
1175 
Original Article 

Biosci. J., Uberlândia, v. 32, n. 5, p. 1175-1190, Sept./Oct. 2016 

DRYING AND STORAGE OF CORN GRAINS FOR ETHANOL 
PRODUCTION IN BRAZIL 

 
DRYING AND STORAGE OF CORN GRAINS FOR ETHANOL PRODUCTION IN 

BRAZIL 
 

Paulo Carteri CORADI1; Lélia Vanessa MILANE2, Lucas Jandrey CAMILO3;  
Maria Gabriela de Oliveira ANDRADE3 

1. Professor, PhD., Universidade Federal de Santa Maria-UFSM, Cachoeira do Sul, RS, Brazil. paulocoradi@yahoo.com.br; 2. Graduate 
Student, Universidade Federal de Mato Grosso do Sul-UFMS, Chapadão do Sul, MS, Brazil; 3. Undergraduated Student, Universidade 

Federal de Mato Grosso do Sul-UFMS, Chapadão do Sul, MS, Brazil 
 

ABSTRACT: The aim of the present research was to evaluate the effects of drying air temperature and storage 
conditions used in Brazil on the quality of corn grains (Zea mays L.) for ethanol production. The experiment was set up in 
a completely randomized design in a (3x2x2) factorial arrangement (drying air temperatures of 80, 100 and 120 ºC vs. 
ambient storage conditions of 23 ºC / 60% RH and cooled to 10 ºC / 40% RH vs. storage time of zero and six months). The 
corn grains were harvested with a water content of 18.0% (w.b.). Then, they were dried in a convection/forced-air oven at 
different temperatures, until water content reached 12% (w.b.). After that, the grains were stored. It was concluded that the 
increase in drying air temperature reduced lipid content and starch percentage, decreasing ethanol yield to 38.74 L ton-1 of 
grains. Storage under refrigeration at 10 °C was favorable for the maintenance of lipid levels (+2%), starch percentage 
(6%) and ethanol yield (33 L ton-1 of grains). Thus, considering production conditions and weather in Brazil, grains should 
be dried at air temperatures up to 80 °C, and storage must be performed under refrigerated air up to 10 °C for quality 
assurance of maize grains in the dry season and, therefore, increased ethanol production in the industry. 
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INTRODUCTION 

 
Maize (Zea mays L.) is grown worldwide. It 

is native to Central America and its economic 
importance is evidenced by the various forms of 
use, whether in animal or human consumption 
(FAO, 2012). Brazil is among the three largest 
producers of maize, having produced 72 million 
tonnes in the last harvest (ABIMILHO, 2014). 
Given Brazil's huge productive capacity, quality 
products have to be offered to the market; therefore, 
the practices adopted from harvest to storage have to 
be the most adequate and safe in order to avoid 
losses and preserve the products' properties 
(CORADI et al., 2015). Only 15% of the world 
production of maize is intended for human 
consumption while the other 85% is intended for 
animal feed, i.e. animal nutrition accounts for the 
great demand for maize, as it is a traditional energy 
source of formulations (FAO, 2012). 

With the advent of flexible fuel engines, an 
innovative technology introduced in 2003, and the 
growth of Brazil's automobile industry, the scenario 
has changed: ethanol became an indispensable 
product in the fuel market in Brazil, despite the 
constant price fluctuations faced by the alcohol 
industry and consumers in periods of harvest and 
fallow, respectively (GOLDEMBERG et al., 2008). 

Concomitantly, the incorporation of new areas for 
production of energy from agriculture has occurred 
without competition against food farming. There is 
great availability of land with degraded pastures, 
where the inclusion of sugar cane can also benefit 
cattle farmers by increasing the profitability of their 
farms and improving soil fertility (GOLDEMBERG 
et al., 2008). 

