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ABSTRACT

Background: Anthocyanins (AAs) are natural pigments and bioactive compounds that are of broad interest due to their
potential beneficial effects on health. In the market, while some foods, such as berries, provide important amino acid (AA)
intakes, there is a growing trend to explore new sources. In Mexico, there is the Mexican Purple Corn, a variant capable to
produce AAs in all the organs of the corn ear. We overlook that the preparation of foods and beverages from these raw

materials may represent the development of potential functional foods and a means to increase the dietary intake of AAs.

Methods: We used spectrophotometry to quantify the total anthocyanins content (TAC) of three foods made from purple
kernels, and six beverages prepared from corn husks+corncobs or corn silks. Foods consisted of elote (Mexican street corn
or corn on a cob), a snack, and tortillas, while beverages involved what we named functional beverages, infusions, and hot

teas. We compared their TAC values and estimated the AAs intake.

Results: Foods and beverages exhibited total antioxidant capacities (TACs) ranging from 3.0 mg to 119.5 mg per 100 g of
biomass (p < 0.05). Notably, most beverages demonstrated higher TACs than foods. The corn husks+corncobs infusion

recorded the highest TAC, succeeded by functional beverages derived from amino acid (AA) extracts of corn husks+corncobs
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(67.04 and 93.12 mg of TAC per 100 g of biomass, p < 0.05). Among hot teas and infusions, maceration in the latter resulted
in a higher AA extraction. For foods, TACs varied from 4.3 to 38.4 mg of TAC per 100 g of biomass, and, similar to beverages,

the preparation process influenced TAC. The roasted snack exhibited a higher AA content.

Conclusion: Mexican Purple Corn shows promise as a source for foods and beverages rich in amino acids (AAs). This crop
represents an option to increase the daily intake of this flavonoid, and to acquire its potential bioactive effects. On a regular
day, we can obtain 95 mg of TA from 300 g of purple corn-based foods, and 750 mL of different beverages made from corn

husks, corncobs, and corn silks.

Keywords: Mexican Purple Corn, anthocyanins, corn husks, corncobs, corn silks, dietary source of anthocyanins.

MEXICAN PURPLE CORN

Source of anthocyanins

750 ml

Consumption

Consumption

Dietary intake of anthocyanins
95 mg

Beneficial effects on health
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(http://creativecommons.org/licenses/by/4.0)

INTRODUCTION chronic diseases (ChrDis) such as type 2 diabetes,
During the elapsed period of the 21% century, it has been cardiovascular diseases, different types of cancer,
quite evident that humankind is facing a severe health overweight and obesity, as well as clinically silent
crisis. In fact, it has worsened since 2020 when we were inflammation [2-4]. In addition, it has been noticed that
unexpectedly affected by the Covid-19 pandemic [1-2]. ChrDis is being diagnosed in people of all ages, genders,
Historical data corroborate that in the last forty years, ethnic backgrounds, and economic conditions [5]. The

there has been a continuous increase in the incidence of efforts made to completely understand the effect of
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these diseases on the body have shown that ChrDis are
not only causing disabilities in the most productive stages
of human beings but are also the leading cause of
premature death in the world [6]. The expression of
ChrDis may, in part, be associated with poor eating habits
characterized by unhealthy diets and low nutritional
quality [7]. Currently, in all regions of the planet, the
human population lives with the burden of malnutrition,
which can be expressed as a nutritional disorder caused
by a deficient intake of energy or nutrients, or as an
unbalanced and excessive intake of them. While the
situation is indeed serious, modifying lifestyles and eating
patterns can decrease the risk factors of experiencing
one or more chronic diseases by a quarter [8].
Nevertheless, it is also a reality that the disruption of agri-
food systems and the prioritization of food industry
interests significantly contribute to the dramatic increase
in the burden of chronic diseases [9].

