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Figure 3.  Brick-red solution of incomplete lipoxygenase enzyme inactivation 
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Treatment samples with complete enzyme inactivation were conveyed through a 

cooling chamber to stop overcooking and reduce heat in the product. The cooling process 

consisted of immersing (for water blanching method) or spraying (for steam blanching 

method) samples with a cold saline solution (4 °C) for 4m40s to obtain final products 

with a commercial standard of 0.3% to 0.5% salinity. Vegetable soybean samples were 

drained properly by conveying through shaking screen prior to freezing in order to reduce 

excess moisture and prevent block formation. 

Individual Quick Freezing (IQF) was used freeze the blanched vegetable soybeans. 

Therefore, each piece of product was placed on a cooling conveyer and subjected to a 

very low temperatures (-30 °C to -40 °C) using a cold air fluidization technique. 

Residence time was controlled by the conveyer speed as specifically designed for 

vegetable soybeans, which ensured that product core temperature decreased to -18 °C or 

below. Frozen vegetable soybean samples were stored in HDPE bags and cardboard 

boxes and kept at -18 °C or below until further analysis.  

Referring to the POD test conducted in the commercial processing experiment, 

the results showed that blanching at temperatures lower than 98 °C did not effectively 

inactive POD enzyme, which could result in off-flavor and off-color in frozen product 

during storage. Hence, all treatments blanched at temperatures lower than 98 °C were 

eliminated from the study and were not carried on to laboratory experiment.  

4.3.2 Laboratory experiment 

Due to the availability of the equipment in laboratory, some experiment steps 

were modified to be as similar as possible to the commercial processing experiment. 

Regarding commercial processing results, only seven treatments (treatments blanched at 



	   62	  

98 °C from both water blanching and steam blanching) had complete POD inactivation 

and were carried on to laboratory experiment. 

 In the laboratory experiment, Midori Giant vegetable soybeans were chosen as 

they had the most similar characteristics to variety Xiemen75, i.e., containing 2-3 large, 

sweet, and buttery seeds per pod with a clear pubescence, and having similar range of 

maturity days. Vegetable soybean seeds were bought from a supplier and planted in a 

research plot on East Campus at the University of Nebraska-Lincoln, Lincoln, Nebraska, 

in May 2013. Standard cultural practices were followed. Vegetable soybeans were 

harvested at R6 stage in August 2013 (95 days) by handpicking in the early morning. 

They were gathered in bundles and transported to shaded area where the pods were 

stripped off the stems. Vegetable soybean pods were packed in mesh bags and 

transported to processing unit within 2 h. Approximately 12 kg of vegetable soybeans per 

treatment was processed within 8 h of harvest. 

 In the preparation stage, vegetable soybeans were washed and soaked to remove 

dirt, soil, leaves, and stems prior to blanching. In water blanching method, a steam-

jacketed blancher was used. Blancher was filled with an adequate volume of water for 

sample immersion. Vegetable soybean samples were immersed into near-boiling water 

(98 °C) for 1 m30s, 2m, and 2m30s for each specific treatment. Blanching time was 

recorded from the moment samples were immersed in boiling water.  

 In the steam blanching method, a batch steam blancher was used. Vegetable 

soybean samples were placed in blanching chamber and blanched with food-grade steam 

(100 °C) for 1m30s, 2m, 2m30s, and 2m50s for each specific treatment. After blanching, 

vegetable soybeans were cooled down by immersing in a 15-17% saline solution (4 °C) 
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for 4m40s in order to reduce heat in the product and enhance salty flavor. Subsequently, 

each vegetable soybean treatment was packed in plastic bag and flattened the bag into a 

thin sheet. Vegetable soybean were frozen by placing a thin-sheet bag in Styrofoam 

coolers filled with a layer of dry ice, layer by layer, and covered until their core 

temperature decreased to -18 °C or below. Frozen vegetable soybeans were collected in 

HDPE plastic bags and cardboard boxes and stored at -18 °C or below until further 

analysis. 

4.4 MEASUREMENTS AND ANALYSIS 

4.4.1 Color measurement 

The frozen vegetable soybean samples were thawed to room temperature prior to 

color measurement. A Chroma meter was calibrated using a white tile with values of L = 

97.10, a = +0.08 and b = +1.97, where L* is the luminance or lightness component, 

which ranges from 0 (black) to 100 (white), a* is from green (-a) to red (+a), and b* 

from blue (-b) to yellow (+b) are the two chromatic components which range from -120 

to 120 (León et al. 2006). The color of the vegetable soybean peel, L* (brightness),  -a 

(greenness), were measured using CR300 Minolta Color Reader (Minolta Camera 

Co.,Ltd., Japan). Each treatment measurement was completed in triplicate and the results 

were collected for statistical analysis (refer to Section 4.4.4). 

