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INTRODUCTION

In the Mexican economy, corn is the most important crop; 
since, it constitutes the food base of  millions of  Mexicans 
(Rodríguez‑Salinas et al., 2020). The states of  Jalisco, 
Mexico, Sinaloa, Chiapas, and Michoacán produce 50% 
of  the corn produced in Mexico. In the State of  Oaxaca, 
90% of  the cultivated area of  corn is planted with Creole 
maize of  different races, colors, textures, and crop cycles 
(Salinas‑Moreno et al., 2013). The predominant races are 
Bolita, Zapalote Chico, Conónico, Olotón and Mushito. 
In this state, there is a high diversity of  grain colors: white 
(62.9%), yellow (20.1%), blue (7.0%), black (3.4%), orange 
(2.0%), and red (4.6%) (Salinas‑Moreno et al., 2013). In 
Mexico, 69% of  the corn produced is destined for human 
consumption; 20% livestock sector; 10% industrialization, 
and 1% seed production (Salinas et al., 2010). Corn is 
used or consumed as a functional food mainly as tortillas, 
tlacoyos, and gorditas. Likewise, I have been shown to 
have a high nutritional value, in addition to presenting 
pharmacological activities: antidiabetic, antimutagenic, 

anticancer, and antioxidant effects (Salinas‑Moreno et al., 
2012; Rodríguez‑Salinas, et al., 2020). These effects have 
also been evaluated in different parts of  plants as well as the 
phytochemical profile to determine the potential of  these 
plants as additives with beneficial properties for the health 
of  consumers (Nguyen et al., 2020; Ahmed et al 2019; Fall 
et al., 2015). On the other hand, the corn rachis is the heart 
of  the corn. In other countries, it is also known as, cob due 
to apheresis of  yólotl, chócolo, marlo, tusa, zuro, bacal, or 
coronta, which is an agricultural waste or by‑product that 
is generated in large quantities in the process of  separating 
the grain from the cob and it is estimated that 170 kg of  
cob was recorded for each shade of  corn. From recent data 
on world corn production in 2020 (1,133.89 million tons) it 
can be estimated that around 193.55 million tons of  cob are 
generated per year (FAOSTAT, 2021). Thus, agroindustry 
wastes have become a difficult problem to solve, therefore, 
every day there is a need to develop alternatives with 
byproducts of  waste and agricultural products little used 
for human consumption and to give them added value. 
The use of  these wastes would help maximize resources 
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and the result would be the production of  new products. 
In this sense, in recent years research has been carried out 
to reduce and take advantage of  agro‑industrial waste, 
not only in the processing of  animal feed but also in new 
alternatives to give added value to this waste. Ponce et al. 
(2021) used agro‑industrial waste, including corn husk, as 
lignocellulosic biosorbents for dyes applying an alkaline 
treatment. Demonstrating that alkali treatment provided an 
interesting alternative to produce efficient bioadsorbents 
from agro‑industrial waste. Wang et al. (2021) used corn cob 
to make graphene‑like carbon nanocomposites, synthesized 
through a high‑temperature, hydrothermal carbonization 
process for application in lithium‑ion batteries. Concluding 
that the carbon nanocomposite can be applied to a lithium‑
ion battery as an anode material with a low current density. 
For their part, Ramos et al. (2021) evaluated the thermal 
behavior and environmental impact of  two different 
corn cob particleboards using two types of  glue binders: 
Polyvinyl acetate (PVA) and Fabricol AG222 (FAG222), 
in order to use them in the construction industry as a 
thermally insulating material. Concluding that corn cob 
particleboard has the potential to be used as a sustainable 
construction material, considering the values obtained for 
the thermal performance parameters. The application of  
this bio‑waste as insulating material reveals a consistent 
path in the circular economy since the particleboards 
with PVA presented lower thermal transmission, lower 
thermal conductivity, and higher thermal resistance, 
corroborated by lower heat fluxes between the external 
environment and interior, approaching the properties of  
some commercial products. Gao et al. (2021) evaluated 
the effect of  hydrothermal pretreatment on the structure 
and components of  lignocellulose in Corn Cob, and 
the performance of  hydrolysis, acid production, and 
methanogenesis during codigestion. Despite the fact that 
corn is an important part of  the Mexican diet, there is little 
scientific information regarding inedible parts such as leaf, 
cob, and stigmas that are wastes that could be a source of  
bioactive compounds and have not been studied. Therefore, 
the integral use of  white and purple corn will contribute 
to better use of  its nutrients and its potential use in the 
industry as a functional food. Therefore, the aim of  the 
present investigation was to evaluate the physicochemical 
and antioxidant properties of  cob, leaf, and grains of  white 
and purple corn from the Tuxtepec region, Oax, Mexico 
for possible use as an additive in the food industry.

