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ABSTRACT: This study aimed to evaluate the quality of beans (Phaseolus vulgaris L.) stored with
different moisture contents under hermetic conditions. Beans with 12.3%, 15.7%, and 17.8%
moisture content were used in the experiment. They were packed in bag type silos (3 kg), PET
bottles (1.5 L), and glass containers (3 L), covered with organza fabric (control), and stored at 25 °C
and 70+5% relative humidity, for 120 days. The evaluated characteristics included moisture
content, apparent density, electrical conductivity, germination percentage, cooking time, and bean
classification, every 30 days. Except for the electrical conductivity and cooking time, the other
characteristics were kept for 120 days in the stored product with moisture contents of 12.3% and
15.7% in hermetic conditions. Beans with 17.8% of the moisture content, electrical conductivity
and cooking time increased, and apparent density and germination were reduced. Beans stored in
the control, with any of the moisture contents, showed high quality loss during the long storage. It
was concluded that it is possible to storage beans with moisture contents of 12.3% and 15.7%, with
quality, for until 120 days, in hermetic conditions.

KEYWORDS: Phaseolus vulgaris L., modified atmosphere, bag silo, PET bottles.

QUALIDADE DE FEIJAO ARMAZENADO EM CONDICOES HERMETICAS

RESUMO: Este trabalho teve por objetivo avaliar a qualidade de feijdo (Phaseolus vulgaris L.),
armazenado com diferentes teores de agua, sob condi¢des herméticas. Feijdo com teores de agua de
12,3%, 15,7% e 17,8% foram acondicionados em silos tipo bolsa (3 kg), garrafas pet (1,5 L) e
recipientes de vidro (3 L), cobertos com organza (controle) e armazenados a temperatura de 25 °C e
umidade relativa de 70+5%, por 120 dias. Avaliaram-se o teor de 4gua, a massa especifica aparente,
a condutividade elétrica, a porcentagem de germinacdo, o tempo de coccdo e a classificacdo do
feijdo, a cada 30 dias. A excecdo da condutividade elétrica e do tempo de cocgdo, as demais
caracteristicas foram mantidas por 120 dias no material armazenado com teores de agua de 12,3% e
15,7%, em condicOes herméticas. No produto armazenado com 17,8%, ocorreu aumento no teor de
agua, condutividade elétrica e tempo de coccdo, e reducdo na massa especifica aparente e na
germinacdo. No controle, independentemente do teor de agua, o material apresentou acentuada
perda de qualidade ao longo do armazenamento. Concluiu-se que é possivel armazenar feijdo com
teores de agua de 12,3% e 15,7%, com qualidade, por até 120 dias, em condi¢des herméticas.

PALAVRAS-CHAVE: Phaseolus vulgaris L., atmosfera modificada, silo bolsa, garrafa pet.
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INTRODUCTION

Beans are a widespread leguminous plant throughout the world, and occupy a cultivation area
of approximately 12.5 million hectares (FAO, 2006). Brazil is the largest producer and consumer of
beans, with an estimated production of 3.4 million tons for the 2010/2011 season (CONAB, 2010).
This legume is no longer a subsistence farming culture, and is becoming a highly technical culture,
with the adoption of new farming techniques. However, the storage is usually done improperly
(FARONI et al., 2006).

The storage in hermetic environment is one of the most important alternatives to conventional
storage of agricultural products. In this storage system, the material quality is ensured by modifying
the atmosphere, by the conversion of oxygen to carbon dioxide resulted from respiration of the
components of the storage ecosystem: the product, insects and microorganisms (FARONI et al.,
2009). The system restricts gas exchanges between the ambient atmosphere and intergranular. With
this, avoids a variation in moisture content, prevents pest infestation, and reduces the metabolic
activity of the grains (RUPOLLO et al., 2006).