Fortunately, the scientific community, social
organizations, decision-makers, and consumers are more
aware of the problem and have acted to promote the
search for solutions, finding that both changes in the
design of public policies and the consumption of healthy
foods are significant resources to prevent this type of
diseases [10]. In relation to food, there is a strong
demand for it to be healthy, safe, and nutritious.
Additionally, it is desirable that its consumption
promotes or imparts a beneficial effect on health. This
trend has led to the development of the functional food
(FF) concept, which often refers to products that provide
a specific health benefit, beyond the basic function of
supplying nutrients [11]. Functional foods (FF) aim to
enhance one or more physiological functions in the
human body, consequently improving overall physical
condition, reducing the risk of disease, or providing a
therapeutic effect on existing conditions [12]. They can

be natural foods, foods to which some component has
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been added, removed, or modified, or even foods to
which compounds’ bioavailability has been improved.
Indeed, diverse phytochemicals are being studied
because of their useful bioactive properties, among
them, there are anthocyanins, which are a type of
flavonoid and a natural pigment that gives the red, pink,
blue, or purple coloration to different plant tissues [13].
Several studies state that anthocyanins have a wide
spectrum of biological and pharmacological properties
that make them attractive for their incorporation into
foods and beverages since in addition to conferring color,
increasing stability, and extending the shelf life of these
products, they can act as effective agents in the
prevention and treatment of ChrDis [14-16]. These
water-soluble and non-toxic secondary metabolites have
also shown a broad potential for their use as natural
colorants with a high possibility to replace artificial dyes;
however, in the context of this paper, the relevance of
anthocyanins lies in their promising beneficial effects on
health. To mention a few, some of the most outstanding
benefits reported on the consumption of anthocyanins
are their capacity to act as an antioxidant, their
cardioprotective, neuroprotective, anti-inflammatory,
antidiabetic, anti-obesity, anti-aging, and anticancer
effects, as well as their antimicrobial and antitumor
activity [18-22]. As a matter of fact, anthocyanins have a
positive impact on the prevention and treatment of
several diseases such as type 2 diabetes, some types of
cancer, high blood pressure, inflammation, and
improvement of visual acuity and cognitive behavior [15].
In the particular scenario of Mexico, an alarming
morbimortality profile of the population has been
described. The National Health and Nutrition Survey
(ENSANUT) carried out in 2021, showed that in the adult
population (adults over 20 years old) there is a high
prevalence of obesity, high blood pressure and type 2
diabetes, this being 72.4%, 28.4% and 15.8%, respectively

[22]. In recent years, Mexico has unfortunately claimed
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leading positions globally in both childhood and adult
obesity. Within Latin America, it stands as the primary
consumer of soft drinks and ultra-processed foods,
known for their excessive content of calories, sugars,
sodium, saturated fats, or trans fats, undeniably
contributing to negative impacts on human health [24-
25]. Although the Mexican population is likely to have an
interest in the adoption of a healthy diet, eating patterns
are notoriously difficult to change and are even more
difficult to sustain due to the prevalence of an
obesogenic environment and, because of the incidence
of different levels of food insecurity in 60.8 % of Mexican
households [10,22]. However, it is considered that the
study, advertisement, and use of the functional
properties of anthocyanins could represent a means to
support the reduction, prevention, and measure to favor
the control of the ChrDis burden in the country.
Considering that Mexican Purple Corn has a
pronounced capacity to synthesize and accumulate
anthocyanins [25-26], in this research, we suggest that
this corn variant possesses a great potential to be used as
a dietary source of anthocyanins. To corroborate the

above, we carried out the quantification of total
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anthocyanins in foods and beverages made from the
organs of the corn ear (kernels, corncobs, corn husks, and
corn silks). The stated objective of our study was to
measure the TAC of foods and beverages made from both
daily edible and commonly non-edible organs of Mexican
Purple Corn, in order to set the evidence of its attributes
as a dietary source of AAs and its potential as a source of

functional foods.

MATERIALS AND METHODS

Mexican Purple Corn-based foods and beverages: We
evaluated three foods made from purple kernels
(collected at the milk stage or harvest index of corn
growth), and six beverages prepared from corn
husks+corncobs or corn silks (using the mature corn ear)
(Table 1). The required raw material to prepare the
proposed foods and beverages was produced in the 2021
agricultural cycle at the Colegio de Postgraduados-
Campus Montecillo, Mexico (19°27'54"N 98°54'20"W)
and corresponded to corn ear organs obtained from two
genetically improved populations of Mexican Purple
Corn, identified as population-1 and population-2 (Table

1).