MATERIALS AND METHODS

Materials
Creole corn of  two varieties was used, white corn (Zea 
mays L.) was purchased in the city of  Tuxtepec, Oaxaca, 
Mexico. Purple corn (Zea mays L.) was grown and harvested 

in San Felipe Usila, Tuxtepec, Oaxaca, Mexico. All analytical 
reagents and solvents used were reagent grade. Fig. 1 shows 
the general diagram of  the characterization of  the different 
parts of  white and purple corn evaluated.

Conditioning of the raw material
The leaf  and grains of  white and purple corn were 
separated from the cob, manually and subsequently, the cob 
was ground in a coffee mill (Krupps Model GX4100 2121 
Eden Road Millville, NJ 08332 USA) at maximum speed. 
The cob and the grain were dried in an oven at 60 ºC 
for 24 h, while the leaves were dried under the shade (at 
30 ± 5 ºC for 1 month). After drying, all samples were 
ground and screened to a particle size of  0.59 mm (30 
mesh, U.S.A. standard test ASTM E-11 Specification W.S. 
Tyler, USA).

Proximal chemical analysis
The chemical composition was performed according to the 
methods of  the AOAC (2005): moisture (925.10), ashes 
(923.03), fats (920.39), proteins (920.87), raw fiber (925.08), 
and the carbohydrate content was calculated by difference.

Color and pH analysis
The color determination was measured with a Hunter lab 
triestimulus colorimeter (MiniScan Hunter Lab, model 
45/0L, Hunter Associates Lab., Ind., Reston, Virginia 
USA). The luminosity values (L*), a*, and b* were obtained, 
and from which comma (C*), hue angle (hº), and the 
total color difference (ΔE) were determined. The pH 
was measured according to the methodology of  Juárez‑
Barrientos et al. (2017).

Preparation of the extracts
At 600 mg of  sample and 6 mL of  distilled water was added 
and stirred in a vortex (Vortex‑2 Genie, Model G‑560, 
Scientific Industries, INC, Bohemia, NY USA) for 5 min 
and filtered under vacuum (Whatman filter paper, no.40, 
150 mm φ, Whatman International Ltd., Maidstone UK). 
Subsequently, the extracts were stored under refrigeration 
at 4 ºC until use.

Phytochemical screening
The phytochemical profile (Fig. 2) was determined 
according to the methodology of  Tiwari et al. (2011).

Alkaloid test
The extracts (1 mL) were dissolved in hydrochloric acid 
(3 mL) diluted individually and filtered (Whatman filter 
paper, no. 40, 150 mm φ, Whatman International Ltd., 
Maidstone UK). The presence of  alkaloids was performed 
by two methods.
1. Dragendroff ’s method: The filtrates were treated with 

Dragendroff ’s reagent Potassium Iodide solution 
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(1 mL). The formation of  a red precipitate indicates 
the presence of  alkaloids.

2. Hager method: The filtrates were treated with the 
Hager reagent saturated picric acid solution (1 mL). 
The presence of  alkaloids is confirmed by the 
formation of  the yellow precipitate.

Carbohydrate test
The extracts were dissolved individually in 5 mL of  distilled 
and filtered water (Whatman filter paper, no. 40, 150 mm 
ϕ, Whatman International Ltd., Maidstone UK).

Benedict’s method: The filtrates (1 mL) were treated with 
Benedict’s reagent (3 mL) and heated gently. The formation of  
an orange‑red color indicates the presence of  reducing sugars.

Glycoside test
The extracts were hydrolyzed with dilute HCl (4 mL), 
before the glycoside test.