In areas where technified farming is practiced, hermetic storage has been used as a means of
preserving the quality of products. Countries such as Australia, Brazil and Argentina have adopted
the system of hermetic storage in bag type silo. The technique consists of waterproof storage bags,
hermetically sealed, and made of polyethylene. The bags have one white outside wall, which
reflects 20% of the sunlight, and one black inner wall, which keeps the material in the dark, thus
slowing the darkening of the integument. They also avoid the occurrence of changes in moisture
content of the product, by avoiding the contact between them and the external air humidity
(DARBY & CADDICK, 2007).

The storage of grains in recycled or reused containers which allows the seal has been used by
small producers, as a safe storage. In Brazil, the agricultural products of these farmers are typically
stored during the off season in PET bottles. In addition to ensuring the tightness, the bottles have
the advantage of allowing the farmer to store the product in separate units, preventing one
contaminated unit of jeopardizing the rest of the product (QUEZADA et al., 2006).

Although the known advantages of hermetic storage of agricultural products, little is known
about the ideal moisture content for safe storage of beans under hermetic conditions. The bean is
usually stored with moisture content higher than recommended for safe storage, and this factor is
one of the major causes of material quality loss. The high moisture content favors the higher
temperature of the mass and the attack of insects and fungi (FARONI & SILVA, 2008).

Given the above, this study aimed to evaluate the quality of beans (Phaseolus vulgaris L.),
stored with different moisture contents under hermetic conditions.

MATERIAL AND METHODS

The experiment was conducted by the Division of Pre-Processing and Storage of Agricultural
Products, Department of Agricultural Engineering, Federal University of Vigosa (UFV). It was used
bean (Phaseolus vulgaris L.) of the red group, cultivar 'vermelhinho', with moisture content of
12.3%, 15.7% and 17.8%.

The grains were placed in waterproof plastic bags, made with polyethylene-based material,
with a capacity of 3 kg (bag type silo), and transparent PET bottles with a capacity of 1.5 L. The
bags were hermetically sealed in multi-use sealing machine (hot bar 40/60cm) and the bottles were
properly sealed with screw cap. The control treatment was packed in glass containers with a
capacity of 3.0 L, closed with organza fabric. The packages were properly identified and maintained
in a climatic chamber at 25 °C and relative humidity of 70 = 5% for 120 days. At intervals of 30
days, three packs of each treatment were opened and the following tests performed:
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Moisture content: to determine the moisture content of the beans, it was used the oven method
at a temperature of 103 + 1 °C, for 72 hours, with three replicates, as recommended by the ASAE
(2004).

Apparent density: the determination of apparent density was made with the aid of a hectoliter
scale, with a capacity of a quart of liter (BRASIL, 2009). Electrical conductivity: the electrical
conductivity of the solution containing beans was measured using the "System of Glass" or
"Conductivity Mass" (VIEIRA et al., 2001). Germination percentage: the standard germination test
was done in accordance with the Rules for Seed Analysis (BRASIL, 2009).

Cooking time: the cooking time of beans was determined using the Mattson cooker apparatus.
The determination of cooking time was based on the methodology adopted by RESENDE et al.
(2008). The beans samples were previously soaked in distilled water for 16 hours at a temperature
of 25 °C. After this period, it was selected the whole grains and with the shell attached to the
cotyledons, which were placed in the cradle board with a pin on each of them. The device was
placed in a metal container with distilled water in a boiling state, kept at constant volume. The bean
was considered cooked when the rod went through, and the cooking time of the sample recorded
when the 13" rod penetrated the material.

Bean classification: bean classification was performed by a specialized technician of the
Agricultural Institute of Minas Gerais (IMA), according to Instruction N. 12, of March 28" of 2008,
of the Ministry of Agriculture (BRASIL, 2008).

Experimental Design

It was used a completely randomized split-plot design with three repetitions. The plots were
represented by the conditions of storage (bag type silo, PET bottles and control) and the subplots of
five storage periods (0; 30; 60; 90 and 120 days) for each moisture content.