4.4.2 Texture Profile Analysis 

In this study, the compression force necessary to attain certain deformation of a 

single intact vegetable soybean was measured and recorded. Frozen vegetable soybean 
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pod samples were thawed to room temperature, shelled and subjected to texture analysis 

using a Texture Analyzer TA.XtPlus (Texture Technologies Corp and by Stable Micro 

Systems, Ltd., Hamilton, MA) with 2-inch cylindrical probe in the commercial 

processing experiment. Compression force needed to achieve 90% deformation, at test 

speed of 2mm/s, from each treatment sample was measured and recorded in the 

commercial processing experiment. A Brookfield TexturePro CT (Brookfield 

Engineering Labs, Inc., Middleborough, MA) with a 1500 g load cell and a TA25/100 

cylindrical probe was used in the laboratory experiment. Compression force needed to 

achieve 40% deformation, at test speed of 0.5 mm/s, from each treatment sample was 

measured and recorded in the laboratory experiment. The peak force of the first 

compression cycle, in Newton, represented the hardness of treatment sample. Each 

treatment measurement was completed in triplicate. As mentioned earlier, since there is 

no standard available on the desired texture for vegetable soybeans, samples from the 

commercial processing were used as the standard and control in the research. 

4.4.3 Sodium chloride content measurement 

NaCl content in frozen vegetable soybeans was analyzed using Mohr’s direct 

titration method (adapted from AOAC Official Method 937.09 section 35.1.18 salt – 

chlorine as sodium chloride in seafood) (Appendix B.1). NaCl was initially extracted by 

blending 25 g of vegetable soybeans with 250 ml distilled water, and filtrated. Potassium 

chromate 5% (K2CrO7) (3 ml) was added into 30 ml of sample solution as an indicator 

and, subsequently, titrated with 0.1 M silver nitrate standard solution. The volume of 

silver nitrate used to complete the reaction in each treatment was recorded for statistical 

analysis. Chloride content was measured in the absence of acid.  



	   65	  

4.4.4 Statistical Analysis 

Ten replicates were prepared and processed for each of the treatments and control. 

Collected data were analyzed using SAS software (version 9.3, SAS Institute, Inc., Cary, 

NC). General Linear Models were used to detect significant differences of color, texture, 

and sodium chloride content among samples under different blanching conditions and 

storage times if they existed. Dunnett adjustment for multiple comparisons was used to 

compare each of a number of treatments with a single control. Probability (P) < 0.05 

indicated significance. Results and discussion, as well as conclusions, were discussed in 

the following section. 

4.5 RESULTS AND DISCUSSION 

The experiment was designed to evaluate the effects of various combinations of 

blanching time and blanching temperature on vegetable soybean attributes as they were 

considered the critical points of the whole experiment. Blanching temperature must be 

high enough to completely inactive deteriorative enzymes. On the other hand, blanching 

temperature must not destroy functional nutrients and cause physical damages. Blanching 

time was another factor that needed to be considered. Vegetable soybeans should be 

blanched for sufficient time to achieve the acceptable level of tenderization. Because this 

study was intended for use for industrial-scale processing, blanching time that depends on 

conveyor speed had to be carefully controlled because the speed of blanching conveyor 

directly affects the flow of whole process. Blanching time must be well matched with 

blanching temperature in order to provide optimal quality to final product. Each 

combination was designed to have lower temperature and shorter time than control 
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treatment to identify the optimal production process that increases production capacity, 

reduces waste production, and decreases energy consumption. 

As the typical frozen storage period for commercial frozen vegetable soybeans is 

approximately six months (Tosun and Yücecan 2008), all frozen vegetable soybean 

samples in this study were stored at -18 °C or below and analyzed every 30 days during 

six months (0, 1, 2, 3, 4, 5, and 6 months) of storage. 

4.5.1 Effects of experiment conditions on commercial vegetable soybean quality 

Experiments were conducted at two different sites (Union Frost Co., Ltd., 

Thailand and University of Nebraska-Lincoln, Lincoln, Nebraska). Initially, there were 

23 treatments from the experimental design, including 11 water-blanching treatments and 

12 steam-blanching treatments (see Table 1). According to the commercial processing 

experiment that was conducted earlier during the summer of 2012, all 23 treatment 

samples were blanched at the designated temperatures and times. Immediately after 

blanching, every vegetable soybean treatment was sampled for a POD test. According to 

the results, POD was detected in all treatment samples blanched at temperatures lower 

than the control temperature (98 °C) for both water-blanched and steam-blanched 

methods. Incomplete enzyme inactivation leads to poor color, texture and off-flavor 

development of frozen vegetable soybeans during storage. Hence, all treatments blanched 

at temperature lower than 98 °C were eliminated for further study. Finally, 7 treatments 

were carried on to the next step, including Treatment 9 (water-blanched at 98 °C for 

1m30s), Treatment 10 (water-blanched at 98 °C for 2 min), Treatment 11 (water-

blanched at 98 °C for 2m30s; Control), Treatment 20 (steam-blanched at 98 °C for 

1m30s), Treatment 21 (steam-blanched at 98 °C for 2 min), Treatment 22 (steam-
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blanched at 98 °C for 2m30s), and Treatment 22 (steam-blanched at 98 °C for 2m50s; 

Control). 

