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ABSTRACT: The gap in the storage industry has brought a series of problems for the agro
industrial market today, as its ability to directly infer the quality of newly collected material. The
present study was carried out with the objective of evaluating the quality of second crop corn
harvested with different water contents depending on the period until drying. The corn grains were
harvested with moisture contents of approximately 28.5; 22.4; 21 and 19%, and subjected to
temporary storage for ten days, simulating the time between harvest and drying. In the period, every
two days the quality was evaluated by determining the specific mass, electrical conductivity, color,
crude protein content, ethereal extract, ashes and carbohydrates. Based on the obtained results it is
concluded that: the increase in the harvest water content negatively influenced the quality of the
produced corn in the second harvest, being this effect worsened with time. The harvest moisture
content of 19% is the least that affected the quality of the grains during 10 days of temporary
storage.
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INTRODUCTION

Currently in Brazil corn is the second most cultivated plant species being only behind soybean
(Moro & Fritsche Neto, 2015). However, even with increasing productivity rates and a heated
market, a number of drawbacks are present in the production chain. The post-harvest area and its
lag in the storage sector can be seen as one of the main problems once the implications promoted by
this affect cost / benefit balance (Kolling et al., 2012; Kussano & Batalha, 2012).

An example of this is the increasing qualitative and quantitative losses from year to year,
since the newly harvested material is temporarily stored in the trucks’ bodies, subject to
deteriorating potentiation due to the uncontrolled environmental conditions and the temperature and
relative humidity to infer directly in this process (Coradi et al., 2014; Del Campo et al., 2014).

In Brazil given the difficult interaction between the field and the commercial sector, the static
capacity becomes insufficient to meet the production (Oliveira Neto et al., 2015; Nascimento et al.,
2016). For the 2016/2017 harvest it is estimated that the amount of second crop corn requires
approximately 39% of the national storage capacity, however, because it is already occupied by
about 69% of soybeans, 19% of first-crop corn and 8% of rice, its capacity will be exceeded
(CONAB, 2017).

In this context, estimating the possible losses between harvesting and drying are extremely
important. Therefore, factors such as time and the harvest moisture content become relevant, once
both have influence on some of the main qualitative attributes, such as the physic-chemical (Surki
etal., 2012; Jyoti & Malik, 2013).

The objective of this study was to evaluate the quality of the second crop corn harvested with
different moisture contents as a function of time until drying.
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MATERIAL AND METHODS

The present study was developed in two stages being the first one constituted by the grain
production phase and the second by the temporary packaging and the quality evaluation of the
same.

The production occurred between February and July 2014 at Sdo José Farm, located at 22°
41°27.88”S, 54°49°02.40”W, and altitude of 409 meters in the municipality of Caarap6, MS.
Temporary packaging was also carried out at the farm level, but the qualitative evaluation was
carried out at the Laboratories of Pre-Processing and Storage of Agricultural Products and of
Physical Properties of Agricultural Products, both belonging to the Faculty of Agricultural Sciences
(FCA) of the Federal University of Grande Dourados (UFGD), located in the municipality of
Dourados, MS.

The hybrid corn cultivated to obtain the material was BG 7061H (simple hybrid) which was
cultivated under no-tillage system. The area preparation involved only desiccation actions, using
1,680 g a.i. ha! of glyphosate herbicide seven days before sowing. The fertilization process was
carried out in two phases, simultaneously with sowing, using 300 kg ha* of formulated fertilizer 08-
20-20 (N-P-K) and 30 days after seedlings emergence, applying 150 kg ha* of urea.

Before sowing the seeds were treated with insecticide (Thiametoxan - 3 g kg of seed™?) and
fungicide (Thiram - 3 ml kg of seed™), only then mechanically seeded with a spacing of 0.50 m
between the sowing lines and density of 3 (three) seeds m™ resulting in a final population of 60,000
plants ha.

