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ABSTRACT

The objective of this study was to evaluate theceffof storage time and temperature on the chargstics of
vegetable-type soybean grain (cultivar BRS 267)imaly processed and to define the best conditifamsits

storage. The evaluation was performed by measureaferitamin C levels, weight loss and color parsene (L*,

a*, and b*). The time of storage of vegetable-tgpgbean grains minimally processed and storagetynofdam
trays and wrapped with PVC film, caused a decreaseditamin C levels and color parameters and irased
weight loss. This process was intensified with @igbmperature at 25 °C than 5°C. To maintain ampiate levels
of vitamin C, weight and color of vegetable-typgh&an grains minimally processed and storage igstrarapped
in plastic wrap, recommended storage for 3 days°ax
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INTRODUCTION served as appetizers when the beans are stilyyeasil
removed from the pod. As a product of vegetable-
Vegetable-type soybeans are harvested at the R@e contain considerable amounts of protein,
growth stage, where beans are green and immatwiamins A, C, B1, and B2, minerals such as K, P
but developed. At this stage, the grain size i@nd Ca and dietary fiber (USDA 2008).
considered to be large, weight of 100 grains abovEhe quality characteristics for the marketing of
250 mg, color is bright green and the hilum mayegetable-type soybean grains include appearance,
be gray or pale yellow. The pods also have a briglitavor, taste, texture and nutritional composition.
green color, good shape and no surface staininghe flavor of vegetable-type soybean grains is
(Masuda 1991; Yokomizo and Vello 2003). Theconsidered milder and sweeter than conventional
food type soybean is popular in Asia andsoybeans. The sweetness of the vegetable-type
consumed with or without the pods, but only thesoybean raw grains is mainly due to higher levels
beans are edible (Tsay and Sheu 1991). of sucrose and of the amino acids glutamic acid
In Japan, vegetable-type soybeans are callgthd alanine. After cooking edamame, maltose and
edamame. The pods are boiled in salted water afidictose also contribute to the sweet and
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distinctive taste (Silva et al. 2009; Silva et al.Santana (2009) investigated the effects of time and
2010). storage temperature on chemical and physical
Vegetable-type soybeans are usually marketed tharacteristics of pods and concluded that storage
the form of grains or bearia naturg their high at 7 °C for 6 days maintained the starch content
respiration rate causes a rapid decrease in qualiyd color.

(Liu 2004). The minimal processing of vegetable-The research related to evaluating the quality of
type soybean grains may contribute to theregetable-type soybean is still precarious in the
maintenance of characteristics similar to freshiterature and being a perishable product is need t
product, without the loss of nutritional and segsor know the optimal storage conditions to ensure a
qualities. This processing can ensure that thproduct marketed for longer time.

grains are ready for consumption and with enougfihe objective of this study was to evaluate the
shelf-life for their distribution, marketing and effects of storage time and temperature on the
consumption (Pereira et al. 2003; Moretti 2007). characteristics of vegetable-type soybean grains,
Minimally processed vegetables are metabolicallgultivar BRS 267, and to define better storage
active and therefore more susceptible taonditions for these grains.

physiological, biochemical and microbiological

changes that can cause degradation of color,

texture and flavor which give the largestMATERIALS AND METHODS

perishable products as compared to the intact

product (Moretti 2007). Thus, according MorettiMaterials

(2007) and Chiba (1991) it is important toThe pods of vegetable-type soybean cultivar BRS
establish the appropriate storage time and67 were supplied at Empresa Brasileira de
temperature to maintain the quality of vegetablePesquisa Agropecuaria (EMBRAPA), National
type soybean grains. Center for Soybean Research (CNPSo0), Londrina,
The quality attributes of vegetable-type soybeaPR. After harvesting, the pods were manually
grains include appearance, flavor and nutritionaharvested from the branches and bleached in
value. Soybeans must be minimally processed tooiling water for 3 minutes. After bleaching, the
avoid the loss of green color, which reflects theyrains were removed manually and immediately
decline of the freshness of the beans and thsrocessed.

degradation of sugars, amino acids and ascorbic

acid. The degradation of ascorbic acid can be useginimal processing

as an indicator of deterioration of color andThe vegetable-type soybean grains were selected,
freshness (Konovsky et al. 1994; Masuda 199lsanitized for 30 min in a solution of approximately
Damodaran et al. 2010). 100 ppm chlorine, and prepared according to the
The BRS 267 soybean cultivar was developed ahethod outlined in Krolow (2006). The grains
Empresa Brasileira de Pesquisa Agropecuariere rinsed in running, potable water, dried with
(EMBRAPA), National Center for Soybean paper towels, and packed in portions of 60 g in
Research (CNPSo) for commercial cultivation andstyrofoam trays that were then wrapped with PVC
use as vegetable-type or soyfood. When harvestéitm. These were stored for 4 days in one of two
at maturity stage R6 show grain size, mild flavortemperature-controlled chambers, one cooled to
little pubescence and a pod yield that is suitablg°C (refrigeration temperature) and the other set a
for the production of food-type soybean. It is als@5°C (room temperature).