Brazil and the United States are world 
leaders in ethanol production (HETTINGA et al., 
2009). World production of ethanol is 
approximately 13.5 million gallons. Brazil 
accounted for 33.3% of this volume, producing 
alcohol from sugarcane, while the United States 
have produced 36.3% from maize (FAO, 2012; 
DINNEEN, 2015). In spite of instabilities and 
following the path of technological innovation, the 
sugar cane industry has introduced, into the 
Brazilian market, ethanol produced from industrial 
processing of maize. However, there are some 
concerns that could influence the decision to 
implement, in Brazil, a production unit of ethanol 
based on maize grains. For example, the post-
harvest sector, precisely the drying and storage of 
grains, because maize is a crop produced in two 
seasons of the year and, therefore,  grains would 
need to be stored in order to meet the demands of 
ethanol production.  
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During drying, the use of high temperatures 
can compromise the final quality of the product. The 
use of higher mass temperatures of 60 °C during 
drying produces starch of low viscosity and yield in 
the extraction process by wet grinding and dried 
corn from high moisture (28-30%) at temperatures 
above 82 ° C also They have low oil yield and 
reduced protein content (BEMILLER; WHISTLER, 
2009). 

The grain storage in inappropriate 
conditions results in an increase in lipid oxidation 
and the content of free fatty acids, forming a 
complex with the helical amylose or reducing the 
length of the long chains of amylopectin, altering 
the physical and nutritional properties of grain and 
its end products (HASJIM et al., 2010). The storage 
grains refrigerated system is an alternative to 
maintaining product quality because it reduces the 
water activity reduces the respiratory rate of the 
grains, and also retards the development of insect 
pests and this microflora, regardless of weather 
conditions region (RIGUEIRA et al., 2009), 
allowing storage for longer periods of time. 
However, there are still studies for determining the 
safe storage temperatures for different grain 
moisture levels which ensure the final quality 
technological product. 

The lack of storage infrastructure in Brazil 
and the use of inadequate techniques would result in 

greater quantitative and qualitative losses of grains, 
thus directly affecting ethanol production. Thus, the 
objective of the present study was to evaluate the 
effects of drying air temperatures (80, 100 and 120 
°C) and storage conditions (23 °C / 60% RH and 10 
°C / 40% RH) used in Brazil on the quality of maize 
(Zea mays L.) grains and on the industrial yield of 
ethanol. 

 
MATERIAL AND METHODS 

 
The research was conducted at the Federal 

University of Mato Grosso do Sul (UFMS), Campus 
Chapadão do Sul (CPCS), in the Laboratory of 
Grain Post-harvest, and in the Ethanol Laboratory of 
the USIMAT processing plant, located in the town 
of Campos de Julio, state of Mato Grosso, Brazil. 
The experiments were set up in a completely 
randomized design in a (3x2x2) factorial 
arrangement (drying air temperatures of 80, 100 and 
120 ºC vs. ambient storage conditions of 23 ºC / 
60% RH and cooled to 10 ºC / 40% RH vs. storage 
time of zero and six months). Data were subjected to 
analysis of variance, and the effects of the 
treatments were evaluated by the F-test and, when 
significant, they were submitted to regression and 
polynomial analysis (Figure 1). 
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Figure 1. Flowchart of experimental design. 

 
 

The maize grains used in the experiment 
were classified as hard, according to MAPA/Brazil, 
as shown in Figure 2. 
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Figure 2. Structure of corn grains. 

 
The maize grains were harvested randomly, 

and their water content was18% (w.b.). Impurities 
and damaged grains were separated manually. Then, 
they were dried in a convection/forced-air oven at 
80, 100 and 120 °C, until water content decreased to 
12% (w.b.). The temperature of the grain mass (40 ± 
2 °C for the temperature of the air 80 °C, 44 ± 2 °C 
for the temperature of the air of 100 °C, 49 ± 2 °C 
for the temperature of the air 120 °C) was monitored 
during drying when the mass was removed from the 
oven for weighing, using a mercury thermometer. 
Three replicates were performed for each drying air 
temperature, and 2 kg of maize grains were used for 
each replicate. Then, the grains were stored in an 
environment at 23 °C (18 + 2 °C of the grains mass) 
and one refrigerated environment at 10 °C (8 + 2 °C 
of the grains mass), for six months. At zero and six 
months of storage, evaluations were made of water 
content of the grains, physical classification, lipid 
content, starch percentage and ethanol yield. 

