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1 Introduction
Corn is a grass belonging to the family of the Poaceae 

(Wellhausen et al., 1951), its name comes from mahís that means 
what sustains life (Colín, 2000), it is the basic cereal of food in 
México (Hernández-Casillas & Esquivel-Esquivel, 2004); this 
country has the highest per capita consumption in the world with 
a value of 336.6 kg (Sistema de Información Agroalimentaria 
y Pesquera, 2018). México is considered the center of origin, 
domestication and diversification, there are a great variety of 
creole maize throughout the country (Fernández-Suárez et al., 
2013); this diversity that is a product of selection and reproduction 
of the best grains (Kato et al., 2009), practice that goes back to 
about 10 thousand years (Colín, 2000). This cereal occupies a 
planting area of   more than 7.5 million hectares, 80% of this area 
is worked by small producers who mainly produce it for self-
consumption (México, 2018). This system represents the main 
source of national production, with more than 50% of national 
production (Fernández-Suárez et al., 2013). This production practice 
has allowed the conservation, diversification and improvement 
of native breeds, all according to the needs of rural populations 
(Turrent-Fernández et al., 2012). However, the producers of the 

Costa Chica of Guerrero have gradually replaced this type of 
maize with hybrid maize, which can be attributed to the fact that 
in terms of yield the improved varieties have proven to be, by far, 
superior to the native ones, even when the native varieties have a 
better adaptation to the edapho-climatic conditions of each rural 
area (Guillén-Pérez et al., 2002; Turrent-Fernández et al., 2012). 
For a long time the selection of the native races focused on the 
yield of dry matter (Turrent-Fernández et al., 2012), nowadays 
more in-depth aspects are taken regarding the selection of the 
best grains (Magdaleno-Hernández et al., 2016), focusing on 
physical factors (empirically), such as: grain length, width and 
thickness (Magdaleno-Hernández et al., 2016). Currently, when 
it is sought to preserve the best varieties of corn, not only is it 
limited to the physical part, taking into account nutritional 
factors (Fernández-Suárez  et  al., 2013) and possible uses 
(Aguayo-Rojas et al., 2012). The physical quality of a grain is 
measured by a great variety of factors, the main ones being length, 
width, thickness, weight of a thousand seeds (WTS), hectolitre 
weight (HW) and some related to its anatomical structure 
(Pérez-Mendoza et al., 2006). The structure of the corn grain is 
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Corn (Zea mays) is the most consumed cereal in México, so it is necessary to know the nutritional and anatomical quality of the 
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WAI the Olotillo (245.56 g H2O/g sample). It is concluded that the Toro has better nutritional content and larger and weight 
grains, while the Olotillo presented the highest values   of WAI, it can confer better technological properties for food processing.
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Practical Application: Creole corn has stopped growing, so the preservation of its germplasm is in danger, due to its pigmentation 
and genetic nature, this type of maize has competitive nutritional contents with hybrid maize. The color, solubility index and 
water absorption are indicators of the functionality of the flours for the food industry, however, studies of the nutritional and/or 
functional quality of the corn have not been carried out. This research provides information that can contribute to the use of 
creole corn from the State of Guerrero in the food industry.
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divided into Pericarp, Endosperm, Germ and Pedicel, of these 
is the endosperm that has the highest weight percentage in the 
grain, and is mainly formed by starch submerged in a protein 
matrix (Revilla et al., 2008), being the starch granules between 
5 - 30 μm (Agama-Acevedo et al., 2004); the pericarp is the 
external part of the grain formed in a 77.7% fiber, which has a 
thickness of between 60 to 80 μm (Muñoz-Hernández et al., 1999); 
the germ has the function of a store of nutrients that allow the 
activation and initiation of germination (Granito & Guerra, 
1995). The pedicel is the anchor structure to the cob, which 
allows the exchange of liquids from the pedicel to the pericarp 
(Aguilar-Castillo et al., 2006). The anatomical structure is closely 
related to the nutritional quality of the grain, this is because 
it is in the germ where most of the lipids are located, in the 
endosperm, the carbohydrates and proteins and in the pericarp, 
together with the fiber endosperm (Paredes-López et al., 2009). 
The WTS is related to the percentage of endosperm, because 
it represents between 80-83% of the total weight of the grain 
(Domínguez Pacheco et al., 2010), the HW is a measure of the 
ease of obtaining flour, since the higher the HW, the higher the 
flour yield (López et al., 2005). For all this, it is necessary to know 
the physical quality, and with it the nutritional, of Creole breeds 
from different regions of México, this study is based on four 
native varieties from the Costa Chica in the State of Guerrero.