Table 1. Foods and beverages made from Mexican Purple Corn

Id Food or Beverage Corn ear organ Preparation

1 Elote Kernel® Boiled

2 Elote? Kernel® Boiled

3 Snack? Kernel® Roasted

4 Tortillas Kernel®! Nixtamalized and cooked

5 Functional beverage?? Corn husks+corncobs Boiled in water for 40 minutes
6 Functional beverage?® Corn husks+corncobs" Boiled in water for 40 minutes
7 Corn silks hot tea™ Corn silks™ 5 min steep in boiling water
8 Corn silks hot tea™ Corn silkst 5 min steep in boiling water
9 Purple corn hot tea? Corn husks+corncobs 5 min steep in boiling water
10  Corn silks infusion™ Corn silks™ 8 h maceration in water

11  Corn silks infusion™ Corn silks™ 8 h maceration in water

12 Purple corn infusion Corn husks + corncobs! 8 h maceration in water

Id: identification number of the food or beverage. Corn growth stage of collection: (M=after physiological maturity or 3= milk stage. "1: corn
ear organs of the purple corn population-1. 2: corn ear organs of the purple corn population-2. 2: anthocyanins extract mixed with lime juice.

b: anthocyanins extract mixed with lime juice+guava pulp.
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Foods consisted of elote which is a Mexican street corn or
corn on the cob (Id 1 and 2, Figure 1A), a snack (Id 3, Figure
1B), and tortillas (Id 4, Figure 1C). They were cooked in boiling
water (Id 1 and 2), roasted (Id 3) or nixtamalized and cooked
on a hot griddle (Id 4). Beverages (Figure 1D to Figure 1G)
involved what we named functional beverages (Id 5 and 6),
hot teas (Id 7 to 9) and infusions (Id 10 to 12). We prepared
the functional beverages by mixing anthocyanins extracts
with lime juice (Id 5; 50 mL of lime juice dissolved in 800 mL
of anthocyanins extract) or with lime juice+guava pulp (Id 6;
50 mL of lime juice + 15 g of guava pulp dissolved in 800 mL
of anthocyanins extract). The anthocyanins extracts were

obtained from 200 g of purple corn husks+corncobs (ratio
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1:2) boiled in 4.0 L of water for 40 minutes. Likewise, hot teas
were prepared with finely ground corn silks (Id 7and 8; 1 g in
250 mL of water), or with a mixture of chunks of purple corn
husks+corncobs (Id 9; 3 g in 250 mL of water). The
preparation of the hot teas consisted of pouring boiling water
over the anthocyanin source and letting it stand for 5 min.
Other beverages under study were the infusions made with
pulverized corn silks (Id 10 and 11; 1 g in 250 mL of water)
and the mixture of corn husks+corncobs previously
mentioned (Id 12; 3 g in 250 mL of water). The infusions

preparation consisted of soaking the source of anthocyanins

in water (maceration) for a period of 8 hours.

Figure 1. Foods and beverages made from Mexican Purple Corn. (A) Elote (Mexican street corn or corn on a cob), (B) Snack,

(C) Tortillas, (D) Anthocyanins extract obtained from corn husks+corncobs, (E) Functional beverages made from

anthocyanins extract, (F) Corn husks+corn cobs infusion, (G) Corn silks infusion.
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Extraction and quantification of total anthocyanins: The
extraction of the pigment from foods (Id 1 to 4) was
carried out using the methodology described by
Mendoza-Mendoza et al. [25], with some modifications.
Briefly, the process consisted of a double extraction with
96 % ethanol and 1.5 N hydrochloric acid (85:15 v/v),
using a food sample-solvent ratio of 1:1.7 (Id 1 and 2),
1:25 (Id 3) and 1:2 (Id 4). Once the solvent was added to
the food samples, the mixture was sonicated twice using
an Ultrasonic Cleaner, AS5150B for 15 min. The flavonoid
extraction by this method in the purple corn-based
beverages (Id 5 to 12) was not necessary since they were
prepared (and thus water extracted once) as we
indicated in the previous section. The ratio of
biomass:water used was 1:18.5 (Id 5 and 6), 1:250 (Id 7,
8,10 and 11) and 1:83.5 (Id 9 and 12).

The quantification of anthocyanins was conducted
by spectrophotometry. The absorbance measurements
were done at 535 nm using a Thermo Scientific®
Varioskan Flash microplate reader. We calculated the

total anthocyanin content using the following formula:

[TAC] » = ((A- MW - DF - 1000))/(s - 1)

Where TAC* = total anthocyanin content, expressed
in mg of total anthocyanins (TA) L'}; A = absorbance, MW
=449.2 g mol, DF = dilution factor, and € = 26900 L. MW
and € corresponded to cyanidin-3-glucoside.