(a) Texture Profile Analysis 

Water blanching treatments – As far as commercial processing experiment was 

concerned, there was an increase in hardness of vegetable soybeans for all water-

blanched treatments, including the control, during the first four months of storage (Figure 

4). Data from the 5th and the 6th month were considered as outliers (not shown in the 

figure) as they were abnormally distant from other values, which may be attributed to the 

measurement error. The results showed that the texture of all treatment samples 

(Treatment 9 and Treatment 10) were significantly harder than the control treatment 

(p<0.05). Shorter water-blanching time than the control time (2m30s) did not effectively 

tenderize the vegetable soybean texture to the level of the control. Additionally, storage 

time had significant effect on the texture of vegetable soybean samples as they became 

harder over time (p<0.05). 

According to the results from the laboratory experiment, hardness of water-

blanched treatments ranged between 7.8 N to 15.0 N and had insignificant changes from 

month to month during storage (Figure 5). At the end of storage period, all water-blanched 

samples were as hard as they were at the beginning of the experiment. Additionally, 

hardnesses of the treatment samples (Treatment 9 and Treatment 10) were not 

significantly different from the control. 

Steam blanching treatments – According to the commercial processing 

experiment, hardnesses of all treatment samples increased slightly during the first four  
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Figure 4. Texture profile analysis of commercial water-blanching samples at UNF 
 

 

 

Figure 5. Texture profile analysis of laboratory water-blanching samples at UNL 
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months, except treatment 22 (Figure 6). However, they were not significantly different 

from that of the control and no significant changes during storage time were observed. 

Data from the 5th and the 6th month were considered as outliers and not shown in the 

figure. Hardnesses of all treatment samples from laboratory experiment ranged between 

9.2 N to 14.5 N (Figure 7). Blanching treatments had no significant effects on the texture 

of all treatment samples compared to the control during storage time. According to the 

laboratory experiment, unexpected drops in all hardness values were observed in the 2nd 

month of storage for both water and steam blanching methods (Figure 5 and Figure 7). It 

was assumed to be a miscalibration error in the measurement procedure. 

(b) Color measurement 

L-value (Brightness) – According to water blanching method from both 

experiments, L-values of vegetable soybean samples from the commercial processing 

experiment ranged between 35.80 to 45.90, while those from the laboratory experiment 

ranged between 41.39 to 52.46. The brightness of treatments from both experiments was 

not significantly different from the controls and did not change significantly during 

storage. However, the brightness trends of both experiments were slightly different as the 

brightness of laboratory samples increased slightly, while that from commercial 

processing experiment decreased slightly over time. This may have been caused by the 

difference in varieties and the exposure to blanching media. 

Likewise, the L-values of steam-blanched samples, from both experiments, had 

similar patterns to those of the water-blanched method. Brightness of steam-blanched 

samples from the commercial processing experiment ranged between 34.10 to 47.60,  
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Figure 6. Texture profile analysis of commercial steam-blanching samples at UNF 
 

 

 
 

   Figure 7. Texture profile analysis of laboratory steam-blanching samples at UNL 
 

 

0 

20 

40 

60 

80 

100 

120 

140 

M1 M2 M3 M4 

Trt 20 

Trt 21 

Trt 22 

Trt 23 
(Control) 

Hardness (N) at 90% deformation 

Month 

0 

2 

4 

6 

8 

10 

12 

14 

16 

M0 M1 M2 M3 M4 M5 M6 

Trt 20 

Trt 21 

Trt 22 

Trt 23 
(Control) 

Month 

Hardness (N) at 40% deformation 



	   71	  

while those of the laboratory experiment ranged between 41.67 to 52.33. There were no 

significant differences in brightness among commercial processing treatments compared 

to the control and no significant changes were observed during storage. The brightnesses 

of laboratory treatments increased significantly during storage (p<0.05). Laboratory 

vegetable soybean samples became brighter after the 3rd month of storage. 

 -a value (Greenness) – The -a values of the water-blanched samples ranged 

between -14.62 to -9.80 for the commercial processing experiment and between -18.12 to 

-12.42 for the laboratory experiment. As far as the commercial water blanching 

experiment was concerned, there were no significant differences in greenness compared 

to the control and no significant changes during storage time. However, the water-

blanched treatments from the laboratory experiment were significantly greener than the 

control (p<0.05). Moreover, the greenness of laboratory samples increased significantly 

over time (p<0.05) (Figure 8). 