Water content (%) was determined by the 
standard oven method, 105 ± 5 °C for 24 h with 
three replicates, as recommended (AOAC, 2000). 
The assessment of physical quality of maize grains 
was performed with a simple 250-gram sample. The 
sample was passed through a sieve with circular 
holes, with five millimeters in diameter, according 
to Normative Ruling no. 60 of 22 December 2011, 
and the classification of maize introduced by the 
Ministry of Agriculture, Livestock and Supply, valid 
as of July 2012 (BRAZIL, 2012). Grains with 
physical modifications were separated and weighed. 
Measurements were made of percentage of 
damaged, whole, broken, cracked, musty, 
fermented, burned, and sprouted grains, as well as 
foreign matter and impurities. The results were 
compared with the standard classification table 
(BRAZIL, 2012) (Table 1). Thus, corn, was 
classified as "type 1", "type 2", "type 3" and "off-
type". The analyses of lipid content, starch content 
and ethanol yield were performed at the Laboratory 
of the ethanol processing plant of the state of Mato 

Grosso (USIMAT), located in the town of Campos 
de Júlio.  

Starch content was determined with a total 
of 0.10 g of the ground sample (1.0 mm) was added 
in 20 mL test tubes, and 15 mL of the sodium 
acetate buffer solution (pH= 5.00 ± 0.05 at 0.1 mol 
L-1) and 25 µl of enzyme α-amylase (Novozymes, 
Termamyl 2x) were also added. All test tubes were 
homogenized with a shaker and placed in a water 
bath at 100 °C for one hour; during this time, they 
were homogenized with incubation for 10, 30 and 
50 minutes. After the period of one hour, the tubes 
were removed from the water bath and remained on 
the bench until ambient temperature. Then, 0.5 mL 
of solution was added, containing 100 units of the 
enzyme amyloglucosidase mL-1 (Sigma - Aldrich). 
The tubes were agitated again and placed in a water 
bath at 60 °C for two hours; they were agitated after 
incubation for one hour. After this period, the tubes 
were removed from the water bath and left on the 
bench until ambient temperature 
(BACHKNUDSEN, 1997). 

The mixture was transferred to Eppendorf 
tubes which were centrifuged at 5500 nm for 10 
minutes at a temperature of 10 ºC. 10 µl of the 
supernatant of each tube was pipetted and 
transferred to test tubes containing 1 mL of Glucose 
GOD/PAP stable liquid kit at a 1:100 dilution. After 
10 minutes of reaction at 37 ºC, reading was 
performed in a spectrophotometer (Shimadzu UV- 
1601 PC) at 510 nm (BACHKNUDSEN, 1997). For 
each test, a sample of corn meal and a sample of 
sweet corn were used. To avoid overestimation of 
starch content because of contamination with 
glucose, 0.10 g of the sample was weighed and 
transferred to 20 mL test tubes and 15 mL of 
deionized water was added. The mixture was left in 
the tubes for four hours, with agitation every 30 
minutes. After this period, the content was 
transferred to Eppendorf tubes and centrifuged. 
Then, the same steps described above were 
followed. The value obtained after the reading of 
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glucose was subtracted in the values found for 
starch in the samples (BACHKNUDSEN, 1997). 

Lipid content was determined according to 
the method by AACC-30-20 (AACC, 1995). Oil 
extraction was performed with a Soxhlet extractor, 
using hexane as a solvent. The samples were milled 
before being taken to the extractor. In the process of 
oil extraction, 5g of the sample of maize grains were 
weighed and then placed on filter paper, forming a 
cartridge and preventing the mixture of the material 
with the solvent. After that, the cartridge was placed 
within the container with 150 mL of hexane, and left 
in the extractor at a temperature of 70 °C for 4 
hours. After the sample was taken out of the 
extractor, the filter paper and the residue were 
discarded, while the oil sample and the hexane were 
placed in a rotary evaporator. Water was heated at a 
temperature of 70 °C in the evaporator, and the 
solvent was evaporated into the condenser, which 
was then stored in a bottle. After the hexane was 
removed from the sample, the recipient with oil was 
taken to the greenhouse, where it remained for 24 
hours at a temperature of 105 °C. The solvent was 
totally removed from oil for quantification. 

