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Abstract

The influence of different storage conditions
of soybean grains in the quality of the extracted
oil was assessed. The soybean grains were
harvested with moisture content around 18% and
dried until 11.2, 12.8 and 14.8 % moisture
content. The grains were subsequently stored at
the following conditions of temperature and
relative humidity for 11.2 % m.c.: 20 ºC and 61.7
%; 30 ºC and 67.9 %; 40 ºC and 69.4 %; for
12.8 % m.c.: 20 ºC and 73.7 %, 30 ºC and 76.7
% and 40 ºC and 80.8 %; and for grains with
14.8 % m.c.: 20 ºC and 82.7 %, 30 ºC and 83.9
% and 40 ºC and 85.3 %. Sampling was carried
out every 45 days until 180 days of storage and
the level of lipids and free fatty acids, besides the
index of iodine and peroxide were determined.
Despite of no change of iodine index taking place,
the other parameters assessed in the extracted
oil showed significant change during storage.
Nonetheless, only the oil extract from soybean
grains stored with initial moisture content of 12.8
% at 40 ºC and with 14.8 % at 30 and 40 ºC
surpassed the threshold values established for
marketing the oil.
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oil, quality, rancidity.

Introduction

Soybean shows about 20 % of lipid content and
is susceptible to qualitative deterioration with the
degradation of these substances when
inappropriately stored, which can cause serious
losses to the food industry. According to Narayan
et al. (1988a), physical, chemical and biochemical
changes can occur in soybean grains depending on
the conditions and length of storage.

Quality changes in soybean grains during storage
contribute to loss of oil quality (Orthoefer, 1978).
Storage of soybean with high moisture content
compromises the  quality of crude, refined, bleached
and deodorized oil; traditional analyses such as free
fatty acid content, iodice and peroxide value, among
others, are used to evaluate the quality of the
soybean oil (Frankel et al., 1987; Regitanodarce,
et al., 1994). Moreover, degumming of crude oil
from grains severely damaged is hindered and the
refined oil is darker than that obtained from intact
grains, besides occurring larger losses in the
refinement (List et al., 1977). Soybean grain quality
can also influence qualitative parameters of other
byproducts, including pH, total solids and color of
hydrosoluble extract, hardness and yield of tofu
(Narayan et al., 1988b, Liu, 1997, Hou and Chang,
1998).

Lipid degradation can be caused by oxidation,
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hydrolysis, polymerization, pyrolysis and absorption
of strange flavors and aromas (Araújo, 2004). The
oxidative reactions are influenced by several factors
such as light, heat, ionization and metal , which are
associated with the reaction of oxygen with
unsaturated lipids through chemical and enzymatic
mechanisms, including self-oxidation,
photooxidation and lipoxygenase. According to
Athié et al. (1998), during storage, lipids are
hydrolyzed by the lipases in free fatty acids (FFAs)
and glycerol, mainly in high temperatures and moisture
contents. This change is accelerated by fungus
growth due to the high lipolytic activity of these
microorganisms. As stated by Kirk (1984), lipid
oxidation in foods can degrade linoleic and linolenic
acids, vitamin A, vitamin C, tocoferols and
carotenoids.

In view of this, the objective of the present
work was to evaluate the quality of the crude oil
extracted from soybean grains stored in different
conditions.

Materials and Methods

Soybean (Glicine max (L.) Merril) were
obtained from the District of Almeida Campos,
Ponte Nova County, MG, Brazil. Grains with
about 18 % moisture content (w.b.) at harvest were
dried in a fixed bed dryer with natural air to moisture
contents of 11.2, 12.8 and 14.8 % (w.b.). After
drying, the grains were stored in plastic containers
of approximately 3.0 L and taken to BOD
incubators, at 20, 30 and 40 ºC. To keep the same
grain moisture content during storage at different
temperatures, the equilibrium relative humidity
(ERH), previously calculated by the Chung-Pfost
model (Navarro and Noyes, 2001) for each
temperature combination and moisture content
(Table 1), was controlled inside each BOD. The
data acquisition monitoring was performed by a 1-
wireTM system (Martins et al., 2004). Analyses of
lipid content, free fatty acids (FFA), peroxide value
and iodice value were carried out every 45 days
throughout the 180 days of storage period.
Determination of lipid content, FFA, peroxide value

