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INTRODUCTION

Soybean is one of the main aleuro-oleaginous 
grown worldwide, due to its distinct characteristics, 
which provide high profitability per unit area 
and favorable market conditions (Sediyama et al. 
2013). These characteristics include its protein-rich 
composition, which ranges 30-53 %, and oil content 
of 13-28 % (Bezerra et al. 2015).

ABSTRACT RESUMO

Approximately 33.228.400 million hectares 
of soybean were planted in the 2015/2016 season, 
resulting in a total production of 95.574.4 thousand 
tons and average yield of 2.876 kg ha-1 (Conab 2016), 
making it the most widely grown crop in the country.

Nevertheless, a series of problems for 
obtaining high quality has always been present in 
this system, compromising both its market range 
and commercialization value (Alencar et al. 2009). 
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Drying agricultural products reduces the moisture 
content to suitable levels for storage, in order to maintain the 
product quality. However, special care with the temperatures 
applied in the process is important for the integrity and 
longevity of the material. The present study aimed at 
determining the immediate and latent effect of air-drying 
temperatures on the quality of soybean produced as a second 
season crop. The grains were collected at the R8 stage, 
close to the physiological maturity, with moisture content of 
approximately 23 % (w.b.), submitted to drying temperatures of 
40 ºC, 50 ºC, 60 ºC, 70 ºC and 80 ºC, up to a moisture content 
of 12.5 ± 0.7 % (w.b.), and then stored under non-controlled 
humidity and temperature for 180 days. Thereafter, quality 
was assessed every 45 days by determining the dry matter 
loss, color and crude protein and lipid contents, as well as the 
acidity and peroxide indices of the crude oil extracted. Based 
on the results obtained, it was concluded that the increase in the 
air-drying temperature affects the soybean quality and crude oil 
extracted, being this effect enhanced with the storage time; the 
soybean and crude oil quality decline with an increase in the 
air-drying temperature and storage time; the air temperature 
of 40 ºC has the least effect on the quality of soybean grains 
and crude oil extracted.
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Qualidade de soja produzida em segunda 
safra submetida a secagem e armazenamento

A secagem de produtos agrícolas reduz o teor de água a 
níveis adequados para o armazenamento, visando à manutenção 
da qualidade do produto. Porém, cuidados especiais com as 
temperaturas aplicadas no processo são importantes para a integridade 
e longevidade do material. Objetivou-se determinar o efeito imediato 
e latente de temperaturas do ar de secagem sobre a qualidade de 
soja produzida em segunda safra. Os grãos foram colhidos no 
estádio R8, próximo à maturidade fisiológica, com teor de água de, 
aproximadamente, 23 % (b.u.), e foram submetidos a temperaturas de 
secagem de 40 ºC, 50 ºC, 60 ºC, 70 ºC e 80 ºC, até o teor de água de 
12,5 ± 0,7 % (b.u.), sendo, posteriormente, armazenados em ambiente 
com condições de temperatura e umidade não controladas, durante 
180 dias. A cada 45 dias subsequentes, a qualidade foi avaliada por 
meio de determinação da perda de matéria seca, coloração e teores de 
proteína bruta e de lipídios e pelos índices de acidez e de peróxido do 
óleo bruto extraído. Com base nos resultados obtidos, conclui-se que 
o aumento da temperatura do ar de secagem influencia na qualidade 
da soja e do óleo bruto extraído, sendo esse efeito potencializado com 
o tempo de armazenamento; a qualidade da soja e do óleo bruto se 
reduzem conforme o incremento na temperatura do ar de secagem 
e no tempo de armazenamento; a temperatura do ar de 40 ºC é a que 
menos afeta a qualidade dos grãos de soja e do óleo bruto extraído.

PALAVRAS-CHAVE: Glycine max L.; qualidade de grãos; 
pós-colheita.
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Thus, alternatives aimed at addressing these issues 
have been increasingly used in recent years, such as 
increasing soybean planting at atypical times (e.g. 
as a second crop). In addition, the management 
of different post-harvest processes has also been 
studied, as it can directly affect grain quality and 
longevity (Albrecht et al. 2009, Barbosa et al. 2014).