As far as steam-blanched method was concerned, the -a values of the commercial 

processing experiment ranged between -13.25 to -9.60 and between -18.53 to -11.47 in 

the laboratory experiment. There were no significant differences in greenness of 

vegetable soybean samples compared to the control in the commercial steam-blanching 

experiment during 6-month storage. In agreement with Martins and Silva (2003), color 

has been shown to be stable at low temperature (T < -18 °C). Color loss of green 

vegetables during frozen storage is attributed mainly to the fading of the vivid green to an 

olive brown color, due to chlorophyll’s pheophytisation, the replacement of chlorophyll 

magnesium by hydrogen. At this low temperature, metal-chlorophyll  
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Figure 8. -a values of laboratory water-blanching samples at UNL 
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compounds, such as cupric-chlorophyll, retained a vivid green color (Martins and Silva 

2003). However, the greenness of laboratory steam-blanched treatments was significantly 

greener than that of the control (p<0.05) (Figure 9). 

Referring to the CIE color space diagram, the L-values and -a values of all 

vegetable soybean samples observed from the study fell into a very small area, 

approximately 0.2% of total area, of the diagram as shown in Figure 10. Even though 

there were significant differences between some treatments and the controls during 

storage time, the shade of brightness and greenness of vegetable soybean samples were 

all very similar and difficult to differentiate visually. 

(c) Sodium chloride content  

 Vegetable soybean samples were cooled with 15-17% saline solution to provide 

the final product with commercial standard of 0.4±0.1% saltiness. During the commercial 

processing experiment, some data on sodium chloride analysis from Union Frost Co., Ltd. 

facility were missing. Hence, changes in sodium chloride content during storage time 

from the commercial processing section were not analyzed. However, the existing data 

showed that salt percentage of all samples were in acceptable range of 0.3-0.5% during 

the first three months of storage. 

As far as the laboratory experiment was concerned, salt content of all treatment 

samples ranged between 0.19 to 0.64 (Figure 11). The results showed that the average 

saltiness of all treatments as within the acceptable standard range over storage time of six 

months.  
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Figure 9. -a values of laboratory steam-blanching samples at UNL 

 

 

 

Figure 10. CIE Lab diagram showing area of all vegetable soybean color 

observed in the study 
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Figure 11. Salt content of all vegetable soybean samples 

*Black lines indicate standard range of commercial saltiness (0.3-0.5%) 
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4.5.2 Effects of blanching factors and storage time on commercial quality attributes 

(a) Effects of blanching method 

Color – Regarding color measurement, the results from the commercial 

processing experiment showed that L-values (brightness) of water-blanched samples  

 ranged between 35.80 to 45.90, while those of steam-blanched samples ranged between 

34.10 to 47.60. L-value ranges of vegetable soybean samples from both blanching 

methods were very close to each other. Furthermore, vegetable soybean samples from 

both blanching methods shared similar patterns of change in brightness during storage 

time. According to the laboratory experiment, brightness of water-blanched samples 

ranged between 41.39 to 52.46, whereas those of steam-blanched samples ranged 

between 41.67 to 52.33. The results showed clearly that brightness pattern of samples 

from both blanching methods were similar and L-value ranges were very close.  

 Another color parameter is the -a value, or greenness of the bean shells, which is 

the very first quality parameter that attracts consumers. According to the commercial 

processing experiment, greenness of water-blanched vegetable soybean samples were in 

the range of -9.80 to -14.62, whereas those of steam-blanched were between -9.60 to -

13.25. The results showed that -a values from both blanching methods were in the very 

close range. A similar trend of greenness was observed in the laboratory treatments. 

Greenness of all water-blanched treatments ranged between -12.42 to -18.12, while those 

of steam-blanched treatments ranged between -11.47 to -18.53. The results did not show 

any effects of blanching method on the greenness of vegetable soybean samples from the 

laboratory experiment. 
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Results from both the commercial processing experiment and the laboratory 

experiment showed clearly that blanching method did not have significant effects on 

brightness and greenness of vegetable soybeans. In this study, blanching temperature of 

the media was high enough to inactivate the enzyme responsible for color change in 

vegetable soybeans. Colors of vegetable soybeans from both blanching methods were 

well retained during storage time.  

Texture Analysis – Results from texture profile analyses cannot be compared 

between water and steam blanching methods as blanching technique was different as well 

as the blanching media, which had different heat transfer coefficients (Fellow 2000). 

Salt Content – Because the salting process was applied to vegetable soybean 

samples after blanching, it was not considered as a function of blanching method. 

Blanching method had no effect on salt content of vegetable soybean samples. 

