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ABSTRACT 
 
The effect of bran 18 Korean hull-less barley cultivars and degree of pearling on 
the bioconversion of glutamate to γ-aminobutyric acid (GABA) was investigated. 
The GABA productivity and glutamate decarboxylase (GAD) activity were found to 
depend on the barley cultivar. The bran of Hobanchal had the highest GABA 
productivity and GAD activity. Three hull-less barley cultivars were each pearled to 
degrees of 0 to 10, 10 to 20, 20 to 30, and 30 to 40%, respectively. The GABA 
conversion rate was the highest at 10–20%pearling degree and decreased above 
20%.The GAD activity was the highest at 0 to 10% and decreased dramatically 
beyond this degree. Produced GABA content had a positive correlation with GAD 
activity (r=0.526), initial GABA content (r=0.571) and negatively correlated with 
initial glutamic acid content (r=-0.686) of barley bran. These results indicate that 
GAD activity and initial GABA content could be used as simple markers to select 
the cultivar with high GABA productivity, and the barley cultivar and pearling 
degree is a very important factor to improve GABA productivity. 
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INTRODUCTION 
 
γ-Aminobutyric acid (GABA) is a non-protein amino acid 
that is synthesized from glutamate by glutamate 
decarboxylase (GAD) (Ueno, 2016). In this reaction, a 
pyridoxal 5´-phosphate-dependent enzyme catalyzes the 
irreversible α-decarboxylation ofL-glutamate to GABA (Jin 
et al., 2013). GABA is known to have some physiological 
functions, such as an anti-stress and anti-hypertensive 
effectsv(Vaiva et al., 2004; Bjork et al., 2001), and a relation 
to unipolar depressive disorder (Hayakawa et al., 2002). In 
addition, GABA has several health benefits such as lowering 
blood pressure, inhibiting cancer cell proliferation and 
playing a role in alcohol-associated diseases and 
schizophrenia (Oh et al., 2004). Therefore, GABA has 
recently attracted research attention.  

However, as GABA cannot pass the blood-brain barrier 
and enter the central nervous system, GABA levels in the 
brain are not increased by oral administration alone (Inoue 
et al., 2003). Thus, it is necessary to supply sufficient GABA 
from outside sources such as food, necessitating the 

development of functional foods rich in GABA. Various 
kinds of food such as tea (Tsushida et al., 1987) and 
germinated brown rice (Sikusa et al., 1994a, b) containing 
high GABA contents have been examined. In addition, 
studies enhancing GABA contents have been conducted. 
Most of the GABA used in the food industry is produced by 
microbiological fermentation by bacteria (Smith et al., 
1992), fungi (Kono et al., 2000), and yeasts (Hao et al., 
1993). 

Bran of barley (Hordeumvulgare L.) is a by-product of whole 
grain processing. Barley bran is not expensive and contains 
various valuable materials compared to pearled grain. Studies 
have investigated the extraction of functional components from 
barley bran (Cruz et al., 2000) and the application of barley 
bran as a culture medium for the production of valuable 
materials (Gomez et al., 2005). Wang et al. (2010) reported 
that the GABA accumulation of brown rice germinated at 35°C 
for 21 to 24 h was affected by GAD activity and the glutamic 
acid content. Liu et al. (2005) reported that rice grain has 
GAD activity. The GAD activity to produce GABA is retained  
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in the matured seed and bran and thus, bran is one of the 
interesting materials as a GAD source to produce GABA.  

Limure et al. (2009) developed a simple method for GABA 
production from sodium glutamate using barley bran. 
Although multiple studies on GABA production using barley 
bran have been carried out (Jin et al., 2013), the effect of 
cultivar has not been studied yet. Furthermore, there have 
been no reports on the combination effect of both the GAD 
activity and the glutamic acid content in GABA production 
using barley bran of different cultivars. 

In Korea, barley is pearled to about 23% of their original 
weight for cooking in a mix with rice. The yield of barley 
bran is 60,000 ton/year, most of which is used for forage. 

The objective of this study was to investigate the effect of 
cultivar and degree of pearling on the bioconversion of 
glutamate to GABA. We investigated the GABA production 
using barley brans of 18 cultivars that are cultivated in 
Korea and different degrees of pearling and the GAD 
activity for different cultivars and degree of pearling was 
investigated.  
 