For the analysis of ethanol, four hundred 
grams of maize grains were milled, in roll mills; 
starch gelatinization was then performed by heating 
in water, thus favoring the action of enzymes for 
saccharification. Hydrolysis occurred during 
saccharification, converting starch into fermentable 

sugars. Enzymes were added for catalysis to carry 
out the process of hydrolysis. The enzyme α-
amylase was added to break the starch and produce 
dextrose, while maltose was produced by β-amylase. 
Fermentation was carried out with the mixture of 
inoculums of yeasts (Saccharomyces cerevisiae) for 
a period of three days, which was enough to produce 
alcohol. The must fermented with approximately 
8% alcohol content was purified by distillation, with 
the components being separated by evaporation. In 
distillation, the mixture was heated to boiling (78.4 
ºC) and the vapors were cooled until condensation. 
Based on the quantification of distilled ethanol, 
ethanol yield was determined for each tonne of 
maize grains (KWIATKOWSKI et al., 2006).  

 
RESULTS AND DISCUSSION 

 
Figure 3 are shown the mean values of the 

moisture content of corn kernels subjected to 
different drying conditions. It can be seen in Figure 
3 that the time required for the corn kernels reach 
12% (w.b.) was 0.5, 1.5 and 1.84 hours for drying 
temperatures of 120, 100 and 80 °C, respectively. It 
was also noted that with the increase in the drying 
air temperature increased to product water removal 
rate, indicating an increase in drying speed. As the 
drying process continues to equilibrium moisture 
content, drying representative curves are similar, 
differing only in the drying time. 

 

 
Figure 3. Curves drying of grains. 
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Figure 4 and 5 shows the results of the 
physical classification of maize grains before and 
after drying and storage for six months. There was 
an increase of fermentation and rot grains after 

drying. The increase in physical damage and rot 
fermented grains were observed in the storage 
subjected to air condition temperature of 23 °C 
(Figure 5). 
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Figure 4. Initial physical classification of maize grains. 
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Figure 5. Physical classification of maize grains after drying and after storage. 

 
According to the results, maize quality was 

rated as Type 1 (Table 1), and it was found that the 
effects of drying and storage affected the quality of 
the product. However, it should also be noted that 

there was a high rate of grains with serious defects 
(Figure 4 and 5), which did not meet the marketing 
standards for grains by MAPA (BRAZIL, 2012).
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Table 1. Quality attributes for classification of maze by type 

Typification Damaged grains Broken  
grain 

Foreign matter and 
impurities 

Rotten grains 
Moldy and 

burned grains 
Total 

Type I 1.0 6.0 3.0 1.0 2.0 
Type II 2.0 10.0 4.0 1.5 3.0 
Type III 3.0 15.0 5.0 2.0 4.0 
Off-Type >3.0 >15.0 >5.0 >2.0 >4.0 

Brazil (2012).   
 

The physical loss of grain quality after 
drying is explained by the way water was removed 
from the cell layers of the grains. During the drying 
process, moisture is initially extracted from the 
outer layers of grains, causing a gradient of 
humidity from the center of the grain to the edges. 
When this gradient is too large, internal tensions 
cause the grains to crack (COSTA et al., 2011; 
BRAZIL, 2012). For grains with higher initial water 
contents, the drying temperature should be lower, 
with use of higher temperatures only in cases of 
grain with lower water contents (WEBER, 2001; 
ULLMANN et al., 2010). When grains reach high 
temperatures, they are exposed to thermal damage 
that can reduce grain viability and vigor. To avoid 
loss of grain quality, the author recommends that 
grains should be artificially dried with temperatures 
up to 80 °C.  

Severe grain drying with high temperatures 
is used in order to speed up the process and 
optimizing the equipment, while also reducing the 
development of fungi and toxins. However, these 

high temperatures can also damage the grains 
(ULLMANN et al., 2010; OLIVA et al., 2012). It 
was found that for storage in a natural environment, 
after six months, the maize grains considerably lost 
physical quality. Losses were greater for grains that 
suffered major thermal damage by high drying 
temperatures. However, in storage with artificial 
cooling, it was found that the grains maintained 
their physical quality, while minimizing the effects 
of drying. Water content is the most important 
factor in preventing deterioration of grains during 
storage. By maintaining the mass of grains with low 
levels of water and temperature, the effects of the 
attack of microorganisms and breathing can be 
mitigated. Temperature and relative air humidity are 
determinants in the process of loss of seed viability 
during storage and changes in the physical-chemical 
quality of the product and, in comparison with the 
by-products (LEE et al., 2012). Figure 6 shows the 
levels of lipids in maize grains, as a function of the 
reduction of water content and the increase in drying 
air temperature.  

