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During the last decades, the production of fuels derived from agricultural products called agrofuels or biofuels
has been promoted as an alternative to high oil prices and pollution due to carbon dioxide emanating from the
primary sources found for that purpose. In this sense, corn is part of the cereals most used in the production of
bioenergy, likewise, it is recognized as the most productive vegetable species since antiquity. In the previous
context, this project evaluated the performance of starch, as well as the physical-chemical characteristics of
corn grains that were subjected to electromagnetic fields. For this, the content of protein, fiber, fiber in acidic
detergent, fiber in neutral detergent, fat and nitrogen was determined by official methods 08-01, 46-13 and 30-
25 of the AACC. Alike, by optical microscopy, the starch granule was morphologically characterized, with an
Accu-scope 3000-led-40 optical microscope with a digital camera Aptina CMOS Sensor of 14 megapixels. For
the microscopic observation, suspensions of starch in excess of water were prepared, taking them to a slide,
after, covered by cover-object and observed at 100, 400 and 1000 times. The starch yield was determined
gravimetrically with soaking in ethyl ether and washing in 96 % ethanol in 40, 100 and 200 U.S. sieves to
collect the precipitated starch eliminating the excess of the reagent by evaporation at room temperature. The
field and laboratory experiments were carried out at the Fundacion Universitaria Agraria de Colombia —
UNIAGRARIA, with Porva corn, harvesting until the grain matured (168 days after sowing). For this, it was
taken into account that the seeds, before sowing, had been treated with electromagnetic fields at intensities of
L1-23 pT, L2-70 pT and L3-118 uT; Electromagnetic field intensities or flux density (in microtesla, uT) were
created artificially from the interconnection of electronic devices that carry electrical charges that act as energy
sources; moreover, it was observed that with the application this force, the recovery (yield) in the starch
doubled without affecting the characteristics of the compound. Finally, the statistical analyzes were performed
in the statistical package Statgraphics 5.1Plus, developing a simple variance analysis and a multiple range
test.

1. Introduction

Starting from the premise of the weakening of the earth's magnetic field and the consequences that this brings
on the physiological processes that naturally develop in living beings in general and in particular in plants, it is
necessary to reestablish this artificially (Carbonell, Flérez, Martinez and Alvarez, 2017). This process can be
carried out using electromagnetic fields induced at low intensity, so that the cells can express, at least in
theory, all their biological potential, either by cellular repolarization or chromosomal stimulation (Torres, Diaz
and Cabal, 2008). Thereby, for a small, medium or large producer, having quality botanical seeds has always
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been a determining factor when expecting good agricultural yields (Hincapie, Torres Osorio and Bueno Lépez,
2010). Obviously, it cannot be ruled out that the decrease in the germination power of the botanical seed,
which sometimes occurs, may be associated with different factors of the product and the surrounding
environment, among which there is a bad post-harvest handling (Ortega- Martinez, Sanchez -Olarte, Diaz-
Ruiz and Ocampo-Mendoza, 2010). Such, the search for methods or technologies that improve the quality of
botanical seed is urgent, which becomes a vitally important challenge considering that this type of biological
material is prone to loss of vigor and viability during Prolonged storage.

The previous statement, so, forces us to look for tools or techniques that allow to stimulate seed embryos with
low viability and thus increase both productivity and quality in crops of economic interest, despite the
exogenous factors that limit their development (Quintana- Blanco, Pinzéon-Sandoval and Torres, 2016).

2. Material and methods
2.1 Characteristics of vegetable material

The study was conducted in the Natural Ingredients laboratory and the raw material came from tests carried
out in the experimental plots of the Fundacion Universitaria Agraria de Colombia - UNIAGRARIA. It is located
at 170 No 54A -10, Bogota DC (Colombia), with coordinates 4°45°70°'N and 74°03°12"°0, at an elevation of
2650 m above sea level, with a relative humidity of 94% and an average annual temperature of 14 °C. For the
establishment of the crop that gives rise to the raw material, certified commercial corn seeds (Zea mays L. var
Porva) were used since this is the main variety grown in the Sabana de Bogota. It should be noted that the
plants that originated the fruits under study (the seeds that were sown) were subjected to stimuli with
electromagnetic fields of low intensity prior to planting (23, 70 and 118 pT) that were generated by electronic
circuits in the chamber of electromagnetic stimulation.

2.2 Preparation of sample

This step was carried out with the purpose of enlisting the raw samples or at a significant particle size for the
development of each of the analyzes that were executed, as well as the standardization of samples. Then, the
accommodation of the raw material was placed in Ziploc packages properly labeled in a desiccator to regulate
the moisture content.