2 Materials and Methods
2.1 Biological material

The seeds were collected in the months of August-September 
of the year 2017, in the region of the Costa Chica de Guerrero, 
the Dos-Puntas variety, was collected from the municipality of 
Florencio Villareal (16° 44’ 0.7 “N, 99° 06’ 53.6 “W), the variety 
Toro and Purple-olotillo in the municipality of Ayutla de los Libres 
(16° 57’ 26.0” N, 99° 07’ 46.3 “W) and the variety Olotillo in the 
municipality of Cuautepec (16° 44’ 46.6 “N, 99° 00’ 49.6” W).

2.2 Seed quality

Seed Size

Fifty viable seeds were selected per repetition (3 repetitions), 
using a digital vernier (UltraTech H-7352), the length, width and 
thickness of each seed was measured, the results were reported 
as the average of each attribute (Burak & Broccoli, 2004).

Thousand Kernel Weight (TKW)

One thousand viable seeds were selected per repetition 
(3 repetitions) which were weighed on a digital balance VeLab-500, 
the result was calculated as the average of the obtained data 
(Salinas-Moreno & Aguilar-Modesto, 2010).

Hectolytic Weight (HW)

It was determined by means of the test tube method, in 
which a graduated cylinder of 100 ml and 100 seeds was used, 
this was done with 10 repetitions, in which the sample weight 
and the displaced volume were taken; the WH was calculated 
with the following Equation 1 (Pérez-Mendoza et al., 2006) and 
expressed in Kg hL-1:

 
 

displaced volumeHW x100
sample weight

=  (1)

2.3 Seed Anatomy

Fifty viable seeds were selected, which were left to soak for 
24 hours, later with the help of a scalpel, the endosperm, pericarp, 
pedicel and germ were separated after drying in a forced air oven, 
once dried they were weighed and the results were calculated 
with the following Equation 2 (Figueroa-Cárdenas et al., 2013):

    %   
 

weight of theanatomical partparte x100
weight seed

=  (2)

2.4 Nutritional value of corn

Moisture

In a constant weight crucible, 2 g of sample was added and 
dried in a forced air oven for 16 hours, then removed from the 
oven and placed in a desiccator until it reached room temperature, 
the crucible was weighed and the Moisture was determined with 
the following Equation 3:

  %   
 

initial weight final weightMoisture x100
initial weight

−
=  (3)

Ash

The crucible used in the humidity analysis was placed in a 
muffle at 550 ° C for 24 hours, after which time the crucible was 
placed in a desiccator until it reached an ambient temperature, 
then it was weighed and the ash content was determined with 
the following Equation 4:

  %   
 

initial weight final weightash x100
initial weight

−
=  (4)

Determination of total lipids (ether extract)

A Buchi brand extractor was used, on a # 41 watman filter 
paper, two grams of sample were placed and introduced into 
an extraction thimble, in previously tared extraction vessels 
the thimble and 75 ml of petroleum ether were placed, once 
the vessels in the equipment the existing extraction program 
was run for four hours, after that period began with the solvent 
recovery stage, the vessels were placed in a stove to complete 
the evaporation of the ether, the amount of fat was calculated 
with the following Equation 5:

  %    
 

initial weight final weighttotal lipids x100
initial weight

−
=  (5)

Protein

A microKjeldahl flask with 200 mg of sample (0.2 g) was placed 
in a Buchi brand microKjeldahl, 1.5 g of catalyst mixture and 
5 ml of sulfuric acid were added, the flasks were placed in a Buchi 
Brand Digester at 50 °C for 40 min (until obtaining a blue-green 
coloration), later the flasks were placed in the equipment and 
this will determine with the help of a pre-established software 
the amount of protein present.
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Fiber dietary

In flasks for 40 ml fiber, 1g of sample was placed (two flasks 
per sample) and an enzymatic digestion was performed using 
α-amylase, protease and amyloglucosidase, which were given the 
ideal conditions and allowed to act for 30 min. After the digestion 
period, 300 ml of 96% ethanol was added and they were allowed 
to stand for 12 hours to precipitate the solids, after which time 
the solids were recovered with the help of a filter crucible which 
was placed 1g of celite and left to constant weight, washes were 
made to the flask with the help of 80% ethanol, then the crucibles 
were dried in an oven and the final weight of each crucible was 
recorded, a crucible was taken to determine proteins and another 
to determine ashes and was calculated the percentage of fiber by 
weight difference, using the equation Equation 6 (Grossi et al., 2015).