 

 
Figure 6. Lipid content in maize grains dried at different air temperatures and water contents. 
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The analysis of the results showed statistical 
differences (P<0.05) between drying air 
temperatures, and non-significant differences 
between water contents. The increase in drying air 
temperature reduced the levels of lipids of maize 
grains, regardless of the water content of grains. The 
increase in drying air temperatures results in an 
increase in the percentage of grains with cracks; 
combined with the other effects of drying, they 
negatively affect the physical-chemical quality of 

grains (MENEZES et al., 2012). The six-month 
storage of maize grains in different environments 
(Figure 7) produced even more significant effects on 
lipid content because the environment at 23 °C 
accelerated the process of grain deterioration, thus 
reducing lipid content. This process was even more 
intensive for grains dried at higher temperatures. 
However, the storage in the refrigerated 
environment maintained the initial characteristics of 
lipid content. 

 

 
         *Significant at 5% probability, test F  

Figure 7. Lipid content in maize grains after drying at different air temperatures and storage in different 
environments. 

 
As a general rule, the increase in 

temperature by 1 °C can accelerate the breathing of 
the mass of grains by 2 to 3 times up to a certain 
limit, until breathing ceases at very high 
temperatures, as a result of the destructive effects of 
high temperatures on enzymes, causing greater 
structural damage on grains (FORTI et al., 2010; 
HUIJGEN et al., 2014).  

The increasing drying air temperature from 
80 to 120 °C increased the grain mass temperature 
of 40 to 50 °C, causing thermal damage through 
fissures, cracks, fermentation in the grains, resulting 
in degradation of cellular tissue, reducing the 
physical-chemical constituents in grain observed by 
reducing the lipid content. This process predisposes 
the grains action of lipase enzymes and consequent 
increased acidity grease. The reduction in storage air 
temperature (10 °C) decreased the temperature of 
the grain mass (8 °C), reducing deterioration of cell 
tissues while minimizing effects drying with 
stabilizing the lipid content, whereas the conditions 
storage ambient air temperature (23 °C), the 

respiratory process of the grain mass increased, 
causing a higher exchange of heat and water 
between the mass of grains and the air storage 
environment, causing most of the grain structure, 
and reduced lipid content (Figure 7). 

Similar results were observed by other 
authors in drying and storage studies. ALENCAR 
(2009) observou que the levels of lipids in grains 
stored at 20, 30 and 40 °C, with three water contents 
(11.2%, 12.8% and 14.8%) were evaluated. They 
found that the levels of lipids were reduced as water 
content increased. The same authors stated that the 
decrease in lipid content was significant only when 
the grains were stored with a water content of 14.8% 
under the temperatures of 30 and 40 °C, i.e. at lower 
temperatures (20 °C), the levels of lipids tend to 
increase. Other author verified the influence of 
temperature and period of storage on the lipid 
content of rice grains (ZHOU et al., 2002). They 
found that, while in grains stored at 35 °C there was 
a significant decrease of lipid content, the same did 
not happen to grains stored at 5 °C after 12 months. 
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In other studies performed with grain 
storage, there were changes in oil content and 
acidity index of grains. Working with the storage of 
processed rice grains, found an increase in the rate 
of free fatty acids after four months' storage (PARK 
et al., 2012). They also reported an increase in 
acidity in the storage of maize under different 
temperature conditions (PARAGINSKI et al., 2015). 
The crude protein serves as the primary source of 
carbon and nitrogen for the growth and metabolism 
of fungi (SCHUH et al., 2011; PASCHOS et al., 
2015). In the system at low temperatures of storage, 
even with low levels of oxygen, growth of fungi 
may occur. This may also lead to an initial increase 
of crude protein of grains, but to a lower extent 
when compared with the system at high storage 
temperatures. However, the same authors claimed 
that heat and moisture exchanges are less intense 
than in airtight storage. The high temperatures cause 
chemical constituents of grains, such as lipids, 
carbohydrates and proteins (SCHUH et al., 2011; 
GARCÍA et al., 2014). Figures 8, 9 and 10 show 

that the reductions in water contents in grains dried 
with air temperatures of 80, 100 and 120 °C, 
respectively, influenced the increase in starch 
concentration and final ethanol yield. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
*Significant at 5% probability, test F  