Among the operations typically conducted 
after the soybean harvest, drying and storage deserve 
a greater attention. Soybean grains need to be dried 
for reduction of moisture content, in order to ensure 
a safe and effective storage (Barrozo et al. 2014). 
However, when drying and storage are carried out 
without the necessary care, losses may occur in the 
material quality, such as a decrease in dry matter, and 
even the depreciation of its visual aspects and certain 
derivative products, such as crude oil (Jyoti & Malik 
2013, Del Campo et al. 2014, Furquim et al. 2014, 
Paraginski et al. 2015).

The most commonly questioned procedures 
adopted during drying and storage are related to 
the air-drying temperature and storage time and 
conditions. The air-drying temperature may have 
an immediate effect on grain quality, and storage 
conditions may acerbate any resulting damage 
(Deliberali et al. 2010, Schuh et al. 2011). 

Accordingly, the present study aimed at 
assessing the immediate and latent effect of air-
drying temperature on the quality of soybean 
produced as a second season crop. 

MATERIAL AND METHODS

The study was carried out in two stages. The 
first consisted of soybean production, which occurred 
between January and May 2014, at the São Lourenço 
farm (22º11’58.06”S, 54º53’24.32”W and altitude of 
452 m), in Dourados, Mato Gross do Sul State, Brazil. The 
second stage involved the drying, storage and assessment 
of grain and crude oil quality, at the Universidade Federal 
da Grande Dourados, also in Dourados. 

The soybean SYN 1059 RR (V-TOP) cultivar 
was grown under a no-tillage system, using center 
pivot irrigation. The area preparation included 
desiccation with Paraquat + Diuron (400 g + 
200 g ha-1) and 2,4-Dicholorophenoxy (806 g ha-1), 
with fertilization applied simultaneously at seeding, 
using 260 kg ha-1 of the 02-20-20 fertilizer formulation 
(N-P-K), also containing 8 % of Ca, 4 % of S, 0.2 % 
of Zn and 0.1 % of Bo.

Before planting, the seeds were treated with 
insecticides (Fipronil - 12.5 g 50 kg-1 of seeds; 
Tiamethoxan - 17.5 g 50 kg-1 of seeds) and fungicides 
(Metalaxyl-M + Fludioxonil - 0.5 g + 1.25 g 50 kg-1 
of seeds). Seeding was mechanically performed, 
with spacing of 0.45 m between the sowing lines and 
density of 18 seeds m-1, obtaining a final population 
of 355.555 plants ha-1.

The grains were manually harvested at their 
physiological maturity (Fehr & Caviness 1977), with 
moisture content of approximately 23 ± 0.5 % (w.b.). 
After this stage, they were dried in an experimental 
fixed-bed dryer, with a drying chamber of 0.80 m 
diameter and 1.0 m height. The experimental dryer 
uses a series of electric resistors as heating sources, 
with total power of 12 kW, and an IBRAM fan (model 
VSI-160) with power of 0.75 kW. Temperature 
control was achieved using a universal Proportional-
Integral-Derivative (PID) process controller (model 
N1200, Novus). The air flow used was 0.2 m³ s-1 m-2, 
selected by a frequency inverter connected to the fan 
motor.

The experiment was carried out in an 5 × 5 split-
plot arrangement, with five air-drying temperatures 
in each plot and five storage periods in each sub-plot, 
in a completely randomized design. Temperatures 
of 40 ºC, 50 ºC, 60 ºC, 70 ºC and 80 ºC were used, 
and around 10 kg of grains were monitored for each 
temperature, applying the gravimetric method, until 
reaching a final moisture content of 12.5 ± 0.7 % 
(w.b.). The water reduction rate (WRR) of soy seeds 
was determined by monitoring the drying process for 
each selected temperature used. This was determined 
according to Corrêa et al. (2001), who defined WRR 
as the amount of water that a certain product loses 
per dry matter unit per unit of time, as itl follows: 

WRR =   Mw0 – Mwi

              DMM (ti – t0)

where WRR = water reduction rate, in kg kg-1 h-1; 
Mw0 = previous total water mass, in kg; Mwi = current 
total water mass, in kg; DMM = dry matter mass, in 
kg; t0 = total time for previous drying, in h; ti = total 
time for current drying, in h.