( )  
%     

  
waste weight ash protein

fiber dietary x100
sample weigh

− +
=  (6)

2.5 Color of corn meal

Analysis color was determined using a handheld tristimulus 
colorimeter (Chroma Meter - CR-400, Konica Minolta) calibrated 
with a white standard tile. A CIE standard illuminant D65 was 
used to determine the CIELab Cartesian coordinates: L*, a* and 
b*. L* denotes lightness or brightness, ranging from zero (black) 
to 100 (white), a* and b* are the opposing color coordinates, with 
a* ranging from -60 (green) to +60 (red) and b* ranging from 
-60 (blue) to +60 (yellow) (Guiné & Barroca, 2014).

2.6 Water solubility index and water absorption index

They were performed in triplicate according to the procedures 
described by Anderson et al. (1969), with some modifications. 
2.5 g (dw) of seed meal were weighed, placed in a 50 ml polypropylene 
tube previously tared, the samples were dissolved in 30 ml of 
distilled water at room temperature, covered and vigorously 
stirred 1 minute, and placed in a thermoguider (Precision mark) 
at a temperature of 30 °C with constant stirring tray at 70 rpm, 
for 30 minutes. Subsequently, the tubes were centrifuged (Sorvall 

Mod. RC-2) at 6000 rpm for 10 minutes. The sedimented gel was 
decanted by pouring the supernatant in previously tared constant 
weight crucibles; they were subjected to evaporation at 105 °C in 
an electric stove, up to constant weight. The crucibles were left to 
cool for 1 hour in a desiccator and weighed to obtain the weight 
of the soluble solids (evaporation residue) and thus calculate the 
WSI. After decanting the supernatant, the sediment remaining 
in the tube was weighed and expressed as g of water absorbed 
per gram of dry sample to obtain the WAI.

The water absorption index (WAI) was expressed as the ratio 
between the weight of the residue after centrifugation and the 
dry weight of the sample, which is subtracted from the weight of 
the residue of the evaporation of the supernatant, was calculated 
with the following Equation 7 (Valenzuela-Lagarda et al., 2017).

  
        

Centrifuge waste weightWAI
dry weight of the sample weight of theevaporationresidue

=
−

 (7)

The water solubility index is expressed as a ratio between the 
evaporation residue and the dry weight of the sample, was calculated 
with the following Equation 8 (Valenzuela-Lagarda et al., 2017).

    
    

weight of theevaporationresidue x100W
dry weight of the sample

SI =  (8)

2.7 Statistical analysis

A unifactorial design was used (F1 = Variety of Creole 
corn) with four levels (N1: Purple-Olotillo, N2: Dos-Puntas, 
N3: Toro and N4: Olotillo). When the analysis of variance was 
significant (p ≤ 0.05), a comparison of means was made applying 
the Tukey test (α = 0.05). The Minitab 18 Program was used 
(Montgomery, 2017).

3 Results and discussion
3.1 Seed quality

In Figure  1 can see the seeds of creole corn, and the 
Table 1 shows the results of the four varieties in terms of grain 
quality, in terms of length, width and thickness were found 

Figure 1. Seed and flour creole corn.
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between the ranges of 10.44 to 12.37 mm, 8.21 to 10.79 mm 
and 3.92 to 7.71 mm, respectively, which resemble what was 
obtained by Mauricio-Sánchez et al. (2004), in which it reports 
means of 11.5 mm, 9.0 mm and 1.2 mm, respectively.

The greatest value for length was presented by the Olotillo 
variety (12.37 mm), while the thickness and width was greater in 
the Toro variety (7.71 and 10.79 mm, respectively), the smallest 
width (8.68 mm) and less thickness (3.99 mm). ), was presented 
by the variety Dos puntas and Olotillo respectively. Navarro-
Garza et al. (2012) studied creole varieties from the municipality 
of Tecoanapa in Guerrero, reporting ranges of 9.4 to 9.8 mm in 
length, 9.5 to 9.8 mm in width and 4.5 mm thickness of local 
race grains (Palmeño and Olotillo).