Borntrager modified method: The extracts (1 mL) were 
treated with ferric chloride solution (1 mL) and immersed 
in boiling water (100 ºC) for about 5 min. The mixture was 
cooled to 25 ºC and extracted with equal volumes of  benzene 
(1 mL). The benzene layer was separated and treated with 
ammonia solution. The formation of  pink in the ammonia 
layer indicates the presence of  anthranol glycosides.

Saponin test
Saponification method: 100 mg of  flour is dissolved in 
10 mL of  distilled water; the mixture is stirred in a vortex 

Fig 1. General diagram of the physicochemical and antioxidant characterization of the different parts of white and purple corn.

Fig 2. Phytochemical profile of the different parts of white and purple corn.



Rodríguez-Miranda, et al.

Emir. J. Food Agric ● Vol 35 ● Issue 10 ● 2022 809

for 15 min. The formation of  1 cm of  foam layer indicates 
the presence of  saponins.

Foam method: 100 mg of  flour is dissolved with 2 mL of  
distilled water. The mixture is stirred in a vortex for 10 min. 
If  the foam produced persists for 10 min, it indicates the 
presence of  saponins.

Phytosterols test
Salkowski’s method: The extracts were treated with 
chloroform (4 mL) and filtered. The filtrates were treated 
with a few drops (3 drops) of  concentrated sulfuric acid, 
stirred, and allowed to stand (5 min). The appearance of  
golden yellow indicates the presence of  triterpenes.

Libermann Burchard method: The extracts were treated 
with chloroform (4 mL) and filtered. The filtrates were 
treated with a few drops of  acetic anhydride (3 drops), 
boiled at 100 ºC, and cooled at 25 ºC. Concentrated sulfuric 
acid (3 drops) was added. The formation of  a brown ring 
at the junction indicates the presence of  phytosterols.

Phenol test
Ferric Chloride method: Extracts were treated with 4 ‑ 5 
drops of  ferric chloride solution. Bluish black formation 
indicated the presence of  phenols.

Flavonoid test
Alkaline Reagent method: Extracts (1 mL) were treated 
with 1 mL of  10% sodium hydroxide solution. The 
intense yellow formation, which becomes colorless when 
adding pure hydrochloric acid, indicates the presence of  
flavonoids.

Terpenoid test
0.8 g of  the flours were dissolved with 10 mL of  ethanol 
and stirred in a vortex for 5 min and filtered (Whatman 
filter paper, no.40, 150 mm φ, Whatman International 
Ltd., Maidstone UK), 5 mL were taken of  the extract, and 
mixed with 2 mL of  chloroform and 3 mL of  sulfuric acid. 
The formation of  a brown disc indicated the presence of  
terpenoids.

Total phenol content
The total phenolic content was determined by the Folin‑
Ciocalteu method (Rodríguez‑Miranda et al., 2011).

Total flavonoid content
The evaluation of  total flavonoids was followed by the 
procedure described by Rodríguez‑Miranda et al. (2011).

Antioxidant capacity by DPPH method
The evaluation of  the entrapment capacity of  the DPPH* 
radical was followed by the procedure described by Ruiz‑
Torres et al. (2008).

Statistical analysis
The results obtained were analyzed using the STATISTICA 
software version. 10.0 (StatSoft Inc., Tulsa, OK USA). The 
mean and standard deviation were calculated and one‑way 
analysis of  variance was performed. The corresponding 
averages were compared using the Fisher LSD test 
(P < 0.05), with a 95% confidence level.

