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Abstract— This study aimed to investigate the optimization of acid gamma-aminobutyric (GABA) content 

biosynthesis in germinated Mung bean. The effect analysis of soak time, germination temperature, and time 

on GABA content was using the response surface method (RSM), with a central composite design (CCD) 

with the support of software JMP version 9.0.2. Results showed that GABA content reaches the highest 

levels of 3.768± 0.041 mg GABA equivalent/g dry matter as soaking the seeds in tap water. GABA content 

got the highest value of 4.1006± 0.0326 mg GABA equivalent/g dry matter at the optimization condition 

(soaking time of 8 hours, germination at 34oC for 26 hours in tap water) and increase of 9.362 times, 

compared to non-treatment Mung bean seeds. Soaking time, germination time, and germination temperature 

affected on acid gamma-aminobutyric biosynthesis. GABA is useful for application in the functional food 

and pharmaceuticals containing GABA. 
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1. Introduction 

Gamma-aminobutyric acid (GABA) is the neurotransmitter amino acid existing in in plants or bacteria, 

having the metabolic role in Krebs cycle and playing the vital role to maintain the normal function in the 

nervous system, especially in nerves. GABA plays the principal role in reducing neuronal excitability, 

inhibiting signal transduction of neurotransmitters and cancelling spontaneous muscle action potentials.[1,2] 

GABA plays as the inhibitor as well as the exciter: antioxidant, relaxing muscle, amnesia, improving 

consciousness, exciter and anticonvulsant, [3] tranquillizer. [4,5] GABA exists in germinated grain, GABA 

content in germinated Thai brown rice increased 16,74 times when seeds soaking were in citrate solution for 

36 hours. [6] During the germination process, glutamate content decreased where GABA content 

significantly increased. [7] GABA content in fermented Mung bean flour, germinated Mung bean seeds 

increased in the range from 7.6 to 27.9 times) and total amino acid content increased from 8.7 to 13 times. 

[8,9] Nowadays, there are only some notices on GABA from Mung bean, but the GABA content 

optimization in the germination process is not. Therefore, the study focused on the optimization of the Mung 

bean germination process for collecting the highest GABA content. 

 

Response surface methodology (RSM) is the method of mathematical and statistical technique for designing 

experiments, building models, evaluating the relative significance of several independent variables and 

determining the optimum conditions for desirable responses. The two most common designs extensively 

used in RSM are the central composite design (CCD) and the Box-Behnken design (BBD). The CCD is 

ideal for sequential experimentation and allows a reasonable amount of information for testing lack of fit 

while not involving an unusually large number of design points. 
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2. Materials and methods 

2.1. Materials 

Purchasing Mung bean seed was from Xuan Hong Service Trading Co.Ltd (Song Than Industrial Park, 

Binh Duong province) and Saccharose (99.9%) from Bien Hoa Sugar Joint Stock Company (Bien Hoa 1 

Industrial Park, Dong Nai province). γ-aminobutyric acid (Sigma-USA), sodium hypochlorite, disodium 

tetraborate, boric acid, sodium hydroxide, trisodium citrate, phenol, citric acid, sulfuric acid (Guangdong 

Guanghua Sci-Tech Co., Ltd, China).The chemical compositions of Mung bean seed were analyzed 

 

(Table 1 and 2). 

Table 1. The chemical compositions of Mung bean seed 

 

Chemical compositions Mung bean flour 

GABA content (mg GABA equivalent/g) 0.438 ± 0.0185 

Protein content (%) 22.411 ± 0.022 

Lipid content (%) 2.136 ± 0.290 

Starch content (%) 58.255 ± 0.248 

Humidity (%) 11.467 ± 0.042 

Ash content (%) 3.487 ± 0.041 

 

 

Table 2. The indexs of mung beans 

 

Indexs Value 

Absolute dry weight (g/1000 seed) 6.623 ± 0.137 

Seed germination (%) 96.196 ± 0.005 

Seed germination ratio (%) 96.196 ± 0.005 

Average germination time (days) 1.585 ± 0.048 

 

 

2.2. Sample preparation 

Gamma-amino butyric acid biosynthesis in mung beans was according to the method of Banchuen et al. 

(2009). [6]Mung beans were cleaned and sterilized by using ethanol for 01 minutes.Mung beans were 

macerated in the solution (pH 7.6) with the mung beans-to-solution ratio of 1:5 (w/v) at 30±2oC for 8 hours. 