 
MATERIALSAND METHODS 
 
Barley bran was prepared from whole barley grains 
harvested in 2016 at the National Institute of Crop Science, 
Rural Development Administration, Korea. Generally, 
barley is categorized into two types on the basis of the 
amylose content of the starch. 18 hull-less barley cultivars 
(200 g) were pearled to 23% of their original weight using 
a Satake Test Mill (M05; Satake, Tokyo, Japan) and 
thereafter, the pearled flours  were stored at 4°C Among 
them, three hull-less barley cultivars were randomly 
selected to examine GABA conversion rate according to the 
degree of pearling. Each cultivar was pearled to a degree of 
0 to 10, 10 to 20, 20 to 30 and 30 to 40%, respectively and 
also stored at 4°C Megazyme β-glucan and total starch 
assay kits were purchased from Megazyme Co. 
(International Ireland Ltd., Ireland), while GABA and 
monosodium glutamate were purchased from Sigma 
Chemicals Co. (St. Louis, MO, USA). All other chemicals and 
solvents used were commercial and of analytical grade. 
 
 

Analysis of protein, starch, and β-glucan contents 
 

The chemical composition of barley bran in terms of 
protein, starch and β-glucan was analyzed as previously 
reported (Lee et al., 2011). Protein content was determined 
by total nitrogen content, which was analyzed using the 
Elementar analyzer system (Vario MACRO, Hanau, 
Germany) and a conversion factor determined as the value 
obtained with the Kjeldahl system (Buchi, Flawil, 

Switzerland). The β-glucan and starch contents of the 
barley brans were determined by estimating the 
absorbance at 510 nm using Megazyme β-glucan and 

starch assay kits.  
 
 
GABA production 
 
GABA was produced using the method of Limure et al. (2009). 
Barley bran of 150 mg/m land and 10 ml of distilled water 
containing 10 mM monosodium glutamate were thoroughly 
mixed. The solution was incubated at 20°C for 6 h. The 
enzymatic conversion reaction was stopped by heat 
inactivation at 80°C for 20 min. After reaction, the solution was 
centrifuged at 20,000×g at 4°C for 10 min. The supernatant 
was used to analyze GABA and glutamic acid contents. Each 
reaction was carried out in triplicate. 
 
 
Determination of GABA and glutamic acid contents 
 
Contents of GABA and glutamic acid were determined by the 
AccQ Tag HPLC detection system (Waters, Milford, MA, USA). 
The sample was extracted with methanol and filtered through 
a 0.2 μm RC Syringe filter (Thermo Scientific, Rockwood, 
Germany). The filtrate was diluted to a suitable content. The 
diluted samples were derivatized by the AccQ Tag method 
(Limure et al., 2009). GABA and glutamic acid contents were 
determined using an AccQ Tag amino acid analysis column (3.9 
× 150 mm; Waters) and 2475 multi fluorescent detector 
(Waters, Milford, Mass, USA) by gradient elution at 49°C. 
Sample temperature was 20°C and injection volume was 1 μl. 
Four eluents were used: A (100% AccQ·Tag ultra UPLC amino 
acid analysis eluent A), B (10% AccQ·Tag ultra UPLC amino 
acid analysis eluent B), C (100% distilled water), and D (100% 
AccQ·Tag UPLC amino acid analysis eluent B). Table 1 shows the 
gradient program. Excitation and emission wavelengths were 
266 and 473 nm, respectively. Standard curve was made using 
the GABA standard reagent. Chromatography data were 
analyzed using Empower personal software (Waters).  
 
 
Analysis of GAD activity 
 
GAD activity was determined using a modification of the 
procedure described by Zhang et al. (2007). The reaction 
mixture consisted of 400 μl of crude GAD, 100 μl of 50 mM 
sodium phosphate buffer (pH 5.8), 100 μl of 1.0 mML-Glu, and 
100 μl of 100 mM PLP. After the solution was incubated at 40°C 
for 60 min, 100 μl of 32% (w/v) trichloroacetic acid was added 
to stop the reaction. After derivatization using FMOC-CI, the 
solution was passed through a 0.45-μm nylon syringe filter and 
the filtrate tested for GABA content using the method earlier 
described (Wang et al., 2010). One unit of GAD activity was 
defined as the release of 1 μmol of GABA produced from 
glutamate within 30 min at 40°C. 
 