The data of moisture content, apparent density, electrical conductivity, germination
percentage and cooking time were subjected to analysis of variance by SAEG software, version 9.0
(SAEG, 2005). For significant interactions, we performed the unfolding of the data. From the values
obtained, analysis of time-dependent regression was made, by SigmaPlot software, version 10.0
(SPSS, 2006). To the classification data, descriptive statistics were used.

RESULTS AND DISCUSSION
Moisture content

The results of the beans moisture content during storage are presented in Figure 1 and Table
1. Regression models were adjusted only for the characteristics that varied significantly with storage
time. The characteristics that showed no significant variation are represented by their average
values. The moisture content of the material stored in bag type silos and PET bottles kept constant
throughout the storage period, when they were stored with 12.3% and 15.7%, but increased in the
control. In beans stored with 17.8%, only the moisture content of the material in PET bottles did not
change during storage.

The moisture content of the beans varied significantly among storage systems when stored
with 12.3%, 15.7% and 17.8% (F,=194,42; P<0,0001; F,s=22,64; P=0,002 and F,s=14,30;
P<0,0001). It was observed throughout the storage that levels of moisture contents of the stored
product in the control tended to be higher than the levels of water from those stored under hermetic
conditions (Figures 1A, 1B), except for beans stored with 17.8%. In these, the moisture content of
the material stored in the control and in the bag type silos tended to be larger than those in PET
bottles (Figure 1C).

The high moisture content is one of the major causes of reduced quality of agricultural
products during storage (FARONI & SILVA, 2008). High moisture contents in the density can be
associated to biotic factors with the presence of insects and fungi. In this study, it was verified an
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intense attack of the bruchidae Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae) and fungi in
beans stored in the control, for the different moisture contents. They also observed the presence of
fungi in the stored densities with 17.8% in bag type silos, in the last three periods of evaluation,
which is to justify the results.

The increase in moisture content of the material in the control can still be justified by its
respiratory activity, which although is less intense than that of microorganisms and insects,
intensifies as they have higher moisture contents. The water produced during the beans respiratory
process increase the moisture content of the product which, therefore, favors the fast development
of microorganisms (OLIVEIRA et al. 2007; RESENDE et al., 2008, ALENCAR et al., 2009).
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FIGURE 1. Final moisture content of beans stored with initial moisture content of 12.3% (A),
15.7% (B) and 17.8% (C), in bag type silo, PET bottles and control.
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TABLE 1. Mathematical models used to represent the variation in moisture content, apparent
density, electrical conductivity, germination percentage and cooking time of beans
during storage, and average values of the features which did not vary significantly

throughout the storage, in each storage system.