harvested at stage R8 as a raw material for the

preparation of tofu and soluble soy extractAnalytical procedures

(Carrdo-Panizzi 2006). The vegetable-typevitamin C levels, expressed in g 100, gvere
soybean is widely investigated in Japan andetermined by the method of Tillmans, according
Taiwan due tradition and high consumption. Ininstituto Adolfo Lutz (2008), with the
Brazil, research about this vegetable is stilmodifications described by Benassi and Antunes
incipient and needs further investigations, becaugg988).

this vegetable show high nutritional value that mayz\ssessment of the weight loss of samples,
become a new alternative to supply the consumeixpressed as percentage, was performed by daily
needs for some nutrients and make a foodemi-analytical weighing (Marconi, model
significant global. AL500C), as described by Chiba (1991).

Braz. Arch. Biol. Technol. v.55 n.4: pp. 491-496lyJAug 2012



Effects of Storage Time and Temperature on the &theristics of Vegetable-type 493

The color parameters of the vegetable-type grainRESULTS AND DISCUSSION

namely lightness (L*), red-green component (a*)

and yellow-blue component (b*), were determined/egetable-type soybean grains cultivar BRS 267
using a colorimeter (Minolta model CR-400, processed minimally and stored at temperatures of
Japan) with standard illuminant D65 as well as thg°C or 25°C, showed varied levels of vitamin C

CIE system. (Table 1) from the 1st day to the last day of
storage. Vitamin C content decreased by 91.52%
Experimental design and statistical analysis and 19.61% by the"™day of storage at 25°C and

The experimental design was a completel5°C, respectively. At regression parametprsg-
randomized block with four replications. All g 52 /-1.40), vitamin C content decreased by 4.66-
analytical procedures were performed in triplicatefold at room temperature than at refrigeration
To evaluate the effect of storage temperature o@mperature. These results confirmed that the
the characteristics of vegetable-type soybeagitamin C level decreased in greater proportion
grains minimally processed, the results werghen the grains were stored at room temperature.
subjected to analysis of variance (ANOVA) andThe vitamin C degradation is dependent on
means were compared using the Tukey test at theémperature, as described by Damodaran et al.
5% Significance level. To determine the effect 0f(20]_0) According to ana|yses of variance, p
storage time on the characteristics of vegetablemlues indicated that the linear regression was
type soybean grains minimally processed, wergignificant at both temperatures, and the
performed regression analysis. Statistical analysigoefficient values R? (0.88 and 0.89) determined
was conducted using STATISTICA version 7.0that the variation in vitamin C content showed a
(2004). good fit to time of storage of vegetable-type
soybean grains.

Table 1 -Vitamin C content of vegetable-type soybean grairdtivar BRS 267 minimally processed and stored at
5°C and 25°C for 4 days

Storage days Storage temperature

5°C 25°C
0 29.94+1.02 29.94+ 1.02
1 28.75+0.72 15.60+ 0.26
2 27.56+0.43 9.39+1.73
3 26.49+0.73 5.18+1.14
4 24.07+ 0.60 2.54+0.36

Linear regression (parametets)

B -1.40 -6.52
p 0.0000 0.0000
R2 0.88 0.89

'Results expressed in g 100 (dry weight); means within a column followed by tsame letters, do not differ by Tukey’s test,
at 5% probability?Significant a6% by F test.

Vegetable-type soybean grains cultivar BRS 26&cceptability of the product (Chitarra and Chitarra
minimally processed and stored at either 5°C 01990). The weight loss of vegetable-type soybean
25°C, showed weight loss (Table 2) that variedjyrains at room temperature was 19.95% on the 1st
from the 1st day to the last day of storage. Thday and 13.14% at refrigeration temperature on the
weight loss was 58.76% and 17.52% by the 4tBrd day. Considering weight loss only, it is
day of storage at 25°C and 5°C, respectively. Theecommended that minimally processed soybeans
main factor responsible for weight loss isshould not be stored at room temperature and then
transpiration, which leads to elimination of waterrefrigerated for up to three days. Chitarra and
and is associated with the respiration procesShitarra (1990) found that weight losses of around
during dry matter intake. The loss of water througl8-6% are sufficient to cause a decline in quality,
the process of respiration does not represent lobsit some products are still marketable after 10%
of nutritional value, but conditions that promoteweight loss. One must consider that the vegetable-
high water loss can damage the appearance atype soybean grains are perishable and were
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storage in Styrofoam trays wrapped in plastigespiration, which are catalyzed by the storage
wrap. Further studies are recommended to evaluatemperature of grains, as described by Chitarra and
the permeability of the packaging materials tdChitarra (1990) and Liu (2004). According to the
prevent these losses. analysis of variance, p values indicate that ah bot
For the regression paramet¢rg12.91 / 4.66), it temperatures the linear regression was significant,
was observed 2.77-fold greater weight loss aand the coefficient values Rz (0.96 and 0.96)
room temperature than at refrigeration temperaturgetermined that variation of weight loss presented
(Table 2). The differences observed were probablg great setting the storage time of vegetable type
due to the processes of transpiration andoybeans.