(b) Effects of blanching time and temperature 

Results from the commercial processing experiment showed clearly that 

blanching temperature directly affected quality of vegetable soybeans. Blanching at 

temperatures lower than 98 °C, for both blanching methods, did not effectively inactive 

enzymatic activities of peroxidase which causes loss of quality during frozen storage. 

Therefore, 98 °C was the only blanching temperature factor studied in the further 

portions of the commercial processing experiment and the laboratory experiment. 

Color – At blanching temperature of 98 °C, the results showed that water 

blanching at shorter time than the control (2m30s) did not cause significant differences in 

brightness of vegetable soybean samples compared to the control in both the commercial 
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processing and the laboratory experiments. Similarly, steam blanching at shorter time 

than the control (2m50s) resulted in no significant differences in brightness of vegetable 

soybean samples compared to the controls from both experiments.  

As far as the -a value results were concerned, decreasing blanching time in both 

blanching methods from the controls did not cause significant differences in the 

greenness of vegetable soybean samples from the commercial processing experiment. On 

the other hand, lowering blanching time significantly affected the laboratory processing 

samples. The greenness of laboratory treatments was significantly lower than that of the 

controls in both water blanching method (p<0.05) and steam blanching method (p<0.05). 

However, those differences showed the improvement, decrease in -a values, as vegetable 

soybean samples became greener. 

Overall, the results showed clearly that blanching time, in the studied range 

(1m30s to 2m50s), had no obvious effects on brightness and greenness of vegetable 

soybean samples compared to the conventional processing time. In other words, 

decreased blanching time within the range of this study did not cause color degradation in 

vegetable soybeans. It can be concluded that, at blanching temperature of 98 °C, 

decreasing blanching time to 1m30s for both water and steam blanching methods had no 

negative effects on the appearance of vegetable soybeans.  

Texture Analysis – According to water blanching method from the commercial 

processing experiment, the results showed that vegetable soybean samples blanched at a 

shorter time than the control (2m30s) had significantly harder texture than the control 

(p<0.05). Decreasing blanching time from the control time did not effectively tenderize 

the texture of treatment samples (Treatment 9 and Treatment 10) to the level of the 
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control, which may cause unacceptable quality for frozen vegetable soybeans during 

storage time. On the other hand, decreased steam-blanching time to 1m30s had no 

significant effects on texture of all treatment samples compared to the control from the 

commercial processing experiment. 

Referring to the results from the laboratory experiment, decreased blanching time 

to 1m30s in both water-blanching and steam-blanching methods had no significantly 

effects on texture of all treatment samples compared to the controls. 

Based on the results from this study, at the same blanching temperature of 98 °C, 

water blanching time in the laboratory experiment can be reduced to 1m30s, while the 

same treatment could not be applied in the commercial processing experiment. It can be 

assumed that, besides blanching condition, characteristics of vegetable soybeans, i.e. 

variety, and chemical composition, also play an important role on the texture of final 

product. This concern should be taken into account when designing an appropriate 

processing condition. 

Salt Content – Salting process was applied to vegetable soybean samples after 

blanching; therefore, blanching temperature and blanching time did not affect salt content 

of all vegetable soybean samples. 

(c) Effects of storage time 

 All treatment samples were stored at -18 °C or lower, which was the optimal 

temperature to maintain for the best quality for frozen product. Hence, storage 

temperature was not considered as an independent factor in this study. A previous study 

reported that quality of commercial frozen vegetable was retained for six months. 
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Therefore, the vegetable soybean samples were sampled for analysis every 30 days for 

six months to evaluate changes among treatments during storage time.  

Color – According to the commercial processing experiment, no significant 

differences in the L-values (brightness) and the -a values (greenness) of all vegetable 

soybean samples compared to the controls were observed during storage time. The colors 

of vegetable soybean samples were stable during six-month time. Similar results were 

observed in the laboratory experiment, except the brightness of steam blanching method 

and greenness of water blanching method. The brightness of steam-blanched samples did 

not change substantially during the first three months. However, it increased significantly 

(the beans became brighter) after the third month (p<0.05). Vegetable soybeans became 

brighter at the end of storage time compared to the beginning. In addition, there was a 

significant decrease in -a values of water-blanched samples (p<0.05), which showed that 

vegetable soybeans became greener during storage. The results were in agreement with 

Forni et al. (1991) that after six months of storage at -20 °C, only a small 

pheophytinisation of chlorophylls in peas were observed. The color was stable during 

storage time as evaluated by the objective measurements and by organoleptic evaluations.  

The results confirmed that storage time had no negative effects on colors 

(brightness and greenness) of vegetable soybeans as they became brighter and greener 

compared to the beginning. Frozen storage at -18 °C and below can preserve the color of 

vegetable soybeans for at least six months as long as they were processed properly and 

the enzymes responsible for color degradation were destroyed effectively during 

blanching step. 
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Texture Analysis – According to the results from commercial processing 

experiment, storage time had significant effects on the texture of water-blanched samples. 