After drying, the grains were conditioned 
through a drying process in non-hermetic metal 
containers. These, when closed, were kept at 
environment conditions for a period of 180 days. The 
quality of soybean, crude oil and moisture content 
were assessed immediately after drying and every 
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45 days subsequently. The temperature and relative 
humidity of environmental air were recorded during 
the storage period by using two thermo-hygrometers 
installed next to the containers.

Dry matter loss, color and crude protein and 
lipid contents were used to evaluate soybean quality, 
and the acidity and peroxide indices were used to 
determine the crude oil quality. Moisture content for 
each treatment was determined using the gravimetric 
method, in an oven at 105 ± 3 ºC, for 24 h, with two 
repetitions (Brasil 2009).

Five repetitions for each treatment were 
used to assess the dry matter loss of soybean grains 
during storage. Each repetition was composed of 
approximately 150 g of the product, which was 
placed in perforated waterproof packages. These 
duly sealed packages were distributed inside the 
metallic containers together with the remaining 
soybean mass, with moisture content and wet mass 
determined immediately and at 45 days after drying. 
The percentage of dry matter loss was then calculated 
according to the following equation:
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where DML = dry matter loss, %; m(i) = initial 
sample mass, g.; m(θ) = sample mass at time θ, g; 
Ui

* = initial soybean moisture content, decimal d.b.; 
Uθ

* = soybean moisture content at time θ, decimal d.b.
Color was monitored by direct reading of 

soybean reflectance in a tristimulus colorimeter 
(illuminant 10º/D65), using the Hunter color scale, 
determining the values of the coordinates “L” 
(brightness), “a” (green-red) and “b” (blue-yellow). 
For each treatment, the average of ten measures was 
used to determine the color of the product analyzed.

The values of the perceived variations in the 
“L” [ΔL = L(t) – L(t0)], “a” [ΔL = a(t) – a(t0)] and “b” 
[ΔL = b(t) – b(t0)] coordinates were used to calculate 
the color difference (ΔE = √ ΔL2  + Δa2  + Δb2) and 
the chroma index (Cr = √a2 + b2), which defines the 
intensity and purity of a color, where DE = color 
difference; Cr = chroma; t = storage period, day; 
t0 = initial period.

The crude protein content was obtained by 
determining the total nitrogen percentage of three 
previously ground 100 g samples, according to the 

Kejldahl method, described by the AOAC (1984). 
The total nitrogen percentage was multiplied by the 
mean factor of 6.25, resulting in the crude protein 
content, expressed in percentage and dry basis (d.b.).

Lipid content was determined according to the 
AOCS (1993), with the Ac 3-44 method, using three 
samples of soybean bran weighing 2 g each. A soxhlet 
extractor was used for 6 h and hexane was the solvent. 
The results were expressed in percentage and d.b.

The acidity index was determined in accordance 
with the AOCS (2012), using the Ca 5a-40 method, 
which involved dissolving three 5 g samples of oil in 
hot ethyl alcohol (60-65 ºC) and titrating with 0.1 N 
sodium hydroxide. The volume expended reflected 
the percentage of free fatty acids, expressed in oleic 
acid. The equation AI = %FFA x Fc was used to 
convert the percentage of free fatty acids into an 
acidity index, where AI = acidity index, in mg of 
KOH g-1 of oil sample; FFA = free fatty acids - oleic 
acid (%); Fc = conversion factor - 1.99.