The grains were harvested mechanically, using an automotive model TC 57, whose platform
had eight lines. Harvest time was established in order to obtain four different moisture contents
which were approximately 28.5; 22.4; 21 and 19% + 0.4%, on a wet basis (w.b.).

For the simulation of transport time between harvest and drying, each batch of grains, with
their respective moisture content was packed in a wooden-box which was covered with plastic
canvas of Vinilona brand, simulating the truck body. Temporary storage lasted ten days with all
quality tests performed immediately after harvest and every two subsequent days (0, 2, 4, 6, 8 and
10 days), which totaled six evaluation periods.

Each box is one meter wide, one meter high and two meters long, which totaled 2 m3. In
addition, about 1,500 kg of corn was packed in each one.

During the pre-established intervals were determined the values of temperature and relative
humidity of the air by means of a meteorological station near the place.

In order to evaluate the quality of the grains were performed analyzes on the apparent specific
mass, electrical conductivity, coloring, crude protein, ethereal extract, ashes and carbohydrates. In
addition, the behavior of the moisture content of each batch was determined during the temporary
storage using the gravimetric method, through oven at 105 = 3°C for 24 hours in two replicates
(MAPA, 2009), and the behavior of the grain mass temperature which was measured with
maximum thermometer connected to a sensor placed at four points on the box during 5 minutes for
each point.

The apparent specific mass was determined using a cylindrical container of 2000 ml volume
with a height equal to the diameter in ten subsamples. At each measurement the grain mass that
filled the container volume was determined on a 0.01 g resolution scale being the apparent specific
mass results expressed in kg m=.

In the evaluation of the electrical conductivity four subsamples of 50 seeds, for each
treatment, were weighed and placed to soak in 75 ml of distilled water and deionized for 24 hours at
25°C in plastic cups with capacity of 200 ml. After this period the electrical conductivity of the
imbibition solution was carried out by means of a digital conductivity meter of the brand Gehaka,
model CG 1800. From the results obtained in the readings, those in pS cm™ was performed the
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division of each one by its respective mass, and the final result for the test was expressed as pS cm™
g (Vieira & Krzyzanowski, 1999).

Color monitoring was carried out by direct reading of reflectance of the corn grains in a
trichrome colorimeter (illuminant 10°/D65), using the Hunter color system obtaining the values of
the coordinates “L” (luminosity), “a” (tonality green - red) and “b” (tonality blue - yellow). For
each treatment the average of ten determinations was used to evaluate the color of the analyzed
product.

Crude protein content was obtained by determining the percentage of total nitrogen from three
previously milled sub samples of 100 mg according to the Kejldahl method described by AOAC
(1984). After the determination of the percentage of total nitrogen the obtained value was multiplied
by the average factor of 6.25, and therefore found the crude protein content.

The ethereal extract was determined according to the INCT-CA G-004/1 method (Detmann et
al., 2012), using three corn bran subsamples with 2 g each. The extractive apparatus used was the
soxhlet which remains in operation for six hours and used ethyl ether as the solvent.

The ash content was determined by the INCT-CA M-001/1 method (Detmann et al., 2012),
being the results obtained, by percentage, through incineration at high temperatures (500-600 ° C),
and total combustion of organic matter.

In addition, the carbohydrate content was obtained by proximal analysis, subtracting from
100% contents the crude protein, ethereal extract and ash (Detmann et al., 2012).

The experiment was set up in a scheme of subdivided plots 4 x 6, with four levels of harvest
moisture in the plots and six evaluation periods, referring to the transport time between harvest and
drying, in the subplots, in a completely randomized design. In order to evaluate the latent effect of
harvest moisture contents the data were submitted to polynomial regression analysis. The models
were selected considering the magnitude of the determination coefficient (R?), the significance of
the regression by the F test, and the biological phenomenon under study.