RESULTS AND DISCUSSION

Chemical composition
The highest ash content was found in WCC and WCG no 
significant differences were observed (P > 0.05) between 
these samples (Table 1), the lowest ash content was in 
PCC finding significant differences (P < 0.05) between 
the two varieties of  corn. These ash contents are higher 
than reported by various authors: Cardona et al. (2002) 
1.6 y 3.8%, in cob and grain respectively; Córdoba et al. 
(2013) 2% in cob; Prado‑Martínez et al. 2012 0.76% in leaf; 
Méndez‑Montealvo et al. (2005), Barrios and Bosso (2018) 
and Rodríguez‑Salinas et al. (2020) 1.1 ‑ 1.7, 1.26 ‑ 1.61 and 
1 ‑ 1.46%, in grain respectively, and lower than reported 
by Treviño et al. (2011), Danish et al. (2015) and Amer 
et al. (2021) in leaf  (14.7, 7.8 y 9.7% respectively), and 
Pratheep et al. (2021) in corn cob (12.23%). The highest fat 
content was found in PCG and the lowest WCC content. 
Significant differences (P < 0.05) were found between the 
samples (Table 1). These differences are because the grains 
mainly of  white corn are rich in oil and are used in the oil 
industry because of  their high‑fat content (Barrios and 
Basso, 2018). These values are higher than those reported 
by Cardona et al. (2002) in cob (0.4%) and similar to that 
reported by Michel‑Aceves et al. (2008) (2.49%), in leaf  
the values are higher than those reported by Treviño et al. 
(2011) (1.8 ‑ 2.2%), while in grain the fat content in WCG 
was similar to that reported by Méndez‑Montalvo et al. 
(2005) and Rodríguez‑Salinas et al. (2020) (4 ‑ 7 and 6.15%, 
respectively) but PCG was higher than reported by Barrios 
and Basso (2018) and Rodríguez‑Salinas et al. (2020) in 
pigmented corn (4.32 ‑ 5.24 and 3.38 ‑ 5.40%, respectively).

The protein content was higher in the parts of  white corn, 
with significant differences (P < 0.05) between varieties 
whose highest value was in WCG and the lowest in PCL. 
These differences may be due to the type of  corn since it 
has been reported that some varieties with flour endosperm 
may have high protein values (Méndez‑Montalvo et al., 
2005).

The results obtained are above those reported by Michel‑
Aceves et al. (2008) (2.86% in cob); Treviño et al. (2011) 
(9.3% in leaf), Salinas‑Moreno et al. (2013), and Barrios 
and Basso (2018) (7.28 ‑ 8.81 and 9.5 ‑ 10.9% in grain 
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respectively). However, the protein content in WCG is 
higher than that reported by Rodríguez‑Salinas et al. (2020) 
(9.72%) for PCG the value obtained in this study is below 
that reported by this author in pigmented maize (10.16 to 
12.57%).

The highest fiber content was found in the leaves of  both 
varieties, significant differences (P < 0.05) were observed 
in all samples (Table 1). The highest value was in PCL, 
while the lowest value was found in PCG. The content 
and composition of  dietary fiber vary in different foods, 
just as in the same food the fiber concentration may 
differ according to its degree of  maturity, refining, or 
technological treatment (Pak, 2000). The results obtained in 
cob are found within what was reported by Cardona et al. 
(2002); Michel‑Aceves et al. (2008) and Infante et al. (2016); 
32, 35 and 33%, respectively), while in leaf  the results are 
higher than those reported by Cardona et al. (2002) (6.4%) 
and Infante et al. (2016) (31%).

In WCG and PCG the values were higher than those 
reported by Rodríguez‑Salinas et al. (2020) in white corn 
grain (1.69%) and pigmented corn (1.20‑1.76%), and 
the results are below the results reported by Méndez‑
Montealvo et al. (2005) (7 ‑ 13%) but similar to that 
reported by Barrios and Basso (2018) (2.28 ‑ 3.42%). 
Significant differences (P < 0.05) were found among all 
samples in carbohydrate content. In both varieties the 
highest content was found in the grains, followed by the 
cob, and in lower concentration in the leaves (Table 1). 
These differences are due to the type and variety of  corn 
analyzed (Rodríguez‑Salinas et al., 2020). The values found 
in cob are similar to those reported by Cardona et al. (2002) 
(54.5%), but in grain the values are within that reported 
by Méndez‑Montealvo et al. (2005), Barrios and Basso 

(2018) and Rodríguez‑Salinas et al. (2020) (70.50 – 77.6, 
72.81 – 79.57 and 71.30 – 74.88 %, respectively).

Color and pH
The highest value of  L* was presented in WCL (81.71) and 
the lowest in PCL (63.82) (Table 2). Significant differences 
(P < 0.05) were observed among all the studied parts. The 
white coloration (white corn) is due to the presence of  
starch which is the major component. However, in the case 
of  pigmented corn, the color of  the grain in blue, light red, 
and magenta red corn is due to the fact that anthocyanins 
are located in the peripheral layers, in the aleurone, or in 
the pericarp. Therefore, the color tone depends on the type 
of  anthocyanins that dominate the grain (Salinas‑Moreno 
et al., 2012).