The peroxide index was determined according 
to the AOCS (2011), using the Cd 8b-90 method, 
which involved dissolving three 5 g samples of oil 
in 50 ml of isooctane acetic acid solution (3:2, v/v), 
with the addition of 0.5 ml of saturated potassium 
iodine, followed by titration with a solution of 0.1 N 
sodium thiosulfate (Na2S2O3). The volume used after 
the addition of 0.5 ml of starch indicator solution 
showed the peroxide concentration, in meq kg-1, 
according to the following equation:

PI =
 [N (A – B)1,000]

                    m

where PI = peroxide index, in meq kg-1 of lipid 
fraction; A = volume of sodium thiosulfate (Na2S2O3) 
expended with the sample titration, in ml; B = volume 
of sodium thiosulfate (Na2S2O3) expended with 
titration of reagents without the sample, in ml; 
N = normality of the sodium thiosulfate solution 
(Na2S2O3); m = sample mass, in g.

The regression models were fitted using the 
Statistica 7.0 software. The models were selected taking 
into consideration the magnitude of the coefficient of 
determination (R2), the significance of the regression, 
by the F-test, and the phenomenon under study.

RESULTS AND DISCUSSION

The water reduction rate (WRR) obtained 
during the soybean drying process was higher with 
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an increase in the air-drying temperature, primarily in 
the first hour of drying (Figure 1). However, over the 
time, this behavior became more homogeneous in the 
drying treatments applied, since drying starts to occur 
under decreasing rates. According to Hall (1980), 
this drying phase involves more complex water 
displacement mechanisms from inside to outside the 
grain, such as liquid diffusion and capillary action, 
making the process slower.

Thus, the increase in the air temperature helped 
to promote a faster initial drying, given the more rapid 
evaporation of particles found in the surface and 
subsurface. The greater difference in partial vapor 
pressure between the hotter air and the product favors 
drying. Moreover, since the initial diffusivity of the 
water present in the layers just below the subsurface 
was likely higher, drying was accelerated. A rise in 
air-drying temperature increases the effective diffusion 
coefficient of water in the product, raising the drying 
speed and reducing the time required by the process 
(Baptestini et al. 2014, Resende et al. 2014, Camicia et 
al. 2015, Coradi et al. 2016). Costa et al. (2015) report 
that the diffusion process provides satisfactory estimates 
of the drying rate of a product, clearly demonstrating 
the water behavior in the grains, according to the action 
of the drying temperature imposed.

Figure 2 shows thermal and relative humidity 
variations during the entire experiment. Therefore, 
the aforementioned scenario demonstrated that the 
average temperature during storage was 21.4 ºC, with 
a maximum and minimum of 28.4 ºC and 14.5 ºC, 
respectively. With respect to relative humidity, the 
average value observed was 57.9 %, with a recorded 
maximum of 83.4 % and minimum of 47.3 %.

Table 1 shows the oscillations in the water content 
of grains during storage, due to its hygroscopicity, and 
because of the non-controlled temperature and relative 
humidity that induce the sorption and desorption 
phenomena (Tiecker Junior et al. 2014, Bessa et al. 
2015). During the 180 days of storage, it was also 
found that all the treatments exhibited increases in 
moisture content at 45 and 180 days, possibly because 
these two assessment points followed periods of higher 
relative humidity, thereby favoring sorption processes.

Nevertheless, generally, a decrease in moisture 
content was observed in all the treatments (Table 1), 
likely due to the decline in the relative humidity over 
time (Figure 2) and the chemical composition of the 
grains. Soybean tends to retain less water internally, 
because of its oily substances, which are hydrophobic 
(Dios 1984). 

It was observed that as air-drying temperature 
rose, the loss of dry matter during storage also 
increased. This loss worsened with the storage time 
(Figure 3).

At 45 days of storage, it was observed that 
the dry matter loss occurred only for grains dried at 

Figure 1. Water reduction rate for soybean, during the drying 
process, at different temperatures.

Figure 2. Average daily temperature and relative humidity during 
180 days of soybean storage under a non-controlled 
environment.

Table 1. Average moisture content values (% w.b.) of soybean, 
as a function of air-drying temperature and storage time.