Variable Moisture Storage Ajusted equations g.l.error F P R?
content
(% b.u.)
Moisture content 12.3 Silo bag 9=12.33 - - - -
PET bottle  $=12.25 - - - -
Control $=12.28-0.0003x+0.0003x 12 66.70 <0.0001 0.92
15.7 Silo bag 9=15.34 - - - -
PET bottle  y=15.44 - - - -
Control $=15.68-0.0105x +0.0002x* 12 12.27 0.0013 0.67
17.8 Silo bag $=17.91+0.0316x-0.0001x> 12 65.12 <0.0001 0.92
PET bottle ~ 9=17.80 - - - -
Control $=17.71+0.0011x+0.0001x° 12 9.65 0.0032 0.62
Apparent Density ~ 12.3 Silo bag $=780.1461-0.2026x+0.0012x° 12 19.26 0.0002 0.76
PET bottle  §=780.4074-0.1845x+ 0.0010x? 12 22.26 <0.0001 0.79
Control $=779.4883-0.1433x-0.0017x? 12 69.49 <0.0001 0.92
15.7 Silo bag 9= 765.62 - - - -
PET bottle  $=760.54 - - - -
Control $=759.9385+0.1405x-0.0028x* 12 4.06 0.0451 0.40
17.8 Silo bag §=775.9782-0.1834x-0.0001x’ 12 13.58 0.0008 0.69
PET bottle  $=773.06 - - - -
Control §=774.6325+0.1254x-0.0043x’ 12 16.05 0.0004 0.73
Electrical 12.3 Silo bag $=75.07+0.0007x* 13 26.71 0.0002 0.67
Conductivity PET bottle ~ §=75.33+0.0007x° 13 46.58 <0.0001 0.78
Control $=72.36+0.0015%* 13 53.41 <0.0001 0.80
15.7 Silo bag $=74.95+0.0013x? 13 85.44 <0.0001 0.87
PET bottle ~ $=74.20+0.0014x? 13 60.88 <0.0001 0.82
Control $=75.97+0.0014x 13 34.49 <0.0001 0.73
17.8 Silo bag $=72.07+0.0072x? 13 76.33 <0.0001 0.85
PET bottle ~ $=74.46+0.0036X* 13 45.66 <0.0001 0.78
Control $=74.52+0.0028x? 13 290.87 <0.0001 0.96
Germination 12.3 Silo bag 9=99.17 - - - -
Percentage PET bottle  §=99.13 - - - -
Control $=100.54-0.0010x? 13 40.43 <0.0001 0.76
15.7 Silo bag $=99.03 - - - -
PET bottle  $=99.70 - - - -
Control $=100.84-0.0007x2 13 20.70 0.0005 0.61
17.8 Silo bag $=101.09-0.0049x° 13 159.34 <0.0001 0.92
PET bottle  $=100.42-0.0010x° 13 30.31 0.0001 0.70
Control $=101.63-0.0021x2 13 39.28 <0.0001 0.75
Cooking Time 12.3 Silo bag §y=27.2 - - - -
PET bottle ~ $=24.27+0.0005x? 13 14.29 0.0023 0.52
Control $=25.66+0.0009x* 13 40.45 <0.0001 0.76
15.7 Silo bag $=34.31+0.0015x* 13 96.32 <0.0001 0.88
PET bottle  $=35.91+0.0018x* 13 117.83 <0.0001 0.90
Control $=36.30+0.0021x* 13 67.88 <0.0001 0.84
17.8 Silo bag $=44.07+0.0058x* 13 673.88 <0.0001 0.98
PET bottle ~ $=40.97+0.0048x* 13 545.64 <0.0001 0.98
Control $=43.28+0.0033x* 13 22.04 0.0004 0.63
Apparent density

Figure 2 and Table 1 presents the results of apparent density of beans during storage. The
apparent density of the material stored with the moisture content of 12.3% in bag type silos and
PET bottles, showed a slight decrease, remaining practically constant during storage. In that stored
with 15.7%, and also in bag type silos and PET bottles, the apparent density did not change during
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storage. However, there was a reduction in apparent density with these two levels of water in the
control.

The results for apparent density varied significantly between the conditions in the stored grain
with 12.3%, 15.7% and 17.8% (F,6=158,38; P<0,0001; F,=11,06; P=0,0004 e F,¢=12,93;
P=0,0002). It was observed, during storage, that the apparent density of the beans stored in the
control was smaller than the apparent density of those stored in hermetic conditions (Figures 2A,
2B). However, when stored with 17.8% of moisture, the apparent density of the material stored in
bag type silo also reduced, being less than those stored in PET bottles and larger than the product
stored in the control (Figure 2C).

The decrease in the density value is usually associated with an increase in moisture content,
insect attack and invasion by fungi (FARONI & SILVA, 2008). The losses registered in the
apparent density of the stored beans with 17.8% of moisture, in bag type silos, may be associated
with increased moisture content, favored by the presence of fungi, which was observed from 60
days of storage.