and iodice value followed the AOCS (1993) norms
(Ac 3-44, Ca 5a-40, Cd 8-53 and Cd 1b-87
methods respectively). The experiment was
arranged in completely randomized split-plot design
with three replicates. The treatments, temperature
combinations (20, 30 and 40 ºC) and moisture
content (11.2, 12.8 and 14.8 %) were allocated in
the main plot, whereas the subplot consisted of the
storage periods (0, 45, 90, 135, 180 days), with
the treatments arranged into a 3 × 3 × 5 factorial
design. Initially, a repeated measures analysis of
variance was carried out to determine the best
residual covariance structure. Regression analysis
was performed for the variables lipid content, FFA
and peroxide value.

Table 1. Equilibrium relative humidity (ERH) for
each combination of moisture content and
temperature.

Moisture content (%) b.u.
Temp. (ºC) 11.2 12.8 14.8

20 61.0 72.0 80.0

30 67.0 76.0 83.0

40 71.0 80.0 86.0

Results and Discussion

Lipid content

The analysis of variance (p < 0.05) indicated that
there was significant variation of lipid content in
soybean grains due to the interaction moisture
content-temperature-storage period.

The effect of the storage period on the lipid
content (expressed on a dry weight basis) of soybean
at the three moisture contents and three temperatures
is shown in Figure 1. In general, grain lipid content
did not change over the storage period, except for
grains stored with 14.8 % moisture content at the
temperatures 30 and 40 ºC (Figure 1B-C).

Table 2 shows the adjusted regression equations
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and their respective determination coefficients that
relate the soybean grain lipid content with storage
period. The decrease in lipid content was significant
only when the grains were stored with 14.8 %
moisture content at the temperatures 30 and 40 ºC.

Hou and Chang (2004), studying the chemical
composition of soybean stored in different
conditions, found that lipid content increased when
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r2 F Prob.
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rcentage in soybean stored at different
mperatures (between 16 and 40 ºC) and relative
midity (between 50 and 90 %), obtaining mean
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Figure 3. Peroxide value in crude oil from soy
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lue established by the Brazilian legislation for
mmercialization of soybean crude oil is 10

eq kg-1.

dice value

The analysis of variance (p < 0.05) indicated that
ere was no significant variation in the iodice value
r the triple interaction among moisture content,

perature and storage period. Significant variation
s found only for the storage period. Dhingra et
 (1998), studying the quality of the oil obtained
m soybean grains stored with different moisture
ntents at 25 ºC and infected with Aspergillus
ber, also found no significant variation in the iodice
lue for the crude oil.
The results led to the following conclusions:
� Storage of soybean grains with moisture
ntent up to 14.8 % (w.b.), at 20 ºC, does no
fect the quality of the crude oil.
� Crude oil obtained from soybean grains stored

th moisture content up to 12.8 % (w.b.), at 30 ºC,
aintains satisfactory quality up to 180 days.
� It is not possible to obtain crude oil, within
e quality standards demanded for
mmercialization, from soybean grains stored with
oisture content above 11 % (w.b.) at the
mperature of 40 ºC.

e value in crude oils from soybeans as function o
 and moisture content and respective determ

ion r2 F Prob.

2X 0.42 9.51 0.0087
1X 0.45 10.61 0.0062
2X 0.74 37.88 <0.0001
7X 0.56 6.37 0.0014
3X 0.47 11.46 0.0049
0X 0.75 40.08 <0.0001
2X 0.78 45.77 <0.0001
2X 0.94 193.98 <0.0001
8X 0.90 115.06 <0.0001
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