Subsequently, TAC* values were transformed to mg
of TA 100 g ! of biomass (biomass was equivalent to
roasted kernels, elote kernels, tortillas, corn
husks+corncobs, or corn silks). We took into
consideration the weight of the food sample (in g), the

volume of the extract obtained by the double extraction
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process (in mL), and the percentage of the dry weight of
the raw material required to prepare them (% DW). In the
case of beverages, to transform TAC* we used the weight
of the tissue used to prepare them (in g), the volume of
water used to obtain the AAs extract or the volume of
water to prepare the hot teas and infusions (in mL), and
the % DW. We identified this value as TAC, and it was the
trait that we used to compare the input of anthocyanins

by foods and beverages.

Intake of anthocyanins: In order to know the dietary
intake of AAs by the consumption of diverse foods and
beverages we estimated the quantity of AAs by a
determined portion size. The intake of anthocyanins (IA)
was expressed in mg of TA 100 g (in foods) or mg of TA
100 mL* (in beverages). IA values of purple corn-based
foods were equivalent to the calculated TAC values;
nevertheless, in the case of beverages, it was necessary

to transform TAC into mg of TA 100! mL of beverage.

Statistical analysis: We performed ANOVA under a
completely randomized experimental design, as well as
the corresponding comparisons of means with the Tukey
test (p < 0.05). The statistical analysis of the data was

done with the SAS 9.0 Statistics Software [27].

RESULTS

ANOVA and TAC in foods and beverages: The analysis of
variance carried out to assess the potential of purple corn
as a dietary source of AAs indicated that there were
statistical differences (p < 0.01) among the total
anthocyanin content (TAC) of foods and beverages made

from Mexican Purple Corn (Table 2).
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Table 2. Mean squares of ANOVA for anthocyanins content in purple corn-based foods and beverages

SV
Mexican Purple Corn-based foods and beverages
Replications

Error

Df MsS
11 29934**
31 531 ns
187 315

SV: source of variation, Df: degrees of freedom, MS: mean squares for anthocyanins content, **: p <0.01, ns: not significant.

(A)

Figure 2. Presence of anthocyanins in (A) kernels, (B) corn husks, (C) corn silks, and (D) corncobs of Mexican Purple Corn

The presence of AAs in all foods and beverages
showed that it is likely to use Mexican Purple Corn as a
dietary source of AAs and as a potential source of
functional foods (Figure 1). It confirmed that we can take
advantage of the AAs accumulated in edible corn ear
organs like kernels, and commonly non-edible organs
such as corn husks, corncobs, and corn silks (Figure 2).
Observing the corn ear organs utilized in food product
preparation, we noted that corn husks and corncobs
exhibited notable Total Antioxidant Capacities (TACs) in
certain anthocyanin-rich beverages derived from them
(ID 12, 5, and 6). While some foods and beverages made
from purple kernels and corn silks displayed lower TACs,
it is noteworthy to emphasize that there is still potential
to harness the crop's capacity for amino acid (AAs)
production in these tissues.

In regard to TAC values, we found that foods
contained from 4.35 to 38.46 mg of TA 100! of biomass
(p < 0.05) while beverages registered a broader TAC
interval from 3.08 to 119.55 mg of TA 100! of biomass (p
< 0.05) (Table 3). In general, most of the beverages had
higher TACs than foods. The purple corn infusion (Id 12)
made from corn husks+corncobs had the highest TAC and
was followed by the functional beverages (Id 5 and 6),

which had 67.04 and 93.12 mg of TA 100 g of corn

husks+corncobs, respectively (p < 0.05). In contrast, the
lower TACs belonged to the corn silks hot teas (Id 7 and
8), which ranged from 3.08 to 8.03 mg of TA 100 g* of
corn silks. A comparison between the TAC of infusions
and hot teas evidenced that infusions had more AAs (p <
0.05) (Table 3). Among evaluated foods, the snack
showed the highest TAC (38.46 mg of TA 100 g*! of
roasted kernels); nevertheless, it was statistically similar
to the AAs tracked in boiled elote (23.91 and 36.05 mg of
TA 100 g of elote kernels). Tortillas had the lowest TAC
with a value of 4.35 mg of TA 100 g of tortillas.
Furthermore, we noticed that there was an effect
of the food preparation process in the pigment
concentration in both foods and beverages, since the
corn ear organs were exposed to heat, high temperatures
or high pH levels. Also, the particle size of the tissue
(pulverized (Figure 1G) or chunks (Figure 1D and Figure
1F)), and the time of AAs extraction (from minutes to
hours) were conditions that affected their TAC. It was
observed that kernels, as the structures of the corn ear
intended for consumption as tortillas, underwent a more
extensive transformation process compared to non-
edible structures. The latter did not necessitate a drastic
transformation; only a reduction in particle size was

sufficient.
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Table 3. Mean values of total anthocyanins content in foods and beverages made from Mexican Purple Corn