 
Statistical analysis 
 
All measurements were conducted at least in triplicate. The 
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Table 1: Gradient program of analysis GABA and glutamic acid contents. 
 

Time Flow (ml/min) 

 

A B C D 

Percentage (%) 

Initial 0.7 2.0 0.0 98.0 0.0 

0.29 0.7 2.0 0.0 98.0 0.0 

5.49 0.7 9.0 80.0 11.0 0.0 

7.10 0.7 8.0 15.6 57.9 18.5 

7.30 0.7 8.0 15.6 57.9 18.5 

7.69 0.7 7.8 0.0 70.9 21.3 

7.99 0.7 4.0 0.0 36.3 59.7 

8.59 0.7 4.0 0.0 36.3 59.7 

8.68 0.7 2.0 0.0 98.0 0.0 

10.20 0.7 2.0 0.0 98.0 0.0 

 
 

Table 2: Characteristics of different barley cultivars and chemical composition of barley brans. 
 

Cultivar Characteristics 

 

Protein Starch β-glucan 

Percentage (%) 

Naehanssal Normal starch, 6-rowed 18.4±0.056bc1) 26.6±0.261de 3.19±0.077ef 

Hinchal Low amylose starch(waxy), 6-rowed 17.7±0.088d 21.0±0.195hi 3.24±0.129ef 

Saechal Low amylose starch(waxy), 6-rowed 18.2±0.228c 24.4±0.401g 3.21±0.005ef 

Jaekang Normal starch, 6-rowed 16.8±0.044g 28.9±0.066c 3.12±0.054fg 

Dongho Normal starch, 6-rowed 17.1±0.044f 29.3±1.049c 3.11±0.051fgh 

Pungsanchal Low amylose starch(waxy), 2-rowed 17.6±0.148de 27.6±0.262d 3.91±0.106b 

Hobanchal Low amylose starch(waxy), 6-rowed 19.4±0.287a 20.1±0.456i 3.58±0.100cd 

Donghanchal Low amylose starch(waxy), 6-rowed 16.2±0.100hi 26.0±0.261ef 3.62±0.132c 

Dapung Normal starch, 6-rowed 16.5±0.028gh 32.0±0.606a 3.02±0.091gh 

Zasoojeongchal Low amylose starch(waxy), 6-rowed 17.7±0.195d 17.3±0.134j 2.60±0.001i 

Jinjuchal Low amylose starch(waxy), 6-rowed 16.5±0.195gh 21.5±0.402h 3.45±0.064d 

Daeanchal Low amylose starch(waxy), 6-rowed 18.6±0.231b 20.2±0.206i 1.69±0.012j 

Joachal Low amylose starch(waxy), 2-rowed 17.5±0.160de 25.4±0.742f 4.42±0.021a 

Kanghochung Normal starch, 6-rowed, green lema 17.3±0.064ef 24.2±0.472g 3.29±0.013e 

Huknuri Normal starch, 6-rowed, black lema 17.7±0.008d 21.7±0.473h 3.26±0.008e 

Dahan Normal starch, 6-rowed 16.3±0.044hi 29.3±0.608c 3.20±0.050ef 

Heukwang Normal starch, 6-rowed, black lema 14.4±0.148j 24.0±0.202g 2.96±0.025h 

Hanbeak Normal starch, 6-rowed,  16.0±0.028i 31.0±0.202b 3.02±0.036gh 
 

1) Mean value of triplicate experiments ± standard deviation. Values with different small letters in the same row significantly differ 
from each other (p<0.05). 

 
 
data was analyzed using SAS Enterprise Guide 4.0 
(Statistical analysis system, 2016, Cray, NC, USA). Duncan’s 
multiple range test was adopted to compare the mean 
values at p<0.05. 
 