Regarding the material in the control, the reduction in density may be justified by the
presence of insect-pest A. obtectus. Both the adult and the larvae of A. obtectus are feed by grains of
beans, causing a reduction of dry matter and, consequently, the product density (FARONI &
SILVA, 2008; RESENDE et al., 2008).

Electrical conductivity

The results of the electrical conductivity of the solution containing the beans during storage
are presented in Figure 3 and Table 1. The electrical conductivity of the solution increased with
storage time in the stored material with 12.3%, 15.7% and 17.8% of moisture, in the three systems.
However, there was significant variation between the systems of storage for beans stored with
17.8% (F,,6=104,26; P<0,0001).

In these, the electrical conductivity of the solution containing the material stored in bag type
silos was greater than the electrical conductivity of the solution containing the beans in PET bottles
and in the control. The increase in electrical conductivity was higher in the product with 17.8% of
moisture (Figures 3A, 3B, 3C), indicating that there was more electrolyte leaching for beans stored
with this moisture content.

The electrical conductivity is influenced by a number of factors, among which are the initial
moisture content (VIEIRA et al., 2002), the presence of physical damages in the material (SILVA et
al., 2008) and storage conditions (VIEIRA et al., 2001). The increase in electrical conductivity of
beans stored with 17.8% of moisture in bag type silo may be associated with increased moisture
content and the high incidence of fungi, observed throughout the storage.

High moisture content causes the denaturation of the cell membrane and facilitates the
development of fungi. Fungi are responsible for biochemical changes that cause damage to cell
membranes, reflecting the greater electrolyte leaching of solutes (ALEJANDRA PEREZ et al.,
2007), and consequently higher electrical conductivity of the solution.
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FIGURE 2. Apparent density of stored beans with moisture content of 12.3% (A), 15.7% (B) and
17.8% (C), in bag type silo, PET bottles and control.
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FIGURE 3. Electrical conductivity of beans stored with moisture content of 12.3% (A), 15.7% (B)
and 17.8% (C), in bag type silos, PET bottles and control.
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Germination percentage

Figure 4 and Table 1 shows the results for the germination of beans during storage. The
germination percentages of the stored material with moisture content of 12.3% and 15.7% remained
constant throughout the storage period, when the product was stored in bag type silos and PET
bottles, however, reduced in the control. Those stored with 17.8% of moisture caused a reduction in
germination percentage in the three storage conditions, this reduction being more pronounced in the
material stored in bag type silos.

The germination percentage of beans varied significantly among storage systems when stored
with 12.3%, 15.7% and 17.8% of moisture (F,6=11,62; P=0,0003; F,6=3,84; P=0,036 e F,=33,73;
P<0,0001). In general, it was observed during storage that the germination percentages in material
of the control tended to be lower than the germination percentage of beans stored under hermetic
conditions (Figures 4A, 4B). Exception is made for the material stored with 17.8% of moisture; in
these, the germination percentage of the product stored in bag type silos tended to be lower than the
germination percentage of those in PET bottles and in the control (Figure 4C).

The germination capacity loss is common during storage. However, this process may be
enhanced by the action of biotic factors such as fungi, insects and mites, as well as abiotic factors
such as high moisture content and temperature of the mass (LOCHER & BUCHELI, 1998;
CANEPPELE et al., 2003). In this study, it can be observed that the germination percentage
decreased as the moisture content of the product increased (Figures 1, 5), which corroborates with
this information. However, the decrease in germination percentage can also be associated with the
losses recorded in the apparent density, given that the adjusted curves using regression models for
these two variables showed the same tendency (Figures 2 and 5).

It was reported earlier that the increase in moisture content and decrease in apparent density
of the material is associated to the action of biotic factors (fungi and insects), which indirectly
affected the germination percentage. However, these organisms may also have directly affected the
germination of the beans. Fungi and insects are reported in previous studies as being responsible for
the reduction in physiological quality of the material, with consequent losses in their ability to
germinate (CANEPPELE et al. 2003; ALEJANDRA PEREZ et al., 2007).

