Andrikopoulos, N.K.
(2007). Polyphenolic content and in vitro antioxidant
characteristics of wine industry and other agri-food
solid waste extracts. Journal of Food Composition
and  Analysis, 20(2), 125-132. https://
doi.org/10.1016/j.jfca.2006.04.010

Mora-Rochin, S., Gutiérrez-Uribe, J.A., Serna-Saldivar,
S.0O., Sanchez-Pefia, P., Reyes-Moreno, C. and
Milan-Carrillo, J. (2010). Phenolic content and
antioxidant activity of tortillas produced from

© 2023 The Authors. Published by Rynnye Lyan Resources



Rojas-Candelas et al. / Food Research 7 (5) (2023) 12 - 20 20

pigmented maize processed by conventional
nixtamalization or extrusion cooking. Journal of
Cereal  Science, 52(3), 502-508.  https://
doi.org/10.1016/j.jcs.2010.08.010

Norma Mexicana. (2002). Productos Alimenticios No
Industrializados Para Consumo Humano. Cereales.
Parte I: Maiz Blanco Para Proceso Alcalino Para
Tortillas De Maiz Y Productos De Maiz
Nixtamalizado. Especificaciones Y M¢étodos De
Prueba (NMX-FF-034/1-SCF1-2002). Diario Oficial
de La Federacion, 1-16. Retrieved from website:
http://www.dof.gob.mx/nota_detalle.php?
codigo=733573&fecha=22/05/2002 [In Spanish].

Ogbaga, C., Miller, M., Athar, H. and Johnso, G. (2017).
Fourier transform infrared spectroscopic analysis of
maize (Zea mays) subjected to progressive drought
reveals involvement of lipids, amides and
carbohydrates. African Journal of Biotechnology, 16
(18), 1061-1066. https://doi.org/10.5897/
AJB2017.15918

Oyaizu, M. (1986). Studies on products of browning
reaction. Antioxidative activities of products of
browning reaction prepared from glucosamine. The
Japanese Journal of Nutrition and Dietetics, 44(6),
307-315. https://doi.org/10.5264/
eiyogakuzashi.44.307

Pelton, J.T. and McLean, L.R. (2000). Spectroscopic
methods for analysis of protein secondary structure.
Analytical Biochemistry, 277(2), 167-176. https://
doi.org/10.1006/abio.1999.4320

Petibois, C., Rigalleau, V., Melin, A.M., Perromat, A.,
Cazorla, G., Gin, H. and Déléris, G. (1999).
Determination of glucose in dried serum samples by
Fourier-transform infrared spectroscopy. Clinical
Chemistry, 45(9), 1530-1535. https://
doi.org/10.1093/clinchem/45.9.1530

Rojas-Candelas, L.E., Diaz-Ramirez, M., Rayas-Amor,
A.A., Cruz-Monterrosa, R.G., Méndez-Méndez, J.V.,
Villanueva-Carvajal, A. and Cortés-Sanchez, A.D.J.
(2022). Nanomechanical, Structural and Antioxidant
Characterization of Nixtamalized Popcorn Pericarp.
Applied Science, 12, 6789. https://doi.org/10.3390/
app12136789

Rojas-Candelas, L.E., Diaz-Ramirez, M., Rayas-Amor,
A.A., Cruz-Monterrosa, R.G., Méndez-Méndez, J.V.,
Salgado-Cruz, M.D.L.P., Calder6n-Dominguez, G.,
Cortés-Sanchez, A.D.J. and Gonzalez-Vazquez M.
(2023). Development of Biodegradable Films
Produced from Residues of Nixtamalization of
Popcorn. Applied Science, 13, 8436. https://
doi.org/10.3390/app13148436

Salmeron-Alcocer, A., Rodriguez-Mendoza, N., Pineda-
Santiago, V., Cristiani-Urbina, E., Juarez-Ramirez,
C., Ruiz-Ordaz, N. and Galindez-Mayer, J. (2003).

https://doi.org/10.26656/fr.2017.7(5).174

Aerobic treatment of maize-processing wastewater
(nejayote) in a single-stream multi-stage bioreactor.
Journal of Environmental Engineering and Science,
2(5), 401-406. https://doi.org/10.1139/503-046

Samaniego Sanchez, C., Troncoso Gonzilez, A.M.,
Garcia-Parrilla, M.C., Quesada Granados, J.J., Lopez
Garcia de la Serrana, H. and Lopez Martinez, M.C.
(2007). Different radical scavenging tests in virgin
olive oil and their relation to the total phenol content.
Analytica Chimica Acta, 593(1), 103-107. https://
doi.org/10.1016/j.aca.2007.04.037

Sri Kantha, S., Wada, S., Takeuche, M., Watabe, S. and
Ochi, H. (1996). A sensitive method to screen for
hydroxyl radical scavenging activity in natural food
extracts using competitive inhibition ELISA for 8-
hydroxydexyguanosine. Biotechnology Techniques,
10(7), 713=716. https://doi.org/10.1007/BF00180397

Sweley, J.C., Rose, D.J and Jackson D.S. (2013) Quality
Traits and Popping Performance Considerations for
Popcorn (Zea mays Everta), Food Reviews
International, 29(2), 157-1717. https://
doi.org/10.1080/87559129.2012.714435

Thakur, S., Kumar, R., Vikal, Y., Vyas, P., Sheikh, 1. and
Dhaliwal, H.S. (2021) Molecular mapping of
popping volume QTL in popcorn (Zea maize L.).
Journal of Plant Biochemistry and Biotechnology,
30, 496-503. https://doi.org/10.1007/s13562-020-
00636-y

Wang, B.S., Li, B.S., Zeng, Q.X. and Liu, H.X. (2008).
Antioxidant and free radical scavenging activities of
pigments  extracted from molasses alcohol
wastewater. Food Chemistry, 107(3), 1198-1204.
https://doi.org/10.1016/j.foodchem.2007.09.049

Wellner, N. (2013). Fourier transform infrared (FTIR)
and Raman microscopy: Principles and applications
to food microstructures. In Morris, V.J. and Groves,
K. (Eds.) Food Microstructures: Microscopy,
Measurement and Modelling. USA: Woodhead
Publishing Limited. https://
doi.org/10.1533/9780857098894.1.163

Wong, F.C., Yong, A.L., Ting, E.P.S., Khoo, S.C., Ong,
H.C. and Chai, T.T. (2014). Antioxidant, metal
chelating, anti-glucosidase activities and
phytochemical analysis of selected tropical
medicinal plants. lranian Journal of Pharmaceutical
Research, 13(4), 1407-1413.

Zhang, R., Huang, L., Deng, Y., Chi, J., Zhang, Y., Wei,
Z. and Zhang, M. (2017). Phenolic content and
antioxidant activity of eight representative sweet
corn varieties grown in South China. International
Journal of Food Properties, 20(12), 3043-3055.
https://doi.org/10.1080/10942912.2016.1270964

© 2023 The Authors. Published by Rynnye Lyan Resources


http://www.dof.gob.mx/nota_detalle.php?codigo=733573&fecha=22/05/2002
http://www.dof.gob.mx/nota_detalle.php?codigo=733573&fecha=22/05/2002