Vegetable soybeans from water-blanching treatments became significantly harder after 

the 3rd month of storage (p<0.05). Moisture migration and ice recrystallization were 

believed to cause the increased hardness of vegetable during frozen storage (Zaritzky 

2006). During storage at the Union Frost Co., Ltd facility, temperature fluctuation from 

daily operation was possibly the major cause of moisture migration and ice 

recrystallization in vegetable soybean samples from the commercial processing 

experiment. These undesirable effects can be minimized by maintaining small 

temperature fluctuations, small internal temperature gradients, and by inclusion of 

internal barriers within a product and within a packaging (Zaritzky 2006). However, 

storage time had no significant effects on texture of steam-blanched vegetable soybean 

samples.  

As far as the results from laboratory experiment were concerned, storage time had 

no significant effects on vegetable soybean texture from both blanching methods. 

Hardness of all vegetable soybean samples remained stable during storage period.  

The different hardness patterns of vegetable soybeans between Xiemen75 (used in 

the commercial processing experiment) and Midori Giant (used in the laboratory 

experiment) were attributed to the differences in varieties, physiological characteristics, 

and chemical composition of vegetable soybeans. In addition, variation in commercial 

and laboratory practices may have affected the hardness of samples somehow, even 

though the laboratory set up was as similar to the commercial processing experiment as 

possible. For instance, the sample amount of vegetable soybean studied in the laboratory 
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experiment was smaller than the commercial experiment, which possibly made 

experimental factors in laboratory more controllable. Measurement error was also 

possibly a cause of differences.  

For further study, sensory evaluation is strongly recommended in order to 

determine if panelists can perceive the differences in texture between experimental 

samples and the control as well as changes in hardness of vegetable soybeans during 

storage.  

Salt content – No significant changes in salt content were observed in all 

treatment samples during six months of storage time. Average salt content of all 

treatment samples was in the standard range of 0.4±0.1% (Figure 10). The results clearly 

confirmed that storage time had no effect on saltiness of vegetable soybeans. 

4.6 CONCLUSIONS 

Processing plays an important role in vegetable soybeans preservation, however; 

effects of processing are unavoidable. Blanching directly affected the quality of vegetable 

soybeans in various aspects, including color and texture.  

Referring to the conventional processes at Union Frost Co., Ltd., blanching at 

temperatures lower than 98 °C did not effectively inactivate the deteriorative enzymes for 

both water and steam blanching. In the exception of water blanching method from 

commercial processing experiment, blanching time of all experiments can be reduced to 

1m30s with comparable quality to the conventional processes. Freezing and frozen 

storage had no significant effects on the quality of vegetable soybeans. Vegetable 

soybeans can be stored up to six months at -18 °C and below without noticeable changes 
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compared to the conventional processes. Besides maintaining quality of commercial 

frozen vegetable soybeans, appropriate processing conditions and storage also increase 

production capacity, efficiency, profits, and decrease energy consumption. 
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CHAPTER 5 

GENERAL CONCLUSIONS, APPLICATION OF THE STUDY 

RESULTS AND RECOMMENDATION FOR FUTURE STUDY 
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5.1 CONCLUSIONS 

According to the objectives stated earlier, this study was completed to identify the 

optimal processing conditions for commercial frozen vegetable soybeans, and to evaluate 

the effects of pre-freezing treatments on the commercial quality attributes (color, texture, 

and sodium chloride content) of vegetable soybeans during six-month storage time. The 

conclusions drawn from this study are: 

1. The conventional process conducted at Union Frost Co., Ltd. facility was not 

the optimal process and could be improved; 

2. Conventional processing process of frozen vegetable soybeans can be 

improved by decreasing steam blanching time to 1m30s without affecting the 

quality of the final product compared to current conventional process; 

3. Blanching vegetable soybeans at temperatures lower than 98 °C was not 

adequate to inactivate enzymatic activities for both water blanching and steam 

blanching methods; 

4. Blanching apparently affected quality of vegetable soybeans while freezing and 

frozen storage had no significant effects on final product; 

5. Decreasing blanching time obviously would increase production capacity and 

decrease energy consumption, increasing profits, and reducing waste 

production; and 

6. High Temperature Short Time (HTST) approach was applicable to identifying 

the optimal and specific blanching time for vegetable soybeans. 

In industrial-scale processing, there are numerous factors that should be 

concerned carefully i.e. applicability of blanching approach and machinery in the facility, 
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compatibility of blanching approach to product, operation cost, and production flow. A 

good production practice results in a good quality final product. Nevertheless, quality of 

vegetable soybeans also depends on other pre-processing factors i.e. genotype, harvest 

time, environment, etc. Therefore, the raw materials should be strictly controlled prior to 

entering the processing line. 