It has also been reported that, during grinding and 
homogenization, the color of  the sample changes 
significantly, where L* is the most affected parameter 
(Wrolstad and Smith, 2009). The results obtained in the 
grain of  this work are below to those mentioned by Von‑
Atzingen et al. (2005) in corn (82.3) and higher than those 
reported by Salinas‑Moreno et al. (2012) for three varieties 
of  corn: blue, light red, and magenta red (38.5 ‑ 51.4), 
Salinas‑Moreno et al. (2013) in the grains of  Purple corn 
of  different races from the tropical region, and in maize 
from the subtropical region of  Oaxaca (23.0 ‑ 43.8 and 
25.6 ‑ 30.9, respectively), and by Moreira et al. (2015) in 
white, yellow and purple corn (53.80 – 66.41), but within 
what was reported by Rodríguez‑Salinas et al. (2020) in 
white and pigmented corn (72.85 ‑ 88.78).

The highest C* value was obtained in WCC while WCL 
obtained the lowest value. Significant differences (P < 0.05) 
were observed in all the samples analyzed. In the grain, 

Table 2: Parameters of color and pH of the different parts of white and purple corn
Parameter WCG WCC WCL PCG PCC PCL
L* 78.12±0.69a 78.43±0.22a 81.71±0.74e 72.86±0.34c 80.52±0.26d 63.82±0.53b

C* 17.33±0.37a 19.61±0.71e 17.28±0.58a 18.38±0.24d 16.46±0.44c 4.70±0.27b

hº 57.70±0.74c 55.96±0.49a 55.37±0.79a 60.79±0.30d 56.84±0.38b 88.28±0.86e

ΔE 27.40±0.44b 28.68±0.51c 24.71±0.69a 32.27±0.30d 25.01±0.38a 35.89±0.55e

pH 6.19±0.08a 6.19±0.03a 6.34±0.04a 6.40±0.17a 5.58±0.36a 6.70±0.01a 

The values represent the average of 5 determinations±Standard deviation. Different letters between the same parts of the corn represent significant differences 
(P<0.05). WCG=white corn grains; WCC=white corn cob; WCL=white corn leaf; PCG=purple corn grains; PCC=purple corn cob; PCL=purple corn leaf

Table 1: Chemical composition (dry basic) of the different parts of white and purple corn
Composition (%) WCG WCC WCL PCG PCC PCL
Ash 5.22±0.36a 5.38±0.09a 2.75±0.16d 2.34±0.13c 0.96±0.06b 3.22±0.04e

Fatty 6.09±0.04a 1.48±0.44b 7.82±0.29d 9.70±0.86e 2.48±0.24c 6.07±0.20a

Proteins 15.85±1.96e 5.40±1.16bc 10.07±0.83d 7.10±0.99c 3.75±0.51ab 2.74±0.93a

Fiber 3.74±0.35c 34.72±0.54e 37.68±0.38a 2.62±0.19b 32.85±0.38d 40.55±0.34a

Carbohydrates 68.87±2.18e 53.02±1.26c 40.89±0.41a 77.02±1.46f 59.86±0.84d 47.40±1.26b

The values represent the average of 5 determinations±Standard deviation. Different letters between the same parts of the corn represent significant differences 
(P<0.05). WCG=white corn grains; WCC=white corn cob; WCL=white corn leaf; PCG=purple corn grains; PCC=purple corn cob; PCL=purple corn leaf
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values are within what was reported by Salinas‑Moreno 
et al. (2012) (11.1 ‑ 25) and within what was reported by 
Rodríguez‑Salinas et al. (2020) (3.24 – 32.10). While Salinas‑
Moreno et al. (2013), reported low values as reported in this 
study, in corn grain of  races from tropical regions (4.9 ‑ 9.2) 
and subtropical (2.2 ‑ 8.8) of  the State of  Oaxaca., Mexico.