Figure 8. Starch percentage and ethanol yield in maize grains dried at air temperature of 80 °C for different 
water contents.  
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*Significant at 5% probability, test F   

Figure 9. Starch percentage and ethanol yield in maize grains dried at air temperature of 100 °C for different 
water contents. 

 

 
*Significant at 5% probability, test F  

Figure 10. Starch percentage and ethanol yield in maize grains dried at air temperature of 120 °C for different 
water contents. 

 
This increase was approximately 6 to 8% of 

starch and 34 liters of ethanol, when grains were 
dried from 18 to 12% (w.b.) of moisture. The use of 
high temperatures in drying can compromise the 
physical and chemical characteristics of grains, 
causing oil darkening, protein denaturation and 
starch gelatinization. Evaluating starch content in 
white oat with drying temperature of 25, 50, 75 and 
100 ºC, it was found a reduction in starch content 
with increased drying temperature (OLIVEIRA et 

al., 2010). The reduction of starch and soluble 
dietary fiber can be explained by the use of high 
temperatures that lead to the complexation of these 
compounds (GUTKOSKI et al., 2000; LAMMENS 
et al., 2012; BROWN et al., 2013).  

The percentage reduction of the starch has 
occurred due to the change of the endosperm that is 
affected when the beans are heated at temperatures 
above 45 °C (Figures 9 and 10). The drying air 
temperatures exceeding 60 °C resulted in lower 
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viscosity and yield in starch extraction process, 
reducing swelling power of the starch. The high 
temperature drying conferred the starch granules a 
stiffness which reduced swelling power and the 
solubility rates of water during the gelling process, 
and these structural changes in the starch granules 
affect the pulp handling characteristics, reducing 
maximum peak viscosity and the breakdown of the 
sample during the heating period, however 
increased the initial gelatinization temperature. The 
corn grains storage reduced starch yield of the 

extraction during grinding by wet due to starch 
degradation and interactions between the starch and 
other grain components caused by conditions of 
higher temperature storage environment (23 °C) and 
the mass of grains (18 °C). 

In the comparative evaluation between 
drying air temperatures (Figures 11 and 12), it was 
even more evident that the increase in drying air 
temperatures influenced starch percentage and 
ethanol yield of corn grains. 

 
 

 
*Significant at 5% probability, test F  

Figure 11. Starch percentage of maize grains for the different drying air temperatures and water contents. 

 
 

*Significant at 5% probability, test F 
Figure 12. Ethanol yield in maize grains for different drying air temperatures and water contents. 
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The ethanol production is directly related to 
income and extraction of starch from corn kernels, 
observed in the Figures 8, 9, 10, 11 and 12. When 
drying air temperature was 80 °C, at the end of the 
process, starch percentage of maize grains was 
68.22% and ethanol yield was 389.83 L ton-1 of 
grains, while for drying air temperature of 100 °C, 
starch percentage and ethanol yield were 66.20% 
and 378.29 L ton-1 of grain, respectively. In 

contrast, for drying air temperature of 120 °C, 
starch percentage and ethanol yield were reduced to 
64.12% and 366.40 L ton-1 of grains, respectively. 
Storage conditions, after six months, combined 
with drying air temperature of the grains, had a 
significant influence (P<0.05) on the results of 
starch and ethanol for the maize grains (Figures 13 
and 14).  

 

 
*Significant at 5% probability, test F 

 
Figure 13. Starch percentage and ethanol yield in maize grains dried at different drying air temperatures and 

storage condition of 23 °C. 