Id Food or Beverage TAC (mg of TA 100 g of biomass)
1 Elote! 36.05d
2 Elote? 23.91de
3 Snack? 38.46d
4 Tortillas 4.35e
5 Functional beverage22 93.12b
6 Functional beverage2b 67.04c
7 Corn silks hot tea 8.03e
8 Corn silks hot tea? 3.08e
9 Purple corn hot tea? 5.93e
10 Corn silks infusion 40.54d
11 Corn silks infusion-2 20.21de
12 Purple corn infusion-t 119.55a
HSD 21.91

Id: identification number of the food or beverage. -1: corn ear organs of the purple corn population-1. 2: corn ear organs of the purple
corn population-2. 2: anthocyanins extract mixed with lime juice. b: anthocyanins extract mixed with lime juice +guava pulp. TAC: total
anthocyanins content. One piece of elote (corn on a cob) may contain from 93 to 110 g of kernels (unpublished data). TAC values followed
by different lowercase letters indicate that there were statistical differences (p < 0.05). HSD: honestly significant difference.

IA from Mexican Purple Corn-based foods and preparation. In consequence, we perceived that,

beverages: Beverages showed a higher TAC than foods; although the infusion of purple corn (Id 12) had the

however, in their particular case, TAC values did not
reflect the intake of AAs by the consumption of 100 mL
of beverage, instead, TAC indicated the content of AAs

extracted from 100 g of tissues used for their

highest TAC (119.55 mg of TA 100 g' of corn
husks+corncobs), the IA from 100 mL of infusion was

1.436 mg of TA (Table 4).

Table 4. Intake of anthocyanins from Mexican Purple Corn-based foods and beverages

Id Food or Beverage
1 Elote?

2 Elote?

3 Snack?

4 Tortillas™

5 Functional beverage22
6 Functional beverage2t
7 Corn silks hot tea
8 Corn silks hot tea??
9 Purple corn hot tea!
10 Corn silks infusion-t
11 Corn silks infusion-2
12 Purple corn infusion-t

IA (mg of TA 100 g or 100 mL?)
36.05(2)
23.910)
38.461)
4.350)
5.036@
3.780(6)
0.032(11)
0.012(12)
0.071(10)
0.164@®)
0.081©
1.436(7)

Id: identification number of the food or beverage. 1: corn ear organs of the purple corn population-1. 2: corn ear organs of the purple
corn population-2. 2: anthocyanins extract mixed with lime juice. b: anthocyanins extract mixed with lime juice +guava pulp. IA: intake of
anthocyanins. (: Ranking of foods and beverages according to their IA value; positions (Y and (12) were assigned to the highest and lowest
values of IA, respectively.
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The IA values helped us redefine which foods and
beverages contributed with a higher input of AAs. We
observed that when we took TAC as a reference, the best
food products were some beverages (Id 12, 5, and 6,
Table 3); nevertheless, an order rearrangement
happened when the parameters of reference were the IA
values (Table 4). Under this approach, the top five food
products with the higher contents of AAs were all the
studied foods and one of the functional beverages (Id 5).
We estimated that by the consumption of 100 g or 100
mL, the AAs supply could be from 4.35 to 38.46 mg of TA
(Table 4).

Contribution of Mexican Purple Corn to the dietary
intake of anthocyanins: Based on the IA value of food
products, we chose six of them to estimate the dietary
intake of anthocyanins (DIA) from Mexican Purple Corn.