The highest value of  hº was found in PCL, while the lowest 
value was in WCL, finding significant differences (P < 0.05) 
in all samples, this is because in the pigmented grains the 
coloration is not uniform along its surface, with lighter 
tones towards the face of  the germ and the pedicel, so 
that, when grinding the sample to standardize the tone, 
the predominant tones are yellow. Espinosa‑Trujillo et al. 
(2006) mention that the impact of  the characteristics of  
the samples on the h° could be reduced if  different ways 
of  preparing them and placing them on the colorimeter 
are tested to achieve reproducible readings, and that they 
correspond to their visual appearance. These results are 
within the reported by Salinas‑Moreno et al. (2013) in corn 
grain (10.4 ‑ 123.4º) and for the reported by Rodríguez‑
Salinas et al. (2021) (19.65 – 85.16º).

In ΔE, significant differences (P < 0.05) were observed 
in all the samples analyzed (Table 2), finding the highest 
value of  ΔE in PCL and the lowest value in WCL. This is 
because the color of  corn varies widely between genotypes, 
and although it is not considered an important property 
for food use, it greatly influences consumer preference 
(Antuna-Grijalva et al., 2008). The ∆E in the same raw 
material is because the chemical characteristics of  the 
vegetables depend largely on the characteristics of  the soil 
from which they were harvested as well as environmental 
factors, such as drought or lack of  nutrients, in addition to 
the content of  Flavonoids present being responsible for 
natural color, including anthocyanins that are responsible 
for the colors pink, scarlet, red, blue and violet (Martínez‑
Malverde et al., 2000; Rodríguez‑Miranda et al., 2011). The 
results found in this study in grain are below those reported 
by Antuna-Grijalva et al. (2008) in five types of  creole corn 
(37.58 and 66.79, respectively) and higher than reported 
by Moreira et al. (2015) (7.11 – 9.72). The values obtained 
from the pH in all the samples were located within the 
acidic values of  the pH scale (Table 2), showing significant 
differences (P < 0.05) between them. The highest pH value 
was found in PCL, while the lowest value was in PCC. The 
pH of  the flours should range between 6.0 and 6.8; in this 
case, the pH was within this range, so, having low acidity, 
indicate a good state of  preservation. These results are 
found within the values reported by Rodríguez‑Zevallos 
and Soto‑Chávarri (2006) in precooked white and yellow 
amylaceous cornmeal (6.2 to 6.5) and higher than reported 
by Abdoulaye et al. (2019) in grain corn from Ivory Coast 
(4.51).

Phytochemical profile
The results indicated that all the samples analyzed showed 
the presence of  alkaloids, carbohydrates, phytosterols, 
phenols, and terpenoids (Table 3), in the glycoside and 
saponin test, all samples were negative. The WCG showed 
the lowest presence of  phytosterols and phenols, while 
WCC showed a greater presence of  all the compounds 
analyzed. The presence of  these metabolites in the different 
parts of  white and purple corn suggest that they could be 
a potential source of  bioactive compounds with important 
biological activities since it has been reported that in the 
case of  alkaloids, they have high toxicity against the cells 
of  foreign organisms, which has been studied in the 
elimination and reduction of  human cancer cell lines, and 
pain medications have been developed from this metabolite 
(Markert et al., 2008). Steroidal compounds are also of  great 
interest due to the relationship they have with anabolic 
and sexual hormones, likewise, these compounds have 
shown antibacterial and antiviral activity (Wadood et al., 
2013). These metabolites have also been reported in other 
extracts such as Castañeda et al. (2004), which showed a low 
concentration of  alkaloids and a moderate concentration 
of  carbohydrates in the methanolic extract of  purple corn.

Total phenol and flavonoid content
The WCC (229.20 mg GAE/100 g) presented a greater 
amount (P < 0.05) of  phenols than PCC (145.48 mg 
GAE/100 g) (Fig. 3). The lowest phenolic content 
was found in PCL and PCG, these differences could 
be attributed to the genetics of  the genotypes, to their 
physical properties, primarily to the relative relationship 
of  the anatomical parts of  the corn, the variety, and the 
environmental conditions of  the plants, as well as the 
differences in the preparation of  the extracts, and the 
solvents used (Aguayo‑Rojas et al., 2012; Urias‑Peraldí 
et al., 2013). These results are superior to those reported by 
Gorriti‑Gutiérrez et al. (2009) who found a total phenolic 