During the sample preparation and storage processes, it was specified that these did not show changes in
constitution, that is, by regulating the working conditions (asepsis), some kind of contamination, mixing of
samples or loss of heavy material was avoided.

2.3 Proximal analysis

In the laboratory one (1) specimen of each sampling unit is prepared for future analysis. Thus, the raw protein
(Method 46-13, AACC 2000), moisture (method 925.10, AOAC 2000), total dry extract or fat (Method 30-25,
AACC 2000), insoluble dietary fiber, fiber was evaluated for corn soluble dietary and total dietary fiber (method
992.16, AOAC 2000). All measurements were carried out in triplicate (AACC, 2000; AOAC, 2000).

2.4 Starch yield

The method proposed by Agama-Acevedo et al. (2011) with modifications. The corn grain (true fruit) was
manually removed pericarp, pedicel and germ, to obtain the endosperm, which was ground in a commercial
mill (IKA - WERKE M-20) and screened in meshes of40, 100 and 200 U. S., 114 g were weighed, 500 ml of
ethyl ether was added and allowed to stand for 24 h. Subsequently, the ether was removed by decantation
and the wet flour was milled in 1 L of 96% ethanol and then sifted the suspension in the aforementioned
amices. The residues of each sieve were washed with enough 96% ethanol to recover as much starch as
possible. The starch was allowed to decant, and the ethanol was removed, for then dried in aluminum trays.
The powder obtained was stored in glass jars. The starch yield was determined as expressed in equation 1.
Starch yield (%) = % (1)
Where:

Rs = Recovered starch

RMW = Raw Material Weight

2.5 Starch granule morphology

The morphological analysis of the corn starch granules was carried out by means of optical microscopy
(ACCU-Range 3000-Led 40 optical microscope) with the Aptina CMOS digital camera coupling of 14
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megapixels. Samples (0.5) grams were prepared by suspension in excess of distilled water to be immediately
taken to the slide and then covered and observed under the light microscope (Londoiio 2014).

2.6 Treatments and statistical analysis

The evaluations were carried out in triplicate for each of the treatments, as evidenced in studies carried out by
Suarez-Rivero et al. (2018). The treatments correspond to:

L1_ treated plant grains to 23 uT
L2_ treated plant grains to 70 pT
L3 _treated plant grains to 118 uT
CP__ control plant grains

From the statistical point of view, an analysis of variance (ANOVA) was performed between the average of the
samples per treatment with a significance level of 95% (a = 0.05) to establish if there are significant
differences, as well as a range test multiple to establish the level of significance (Suarez, 2011). Both tests
were performed with Statgraphics 5.1 PLUS statistical software.

3. Results and discussion
3.1 Proximal analysis

The variations found during the proximal analysis of the raw material are represented in three figures. For its
part, Figure 1 comparatively reflects the average moisture content of the treatments compared to the control,
this figure shows significant statistical differences between the control (54.03%) and the rest of the treatments
(L1 = 32.6%, L3 = 32.24%, L2 = 34.01%), which do not differ from each other. Everything seems to indicate
that there is an incidence on the moisture content through electromagnetic induction and may be additionally
related to an advance in the ripening of the fruits and therefore reduction of the humidity of the caryopsides
and that it could limit the shelf life of the product.
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Figure 1: Moisture percentage content of plant material according to treatment (Equal letters show no
significant differences between treatments and different letters show significant differences between
treatments (p= 0.05)).

% Humidity

The previous analysis indicated the amount of water that a raw material contains, which allowed to infer to a
certain extent the quality of it, because depending on the humidity that it possesses it is easier to conserve
and have less probability of contamination (Suarez et al. 2016).

Thus, in accordance with the results obtained for the moisture content, the nitrogen and protein content shown
in Figure 2 reflects the highest values for the Control raw material (% Nitrogen of 0.23 and% of Protein 1, 46),
differing significantly from treatments (L1 to L3); inferring that it could be related to the level of ripening of the
fruit, since immature fruits contain relatively high levels of sugars and lower amounts of starch, protein and
lipids, since these accumulate during ripening, as stated in studies by Alzate-Carvajal et al. (2013).
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Figure 2: Percent nitrogen and protein content of plant material according to treatment (Equal letters show no
significant differences between treatments and different letters show significant differences between
treatments (p= 0.05)).