5.2 APPLICATION OF THE STUDY RESULTS 

Results and findings from this research are anticipated to be valuable and 

applicable for both academic and industrial sectors. Primarily, results from this research 

are beneficial and applicable to the frozen vegetable soybean industry in the United 

States. The outcomes can be used to improve the present process in industrial-scale 

processing in many states that have already launched growing vegetable soybeans. 

Moreover, the results can be used as reference and guideline for beginners in this 

business. Recently, there have been farmers in many states i.e. Arkansas, Iowa, 

Minnesota, and Colorado interested in growing and producing vegetable soybeans 

commercially. They have collaborated with state universities and government institutes in 

various aspects, i.e., cultivation, variety development. A numbers of vegetable soybean 

varieties have been developed for local farming. With this study, it is anticipated that 

local farmers, in the potential areas, will be encouraged to grow more vegetable soybeans 

in order to supply the fast growing demands in the United States. Knowledge from this 

project will add value to vegetable soybeans. This study also is expected to be supportive 

for vegetable soybean variety developers and farmers in the near future.  

Potential for vegetable soybean market in the United States 

• Meat-protein substitution 
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• Less expensive alternative protein source 

• Supplying the fast growing domestic demands as Soybean Board (2010) 

estimated that vegetable soybeans would surpass all other soy-based 

products by 2020. 

• Soybeans for livestock feed have faded 

• Potential production for high value niche product 

Limitation of vegetable soybean market in the United States 

• Vegetable soybeans are perishable with short harvest and handling time. 

This limitation may require extra operational costs and efforts. 

• Time and labor consumption during handpicking harvest. While mechanical 

harvest is still being developed, handpicking harvest is costly and time-

consuming. 

• Vegetable soybeans have specific growth condition requirements and they 

are sensitive to weather change. Inappropriate management may lead to crop 

failure. 

5.3 RECOMMENDATIONS FOR FUTURE STUDY 

As mentioned earlier, vegetable soybeans were introduced to American markets 

only in the past few decades. Hence, the information regarding vegetable soybeans, 

including breeding, planting, harvesting, processing, and marketing, in the United States 

is lacking. According to the US Department of Agriculture, it is not clear the amount of 

vegetable soybeans produced in the United States. The amount of vegetable soybeans 

produced is substantially less compared to field-type soybean. Most studies recently 
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published are related to vegetable soybeans cultivation, variety development and 

domestic processing. To this author’s knowledge, studies on commercial processing are 

not yet available. Research and studies on vegetable soybeans from farm-to-fork should 

be encouraged and supported by government, universities, and relevant organizations. 

The United States has the capability and potential for a comprehensive system of 

vegetable soybeans in aspects of lands, weather, harvest technology, and varieties 

development. Other criteria of interest are the desirability and marketable quality of 

selected varieties. For future studies, experiments on locally grown or U.S. commercial 

varieties are recommended in order to obtain more realistic and applicable outcomes for 

processing in the United States. 

Limitation in this project was that only two varieties of vegetable soybeans were 

studied, Xiemen75 and Midori Giant. These two varieties may exhibit similar effects of 

processing on the concerned attributes but they may not entirely represent other 

commercial varieties of vegetable soybeans. In the United States, there are numerous 

vegetable soybean varieties available in the market. Each variety is different in 

physiological characteristics, i.e., genotype, height, yield, seed size, seed flavor, chemical 

compositions, and time to maturity, which may require specific processing conditions. 

Hence, specific characteristics of each vegetable soybean variety should be studied and 

selected appropriately to match the production region (latitude) for maximum production 

yield and to match the processing conditions.  

With the limited number of panelist available and fresh vegetable soybean 

samples, sensory evaluation of frozen vegetable soybeans was not conducted in this study. 

Therefore, sensory evaluation is recommended for future study in order to evaluate 
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consumer acceptability on commercial frozen vegetable soybeans and to observe if 

panelists can discriminate the differences between treatments if they exist. Sensory 

evaluation is needed along with scientific measuring instruments in order to ensure the 

product quality and the effectiveness of sensory panels. 

 Comparison between water blanching and steam blanching outcomes is another 

interesting topic for future study in aspects of energy consumption, waste management, 

and production yield. As to the academic aspect, the outcomes of this study can be used 

as reference for related studies and for further process development. For instance, a study 

on effects of processing on other vegetable soybean varieties and attributes, i.e., nutrition, 

sugar content, protein content is possible. 