RESULTS AND DISCUSSION

Figure 1 shows the thermal and relative humidity variations measured throughout the
experiment. Thus, due to such illustrated situation it was possible to verify that the average
temperature observed during the temporary storage was 17.7 ° C with the maximum and minimum
recorded at 31 and 6°C, respectively. Regarding the relative humidity mean value observed was
72.3% with the maximum recorded at 87%, and the minimum at 38%.
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FIGURE 1. Daily mean of air relative humidity and temperature, during 10 days of temporary
storage of corn in a non-controlled environment.
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Table 1 shows that there were increases in moisture contents of corn grains during the
temporary storage, mainly due to the uncontrolled temperature and relative humidity conditions
(Figure 1), besides the sorption phenomena the occurrence of oxidative and fermentative
phenomena which through successive chemical reactions promoted the consumption of dry matter
of the grains and the formation of water which was released as vapor and reabsorbed (Bessa et al.,
2015; Brito et al., 2015). Thus, elevations of approximately 9.7; 5.5; 5.7 and 5 percentage points
were verified for corn grains harvested with moisture contents of 28.5; 22.4; 21 and 19%,
respectively.

TABLE 1. Mean moisture content (% w.b.) of corn according to harvest moisture content and
temporary storage.

Temporary storage (days)

Harvest moisture content (%w.b.)

0 2 4 6 8 10
28.5 285 307 314 315 343 382
224 224 225 244 247 254 279
21.0 210 223 224 234 252 267
19.0 190 204 213 220 220 240

It was also possible to verify from Table 1 that the higher the harvest moisture content, the
higher the moisture content reached at the end of ten days of temporary storage. Therefore, this fact
suggested that because the material with higher moisture content has a higher metabolic activity,
mainly related to the respiratory process, the greater its interaction with the environment and more
intense its oxidative and fermentative reaction, therefore greater the moisture absorption by part of
the material (Jyoti & Malik, 2013; Mahjabin & Abidi, 2015). In addition, because high moisture
content in the material intensifies its respiratory activity, and this produces water as a product, most
probably this has helped to raise the moisture content in the grains, once it is reabsorbed.

Another factor that may have contributed to the increase the final moisture content in grains,
according to the increase on the harvest moisture content was the fact that corn grains harvested
with high moisture content generally present a higher percentage of impurities, and this material has
a high moisture retention capacity raising the values of the moisture content in the sample (Marques
etal., 2012).

Regarding the grain mass temperature, it was observed that it had an increase according to the
increase in the values related to the moisture content on harvest, as well as in the time of temporary
storage (Table 2). Therefore, the fact that the harvested grains with higher moisture contents have a
high metabolic activity could be confirmed given that in addition to the increase in moisture
content, the heating of the grain mass is one of the main characteristics of products with high
respiratory activity (Suleiman et al., 2013).

TABLE 2. Mean temperature (°C) of corn according to harvest moisture content and temporary storage.

Temporary storage (days)

Harvest moisture content (%w.b.)

0 2 4 6 8 10
28.5 380 400 46.0 500 50.0 50.0
22.4 340 360 400 410 440 440
21.0 340 350 380 400 400 420
19.0 340 350 360 360 370 370

Therefore, since the respiratory process involves the consumption of reserves and oxygen, and
produce water and CO: as by-products, it was possible to conjecture that one of the forms on energy
dissipation of the system was the heat production which promoted the temperature rise in the mass
of the stored grains. This fact was more incisive in the grains harvested with higher moisture
contents, once these presented a greater heating in their mass according to the temporary storage.
An example of this was the elevations of 12, 10, 8 and 3°C at the end of the 10 days, of the
harvested grains with moisture contents of 28.5; 22.4; 21 and 19%, respectively (Table 2).
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In relation to the apparent specific mass of corn a decreasing behavior was verified according
to the increase of the moisture content, and a linear deleterious behavior observed during the
temporary storage (Figure 2).