On the other hand, during the determination of fat (Ethereal Extract), the little lipid fraction present in the corn
kernel was linked to the petroleum benzine (CsHs) thanks to its lipophilic action. By means of the volatilization
of the solvent, it was condensed and descended on the sample, in order to extract the fat present; in this
sense, the L2 treatment, according to Figure 3, showed the highest levels of fat (8.03%), differing significantly
from the rest of treatments and control.
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Figure 3: Percentage content of fat and fibers (FC, NDF, ADF) according to plant material components
according to treatment (Equal letters show no significant differences between treatments and different letters
show significant differences between treatments (p= 0.05)).

Moreover, when analysing the fiber content (FC, NDF, ADF) in Figure 3, the tendency to present higher values
in fruits from plants treated with electromagnetic fields is observed. It is noteworthy that between the
treatments L1 to L3 there were no significant differences for the Crude Fiber content, existing some
differences for NDF and ADF; in the NDF content, L3 stood out with 58.32% and for the ADF indicator L2 and



125

L1 with 4.33 and 4.15% respectively. Then, the results obtained allow assume that after processes such as
dehydration of the fruits, a concentration of nutrients is produced that makes the values of fiber and other
nutrients greater and show variations, as detected by Uarrota et al. (2013) in similar studies.

3.2 Starch yield

To refer to the starch yield, it is necessary to note that the granules formed are stored in the seed's
endosperm (Colorado et al., 2019) in cellular organelles called amyloplasts (active plastids), representing
approximately in full, an 87, 6% of the total dry weight of this, except that, the recovery percentage is always
much lower (Uriarte-Aceves, 2015). In consonance with the above, Figure 4 reflects the higher content of
starch recovered for the caryopsides of plants that were treated with electromagnetic fields, reaching 41.38%
in L3, which does not differ significantly from L1 and L2, which showed yields of 35.69 and 33.34 respectively.
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Figure 4: Starch yield of plant material according to treatment (Equal letters show no significant differences
between treatments and different letters show significant differences between treatments (p= 0.05)).
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3.1 Starch granule morphology

Figure 5 shows the images obtained with the use of optical microscopy; the granules for all treatments and
control have predominantly spherical and a few irregular shapes (polygonal or polyhedral, conical, angular). In
general, granules of various sizes were found in the analyzed samples (5-20 um), with the larger ones
predominant, regardless of the treatment or control. It is noteworthy that numerous properties of the starches
are directly related to the size of the granule, for example, the chemical composition, enzymatic susceptibility,
gelatinization crystallinity, paste formation, swelling and solubility properties (Lindeboom et al., 2004).

-
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Figure 5: Morphology of starch grains according to treatments (images taken at 1000 magnifications) with
starch grain sizes between 8.4 and 12.3 ym.

Delpeuch and Favier (1980) cited by Alzate Carvajal et al. (2013) indicate that, in addition to the above, the
size of the starch granule is decisive in its functional properties, the smaller the granules, the greater its
digestibility and the greater its resistance to high temperatures in processes such as sterilization, also
determining the amylose/amylopectin ratio.

3. Conclusions

The characteristics of starch grains, as reflected by the proximal analysis, show the variability of the use of
electromagnetic fields in this species to increase the starch yield without affecting the quality of the starch
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grain formed.The analysis of the morphological characteristics of the starch granules of the three treatments
and the control showed similarities regarding the shape, size and distribution of granules. That is how, the
texture of starch grains becomes a fundamental feature related to some characteristics of their industrial
quality (such as density), agronomic (such as susceptibility to attack by pests and diseases during storage);
further, of nutritional (such as its susceptibility to enzymatic hydrolysis during digestive processes).

References

AACC International. 2000. Approved Methods of American Association of Cereal Chemists, 10th Ed. Method
08-01, Method 30-25 and Method 46-13. The Association: St. Paul, MN.
<https://methods.aaccnet.org/about.aspx> accessed 20.10.2019.

Agama-Acevedo E., Salinas-Moreno Y., Pacheco-Vargas G., Bello-Pérez L. A., 2011, Caracteristicas fisicas y
quimicas de dos razas de maiz azul: morfologia del almidén, Revista Mexicana de Ciencias Agricolas,
2(3), 317-329, <http://www.scielo.org.mx/pdf/remexca/v2n3/v2n3a2.pdf> accessed 21.10.2019.

AIzate-CarvajaI E.N., Quintero-Castafio V.D., Lucas-Aguirre J.C., 2013, Determinacion de las propiedades
térmicas y composicionales de la harina y almidon de chachafruto (Erytina Edulis Triana Ex Micheli),
Temas Agrarios, 18(2), 21 - 35,
<https://repositorio.unicordoba.edu.co/bitstream/handle/ucordoba/440/714-1312-1-
PB.pdf?sequence=1&isAllowed=y> accessed 23.10.2019.