 
RESULTS AND DISCUSSION 
 
Protein, starch, and β-glucan contents of barley bran 
 
Barley is mainly consisted of protein, starch and dietary 
fiber. Baik and Steven (2008) reported that whole barley 

grain contains 65 to 68% starch, 10 to 17% protein, 4 to 9% 
β-glucan, 2 to 3% free lipids and 1.5 to 2.5% minerals. 
According to a report by Lee et al. (2012), the protein, 
starch and β-glucan contents of Korean barley cultivars are 
10.0 to 12.9%, 49.7 to 65.3%, 4.3 to 7.5%, respectively. 
However, there is no report on the chemical components of 
barley bran of various cultivars. We analyzed the protein, 
starch and β-glucan contents of barley bran produced from 
various Korean barley cultivars (Table 2). The protein 
content of bran of the tested cultivars was in the range of 14.37 
to 19.43%, and Hobanchal had the highest content. The protein 
content of barley bran was higher than that of barley grain.  
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The starch content of barley bran was 17.26 to 32.03%, 

and Dapung had the highest content. It was 2 to 3 times 
lower than that of barley grain. The β-glucan content of 
barley bran was 1.69 to 4.42%, and Joachal had the highest 
content. The β-glucan content of the bran was also lower 
than that of the grain. Judy et al. (2001) reported that the 
protein content of barley bran initially increased up to 25% 
degree of pearling and decreased thereafter. The protein 
content was 13.5% in whole grain, but 19.2 and 23.9%, 
respectively, in 10 to 12% and 23 to 25% degree of pearling. 
Starch and β-glucan contents of bran initially decreased 
with pearling of up to 10 to 12% degree of pearling and 
then increased through pearling of up to 78 to 80%. This 
was due to the confinement of starch and β-glucan in the 
inner tissues of barley grain (That is, endosperm). In whole 
grain, starch and β-glucan content was 63.6 and 3.89%, 
respectively. In 10 to 12% and 23 to 25% of pearling, starch 
content was 11.3, 28.9%, and β-glucan was 1.7, 1.9%. In this 
research, protein, starch and β-glucan contents showed 
similar result. Lee et al. (2011) reported that in barley bran, 
protein content was higher, while starch and β-glucan 
content was lower as compared to the value of the grain of 
same cultivar.  
 
 
GABA, glutamic acid content and GAD activity of barley 
bran 
 
To investigate the effect of initial GABA and glutamic acid 
content of barley bran on the production of GABA, GABA 
and glutamic acid content of barley bran was analyzed 
(Figure 1). Initial GABA content was different depending on 
barley cultivars and GABA content ranged between 0.27 to 
0.77 mM (Figure 1A). Hobanchal was the highest followed 
by Kanhocheong being 0.66 mM. Dapung and Donghanchal 
were low being 0.27 and 0.34 mM, respectively. Initial 
glutamic acid content also varied depending on barley 
cultivars and ranged between 0.08 to 0.45 mM (Figure 1B). 
The glutamic acid content of Donghanchal and Dapung were 
high, 0.45 and 0.38 mM, respectively. The content of 
Huknuri and Dahan was 0.08 mM, Saechal was 0.10, 
Naehanssal was 0.11, while Dongho and Hobanchal were 
0.12. Initial GABA and glutamic acid content had inverse 
correlation. 

Paidaeng et al. (2014) investigated the GABA and 
glutamic acid contents and the GAD activity in brown rice 
and germinated brown rice of 5 Thai rice cultivars. They 
reported that the amount of GABA produced depended on 
the cultivar and was determined by both the GAD activity 
and the amount of glutamic acid of the cultivar. However, 
according to their results, even though a cultivar had high 
level of glutamic acid and a high GAD activity, GABA 
production was significantly lower than other cultivars that 
had low level of glutamic acid and GAD activity. As such, 
they reported that high levels of glutamic acid and a high 
GAD activity are apparently not the sole contributions to 

the GABA content. Figure 1C shows the GAD activity of 
barley bran of 18 cultivars analyzed. GAD activity was 2.59 
to 18.22 U/umol. The highest activity was observed for 
Hobanchal and the lowest for Joachal. Bautisa et al. (1964) 
reported that the GAD activity is a dependable index for the 
viability of different kinds of rice.  