Table 3: Phytochemical profile of the different parts of white 
and purple corn
Phytochemical screening WCG WCC WCL PCG PCC PCL
Test Method
Alkaloids Dragendroff’s +++ +++ +++ +++ +++ +++

Hager’s +++ +++ +++ +++ +++ +++
Carbohydrates Benedict’s ++ +++ +++ ++ ++ ++
phytosterols Salkowski’s ++ +++ +++ ++ +++ ++

Libermann 
Burchard

+ +++ +++ +++ +++ ++

Phenols Ferric 
Chloride 

+ ++ ++ + +++ +

Terpenoids for 
terpenoids

+++ ++++ ++++ +++ ++ ++

+ = indicates presence of phytochemicals; - = indicates absence of 
phytochemicals.; +++++ = shows high concentration.; +++ = shows 
moderate concentration. WCG=white corn grains; WCC=white corn cob; 
WCL=white corn leaf; PCG=purple corn grains; PCC=purple corn cob; 
PCL=purple corn leaf
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content between 23.43 and 76.96 mg EGA/100 g in the 
cob of  purple corn and below that reported by Sultana 
et al. (2008) in yellow corn cob. While the results found 
in the grain are below those reported by Jiménez‑Nevárez 
et al. (2018), in blue corn grain (215 mg GAE/100 g) 
and Rodríguez‑Salinas et al. (2020) (349.31 – 485.71 mg 
GAE/100 g).

The highest flavonoid content was found in PCG 
(104.30 mg CE/100 g), followed by WCC, and in a lower 
value, it was in the leaves regardless of  the variety (Fig. 1). 
These differences are because the purple corn pigments 
are mainly extracted from the corn kernel and the crown, 
as they contain mainly Cyanidin‑3‑Glucoside (Li et al., 
2008). The content of  flavonoids WCC and PCC was 
higher than that reported by Sultana et al. (2008) in yellow 
corn cob (50 mg CE/100 g) and the case of  grains, the 
results are within that reported by Rodríguez‑Salinas et al. 
(2020) (22.50 – 105.75 mg CE/100 g) and superior to those 
reported by Quintanilla‑Rosales et al., (2017) in pigmented 
corn genotypes (570.9 – 741.8 mg CE/100 g).

Antioxidant capacity
The cob of  both varieties showed greater capacity to trap 
DPPH* radical (Fig. 4), while PCL was the one with the 
lowest antioxidant capacity, these results indicate that there 
is no direct relationship between polyphenol content and 
antioxidant capacity because other antioxidant compounds 
such as carotenes that are terpenes responsible for color 
in the white and yellow varieties of  corn, especially in the 
form of  lutein and zeaxanthin can be included in the extract 
(Gorriti‑Gutiérrez et al., 2009; López‑Martínez & García‑
Galindo, 2009), it has also been reported that the antioxidant 
capacity of  the grains is mainly attributed to anthocyanins 
in red and blue/purple grains, however, phenolic acids 

and other colorless flavonoids, such as quercetin, which 
are extracted together with anthocyanins (Salinas‑Moreno 
et al., 2012). Therefore, the free radical inhibitory activity 
depends on the amount and type of  phenolic compounds 
such as anthocyanins and even carotenoids and other 
agro‑environmental factors to which the plant is exposed, 
such as infections, UV radiation, conditions environmental 
conditions, low temperatures, droughts, and water stress, 
among others, that make plants produce these secondary 
metabolites as a defense mechanism to stress conditions 
and as protective agents against pathogens (Mex‑Alvarez 
et al., 2013). The antioxidant capacity in cob was higher 
than that reported by Sultana et al. (2008) (26%) but in 
grain below that reported by López‑Martínez and García‑
Galindo (2009) in white corn (40%).

CONCLUSION

The results showed that the inedible parts of  corn could be 
a potential source of  fiber and carbohydrates for use in the 
food industry, besides that they are a potential source of  
alkaloids, terpenoids, phytosterols, phenols, and glycosides 
which are secondary metabolites with important biological 
activities since all samples showed antioxidant activity so it 
gives added value to these agroindustrial waste.
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