After maceration, mung beans were put in the glass petri having two filter papers for maintaining the 

moisture of mung beans and done according to the experiments in Table 3. 

 

2.3. Experimental design and optimization 

The condition optimum of GABA biosynthesis in mung beans was using the software Stat-Ease Design 

Expert 9.0.2 with the regression model and the experiment basing on CCD. Three independent variables 

choosing such as soaking time, germination time, and germination temperature were as the optimization 

zone for collecting the maximum peak of GABA content in the biosynthesis process. Accordingly, the CCD 

matrixes using of 16 experiments covering the full design of three factors were for building quadratic 

models (Table 3 and 4). The experimental data presentation obtaining from the CCD model experiments was 

in the form of the following equation: 

Y = B0 + 



n

i
tt xB

1  + 



n

i
iii xB

1

2

 + 



 


1

1 1

n

i

n

ij
ijiij exxB

 



Sapporo Medical Journal 
Volume 54, Issue 05, May, 2020 

  

3 
 

Where Y is the predicted response; n is the number of factors; xi and xj are the coded variables; Bo is the 

offset term; Bi, Bii, and Bij are the first-order, quadratic, and interaction effects, respectively; i and j are the 

index numbers for factor, and ei is the residual error. 

 

Table 3. Experimental range and levels of the independent variables 

Variables Factor 
Range and levels 

-1 0 1 

Soaking time (h) X1 7 8 9 

Germination time (h) X2 12 24 36 

Germination temperature (0C) X3 32 34 36 

 

2.4. Quantification of GABA content 

The method to determine GABA content was according to the description in previous studies. [10,11] 0.1 g 

of the sample at different conditions added to 1.5 ml Eppendorf, extracted with 1 ml of 80 % ethanol for 60 

min and then centrifuged in 10.000 rpm at 4oC for 10 min for separating the supernatant and the residue. 

The residue was continuously extracted with 0.5 ml of 80% ethanol for 15 min and centrifuged for 

collecting the supernatant. All supernatants of centrifugation twice times were evaporated at 80oC until 

completely dry and added to 1 ml of distilled water, shaken and centrifuged in 10.000 rpm at 4oC for 10 min 

for collecting the supernatant. 0.6 ml of the supernatant added to 0.4 ml of borate buffer (pH 9.0), 2 ml of 

6.0 % phenol, and 1.6 ml of 8% NaOCl, in turn, and vortexing for 1 min. GABA content was analyzed 

spectrophotometrically on a UV–vis spectrometer at 630 nm by measuring the absorbance of the samples at 

a maximum wavelength based on the standard range GABA content from 0, 150, 200, 300, 400, and 450 

ppm. 

 

2.5. Data analysis 

Each experiment was in triplicated (n=3), analyzed statistically by the software Stat-Ease Design Expert 

9.0.2 that used for the optimization of GABA biosynthesis. 

 

3. Results and discussion 

RSM was employed for identifying the simple and interactive effects of operating variables of increased 

biosynthesis GABA content. On the basis of the CCD, the optimization of GABA synthesis in mung beans 

occurred four important stages: (1) performing statistically designed experiments for the experimental plan, 

(2) recommending the mathematical model basis of the experimental data and focus on the data of analysis 

of variance, (3) controlling the efficiency of the model directly with diagnostic plots and (4) estimating the 

response and verify the model. 
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Table 4. Central composite design experiment and results 

Experiment 

number 

Experimental 

design 

Experimental plan GABA content 

(mg GABA equivalent /g DW) X1 X2 X3 

1 −−− 7 12 32 3.772 ± 0.044 

2 +−− 9 12 32 3.789 ± 0.107 

3 00a 8 24 32 4.025 ± 0.089 

4 −+− 7 36 32 3.934 ± 0.105 

5 ++− 9 36 32 3.768 ± 0.13 

6 0a0 8 12 34 3.962 ± 0.114 

7 a00 7 24 34 4.028 ± 0.103 

8 000 8 24 34 4.143 ± 0.094 

9 000 8 24 34 4.162 ± 0.034 

10 A00 9 24 34 4.038 ± 0.09 

11 0A0 8 36 34 4.058 ± 0.035 

12 −−+ 7 12 36 3.765 ± 0.048 

13 +−+ 9 12 36 3.805 ± 0.121 

14 00A 8 24 36 4.010 ± 0.119 

15 −++ 7 36 36 3.832 ± 0.136 

16 +++ 9 36 36 3.848 ± 0.081 

According to the RSM results, response surface modelling was significant (Table 5) under polynomial 

regression function, and predicting response (Y) for the GABA content of samples was according to the 

following Equation: 