 
*Significant at 5% probability, test F 

 
Figure 14. Starch percentage and ethanol yield in maize grains dried at different drying air temperatures and 

storage condition of 10 °C. 
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For the condition of storage in a natural 
environment (23 °C), starch percentage ranged 
from 58.24 to 62.21%, depending on the drying air 
temperature used for the grains, i.e., starch 
percentage decreased as drying air temperature 
increased. The same trend took place for ethanol 
yield, which ranged from 332.80 to 355.49 L ton-1 
of grains. In the storage of grains in the refrigerated 
environment (10 °C), starch percentage (64.01 to 
68.01%) and ethanol yield (365.77 to 388.63 L ton-

1 of grains) were higher. Also, variations by the 
effects of drying were proportionally equal, for 
both storage conditions. A comparison between the 
storage conditions (Figures 15 and 16) showed that 
in the natural environment (23 °C), starch 
percentage and ethanol yield were lower than in the 
refrigerated storage, under the same conditions of 
drying air temperature, while the difference 

between storage conditions were approximately 
additional 6% starch and 33 L ton-1 of grains for 
refrigerated storage at 10 °C. 

In a study conducted with maize grains, 
ethanol yields were around 395 liters per tonnes of 
grain (SOBRINHO, 2012). However, the use of 
high quality maize grains led to average ethanol 
yields of 410 L of per tonne (USIMAT, 2015). The 
effects observed at post-harvest for industrial 
ethanol yield, in the present study, can provide 
relevant insights to the productive chain of ethanol 
in Brazil, especially industries, towards a more 
critical analysis for investment in storage units and 
adoption of appropriate post-harvest techniques, in 
order to obtain high quality raw material 
throughout the year and achieve greater production 
of ethanol. 

 
 
 
 

 
*Significant at 5% probability, test F  

Figure 15. Evaluation of starch percentage (%) in maize grains for different drying air temperatures and 
storage conditions. 
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          *Significant at 5% probability, test F 

Figure 16. Assessment of ethanol yield (L ton-1) in maize grains for different drying air temperatures and 
storage conditions. 

 
CONCLUSIONS 

 
The increase in drying air temperature 

reduced lipid content and starch percentage, 
decreasing ethanol yield to 38.74 L ton-1 of grain. 

Storage under refrigeration at 10 °C was 
favorable for the maintenance of lipid levels (+2%), 
starch percentage (6%) and ethanol yield (33 L ton-1 
of grains).  

For production conditions in Brazil, grains 
should be dried at air temperatures up to 80 °C, and 
storage must be performed under refrigerated air up 
to 10 °C for quality assurance of maize grains in the 

fallow period and, therefore, increased ethanol 
production in the industry.  
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RESUMO: O objetivo do presente trabalho foi avaliar os efeitos da secagem e as condições de temperatura do 

ar e armazenamento utilizadas no Brasil na qualidade de grãos de milho (Zea mays L.) para a produção de etanol. O 
experimento foi instalado em delineamento inteiramente casualizado, em arranjo fatorial (3x2x2) (secagem a temperatura 
do ar de 80, 100 e 120 ºC vs. condições de ambiente de armazenamento de 23 ºC / 60% RH e resfriamento de 10 ºC / 40% 
RH vs. tempo de armazenamento de zero e seis meses). Os grãos de milho foram colhidos com um teor de água de 18,0% 
(w.b.). Em seguida, os grãos foram secos em estufa de convecção / forçada de ar a diferentes temperaturas, até que o teor 
de água atingiu 12% (w.b.). Em seguida, os grãos foram armazenados. Concluiu-se que o aumento da temperatura do ar de 
secagem reduziu os teores de lípidos e a percentagem de amido, diminuindo o rendimento de etanol a 38,74 L ton-1 de 
grãos. O armazenamento sob refrigeração, a 10 °C foi favorável para a manutenção dos níveis de lípidos (+2%), 
percentagem de amido (6%) e rendimento de etanol (33 L ton-1 de grãos). Assim, considerando as condições de produção e 
clima no Brasil, os grãos devem ser secos nas temperaturas do ar de até 80 °C e o armazenamento deve ser realizado sob 
refrigeração do ar até 10 °C para garantir a qualidade dos grãos de milho na estação seca e, portanto, um aumento da 
produção de etanol na indústria. 
 

KEYWORDS: Biocombustíveis. Indústria. Produção. Zea mays L. 
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