Cooking time

The beans cooking time increased throughout storage, with the three moisture contents in both
storage systems, except the material stored with 12.3% of moisture, in bag type silos. In these, the
cooking time remained constant, as shown in Figure 5. There was significant variation to the
cooking time of storage systems for those with 12.3%, 15.7% and 17.8% of moisture (F,¢=28,06;
P<0,0001; F,6=12,66; P=0,0002 e F,s=173,15; P<0,0001). It was observed that the beans cooking
time stored with 12.3% and 15.7% of moisture was higher in the control (Figures 5A, 5B). In that
stored with 17.8%, the cooking time was longer for the product stored in bag type silos and PET
bottles (Figure 5C).

The results of the cooking time indicate that the beans cooking time is influenced by storage
time and by the moisture content in which is stored. This is due to the appearing of the phenomenon
hard-to-cook, or hardness of the cotyledons, which is accelerated by high humidity and prolonged
storage (YOUSIF et al. 2002; AFFRIFAH & CHINNAN, 2006).

This phenomenon may be attributed partly to competition for water between protein
coagulation and swelling of the starch. If there is protein coagulation in the beans, there is the
formation of one physical barrier that restricts the water and prevents the gelatinization of starch
during cooking, which leads to increased cooking time (COELHO et al., 2007, RIBEIRO et al .,
2008, COELHO et al., 2009).
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FIGURE 4. Germination ppercentage of stored beans with moisture content of 12.3% (A), 15.7%
(B) and 17.8% (C), in bag type silo, PET bottles and control.
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FIGURE 5. Cooking time of beans stored with moisture content of 12.3% (A), 15.7% (B) and
17.8% (C), in bag type silo, PET bottles and control.
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Bean classification

The percentage of damaged beans has increased over the storage, for those stored with the
three levels of moisture content in the bag type silos, PET bottles and in the control (Table 2).
However, the bean stored with the moisture content of 12.3% and 15.7% did not change the type
throughout the storage at all storage conditions, as well as that one stored in the moisture content of
17.8 % in bag type silos and PET bottles. However, the bean stored in the control with this moisture
content was classified as type two, in the last two evaluation periods. This result may have been
influenced by the high moisture content of the product, fungi attack, and insect infestation observed
during storage.

TABLE 2. Classification results of stored beans with moisture content of 12.3%, 15.7% and 17.8%,
in bag type silo, PET bottles and control.

. 5 -
Moisture content of Storage Period Damaged (%) Final type

grain density SB GP C SB GP C
0 days 0.0 0.0 0.0 01 01 01

30 days 0.9 1.1 1.0 01 01 01

12.3% 60 days 1.0 1.1 1.4 01 01 01
90 days 1.6 1.2 2.0 01 01 01

120 days 1.1 14 1.5 01 01 01

0 days 0.0 0.0 0.0 01 01 01

30 days 1.3 15 1.1 01 01 01

15.7% 60 days 1.2 1.0 0.9 01 01 01
90 days 1.6 2.0 0.6 01 01 01

120 days 14 1.1 1.9 01 01 01

0 days 0.0 0.0 0.0 01 01 01

30 days 14 14 0.8 01 01 01

17.8% 60 days 15 15 1.4 01 01 01
90 days 1.8 1.9 1.6 01 01 02

120 days 1.1 1.8 1.9 01 01 02

*SB -~ SB - bag type silo, GP — PET bottle, and C — Control

CONCLUSIONS

The bean stored with moisture content of 12.3% and 15.7% in bag type silos and PET
bottles kept its qualitative characteristics for up to 120 days. The quality of beans with moisture
content of 17.8% was kept hermetically stored for a maximum of 60 days. The bean storage in bag
type silos and PET bottles avoided the density loss, the deterioration of the cell membrane, the
increase of moisture content and hardness of the beans. The storage in bag type silos and PET
bottles is one viable alternative to preserving the quality of beans.
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