We selected three foods (Id 1, 3, and 4), and three
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beverages (Id 5, 10, and 12) since they were outstanding
by their 1A values (Table 4). We also considered certain
consumption habits reported in the Mexican population
as reference points. This includes per capita consumption
of tortillas, the significance of corn as a staple food, and
the traditional use of herbal beverages for treating
certain health conditions. Thus, we estimated that this
crop could provide a maximum intake of 101.32 mg TA
day? by consuming 236.6 g of purple corn tortillas
(between 4 and 6 tortillas), 250 ml of corn silks infusion,
100 g of snack, 250 mL of one of the functional beverages,
100 g of elote kernels (about one piece of elote) and, 250
mL of the purple corn infusion. Another
recommendation, looking forward to a more rational and
balanced portion size of tortillas, would be to reduce it to
100 g. This modification would provide a daily intake of
95.42 mg of TA (Table 5).

Table 5. Suggested portion sizes and dietary intake of anthocyanins from Mexican Purple Corn-based foods and beverages

Id Food or Beverage

1 Elote?

3 Snack?

4 Tortillas™

5 Functional beverage?
1 Corn silks infusion™
0

1 Purple corn infusion™
2

Portion size DIA (mg of TA)
(g or mL)
100 36.05
100 38.46
100 4.35
250 12.56
250 0.41
250 3.59

Id: identification number of the food or beverage. : corn ear organs of the purple corn population-1. "% corn ear organs of

the purple corn population-2. 2: anthocyanins extract mixed with lime juice. DIA: dietary intake of anthocyanins.

DISCUSSION

Mexican Purple Corn attributes as a dietary source of
anthocyanins: The presence of AAs in foods and
beverages made from Mexican Purple Corn supported
that this type of corn is a source of AAs and that it has
great potential for utilization in the elaboration of food

products. Regardless of the content of AAs, we perceive

that there is broad interest in studying and taking
advantage of the anthocyanin-pigmented corns [28],
among which, the corn of purple kernel has been
recognized to possess the greatest potential to
accumulate the pigment. For this reason, in the world,
purple corn from different geographical origins is being

explored [18, 25, 29, 30]. and has been described as an
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important and economic source of AAs, from which
several by-products like food, nutraceuticals, biofuels or
livestock feed can be obtained [31-33].

Results proved that it is feasible to promote the
consumption of purple corn as a means to increase the
intake of antioxidants, since even though it was not
assayed, there is evidence that AAs are associated with
strong antioxidant activity [16]. In addition, we consider
that Mexican Purple Corn acquires more relevance due
to its capacity to accumulate AAs in other organs of the
plant (Figure 2B to Figure 2D). Hence organs of the corn
ear that are not usually used or consumed can be utilized,
not only to extract the pigment but, as we have
proposed, to prepare rich-anthocyanins beverages.

Besides the content of AAs tracked in foods and
beverages under study, we identified other attributes in

Mexican Purple Corn, as:

a. Lower cost. Although berries are a very enjoyable and
popular food all over the world and stand out for their
high antioxidant content, they are also expensive foods
that are not affordable for the entire population,
especially in a country like Mexico where there is a high
percentage of food insecurity largely caused by family
economic conditions [22]. For this reason, the fact that
purple corn accumulates AAs in different organs of the
plant enables us to consider it as a cheaper and more
accessible dietary source of AAs than berries. Even in
households where its acquisition may not be a limitation,
consuming purple corn (both as food and as extracts)

would broaden the sources of anthocyanins intake.

b. Longer shelf life. The corn kernels and the rest of the
ear organs can be preserved and stored without
processing for a longer period than berries, which require
extremely careful and technical postharvest handling
[34]; while corn requires less rigorous storage conditions.
It is enough to avoid an excess of environmental

humidity, the occurrence of direct radiation and to confer
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protection against the incidence of pests through the use

of containers (the kernel requires the greatest caution).

c. Diversity of culinary uses that are culturally relevant.
Among the corn ear organs, the kernel displays many
ways to be consumed, while in berries it is observed that
their uses are limited, because, although they can be
frozen or made into purees, jams, and nectars, among
others, its main form of consumption is fresh. Corn has
great versatility in the preparation of dishes, which
reflects the deep connection that exists between the
Mesoamerican cultures and this cereal. Apart from that,
Serna-Saldivar [35] reported that in recent decades, in
other cultures, there has been a constant increase in the
use of special types of corn for food preparation, since
they have found in this cereal a combination that gives
them flavor and unique properties. It's no coincidence
that currently, tortillas and corn chips are recognized
worldwide. In fact, their popularity rivals that of potato

chips.