Figueroa-Cárdenas et al. (2013) reported on beads of mixed 
races values   of 11.4 mm for length, 9.0 mm for width and 4.9 mm 
for thickness of grains, the values   represented in Table 1 oscillate 
between what reported by the author, being the variety Toro 
which has a greater thickness (7.71 mm); this author reports a 
weight of one thousand grains (TKG) of 306.7 g, the samples 
that were analyzed are below this average, can be attributed to 
the edaphoclimatic differences of each zone.

Regarding the HW, no statistical difference was found, 
although the variety with the highest value was Olotillo 
(79.98 Kg hL-1) and the Morado variety (75.73 Kg hL-1) had the 
lowest value. The HW is an indirect measure of the hardness 
of the grain, according to Serna-Saldivar & Carrillo (2019) the 
maize to elaborate corn flakes for breakfast must not exceed a 
HW of 76 Kg hL-1, of the varieties evaluated the purple it has a 
value below the established maximum and can be used in the 
processing of flakes for cereal.

It is observed that the variety with greater the TKW was 
the Purple-Olotillo (143.11 g); this, in turn, reflects that this 
variety presents the best values of pericarp and germ, as well as 
a high HW. The TKW reflects in an indirect way the weight of 
the endosperm, but this may vary according to the quality of it.

3.2 Seed anatomy

Purple-Olotillo and Toro varieties have the best endosperm 
results (84.25% for both); the endosperm is composed of 
starch granules embedded in a protein matrix (Serna-Saldivar, 
2010). The cell walls consist of non-starch polysaccharides 
(β-glucan and arabinoxylan), proteins and phenolic acids 
(Agama-Acevedo et al., 2013). This agrees with that reported by 
Domínguez-Pacheco et al. (2010) who points out that in mature 
and dry grains the endosperm represents 83%, the germ 11%, 
the pericarp 5% of the total weight of the grain and the pedicel 

the rest. The corn kernel has two types of endosperm: floury 
and corneous endosperm, the floury endosperm contains little 
compacted starch granules that surround the central fissure, 
while the corneous endosperm has more compact and small 
starch granules towards the periphery (Serna-Saldivar, 2010).

The Olotillo variety had the highest value in Pericarpio 
(6.20%) and the Purple-Olotillo variety has the lowest value 
(4.35%), the pericarp is also known as “shell”, because it is a 
layer that covers and protects the grain mature, subdivided into 
epidermis, mesocarp, crossed cells, tubular cells and seed coat, 
these structures are composed of tubular structures that allow 
the passage of nutrients from the coppice to the seed (Wolf et al., 
1952; Muñoz-Hernández et al., 1999).

Of the four varieties, the one with the highest germ percentage 
is Dos-Puntas (10.75%) as well as the Toro variety (6.40%) has 
the lowest percentage of germ; The germ is considered a rich 
source of fat (White & Weber, 2003; Paredes-López et al., 2009), 
besides being a rich source of minerals (78%), this may be due 
to the fact that these allow a fast emergence of the seedling 
(Agama-Acevedo et al., 2013), phosphorus is the main mineral 
present in it, released by the phytase enzyme when the embryo 
grows (Agama-Acevedo et al., 2013; Serna-Saldivar, 2010).

The Toro variety presents the largest Pedicel among the four 
varieties (4.01%) and of this variety Olotillo contains the lowest 
value (2.41%), this component of the seed is responsible for 
supplying nutrients to the germ, through the endosperm besides 
being responsible for sustaining, composed of cells in the form of 
stars, arranged in a spongy structure that allows rapid absorption 
of moisture (Wolf et al., 1952), in addition to being connected to 
the base of the germ (Domínguez-Pacheco et al., 2010).

3.3 Nutritional value of corn

Table 1 shows the results of the proximal analysis of the four 
varieties of creole corn, observing the highest carbohydrate content 
in the samples Toro (74.95%) and Purple-Olotillo (71.29%). 
The highest content of carbohydrates, mainly starch is located 
in the endosperm, which represents 82-84% of the total weight 
of the seed (Pérez de la Cerda et al., 2007; Contreras-Jiménez 
et al., 2013; Serna-Saldivar, 2010); and to a lesser extent in the 
pericarp, the latter does not represent a significant value and 
depends on the variety of the corn (Domínguez-Pacheco et al., 
2010; Watson, 2003).