In this study, GAD activity was different depending on 
cultivars and the variation of GAD activity might be 
attributed to the different barley cultivars and may result in 
varying GAD and GABA content. The GABA content of 
Hobanchal which had the highest GAD activity was the 
highest. However, the initial GABA content of Joachal (2.32 
mM) which had the lowest GAD activity was higher than the 
content of Dapung (0.36 mM), Donghanchal (0.93 mM), 
Pungsanchal (1.99 mM) with higher GAD activity. GAD 
activities of Dapung, Donghanchal and Pungsanchal were 
6.6, 13.8, 13.5 U/umol, respectively. Li et al. (2010) reported 
that the GABA content in plant tissue is affected by GAD 
activity as well as, the other factors, such as glutamic acid 
content and the GABA transaminase and succinic semi-
aldehyde dehydrogenase activities. Hobanchal is the most 
suitable for consumption due to the high GABA content 
which results from the higher initial GABA content and the 
high GAD activity. 
 
 
Effect of barley cultivar on GABA production 
 
To investigate the effect of the barley cultivar on GABA 
production, GABA was produced using bran of 18 Korean 
hull-less barley cultivars. Table 2 shows characteristics of 
the 18 cultivars presented. As shown in Figure 2A, the GABA 
production differed depending on the cultivar. The content 
of GABA was 0.36 to 9.34 mM. The highest content was 
achieved when using bran of Hobanchal (9.34 mM), 
followed by Naehanssal (8.06 mM), Saechal (7.32 mM), 
Jinjuchal (6.84 mM), and the lowest content was obtained 
with Dapung (0.36 mM). Paidaeng et al. (2014) reported 
that alteration and variation of GABA contents of cultivars is 
attributed to differences in the metabolic activities of the 
various rice cultivars.  

In this study, the differences of GABA content according to 
cultivars can be attributed to differences in the metabolic 
activities in the various barley cultivars. GABA content showed 
a difference depending on cultivars after GABA production 
reaction using barley bran of various cultivars. Its content 
ranged between 0.36 to 9.34 mM, with Hobanchal showing the 
highest value and Dapung showing the lowest. 

The content of glutamic acid was inversely related to that of 
GABA, and was 1.63 to 5.58 mM (Figure 2B). The lowest 
content was in Hobanchal (1.63 mM), Kanghochung (1.71 mM), 
Dongho (1.75 mM) and the highest content was in Dapung 
(5.58 mM) and Daeanchal (5.67 mM). Hobanchal and Dapung 
showed the clearly inversely relationship between GABA and 
glutamic acid content. However, this inverse relationship was 
not clearly established in all cultivars. The glutamic acid 
conversion rate was the highest (93.4%) in Hobanchal.  
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Figure 1: Initial GABA (a) Glutamic acid (b) content and GAD activity and (c) in barley bran of various cultivars. 1) 
Values with different letters in the same row significantly differ from each other (p<0.05).

 
 
Compared to initial GABA content and produced GABA 

content by conversion reaction, Hobanchal which had the 
highest initial GABA content showed the highest GABA 
productivity, 9.34 mM.Dapung and Donghanchal which had 
low initial GABA content showed low GABA productivity, 

0.36 and 0.93 mM, respectively. Initial GABA content and 
GABA productivity had positive correlation. 

Initial glutamic acid content was high in Donhanchal and 
Dapung, while Huknuri and Dahan were low. After 
conversion reaction, Donghanchal and Dapung showed high  
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Figure 2: Production of GABA (a) from glutamateand glutamic acid content and (b) in the reaction solution 
when using barley bran of various cultivars. A solution containing 150 mg/mL barley bran and 10 ml of 
distilled water with 10 mM glutamate was incubated for 6 h at 20°C. 1) Values with different letters in the 
same row significantly differ from each other (p<0.05). 