d. Alternative foodstuff. Given the prevalence of certain
health conditions and trends of consumption [2-4,6-7],
we consider that purple corn besides being a source of
antioxidants, could represent an interesting ingredient
for the formulation of gluten-free food products (which
can be offered to celiac patients) and, a food with
potential use in bakery, where purple corn flour can be
used to make products such as gluten-free and eggless
muffins, which makes them suitable foods for people
allergic to eggs or people of vegan consumption patterns
[36]. Likewise, the presence of color in corn opens the
outlook for the development of products that are
attractive to the eye and simultaneously, due to its

anthocyanin content, can promote human health [37].

e. Sustainable crop cereal: The chance to utilize the rest
of the corn ear organs such as the corn husks, corncobs,

and corn silks to obtain AAs is highlighted at a time when
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we must reconsider how food is produced and
consumed. With the consumption proposal for these
organs, we not only harvest the kernels but also utilize
products from the crop cycle that were traditionally
discarded. This presents an opportunity to promote the
conservation, plant breeding, and utilization of this

native corn variant.

f. Functionality of corn anthocyanins: Several bioactive
properties have been reported in AAs obtained from
corn. Some of them are its antioxidant capacity that
slows cell aging, its role in reducing blood glucose levels,
its ability to scavenge free radicals and inhibit obesity, its
protective effect against nephropathies developed by
type 2 diabetes patients, beneficial effects to improve gut
microbiota, and a possible therapy in the treatment of
specific types of cancer such as breast and prostate
cancer [18, 38-42].Building upon the aforementioned
arguments and drawing on statements by Ponder et al.
[16] regarding alternative dietary sources of amino acids
(AAs), itis imperative to disseminate the information that
corn and its products constitute valuable components of

a healthy diet.

Foods from Mexican Purple Corn: Moreover, their TAC,
we consider that the analyzed tortillas, snack, and purple
elote are foods with features that may be of interest to
the consumer, like their attractive color of natural origin
(Figure 1). As well, we contemplate that if they are
consumed regularly, due to the presence of AAs they
could promote good health. Specifically, we contend that
Mexican society stands to gain from the potential health
benefits associated with corn anthocyanins, as elucidated
earlier. This becomes especially crucial given the
substantial impact of chronic diseases on the population
[22,24-25]. In addition, we count that purple corn-based
foods represent affordable options for the intake of this

important flavonoid, thus there is a worldwide
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development and consumption of rich-anthocyanin
foods, most of which are expensive and not within
everyone's reach [33].

Concerning food preparation, we observed that
traditional methods of preparing tortillas and elote
involve the presence of conditions that affect the
anthocyanins’ stability such as heat, high temperature
and pH. In the case of tortillas, the alkaline pH during
nixtamalization and kernels transformation into masa
impacted the stability of anthocyanins [43], while in the
cooking process of elote, both the increase in
temperature and the presence of water were conditions
that affected its TAC [44]. We quantified from 23.91 to
36.05 mg of TA 100 g? elote kernels, depending on the
purple corn population (Table 3). Harakotr et al. [44]
indicated that wunder this preparation procedure,
anthocyanins are kept in the cooking water. In the purple
corn snack, due to its TAC (38.46 mg of TA), it seems that
a less drastic effect occurred during the food preparation,
which consisted in subjecting the kernel to a high
temperature for its roasting.

Although alternative processes to enhance amino
acid (AAs) content in tortillas [45] and elote [44] have
been proposed, we perceive that the traditional cooking
methods for these foods offer technologies that are more
easily adopted by the average consumer. Moreover, we
suggest that to increase their TAC, there should be an
optimization of food manufacturing processes and we
should continue the breeding process of this crop.

Notably, we identified advantages in the tortillas
and the purple corn snack; the former represents a staple
food of major significance in the diet of the Mexican
society, of which daily consumption is between 215 and
236.6 g of tortillas per capita [35]. If these tortillas were
made from purple corn, in addition to providing
carbohydrates, fibers, proteins, calcium, and niacin,
among other components contained in the common

tortilla, it would also mean an intake of 9.35 to 10.25 mg
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of TA. This would enrich the functional properties that
the tortilla made by traditional nixtamalization already
owns. Regarding the purple corn snack, we consider that
since it is a minimally processed food, free of synthetic
dyes and artificial antioxidants, it could represent a
healthier snack than the ultra-processed snacks that are
made from nixtamalized corn plus other ingredients,
which, due to the new warning labels used in Mexico, are
known to contain an excess of calories, sodium, saturated
fats, as well as several additives and artificial colorants
that negatively affect human health [47]. We believe that
the proposed foods may contribute positively to the
reconstruction of the traditional Mexican diet,

characterized by being diverse, healthy, and nutritious.