The Toro variety had a higher content of Protein (10.61%), in 
turn the Purple-Olotillo and Dos-Puntas varieties had the lowest 
values   (9.02%), the protein is mainly composed of albumins, 
globulins and non-protein nitrogen (Singh et al., 2019) finding the 

Table 1. Nutritional content (%), WSI and WAI.

Variety Carbohydrates Moisture Ash Protein Lipids Dietary fiber WSI WAI
Purple-Olotillo 72.55 ± 1.12a* 7.24 ± 0.03c 1.42 ± 0.02b 9.02 ± 0.19c 3.97 ± 0.51a 7.06 ± 2.15b 8.07 ± 0.76a,b 234.34 ± 5.43c

Dos-Puntas 65.86 ± 0.66b 5.86 ± 0.07d 1.55 ± 0.02a 9.02 ± 0.19c 4.23 ± 0.05a 11.91 ± 1.16a 9.92 ± 1.55a 231.03 ± 10.02b,c

Toro 74.47 ± 0.81a 7.72 ± 0.28b 1.27 ± 0.002c 10.61 ± 0.03a 3.73 ± 0.86a 1.72 ± 0.06c 6.60 ± 0.83b 242.10 ± 1.72b

Olotillo 62.54 ± 1.84c 8.09 ± 0.07a 1.39 ± 0.01b 10.39 ± 0.08b 4.51 ± 0.07a 13.84 ± 2.52a 7.88 ± 0.61a,b 245.56 ± 1.01a

Note: *Different letters in each row indicate significant difference (α = 0.05).
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highest content in the endosperm (74%) (García-Lara et al., 2019), 
these proteins being responsible for maintaining the structure of 
the starches (Serna-Saldivar, 2010), this statement is corroborated 
with the results obtained, because the Toro variety contains the 
highest endosperm values   (84.25%) together with the Morado 
variety (84.25%), the latter has the same endosperm values   but low 
protein, it could be attributed to the amount of protein present in 
the germ and the endosperm of each variety (Odjo et al., 2018).

In the analyzed samples, no statistical differences were found 
regarding the lipid content, in grasses the fat content is located 
in the germ between 76% to 83%, 14% to 23% in the endosperm, 
1% to 2% in the pericarp and <1% in pedicel. (Wolf et al., 1952), 
of which those belonging to the endosperm is more saturated 
than in the lipids of the germ; endosperm lipids contain higher 
levels of palmitic, stearic and linolenic acids and lower levels of 
oleic and linoleic acids (White & Weber, 2003). It can be said that 
the bioavailability of these depends many times on the variety 
and conformation of fatty acids (Odjo et al., 2018).

The fiber content of the four varieties of corn is centered 
on the varieties Olotillo (13.84%) and Dos Puntas (11.91%), it 
is in the pericarp where the greatest amount of fiber is located, 
characterized by a high content of crude fiber, which consists 
mainly of hemicellulose, cellulose and lignin, with hemicellulose 
being the main source of fiber (Singh et al., 2019), in Table 2, it 
is shown that the varieties with the highest pericarp content are 
Olotillo (6.2%) and Dos Points (5.82%), as alternative sources 
of fiber there are the walls of the germ and endosperm, which 
contain 8.8% and 2.7%, respectively (Barron et al., 2007).

3.4 Color of corn flour

Creole corn flours can be observed in Figure 1, and the color 
results of the Creole corn flours are presented in Table 3. The 
brightness value (L *) showed significant differences between the 
flours, being the variety Dos Puntas (73.80 ± 1.28) the one that 
registered a higher value with respect to the rest of the flours, 
that is, they present a whiter and lighter color. With respect to 
the measurement of a * (variation from red to green) significant 
differences were also observed between the flours. The highest 

value was for the Purple-Olotillo variety (1.20 ± 0.33), that is, 
it tends to have a redder coloration, which can be attributed to 
its high content of anthocyanins. With respect to the value of 
b * (variation from yellow to blue), the highest value was reported 
by the Toro variety (14.76 ± 1.52), this can be attributed to the 
yellowish hue presented by the grain.