Y = 4.1363 + 0.0347X2 – 0.0259 X1X2 + 0.0258 X1X3 – 0.0952X1
2 – 0.1182X2

2 – 0.1107X 

 

Table 5.ANOVA regression model for the optimization of GABA biosynthesis 

Source Sum of Squares Mean Square F value Pr(>F)  

Model 0.2781 0.0309 35.4641 0.0002* significant 

X1(7,9) 0.0007 0.0007 0.7906 0.4082  

X2 (12,36) 0.0120 0.0120 13.8179 0.0099*  

X3(32,36) 0.00008 0.00008 0.0900 0.7743  

X1X2 0.0054 0.0054 6.1466 0.0479*  

X1X3 0.0053 0.0053 6.0284 0.0494*  

X2X3 0.0001 0.0001 0.1379 0.7232  

X1
2 0.0239 0.0239 27.4434 0.0019*  

X2
2 0.0369 0.0369 42.2986 0.0006*  

X3
2 0.0323 0.0323 37.1028 0.0009*  

Residual 0.0052 0.00087    

The surface plots showed the interaction of each-pair elements and the optimization value for collecting the 
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maximum GABA content (Figure 1, 2, and 3). 

 

  

Figure 1. 3D surface plot of increase GABA 

content versus soaking time (hour) and germination 

time (hour) 

Figure 2. 3D surface plot of increase GABA 

content versus soaking time (hour) and germination 

temperature (°C) 

 

Figure 3. Over surface plot of increase GABA content versus germination time (hour) and germination 

temperature (°C) 

 

Soaking time, germination time, and germination temperature (34oC) impacted on GABA content was found 

(Figure 1). GABA content increased slightly when the soaking time was from 7 to 8 hours and got the 

highest value (4.139 mg GABA equivalent/g) at 7.923 hours. The GABA content decreased when soaking 

time increased. Similarly, GABA content increased when germination time was from 12 to 24 hours and 

reached the highest value (4.139 mg GABA equivalent/g) at 25.854 hours of germination time. The 

germination time continuously increased, the GABA content decreased. The reason for that phenomenon is 

that soaking time affected water absorption of germination [12] and GAD biosynthesis ability. [13] The 

GABA content did not depend on the values change of X1 and X3 as on the same contours. 
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Figure 4. Germination mung beans activity was affected by soaking time 

 

 

 

 

 

 

 

 

Figure 5. Germination mung beans activity was affected by germination temperature 

 

The soaking time and germination temperature affected GABA content (Figure 2, 4, and 5). GABA content 

increased when soaking time and germination time increased and reached the highest value (4.138 mg 

GABA equivalent/g DW) at the time of the soaking (7.8667 hours) and the germination time (33.91 hours). 

GABA content decreased when the soaking and the germination time continuously increased. The reason is 

that the germination process increased enzyme activity GAD causing the GABA content increase. GABA 

content changed according to the non-linear model of level 2 because of the decrease of glutamate content 

[7] and glutamate conversation into GABA by GAD [14] during the germination process. 

The interaction between germination temperature and germination time affected GABA content (mg GABA 

equivalent/g DW) that reached the highest value (4.1387 mg GABA equivalent/g DW) at the germination 

temperature (33.954oC) and the germination time (25.584 hours) (Figure 3). GABA content decreased when 

the temperature increased. The germination temperature affected GABA content in germinating soybean 

that possessed the highest GABA content at 30oC, optimization temperature for GAD activity at 30oC [15], 

and optimization germination temperature at 35oC[7]. GABA content changed according to the non-linear 

model of the maximum peak, similar to the current study. 

 

3. Conclusion 

The study presented the optimization condition for collecting the highest GABA content with soaking time 

(8 hours), germination temperature (34oC), and germination time (26 hours). The prediction (4.139 mg 

GABA equivalent/g DW) and the actual GABA content (4.1006 ±0.0326 mg GABA equivalent/g DW) was 

insignificantly different. The surface model was suitable and significant (p<0.05). The input factors such as 

soaking time, germination temperature, and germination time impact strongly on GABA content synthesis in 

mung beans. GABA content synthesis is useful for functional food and pharmaceuticals. 

360C 320C 340C 

7 h 8 h 9 h 
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