28.50%
22.40%
21.00%
19.00%

O % 0O D

Specific apparet mass (kg m'3)

0 2 4 6 8 10
Temporary storage period (days)
SAM2s50% = 671.3638 — 5.2774 TS (R2=0.9557)
SAMa2z.40% = 731.1686 — 9.0887 TS (R? = 0.9953)
SAMa1.00% = 739.5410 — 8.8539 TS (R2=0,9833)
SAMu1g.00% = 742.9467 — 7.0310 TS (R?=0.9411)
FIGURE 2. Result of the specific apparent mass of corn grains according to harvest moisture
content and temporary storage period (TS).

Soon after harvesting the specific apparent masses verified were 671.4; 731.2; 739.5 and
742.9 kg m™ for the harvest moisture contents of 28.5; 22.4; 21 and 19%, respectively. However,
due to the latent behavior enunciated at the end of ten days the verified values for the variable with
reference to the same moisture contents were 618.6; 640.3; 651.0 and 672.6 kg m™ (Figure 2).

This conduct occurred immediately upon harvest due to the high moisture content to hamper
the arrangement of the material in the container, since for most agricultural products the apparent
specific mass is elevated as the moisture content is reduced due to better product accommodation in
the container, given the reduced porosity, as well as the surface area of the grain (Oliveira et al.,
2014; Araujo et al., 2015). However, in general, this behavior was potentiated during the temporary
storage not only by increasing the moisture content of the product (Table 1), but also by the
worsening of the deterioration processes, since this variable is related to the dry matter loss of the
material and, consequently, with its quality (Coradi et al., 2015).

The loss of dry matter is directly responsive to the storage conditions and the moisture content
of the material, because of these factors being able to infer in the respiratory process of the grain
mass, increasing its metabolic activity, increasing consumption of the reserves components in the
material and the deteriorating intensity (Del Campo et al., 2014; Polat, 2015).

Through the electrical conductivity test it was possible to confirm that the elevation on the
harvest moisture content was determinant on grain quality reduction, as well as the aggravation of
this situation with the temporary storage, since the obtained results by the test are already increasing
at the harvest and, over time, behave in a positive and progressive linear manner for all treatments
(Figure 3).
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FIGURE 3. Result of electrical conductivity of the soaking solution of the corn grains, according to
harvest moisture content and temporary storage period (TS).

Very likely, with the elevation on harvest moisture content the kneading damages to the
grains intensifies as well as the electrical conductivity values increases. In addition, due to the fact
that the values of the terms of the adjusted equations were elevated as a function of the increment
on both factors, it was allowed to attest higher level of deterioration in the harvested plots with
higher moisture contents evidencing a greater susceptibility of kneading grains to the loss of their
quality according to the time. According to Marques et al. (2011) when harvested with high
moisture contents corn grains are more vulnerable to kneading damage which usually breaks their
pericarp and exposes their cellular material. In addition, the more damaged, the more exposed the
product gets to deteriorating processes which implies in aggravation of qualitative and quantitative
losses from day to day after the harvest (Camolese et al., 2015).

The electrical conductivity test provides information regarding to integrity of the material,
especially that relating to its cell membranes (Marcos Filho, 2015). Therefore, through the results it
was possible to certify that the interaction between the factors caused physical-structural cellular
disarray in grains which may have contributed to the profuse leaching of a series of important
solutes for the preservation and qualitative maintenance of the product.

The cellular integrity commitment and product deterioration facilitate the leaching of solutes,
since cell membranes do not perform efficiently their selective barrier function at the beginning of
the imbibition process which increases the values of the electrical conductivity of the solution
(Resende et al., 2012). This fact is common when the agricultural product is stored under extreme
conditions, since its integrity is gradually compromised (Bezerra et al., 2015).

Similarly to the other variables, the color of the corn grains was also altered according to the
imposition of the studied factors, and this behavior was more incisive in relation to the increase of
the harvest moisture content in relation to the period (Figure 4).
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FIGURE 4. Result of color coordinates “L” (a); “a” (b); and “b” (c) of corn grains, according to

harvest moisture content and temporary storage period (TS).

