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Introduction
Historically, tobacco has been the mainstay of many local farm-

based economies in Virginia. However, production in the major tobacco 
producing regions of Virginia fell significantly from early 1990 to 2009 
[1]. Many factors have contributed to decreased demand, including 
pressure on the tobacco industry from political and consumer health 
advocacy organizations and lower overseas production costs with 
increased supplies [2]. Considerable research and extension efforts 
have been undertaken in Virginia to assist farmers transitioning from 
tobacco production to alternative crops [3,4]. 

Vegetable soybean, also called edamame, appears to be a promising 
alternative for Virginia farmers. It is an edible soybean variety that 
generally is harvested at approximately 80% of maturity [5]. Compared 
to grain type soybean, edamame has some advantages as a food for 
human consumption, e.g. green color, soft texture, large seed size, sweet, 
and less beany flavor [6]. Additionally, edamame is nutritious, rich in 
vitamins, calcium, dietary fiber, protein, and isoflavones [7,8] and offers 
numerous health benefits, including stronger bones and teeth, lower 
cholesterol levels, prevention of cardiovascular disease, and reduction 
in mammary and prostrate cancers [9]. Numerous and extensive efforts 
have been made to develop cultivars suitable for successful cultivation 
in Southside Virginia [10-14]. Currently, three varieties developed at 
Virginia State University for local growing conditions, namely Asmara, 
Randolph, and Owens that have been registered by the United States 
Department of Agriculture [15-17]. However, since edamame is well 
known to be a highly perishable product with a short shelf-life, the big 
challenge to further commercialization of this crop is to maintain post-
harvest shelf-life and quality [18]. Therefore, identification of methods 
to extend shelf-life and maintain quality is critical to successful 
adoption and expansion of edamame.

Cold storage, including refrigeration and freezing, is an excellent 
way to preserve fresh vegetables to retain valuable sensory attributes 
and nutritive properties [19]. However, it only slows rather than stops 
enzymatic and microbial degradation that causes the development 
of off-odors, off-flavors, changes in color and texture, and nutrient 
loss during long-term storage [20]. Blanching is a process in which 

vegetables are briefly exposed to boiling water prior to low temperature 
storage and serves as a necessary step to maintain vegetable quality and 
extend shelf life. Blanching not only inactivates enzymes and reduces 
the microbial load but also improves color, texture, and protein stability 
of the vegetables [21,22]. Peroxidase is the most popular blanching 
indicator enzyme to determine the adequacy of the process, since 
it is one of the most heat stable enzymes present in vegetables [23]. 
Furthermore, addition of calcium during blanching has been found to 
enhance texture and shelf-life of the vegetables [24].

Both the textural and microbiological qualities of processed 
vegetables are influenced not only by variety and maturity at harvest, 
but by processing and storage conditions as well. One study on frozen 
edamame showed that commercial frozen in-pod and shelled edamame 
had aerobic mesophiles at 3.4 and 3.1 log cfu/g, yeasts and molds at 2.3 
and 2.1 log cfu/g, and some contained low levels of Escherichia coli and 
enterotoxigenic Bacillus spp [25]. Currently, there is no comprehensive 
information on blanched and cold-stored edamame. Therefore, 
the objective of this study was to investigate the effects of different 
blanching and storage conditions on textural and microbiological 
qualities of edamame varieties developed by Virginia State University 
and currently grown in Southside Virginia. 

Materials and Methods
Materials

Fresh edamame (var ‘Asmara’), harvested in the fall 2011 from 
Sussex County, Virginia was used to study. Pods were separated 
from the vines and hand sorted to remove debris and one-seed pods. 
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Abstract
Vegetable soybean (edamame) is a highly perishable product. Blanching combined with cold storage is an 

excellent preservation method to extend edamame shelf-life. The effects of different blanching and storage conditions 
on textural and microbiological qualities of in-pod edamame were investigated. Blanching for 2.5 min or longer at 
100°C water reduced peroxidase activity by over 98%. The thermal denaturation temperature of edamame beans 
increased 30ºC by blanching. The durations of blanching and refrigerated storage significantly influenced green color 
intensity and hardness of edamame beans. Green color intensity peaked as blanching time increased to 5 min, while 
the hardness of the beans decreased during blanching and cold storage. Yeast, mold, and total coliform bacteria 
were significantly reduced by blanching, and there was no significant increase in yeast and mold counts during 
refrigeration for ≤12 days. Addition of calcium chloride did not significantly enhance bean quality. 
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Approximately 1 kg of pods were subdivided into mesh bags, washed, 
and drained prior to blanching.