3.5 Water Absorption Index (WAI) and Water Solubility 
Index (WSI)

The WSI is an indirect measure of the amount of starch 
damaged in the flour (Contreras-Jiménez et al., 2013), being the 
flour of the variety Dos-Puntas (9.92%) the one that obtained the 
highest value of WSI, in terms of WAI value the Olotillo variety 
obtained the highest values. As reported by Collado & Corke 
(2003), regular corn starch is characterized by having granules of 
a size of 5-25 μm and a percentage of amylose of 26%, amylose 
is a linear polymer composed of glucopyranose units attached 
through α-D- (1-4) glycosidic bond (Karim et al., 2000), due 
to their helical conformation within each helix a hydrophobic 
environment is formed (Klucinec & Thompson, 1999).

Table 2 shows that the Toro variety has the lowest WSI but 
in turn has the second highest value in terms of WAI, authors 
such as Singh et al. (2003), mention that the size of the granules 
of starch is of great importance in the absorption of water, this 
because, in the presence of a large granule, the rupture thereof 
is lower and thus the leaching of amylose is minimal achieved a 
higher WAI and a lower WSI, as mentioned above the corn starch 
granules are considered small and are easy to break thus achieving 
greater extraction of amylose. In corn grains, the largest starch 
granules are located on the outside and the small ones are near 
the central part (Tang et al., 2000), this is explained in Table 2, 
since the Purple-Olotillo variety is which has a high percentage 
of endosperm (84.25%), and is related to a higher WSI and lower 
WAI, this due to the size of the starch granules present in the flour.

4 Conclusion
The variety of Creole corn Toro presented the highest 

values of carbohydrates and protein, and lower values of lipids, 
so it is feasible for use in the preparation of corn-based foods 
with adequate nutritional properties. On the other hand, if the 
objective is the extraction of lipids, the purple varieties, Dos 
Puntas and Olotillo, turn out to be more feasible. The Toro 
variety presented a grain of greater size and weight, so if it is 
desired to be marketed as whole grain, it is economically more 
profitable than the other varieties. The flour of the Olotillo 
variety presented the highest values of WAI, it can confer better 
technological properties for food processing.

Table 2. Seed quality and seed anatomy.

Variety Length 
(mm)

Width
 (mm)

Thickness 
(mm)

HW 
(Kg hL-1)

TKG
 (g)

Endosperm 
(%)

Pericarp 
(%)

Pedicel 
(%)

Germ
 (%)

Purple-Olotill- 10.44 ± 0.06c* 9.89 ± 0.04b 4.15 ± 0.07b 75.73 ± 3.77a 111.11 ± 0.77c 84.25 ± 0.72a 4.35 ± 0.32c 3.61 ± 0.04a,b 7.79 ± 0.39b

Dos Puntas 11.42 ± 0.31b 8.68 ± 0.67c 4.01 ± 0.09b 77.52 ± 5.01a 143.11 ± 2.04a 79.65 ± 1.05b 5.82 ± 0.08a 3.78 ± 0.59a 10.75 ± 0.52a

Toro 11.59 ± 0.54b 10.79 ± 0.75a 7.71 ± 0.19a 77.74 ± 3.08a 103.56 ± 2.78d 84.25 ± 0.24a 5.34 ± 0.30b 4.01 ± 0.18a 6.40 ± 0.49c

Olotillo 12.37 ± 0.45a 9.81 ± 0.11b 3.99 ± 0.20b 79.98 ± 4.90a 116.89 ± 4.29b 84.19 ± 1.32a 6.20 ± 0.41a 2.41 ± 0.97b 7.20 ± 0.65b,c

Note: *Different letters in each row indicate significant difference (α = 0.05).

Table 3. Color of corn meal.

Variety L a b
Purple-Olotillo 61.36 ± 1.10d* 1.20 ± 0.33a 1.26 ± 0.93c

Dos Puntas 73.80 ± 1.28a -3.04 ± 0.76b 7.06 ± 1.75b

Toro 63.94 ± 1.02c -5.10 ± 0.64c 14.76 ± 1.52a

Olotillo 69.34 ± 1.03b -3.62 ± 0.70b 8.58 ± 1.43b

Note: *Different letters in each row indicate significant difference (α = 0.05).
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