Storage time 
(days)

Drying temperature (ºC)
40 50 60 70 80

    0 13.2 12.7 12.4 12.5 12.0
  45 13.4 12.8 12.4 12.6 12.3
  90 12.6 12.1 12.0 11.8 11.4
135 11.1 10.6 10.6 10.5 10.2
180 11.3 11.0 10.8 10.8 10.4
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temperatures of 60 ºC, 70 ºC and 80 ºC. However, 
at 90 days of storage, the increase in the air-drying 
temperature caused a rise in the dry matter loss in 
the soybean, which was higher over time (Figure 3).

After 180 days of storage, the soybean 
grains dried at 40 ºC, 50 ºC, 60 ºC, 70 ºC and 80 ºC 
exhibited dry matter losses of 0.81 %, 0.87 %, 0.99 %, 
1.17 % and 1.41 %, respectively, confirming that 
the temperature of the batches is a decisive factor in 
preserving their quality. The increase in the drying 
temperature caused a rise in WRR, possibly resulting 
in damage to the tegumentary and cotyledonary 
tissues of the grains, as reported by Darvishi et al. 
(2015). Thus, the interaction between the material 
and the storage environment was likely facilitated. 
This may have aggravated the dry matter loss during 
storage, which, according to Del Campo et al. (2014), 
is directly responsive to temperature and humidity 
conditions, given the ability of both to interfere in 
the respiratory process of the material and dry matter 
consumption.

Nevertheless, since average temperature 
and relative humidity during the experiment were 
theoretically low (Figure 2), the maintenance of the 
material was efficient. This is evident by the low dry 
matter losses during storage, even in the treatment 
submitted to 80 ºC. Dry loss is generally intensified 
under hotter and more humid conditions, reducing 
parameters directly related, such as apparent specific 
gravity, as reported by Alencar et al. (2009) in 
soybean. Taking the final dry matter loss after 180 days 

of storage and dividing the result by 6, in accordance 
with the number of storage months, showed that 
the dry matter loss did not exceed 0.30 % in any of 
the conditions studied, which is the practical index 
adopted by a number of storage companies in Brazil. 

Like observed for dry matter, the color of 
soybean grains during storage changed. However, 
this behavior is indifferent to the drying temperature 
used (Figure 4a).

The change in color occurred due to the 
darkening of grains, evidenced by the decreasing 
of “L” and “b” coordinate values (Figures 4b 
and 4d), and increasing of “a” coordinate values 
(Figure 4c). These results reflect darker shades, 
such as black instead of white (Figure 4b), and 
blue instead of yellow (Figure 4d). There was an 
increase in the metabolic rate with storage time, as 
shown by the loss of dry matter (Figure 3), resulting 
in a darkening of the grains. Color variables were, 
therefore, directly related to loss of quality (Lima et 
al. 2014). Furthermore, the fact that the initial color 
of the grains was altered as a result of tegumentary 
darkening can also be confirmed by the chroma 
index, given that this parameter reveals the extent 
to which the saturation of the characteristic grain 
colors is reduced, resulting in more greyish shades, 
as proposed by McGuire (1992) (Figure 5).

Both temperature and relative humidity of the 
storage environment changed during the experiment, 
primarily in the first 45 days, when the relative humidity 
reached values greater than 60 % (Table 1). This 
change influenced results, since storage environment 
and time can affect the quality and appearance of the 
stored material (Smaniotto et al. 2014).

In the assessments of crude protein and lipid 
content, immediate and latent reductions were also 
observed for both variables, correlating with the 
increase in the factors studied (drying temperature 
and storage time) (Figure 6).

The crude protein content after drying at 
temperatures of 40 ºC, 50 ºC, 60 ºC, 70 ºC and 
80 ºC was 39.06 %, 38.94 %, 38.82 %, 38.69 % and 
38.57%, respectively (Figure 6a). However, grain 
deterioration during storage caused a reduction of only 
approximately 0.8 % in proteins, for all treatments, 
after 180 days. Thus, the final values observed for the 
variable, at the same drying temperatures tested, were 
38.76 %, 38.63 %, 38.51 %, 38.39 % and 38.26 %.