Blanching procedure

In-pod edamame in the mesh bags were blanched in hot water 
(100°C) for 2.5, 5, or 10 min with CaCl2 concentrations of 1, 3 and 
5% (w/v). Each bag was blanched separately, and blanched samples 
were rapidly cooled in ice water until the temperature at the center 
of the bag was 10°C or lower after which the samples were drained. 
The blanched samples were divided into seven 150-g lots and stored 
in polyethylene bags. After 24 hours, the first lot was shelled for 
textural and microbiological analysis. The remaining lots were stored 
at prescribed conditions prior to being shelled for analysis.

Storage conditions

Blanched in-pod edamame was stored either in refrigerated (4°C) 
or frozen (-20ºC) conditions. Qualities of the edamame stored at 4ºC 
were evaluated at days 1, 5, 8 and 12, while the evaluations were carried 
out at one week, one month, and three months for the samples stored 
at -20ºC. Raw and blanched in-pod edamame stored at 22ºC and 
refrigerated (4ºC) were used as controls.

Peroxidase (POD) assay

Crude enzyme extraction was carried out by homogenizing 2 g of 
shelled beans with 10 ml of chilled distilled water at 4ºC in a laboratory 
blender (Masticator, IUL Instruments, Barcelona, Spain) for 2 min. The 
slurry was filtered through three layers of cheesecloth and centrifuged 
at 20,000 x g for 30 min at 4ºC. The supernatant was used as the crude 
enzyme extract. POD activity was measured using a spectrophotometric 
method as described by [26] with some modifications. POD substrate 
solution was prepared freshly by mixing 0.1 mL guayacol, 0.1 mL 
hydrogen peroxide (30%), and 99.8 mL potassium phosphate buffer 
(0.1 M; pH 6.5), and homogenizing for 30 s, followed by transferring 
1 mL into a 1-cm cuvette. The reaction was started by adding 0.2 ml of 
crude enzyme extract. POD unit activity was defined as a 0.001 increase 
in absorbance at 420 nm per minute per gram of fresh sample.

Thermal denaturation temperature

Thermal stability of raw and blanched beans was measured using a 
Differential Scanning Calorimeter (DSC) (TA Instruments, New Castle, 
DE). Shelled beans were freeze-dried then ground. Dried samples (9-
10 mg) were sealed in aluminum pans before heating in the DSC. The 
heating range and rate were 40ºC to 200ºC and 10ºC/min, respectively. 
Indium and zinc were used for calibration and an empty pan was used 
as a reference. Thermal denaturation temperature is defined as the 
maximum of the melting peak.

Color measurement

Change in color over time was measured with a Minolta CR-
400/410 chromameter (Minolta Camera Co., Ltd, Osaka, Japan) to 
determine ‘L’, ‘a’ and ‘b’ values. ‘L’ indicates lightness using a scale 
from black (0) to white (100), while ‘a’ denotes the red (+a) to green 
(-a) color axis and ‘b’ denotes the yellow (+b) to blue (-b) color axis. 
The instrument was calibrated on a white card with values L = 93.6, a 
= 0.6 and b =2.3. Seed color values represent average of three readings. 
Intensity of green color was calculated as –a ⁄ b.

Texture analyzer

The hardness of the edamame seeds was quantified using a TA.XT 
2 Texture Analyzer (Robbinsville, NJ) with a 50-kg load cell and fitted 

with a TA-65 13-point needle probe. An acrylic cylinder contained the 
seeds. For each analysis, a sample of edamame beans (60 g) was loaded 
into the cylinder and agitated to promote compaction. The probe 
was set initially to a standard height of 40 mm above the bottom of 
the cylinder. The probe penetrated the sample at a rate of 1 mm per 
second for total distance of 38 mm (95% of initial height). Each sample 
was measured three times, and the cylinder was shaken between each 
run to redistribute the seeds. The maximum peak height of the force–
deformation curve was used as the hardness criterion.

Microbiological quality

Standard plate count method was used to evaluate the population 
of microorganism in the edamame samples. Treated or non-treated 
control samples were macerated in a lab blender in sterile blender 
bags. Appropriate dilutions of the macerated were surface plated 
onto standard plate count agar for total aerophilic mesophiles and 
onto acidified potato dextrose agar for yeasts and molds. Colonies 
were enumerated after incubation for 48 h at 36°C and 5 days at 22°C, 
respectively. An additional set of standard plate count agar plates were 
overlaid with violet red bile agar followed by 24-48 h incubation at 36°C 
for total coliform bacteria counts. 