Beverages from Mexican Purple Corn: Although there
are beverages made from purple corn, such as the atole
agrio (sour atole) from San Juan Ixtenco, Tlaxcala, Mexico
(@ ceremonial drink) and the chicha morada
(representative of Peru), this research group made an
innovative proposal by preparing them with corn husks,
corncobs, and corn silks (Figure 1D to Figure 1G). In this
sense, except for the corn silks that have been described
as medicinal [48], there is no precedent for the use of
corn husks and corncobs.

Among the suggested beverages we found that the
most promising were the beverages made from corn
husks+corncobs (Id 12, 5, and 6) in which we quantified
between 67.04 and 119.55 mg of TA 100 g* of biomass.
Lower TACs were observed in infusions and hot teas
(Table 3). As seen in the case of foods, our results showed
that the beverage manufacturing process is a key step in
the quantity of extracted anthocyanins, which was higher
when the tissue was left to macerate for 8 h or when the
purple corn tissues were immersed in boiling water for 40
minutes; in contrast, the lowest TACs were detected in
the hot teas (Table 3). To increase the AAs concentration

in these beverages, we contemplate that some
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modifications could be made in the manufacturing
procedure, such as a further reduction of the particle size
of the organs (in Id 5, 6, and 12), an increase in the time
of steep in hot water of the organs (especially in hot
teas), and a raise in the amount of biomass used
(particularly in corn silks beverages). Even though there
are reports of more sophisticated and efficient
methodologies to extract and preserve the stability of
AAs [28, 49], an important contribution of our proposals
is that these beverages can be made by simple
methodologies that are cheap and easy to implement in
consumers' households. In this way, consumers may
increase their anthocyanins intake.

Currently, there is a notable increase in the
consumption of beverages of high biological value;
buyers demand that drinks not only serve to quench their
thirst or supply nutrients to the body but likewise be an
easy mode to ingest antioxidants. Under these
considerations, beverages made with Mexican Purple
Corn have great potential to be accepted by consumers.

In the case of infusions and hot teas made with
purple corn silks, their adoption as a natural remedy is
considered viable, because, even though it was not
directly reported in purple corn silks, there is evidence
that corn silks act as a diuretic agent, reduce
hyperglycemia, have antidepressant and anti-fatigue
effects, and are generally used to make teas and
supplements to treat urinary infections [48]. Said health
benefits have been mainly attributed to the presence of
flavonoids and terpenoids (discovered in yellow-golden
silks). Some inquiries carried out on purple corn silks have
found that they can be used in the prevention and
treatment of obesity [50], just like a natural colorant, a
flavoring agent, or as a source to make value-added

products like snacks, corn silk teas or cosmetics [28].

DIA from Mexican Purple Corn: We estimated that this
crop could provide an intake of 95.42 mg TA day by the
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consumption of 300 g of purple corn-based foods, and
750 mL of different beverages made from corn husks,
corncobs, and corn silks (Table 5). The intake of
anthocyanins was considerably higher than the interval
reported worldwide, which fluctuates between 18 and 43
mg day? [51].

This first examination allowed us to discover that
Mexican Purple Corn possesses attributes that can be
used to increase the anthocyanins intake. At the same
time, it set the evidence to prospect its potential as a
source of functional foods and beverages. Moreover, we
consider that future research is required to corroborate
the functional properties and bioavailability of
anthocyanins in the proposed foods and beverages, as it
has been done in rich anthocyanins extracts from other
species, where factors like timing, dose and, intake

duration are studied [52].

CONCLUSIONS

We verified that Mexican Purple Corn has a wide
potential to be used to increase anthocyanins’ intake.
This cereal is an economical and sustainable source of
anthocyanins, from which diverse food products of
cultural relevance or that meet the needs of consumers
with specific health conditions and particular eating
patterns may be obtained. We suggest that the
consumption of corn anthocyanins can promote good
health due to its functional properties and that the foods
and beverages studied in this research represent a
healthy alternative to the consumption of ultra-
processed products and soft drinks that negatively affect
the health of the population. Nevertheless, further
studies on the functional properties and nutritional
features of purple corn are required. Although we found

that the anthocyanins concentration was affected by the
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