The change in color occurred due to the darkening of the grains, behavior evidenced by
decreasing in the values related to the coordinates “L”, “a” and “b” (Figure 4). In this way, because
the product presents values tending to approach darker tonality, such as black rather than white

(Figure 4a), green rather than red (Figure 4b), and blue rather than yellow (Figure 4c) it can be
noticed the darkening.

The high water content of the material and uncontrolled relative temperatures and humidity
conditions raised the metabolic rate of the product, and eventually interfered directly in its
appearance darkening it. As this behavior was influenced by the time the situation was aggravated
by the prolongation of temporary storage, since it has the capacity to interfere in situations such as
this one. As already recommended by Elias et al. (2016) the grains can undergo darkening
according to storage conditions however, the storage time is determinant for the potentialization of
their behavior. In addition, the corn grains during the storage when undergoing deterioration
processes due to temperature and relative humidity fluctuations may have some degraded

constituents, such as carotenoids, and because of this their appearance may be darkened (Ortiz et
al., 2016).

In the evaluations of crude protein and ethereal extract we observed decrease in the values
according to the increment of the studied factors (Figure 5).
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FIGURE 5. Result of crude protein (a) and ether extract contents (b) of corn grains, according to
harvest moisture content and temporary storage period (TS).
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Immediately harvesting the crude protein contents checked for water contents of 28.5; 22.4;
21 and 19%, were 9.02; 9.15; 9.19 and 9.75%, respectively (Figure 5a). However, because the
deteriorating effect promoted a reduction of approximately 1% in crude protein content for all
treatments at the end of the 10 days the final observed values for the variable were 7.95; 8.01; 8.13
and 8.44%.

For the ethereal extract the verified values immediately after harvest for the water contents of
28.5; 22.4; 21 and 19% were 2.82; 2.88; 3.00 and 3.04%, respectively (Figure 5b). However,
because the latent reduction during ten days was approximately 0.2% for all treatments, the
obtained values at the end of the temporary storage period were 2.60; 2.70; 2.75 and 2.80%.

As a consequence of these behaviors it was possible to conjecture that the reduction on both
variables contributed to the decreasing behavior relative to the apparent specific mass (Figure 2),
since proteins and lipids are important constituents of corn and interfere directly in related aspects
with the loss of dry matter. According to Tiecker Junior et al. (2014) the centesimal composition of
a grain may directly reflect its condition, and therefore, it is possible to admit relations between
constituent character variables with qualitative-quantitative variables. In addition, as suggested by
Suleiman et al. (2013), both components protein and lipids can be affected by the characteristics
that the product has in its pre-storage stage by conditions of the environment and by the time, since
the levels of these factors dictate the deterioration, increasing or reducing the consumption of the
material structural components, in particular by respiration.

There was an increase on ash content values according to the increment of both factors.
Immediately after harvest the obtained values were 1.62; 1.53; 1.45 and 1.43% for the harvest
moisture contents of 28.5; 22.4; 21 and 19%, respectively. However, due to linear potentiation
during the temporary storage for all treatments at the end of the 10 days the observed values were
1.96; 1.76; 1.72 and 1.51% (Figure 6a).