Statistical analyses

Each treatment was evaluated using triplicate samples. Statistical 
analyses were conducted using SAS (version 9.2, SAS Institute Inc., 
Cary, NC). Effects of blanching on POD activity was analyzed using 
SAS PROC mixed procedure. Effects of blanching and refrigerated 
storage on color and texture were analyzed using SAS PROC rsreg 
procedure for multiple regression analysis. A second-order polynomial 
regression model was employed to calculate the predicted response 
variables. 

Y = b0 + ∑bnXn + ∑bnnXn
2 + ∑bnmXnXm + ε                   (1) 

where Y is the response variable, b0 is the intercept coefficient, bn, bnn, 
bnm are the linear, quadratic and cross product regression coefficients, 
respectively, X is the independent variable, and ε is the experimental 
error (μ = 0, σ = 1). The coefficient of multiple determinations, R2, was 
used to evaluate model fit. ANOVA with Duncan’s Multiple Range 
test was used for other evaluations. Probability (P) < 0.05 indicates 
significance.

Results and Discussion

Effect of blanching on POD activity and thermal denaturation

POD serves as a blanching indicator in the process of blanching 
vegetables. The residual activities of POD in edamame as a function of 
blanching time at various calcium chloride concentrations are shown 
in Figure 1. POD activity in raw edamame averaged 2.22 abs·(min·g)-1. 
Enzyme activity was dramatically reduced by blanching, with 98% loss 
in activity after just 2.5 min. This is consistent with a 90% reduction 
of POD activity that occurred after blanching vegetable soybeans for 
1.14 min at 100°C water [26]. Blanching time and calcium chloride 
concentration had significant effects on enzyme inactivation. Longer 
blanching times and higher calcium chloride concentrations resulted 
in progressively greater enzyme inactivation. 

The effect of blanching on thermal denaturation temperature 
of edamame was determined by DSC, and typical DSC curves for 
dried raw and blanched edmames are presented in Figure 2. Thermal 
denaturation temperature of freeze-dried edamame significantly 
increased from 142°C for raw samples to 174ºC for the blanched 
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counterpart. This is in agreement with another study in which they 
found thermal denaturation temperature of the several green vegetables 
increased significantly [27]. The results indicated that blanching has 
the favorable effect for the vegetable to resist heat denaturation. The 
thermal denaturation temperature is inversely related to the moisture 
content of the sample [28]. Higher thermal denaturation temperature 
in our samples was attributed to the lower moisture content. 
Extending blanching time or adding calcium chloride was found not to 
significantly increase thermal denaturation temperature of the beans. 

Effect of blanching and refrigerated storage on color and 
hardness

Intensity of green color and hardness are two important indices for 
textural quality of processed vegetables. The effects of the independent 
variables (blanching time, calcium chloride concentration, and storage 
time) as linear, quadratic and interaction terms on response variables 
(intensity of green color and hardness) of edamame were determined 
for adequacy of the model by analysis of variance (Table 1). Generally, 
it was found that for each response variable, the second-order model 
was adequate with a high R2. Linear, quadratic and total models 
were statistically significant (P < 0.05) with no significant (P > 0.05) 
interaction terms. 

Intensity of green color

Statistical analysis showed significant linear and quadratic terms 
for green color intensity (Table 1). A high R2 (0.899) indicated that 
the fitted second-order polynomial model accounted for 89.9% of the 
variance in the experimental data. The effects of blanching time and 
refrigerated storage time were significant, whereas no significant effect 
was found for calcium chloride (Table 2). The regression model that 
describes this relationship is 

Yc = 0.537 + 0.016 X1 – 0.014 X2- 0.0016 X1
2 + 0.000435 X2

2                  (2)

Where Yc is intensity of green color, and X1 and X2 are blanching time 
and storage time, respectively. 

Based on the predictive models, the linear and quadratic effects of 
blanching time and storage time were involved. The fitted responses 
for the intensity of green color as a function of blanching time and 
storage period were plotted (Figure 3). Green color intensity increased 
nonlinearly as blanching times increased to 5 min and subsequently 
decreased with further blanching. Our findings are not consistent 
with the results obtained by Monzzoni et al. [29] who found that the 
intensity of green color decreased for cooked (5 min) compared to raw 
edamame. This difference may be attributable to the enhancement of 
green color by addition of calcium chloride into the blanching water 
or difference of the varieties studied [30]. In addition, the decrease in 
green color intensity with blanching over an extended period of time 
could be explained by the conversion of chlorophylls to pheophytins 
[31]. Increasing storage time contributed to the decrease in green color 
intensity in all blanched samples due to degradation of chlorophylls.