The lipid content obtained after drying at 
temperatures of 40 ºC, 50 ºC, 60 ºC, 70 ºC and 80 ºC 
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was 19.46 %, 19.35 %, 19.25 %, 19.14 % and 19.03%, 
respectively (Figure 6b). After 180 days, the lipid content 
decline of approximately 2.71 % for the treatments, so 
the values obtained after 180 days of storage, were 
18.94 %, 18.83 %, 18.72 %, 18.62 % and 18.51 %.

Thus, it can be hypothesized that reducing both 
variables by increasing the factors applied contributed 
to the increasing dry matter loss (Figure 3), given that 
proteins and lipids are the two main constituents of 
soybean. According to Delarmelino-Ferraresi et al. 
(2014), the chemical composition of soybean directly 
reflects its condition, indicating relationships between 
constituent and qualitative-quantitative variables. 
Furthermore, according to Surki et al. (2012), both 
drying temperature and storage period for soybean 
may have a negative effect on the composition of the 
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Figure 5. Results for the soybean chroma index, as a function of 
air-drying temperature and storage time.
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product, destabilizing its metabolism, in addition to 
its reserves.

Taking into account that both the immediate 
and latent harmful effects were more intense for the 
lipid fraction, the action of degrading and deteriorative 
processes was probably more critical in lipids, due to 
the low chemical stability of this component. Thus, 
lipid content is commonly considered an indication 
of early grain deterioration, given that the hydrolysis 
of the fatty material starts more quickly than that of 
proteins or carbohydrates. This was also reported by 
Marini et al. (2005), who assessed the stability of oat.

With respect to the quality of crude oil 
extracted from soybean, it was found that as the air-
drying temperature rose, the acidity and peroxide 
indices increased only slightly, despite the evidence 
of a decline in the quality of the subproduct obtained. 
However, the latent effect observed suggests that 
increases in both variables occurred due to the 
immediate damage caused by the rise in temperature. 
The deteriorative processes were more significant in 
crude oil from grains dried at higher temperatures, 
and therefore better differentiated the drying 
treatments applied (Figure 7).
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Figure 6. Results for crude protein (a) and lipid content (b) of soybean, as a function of air-drying temperature and storage time.

Figure 7. Results for acidity (a) and peroxide indices (b) of crude oil extracted from soybean, as a function of air-drying temperature 
and storage time.
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The acidity index values for crude oil extracted 
from grains dried at 40 ºC, 50 ºC, 60 ºC, 70 ºC 
and 80 ºC were 0.53 mg of KOH g-1, 0.59 mg of 
KOH g-1, 0.64 mg of KOH g-1, 0.70 mg of KOH g-1 

and 0.76 mg of KOH g-1 of sample. However, at the 
end of the experiment, the values for this variable, 
at the same drying temperatures, were 1.00 mg of 
KOH g-1, 1.05 mg of KOH g-1, 1.11 mg of KOH g-1, 
1.17 mg of KOH g-1 and 1.23 mg of KOH g-1 of sample 
(Figure 7a). The immediate peroxide index values 
were 1.31 meq kg-1, 1.52 meq kg-1, 1.74 meq kg-1, 
1.95 meq kg-1 and 2.17 meq kg-1 of the lipid fraction, 
and 1.56 meq kg-1, 1.78 meq kg-1, 1.99 meq kg-1, 
2.21 meq kg-1 and 2.42 meq kg-1 of the lipid fraction 
at the end of the experiment (Figure 7b).

Despite the depreciation of the crude oil, due 
to the action of both temperature and storage time 
imposed to the grains, at the end of the experiment, 
the values of the two descriptive variables were 
lower than the limits established by Anvisa (Brasil 
2005). This regulatory agency forbids the sale of 
crude soybean oil in Brazil with acidity indices above 
4.0 mg of KOH g-1 of sample and peroxide indices 
greater than 15.0 meq kg-1 of the lipid fraction.

 
CONCLUSIONS

1. The increase in the air-drying temperature and 
storage time have negative influence on the quality 
of soybean and its subproducts;

2. Drying at 40 ºC has the least effect on the quality 
of soybean, as well as crude oil, when compared 
to the higher temperatures evaluated. 
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