The outcomes of this study are anticipated to be, more or less, supportive and 

informative for everyone who is interested in this valuable commodity, vegetable 

soybeans.  
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APPENDICES 

 

Appendix A. General information 

Appendix A.1. Nutrition facts: 1 cup of unprepared frozen edamame 
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Appendix A.2. Vegetable Soybean varieties and days to maturity 

Variety Days to Maturity 
Beer Friend 75-102 
Bellesoy N/A 
Besweet 2020 75-87 
Butterbeans (Green) 100-112 
Early Hukucho 75 
Envy (Green) 80-102 
Gion 80-118 
Green Legend 80 
Green Lion N/A 
Haruno-Mai 102 
Kenko N/A 
Kitanosuzu 108 
Lucky Lion 80-112 
Mana 117 
Midori Giant 68-80 
Miki  105 
Misono Green 70-109 
Mojo Green 80-90 
Sapporo Midori 103 
Sayakomachi 112 
Sayamusume 75-108 
Sayanishiki N/A 
Shirofumi 68-100 
Shironomai 100-113 
Taiwame 90 
White Lion  90-110 
Yukimusume 110 
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Appendix A.3. Seed supply companies 

 

Seed Company Website 

American Takii, Inc. www.takii.com 

Evergreen Seeds www.evergreenseeds.com 

Fedco Seeds www.fedcoseeds.com 

Garden Guides www.gardenguides.com 

Johnny's Selected Seed www.johnnyseeds.com 

Kitazawa Seed Co. www.kitazawaseed.com 

Lockhart Seed www.lockhartseeds.com 

Nichols Garden Nursery www.nicholsgardennursery.com 

Osborn International Seed Co. www.osbornseed.com 

Pachamama Organic Farm www.pachamamafarm.com 

Rupp Seeds www.ruppseeds.com 

Sakata Seed America, Inc. www.sakatavegetables.com 

Seedex Inc. www.seedexseed.com 

Sow True Seed www.sowtrueseed.com 

Territorial Seeds www.territorialseed.com 

Vermont Bean Seed Company www.vermontbean.com 

Wannamaker Seed www.edamameseed.com 
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Appendix A.4. Enzymes responsible for quality deterioration in unblanched vegetables 

(Barrett and Theerakulkait 1995) 

    

Quality defect Responsible enzymes 

Off-flavor development 

lipoxygenase 

lipase 
protease 

Color changes 

polyphenol oxidase 
chlorophyllase 

peroxidase (less extent) 
lipoxygenase 

Nutritional changes 
ascorbic acid oxidase 

thiaminase 
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Appendix B. Standard methods 

Appendix B.1. AOAC Official Method 937.09 Salt (Chlorine as Sodium Chloride) in   

Seafood 

 

Volumetric Method 

First Action 1937 

Final Action 

A. Reagents 

      (a) Silver nitrate standard solution – 0.1M. Prepare as in 941.18A (see A.1.11) and    

standardize against 0.1M NaCl containing 5.844g of pure dry NaCl/L. 

(b) Ammonium thiocyanate standard solution – 0.1M. Prepareas in 941.18D(b) (see  

A.1.11) and standardize against 0.1M AgNO3. 

(c) Ferric indicator – Saturated solution of FeNH4(SO4)2×12H2O. 

B. Determination 

(a) Shellfish meats – Weigh 10 g meats, liquid, or mixed meats and liquid, into 250   

      mL Erlenmeyer or beaker. 

(b) Other fish products – Use suitable size test sample, depending on NaCl content. 

Add known volume 0.1M AgNO3 solution, more than enough to precipitate all Cl 

as AgCl, and then add 20 mL HNO3. Boil gently on hot plate or sand bath until all 

solids except AgCl dissolve (usually 15 min). Cool, add 50 mL H2O and 5 mL 

indicator, and titrate with 0.1N NH4SCN solution until solution becomes 

permanent light brown. Subtract mL 0.1M H4SCN used from mL 0.1M 

AgNO3 added and calculate difference as NaCl. With 10g test sample each mL 

0.1N AgNO3 = 0.058% NaCl. 

 

 

References: JAOAC 20, 410(1937); 23, 589(1940). CAS-7647-14-5 (sodium chloride) 

http://files.foodmate.com/2013/files_2962.html 
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Appendix C. SAS codes for statistical analysis 

General Linear Models and Dunnett adjustment of multiple comparisons 

Data Water;  
input Trt Month Hardness;  
CARDS;  
 
9 0 13.1 
9 0 17.107 
9 0 14.373 
� 
� 
11 6 12.876 
11 6 13.384 
11 6 7.457 
; 
 
 
proc glm data=Water;  
  class Trt;  
  model Hardness = Trt Month Trt*Month;  
  lsmeans Trt / pdiff=control ('11') adjust=dunnett; 
run; 
 
proc glm data=Water;  
  class Month;  
  model Hardness = Trt Month Trt*Month;  
  lsmeans Month / pdiff=control ('0') adjust=dunnett; 
run; 
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