Hardness

Analysis of variance indicated that the linear, quadratic and total 
models were significant (P < 0.05) for hardness. Based on t-test, only 
the regression coefficients significant at the 95% level were selected for 
developing the models (Table 2). The regression model that describes 
this relationship is

Yh = 7439 – 592 X1 - 270 X2 + 38.3 X1
2 +13.7X2

2                                                       (3)

Where Yh is the hardness of beans, and X1 and X2 are blanching time 
and storage time, respectively. 

From the above regression model, it was observed that the hardness 
of the beans was affected by the linear and quadratic terms of blanching 
time and storage time. The regression model for hardness explained 
77.6% of the total variation (Table 1). The relationships between bean 
hardness and blanching time or storage time are shown in Figure 4. 
Blanching resulted in a significant reduction of bean hardness from 
7183 gf for raw samples to 5942 gf for samples blanched for 2.5 min. 
Hardness continued to decrease with increased blanching time to 
5180 gf at 10 min. Starch and pectin are responsible for hardness of 
edamame [32], and the decrease in hardness of the edamame beans 
during blanching was attributed to starch gelatinization and pectin 
solubilization [5]. On the other hand, as storage times increased, the 
hardness of the beans first decreased, reaching the lowest point at day 
8, followed by a slight increase as storage time was increased to 12 days. 
This could be explained by the retrogradation of bean starch or water 
loss during refrigeration.

Effect of blanching and refrigerated storage on microbiological 
quality

Prior to blanching, raw edamame from the field had total aerobic 
mesophile, yeast and mold, and coliform counts at 6.20, 2.76, and 4.50 
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log CFU/g levels. The counts of these naturally existing microorganisms 
did not change significantly (P > 0.05) during subsequent storage of 
the untreated edamame at either 4 or 22°C. Blanching significantly 
reduced total yeast, mold, and coliform bacteria counts to either below 
or near the detection level (1 log CFU/g). Some presumably thermal-
tolerant bacteria, however, survived the blanching treatments. Multiple 
comparisons show that treatment time, but not calcium concentration, 
was a significant factor (P < 0.001) affecting microbial survival. The 
average total aerobic mesophile count was reduced 3.8, 4.0, and 4.6 log 
CFU cycles by 2.5, 5, and 10 min of blanching, respectively. 

Data in Table 3 show that counts of aerobic mesophiles on 
processed edamame increased during refrigeration and were higher for 
samples blanched for 10 min (2.70 log cycles of growth) compared to 

those blanched for either 2.5 min (1.81 log cycles) or 5 min (1.70 log 
cycles). Statistically significant growth of the microbes was observed 
at day 8 in edamame blanched 10 min in 1 and 2% calcium chloride 
and day 12 in edamame blanched 10 min at all calcium levels, 5 min 
in 0% or 2% calcium, or 2.5 min in 1% or 3% calcium. None of the 
blanched samples had microbial counts ≥ 5 log CFU/g at day 8, yet 
spoilage of samples blanched for 10 min was observed after 12 days 
of refrigeration. In general, microbial growth during storage was not 
significantly influenced by the presence of calcium. 

Growth of coliform bacteria in blanched edamame stored at 4°C 
is presented in Table 4. Blanching reduced yeast and mold and total 
coliform counts to ≤ 1.15 and ≤ 1.00 log CFU/g in all analyzed samples, 
respectively. The yeast and mold counts did not significantly increase 
during refrigeration for ≤ 12 days. However, total coliform counts on 
edamame blanched for 2.5, 5, and 10 min increased 2.02, 1.35, and 2.00 
log cycles, respectively, over this time. Statistically significant increase 
in the total coliform count was observed at Day 8 in samples blanched 
for 5 min with 3% calcium salt and Day 12 in samples blanched for 
2.5, 5, and 10 min with 3%, 1-2%, and ≥ 1% calcium salt, respectively. 
In general, coliform growth during storage was independent of the 
presence of calcium during blanching. Current Food Code requires 

Source Intensity of green color (-a/b) Hardness (Force, gf)
Sum of squares1              Pr>F Sum of squares1         Pr>F

Linear
Quadratic
Crossproduct
Total model
R2

0.104 <0.0001
0.017 <0.0001
0.0019 0.145
0.123 <0.0001
0.899

8.914x106                     <0.0001
8.637x106                     <0.0001
8.471 x105                      0.099
1.840 x107                    <0.0001
0.776

Significance level was defined as P < 0.05; and 1 Refers to Type I error

Table 1: Analysis of variance for intensity of green color and hardness as linear, 
quadratic term and interaction on response variables.