28.50%
22.40%
21.00%
19.00%

O ®* 0O D

1.8 .
S
1.7 e
= f}
s g
? 1.6 E‘
15 8
S 86.0 A 2850%
14 © 0O 22.40%
*  21.00%
1.3 85.5 o 19.00%
004 : : : ‘ 0.04 ‘ ‘ ‘ ‘ ‘
0 2 4 6 8 10 0 2 4 6 8 10
Temporary storage period (days) Temporary storage period (days)
(a) (b)
ASyg500 = 1.6170 + 0.0348 TS (R? = 0.9540) CO2850% = 86.5641 + 0.2471 TS — 0.0152 TS? (R?=0.9605)
ASy 400 = 1.5277 + 0.0231 TS (R? =0.8205) CO2.40% = 86.4144 + 0.2287 TS — 0.0120 TS? (R?=0.9733)
AS;1.00% = 1.4549 + 0.0270 TS (R?=0.7902) CO21.00% = 86.3059 + 0.2141 TS — 0.0111 TS? (R? =0.9495)
ASig000% = 1.4261 + 0.0084 TS (R?=0.8202) CO1g.00% = 85.7632 + 0.3605 TS — 0.0225 TS? (R?=10.9838)

FIGURE 6. Result of ash (a) and carbohydrates contents (b) of corn grains, according to harvest
moisture content and temporary storage period (TS).

The metabolic activity of grains consumes organic matter metabolizing CO», water and other
products, and releasing heat. Because of this, structurally the mineral composition of the material is
transformed without changing its total content. Thus, the determination of the ash content takes
proportionally higher values as the organic matter is consumed (Muir et al., 2000). Thus, what
could be observed in this study was the increase of the organic matter consumption of the stored
product in relation to the increase of the harvest moisture content and the time, since determined ash
content has increased, thus evidencing a higher content of mineral material (Figure 6a).
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As already evidenced by Tiecker Junior et al. (2014) increase in the ash content may be a
deteriorating indicator once the mineralization of the organic matter expresses the consumption of
reserve material via metabolic activity. As suggested by the same authors this behavior is
accelerated in cereals when it presents water contents higher than 14%, and specifically for stored
corn when the initial water content is close to 29%.

The carbohydrate content, as well as the ash content, showed an increasing behavior when the
harvest moisture content was high and the storage time was over (Figure 6b). Soon after harvesting
the verified values for the variable related to water contents of 28.5; 22.4; 21 and 19% were 86.56;
86.41; 86.31 and 85.8%, respectively. However, at the end of ten days they were brought to 87.51;
87.50; 87.34 and 87.12%.

It can be deduced that when reducing the levels of crude protein and ethereal extract there is
an increase on values related to carbohydrates. This is due to the fact that the carbohydrate content
is inversely proportional to the other compounds when determined by proximal analysis, the greater
relative proportion of this constituent in the grains and also the loss of crude protein and ethereal
extract were more intense during the temporary storage period (Schuh et al., 2011).

The tendency of this increase, therefore, is a virtual increase, apparent or relative, since it
occurs as a function of the decrease on crude protein and fat fractions during storage. This variation
in apparent increments of the carbohydrate fraction reflects therefore a proportional relationship,
due to the requirement of constituents, such as lipids and proteins in the intrinsic metabolism of the
grains, associated microorganisms and pests, besides the fact that these constituents are quite
susceptible to enzymatic and non-enzymatic chemical transformations during storage, as already
verified by Tiecker Junior et al. (2014) evaluating the physical-chemical quality of corn grains
stored with different moisture.

Due to the fact that practically all the treatments showed increases of approximately 1% in the
carbohydrate content at the end of ten days it was verified that independently of the chosen harvest
moisture content, the corn grains were affected during the temporary storage, since the deteriorative
processes occur under all tested conditions.

In view of this, even the product being harvested with relatively lower water content, such as
19% its ability to undergo deteriorating processes is still present when temporarily stored in an
unsuitable environment, since the variations of temperature and relative humidity dictate the
deteriorating intensity, the water content allows the respiratory process to occur, and the period has
the ability to accentuate such deleterious activity (Coradi et al., 2016).

CONCLUSIONS

The increase in the harvest moisture content negatively influenced the quality of the corn
grains produced in the second harvest, being this effect potentiated with the temporary storage time.

In the range of harvested moisture content, 19% is the one that least affects the quality of
produced corn in the second harvest during the ten days of temporary storage period.
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