AOAC. 2000. Official Methods of Analysis of the Association of Official Analytical Chemists, 17th Ed. Method
925.10, 920.86, 992.16 and 965.17. The Association: Gaithersburg, MD. USA.

Carbonell, M. V., Flérez, M., Martinez, E. y Alvarez, J. (2017). Aportaciones sobre el campo magnético:
Historia e influencia en sistemas bioldgicos. Intropica, 12(2), 143-159. DOI: http://dx.doi.org/
10.21676/23897864.2282

Colorado L., Alba E., Marulanda V., 2019, Reducing Sugars Production from Cellulosic Wastes by Subcritical
Water Hydrolysis in a Continuous Lab Scale Unit, Chemical Engineering Transactions, 74, 37-42
DOI:10.3303/CET1974007

Hincapie, E. A., Torres Osorio, J. y Bueno Lopez, L. (2010). Effect of the magnetic field on the germination of
Leucaena leucocephala. Scientia et Technica, 44, 337-341,
<https://revistas.utp.edu.co/index.php/revistaciencia/article/download/1861/1107> accessed 23.10.2019.

Lindeboom N., Chang P.R., Tyler R. T., 2004, Analytical, biochemical and physicochemical aspects of starch
granule size, with emphasis on small granule starches: a review. Starch/Starke, 56, 89-99, DOI:
https://doi.org/10.1002/star.200300218.

Londofio S., Rincon N., Contreras M., Acosta A., Bello L., Lucas J., Dumar V., Pineda P., Del Real A.,
Rodriguez M., 2014, Physicochemical, morpholoical, and rheological characterization of Xanthosoma
robustum Lego-like starch, International Journal of Biological Macromolecules, 222-228. DOI: 10.1016 /
j-ijbiomac.2014.01.035

Ortega-Martinez L. D., Sanchez-Olarte J., Diaz-Ruiz R., Ocampo-Mendoza J., 2010, Efecto de diferentes
sustratos en el crecimiento de plantulas de tomate (Lycopersicum esculentum Mill). Ra Ximhai, 6(3), 365-
372, <http://www.redalyc.org/pdf/461/46116015005.pdf> accessed 22.10.2019.

Quintana-Blanco W. A., Pinzéon-Sandoval, E. H., Torres D. F., 2016, Evaluacién del crecimiento de frijol
(Phaseolus vulgaris L.) cv ICA cerinza, bajo estrés salino. Rev. U.D.C.A Act. y Div. Cient., 19(1), 87-95.
<http://www.scielo.org.co/pdf/rudca/v19n1/v19n1a10.pdf> accessed 22.10.2019.

Suarez-Rivero D., 2011, Estadistica Inferencial. Editorial EDUCC, 49 — 63.

Suarez-Rivero D., Marin-Mahecha O., Gonzalez A.J., Suarez-Rivero M., Puentes A.E., Ortiz-Aguilar J., 2018,
Composition and behavior of sunflower seeds (helianthus annuus |.) from plants treated with magnetic
fields for energy potential use of biomass, Chemical Engineering Transactions, 65, 679-684 DOI:
10.3303/CET1865114

Torres, C., Diaz, J. E. y Cabal, P. A. (2008). Efecto de campos magnéticos en la germinacién de semillas de
arroz (Oryza sativa L.) y tomate (Solanum lycopersicum L.). Agronomia Colombiana, 26(2), 177-185.
<http://www.redalyc.org/pdf/1803/180314732002.pdf> accessed 20.10.2019.

Uarrota V.G., Amante E.R., Demiate |.M., Vieira F., Delgadillo I., Maraschin M., 2013, Physicochemical,
thermal, and pasting properties of flours and starches of eight Brazilian maize landraces (Zea mays L.),
Food Hydrocolloids, 30, 614-624, DOI: http://dx.doi.org/10.1016/j.foodhyd.2012.08.005

Uriarte-Aceves P. M., Cuevas-Rodriguez E. O., Gutiérrez-Dorado R., Mora-Rochin S., Reyes-Moreno C.,
Puangpraphant, C., Milan-Carrillo, J., 2015, Physical, compositional, and wet-milling characteristics of
Mexican blue maize (Zea mays L.) landrace, Cereal Chemistry, 92, 491-496, DOI: 10.1094 / CCHEM-01-
15-0001-R