Significance level was defined as P< 0.05; the values in bold indicate the 
significance

Table 2: Regression coefficients of second-order polynomials for response 
variables (intensity of green color and hardness).

Independent 
variable

Intensity of green 
color

Force  (gf)

Coefficients    Pr>t Coefficients          Pr>t

b0
b1
b2
b3
b1

2

b2
2

b3
2

b12
b13
b23

5.37 x10-1    <0.0001
1.59x10-2     0.0001
1.85 x10-2    0.0579 
-1.44x10-2    <0.0001
-1.61x10-3       <0.0001
-1.13x10-3    0.6689
4.35x10-4     0.0178
-1.31x10-3       0.0644
-6.43x10-5       0.7286
-7.58x10-4    0.1617

7.44x103            <0.0001
-5.92x102          <0.0001
-2.21x102          0.2420
-2.70x102          <0.0001
38.3                  <0.0001
-21.9                 0.6724
13.7                  0.0003
12.4                  0.3637 6.24         0.0923
15.7                  0.1397
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Blanching Aerobic Mesophiles (Log CFU/g )
Time (min) Calcium % Day 1 Day 5 Day 8 Day 12

2.5

0 2.13±0.07 a* 1.95±0.47 a 2.86±0.48 a 3.06±0.41 a
1 1.90±0.60 a 2.25±0.26 a 3.03±0.64 a 5.68±1.11 b
2 2.53±0.26 a 2.20±0.19 a 3.05±0.43 a 3.32±0.89 a
3 3.07±0.39 a 1.86±0.20 b 2.52±0.36 ab 4.81±0.19 c

5

0 2.06±0.68 a 1.90±0.63 a 2.40±0.43 ab 4.15±0.51 b
1 2.43±0.38 a 1.87±0.32 a 2.48±0.62 a 3.57±0.88 a
2 2.11±0.05 a 1.64±0.62 a 2.87±1.30 ab 4.28±2.32 b
3 2.18±0.21 a 2.32±0.28 a 3.05±0.24 a 3.57±0.82 a

10

0 1.72±0.10 a 1.36±0.10 a 2.54±0.01 ab 3.65±0.92 b
1 1.80±0.34 a 1.80±0.70 a 3.59±0.77 b 4.87±0.35 b
2 1.56±0.49 a 1.70±0.39 a 3.31±1.47 b 4.76±0.76 b
3 1.30±0.52 a 1.20±0.17 a 2.08±0.07 a 3.88±1.51 b

Data represent the means of log values ± S.E.   Means in same rows followed by 
an identical letter were not statistically different (P>0.05)

Table 3:  Growth of aerobic mesophiles in blanched edamame stored at 4oC.
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that refrigerated food items prepared in advanced be discarded after 
7 days. Our data agrees that blanched edamame, regardless of calcium 
treatments, can be refrigerated for 7 days without encountering 
excessive microbial proliferation. Adequate refrigeration time and 
temperature should be monitored for protecting the microbiological 
quality of blanched edamame. 

Effect of frozen storage on textural quality of blanched 
samples

The effects of frozen storage on color and hardness of selected 
blanched samples are presented in Table 5. During frozen storage 
from one week to three months, green color of the beans was retained, 
while hardness significantly decreased for all the samples. Hardness 
decreased by 67% for the samples blanched for 2.5 min and 61% for 
those blanched for 10 min. Textural changes in frozen vegetables are 
affected by blanching, freezing and storage conditions, with blanching 
influence related to inactivation of pectinesterase [33].

Conclusion
Blanching significantly decreased peroxidase activity, and total 

yeast, mold, and coliform bacteria counts, but increased the thermal 
denaturation temperature of edamame beans. Green color and 
hardness of the beans were significantly affected by blanching time and 
refrigerated storage time, with the linear and quadratic effects of these 
two independent factors involved. Incorporation of calcium chloride 
in the blanch water did not significantly influence textural qualities 
of the beans or the growth of aerobic mesophiles during refrigerated 
storage. This could be explained by that fact that calcium chloride did 
not effectively penetrate the pod to function as a quality-enhancing 
agent. Green color did not change significantly during frozen storage, 
while hardness significantly decreased for all the samples.
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