Table 2 - Weight loss of vegetable-type soybean grains @itBRS 267 minimally processed and stored at 5°C
and 25°C for 4 days

Storage days Storage temperature

5°C 25°C
0 03 0
1 2.97 19.98
2 7.53 34.9
3 13.14 47.97
4 17.52 58.76

Linear regression (parameters)

B 4.66 12.91
p 0.0000 0.0000
R2 0.96 0.96

'Results expressed in percentage (%); means irathe solumns that are followed by the same lettersad differ
by Tukey’s test at 5% probabilitySignificant a6% by F test.

The L* parameter, which measures the luminositglifferences between storage at 5°C and 25°C on
of vegetable-type soybean grains, was different ahe 1st day of storage (Table 3). The a* parameter
5°C and 25°C on the™day of storage (Table 3). (red-green component) showed a positive linear
For the regression parametérg-2.98 / -0.87), it variation, indicating that there was a decrease in
was observed a 3.43-fold greater decrease in tlygeen color of the vegetable-type soybean grains
L* parameter at room temperature than aturing storage. For the regression paramefiers
refrigeration temperature, indicating that browning4.09 / 1.24), we observed a 3.3-fold increase in
occurred during storage. According to variancghe a* parameter at room temperature compared to
analyses, p values indicated that at bothefrigeration temperature. According to analyses
temperatures the linear regression was significantif variance, p values indicated that at both
however, the value of R2=0.39 at 5°C indicatedemperatures the linear regression was significant.
that these results cannot be explained by th€he coefficient values R2? (0.83 and 0.91)
model, and the value of R2=0.77 at 25°Cdetermined that the variation of parameter a*
determined that the variation of the parameter Ltorrelated with the time of storage. The color
showed a regular setting time storage of vegetablgarameter b* (yellow-blue component) showed a
type soybean grains. The low R? value obtainedegative linear variation, indicating that thereswa
was possibly due to the use of a colorimeter that decrease in yellow color of the grains during
had some limitations with respect to the uniformitystorage. For the regression paramefe(s3.80 / -

of the surface evaluated and also considered tlie24), it was observed a decrease in the b*
empty spaces between the grains. Therefore, fmrameter 3.06-fold greater increase at room
measure the L* a*, and b* of surfaces such atemperature than at refrigeration temperature.
soybean grains, it is recommended that theséccording to analyses of variance, p values
measures are performed using digital images, asdicated that at both temperatures the linear
described by Oliveira et al. (2003). regression was significant. The coefficient values
The a* and b* parameters of the vegetable-typ&?2 (0.81 and 0.94) determined that the variation of
soybean grains minimally processed, showedolor parameter b* correlated with storage time.
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Table 3 - Color parameters of vegetable-type soybean grailizvar BRS 267 minimally processed and stored at
5°C and 25°C for 4 days

Storage days L* a* b*
5°C 25°C 5°C 25°C 5°C 25°C

0 68.87 67.65 -27.8F -27.8F 51.96 51.96

1 66.72 66.37 -26.78 -18.99 51.28 46.08

2 65.87 65.17 -24.9F -15.38 48.86 43.7%

3 63.95 61.36 -23.86 -13.02 48.07 40.82

4 65.84 55.26 -23.08 -10.32 47.3% 35.56

Linear regression (parameters)

B -0.87 -2.98 1.24 4.09 -1.24 -3.80
p 0.0038" 0.0000 0.0000 0.0000 0.0000 0.0000
R2 0.39 0.77 0.83 0.91 0.81 0.94

IMeans followed by the same letters in the samenmatudo not differ by Tukey’s test at 5% probabilfSignificant a6% by F
test. (average values of four replicates). L* vahaicates white (100) or black (0), a* value iraties red (+) or green (-) and b*
value indicates yellow (+) or blue (-). Maximum wes for a* and b* are between 100 and -100, reisdyt
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