 
 
glutamic acid content, 4.59 and 5.58 mM, respectively, and 
Huknuri and Dahan showed low glutamic acid content, 2.13 
and 2.77 mM, respectively. However, similar with reports of 
Paidaeng et al. (2014), except Donghanchal and Dapung, the 
initial glutamic acid content and the glutamic acid content 
after conversion reaction did not show a significant 
correlation. Initial GABA content showed negative 
correlation with initial glutamic acid content. Cultivars with 
a high initial GABA content and low glutamic acid content 
showed the high GABA productivity after conversion 
reaction, so, by analyzing the initial GABA and glutamic acid 
content, we can predict the GABA productivity and will be 
used as a simple test method for selection of the cultivar 

with high GABA productivity. 
 
 
Effect of degree of pearling on GABA production 
 
Figure 3 shows the results of the analysis of conversion 
efficiency according to degree of pearling in 3 barley 
cultivars. The cultivars showed similar tendencies. The 
barley bran fraction of 10 to 20% showed the highest GABA 
productivity, followed by 20 to 30% and 0 to 10%, and the 
30 to 40% showing the low productivity (Figure 3A). 
Naehanssal had higher GABA content than that of Saechal 
and Jinjuchal according to pearling fraction. This result was  

 
 

 

A 

B 
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Figure 3: GABA content (a), Glutamic acid content and (b) GAD activity in GABA production from 
glutamate using different degrees of pearling. A solutions containing 150 mg/mL barley bran and 10 
mL distilled water with 10 mM glutamate was incubated for 6 h at 20°C. 

 
similar to the result of GABA content for barley bran of 18 
cultivars. The bran fraction from 0 to 10% degree showed 

the highest glutamic acid, while 10 to 20% degree showed 
the lowest (Figure 3B). 
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A 
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Table 3: Correlation coefficients between chemical compositions of barley bran, antioxidant activity and GABA content. 
 

  Glu protein starch β-glucan 
Total 

phenol 
amylose ABTS DPPH 

GAD 
activity 

Initial Glu Initial GABA 

GABA -0.309 0.507* -0.315 0.053 -0.098 -0.276 0.059 -0.095 0.526* -0.686*** 0.571** 

Glu 1.000 -0.298 0.239 -0.440* 0.310 0.140 0.254 0.329 -0.143 0.627** -0.648** 

protein  1.000 -0.447* -0.022 0.182 -0.516* 0.335 0.206 0.465* -0.458* 0.519* 

starch   1.000 0.223 -0.073 0.816**** -0.116 -0.111 -0.357 0.171 -0.210 

β-glucan    1.000 0.167 -0.051 0.212 0.181 -0.175 -0.158 0.141 

Total phenol     1.000 -0.259 0.935**** 0.974**** -0.258 -0.012 -0.141 

Amylose      1.000 -0.380 -0.331 -0.353 0.047 -0.172 

ABTS       1.000 0.933**** -0.106 -0.077 -0.034 

DPPH        1.000 -0.277 0.015 -0.184 

GAD activity         1.000 -0.213 0.507* 

Initial Glu          1.000 -0.599** 

Initial GABA           1.000 
 

1) Levels of significance; * p<0.1, ** p<0.01, *** p<0.001, **** p<0.0001; Glu: Glutamic acid. 

 
 
Figure 3C shows GAD activity according to pearling 

degrees. GAD activity of bran fraction was the highest at 0 
to 10% degree and decreased as the pearling degree 
increased. In barley, as in other cereal grains (Galleschi et 
al., 1977; Linko and Duffus, 1972), the enzyme is present 
primarily in the embryo and not in the endosperm, 
although a small amount is also detectable in the aleurone 
layer (Duffus et al., 1972). We consider that GAD activity 
was the highest in the bran fraction of 0 to 10% degree 
because of the existing GAD enzyme. The cultivar Saechal 
showed the highest GAD activity, followed by Jinju and 
Naehanssal.  

GAD activity showed a similar tendency as GABA 
productivity according to cultivar, indicating that high GABA 
productivity is related to high GAD activity. However, GABA 
production was the lowest in the 0 to 10% fraction, which 
showed the highest GAD activity. Further study is required 
to explain this finding. Except for this degree, GABA 
productivity and GAD activity were positively correlated. In 
Korea, barley is used at 23% pearling. Since 10 to 30% 
degree of pearling of barley bran showed high GAD activity 
and GABA productivity, barley bran could be used for GABA 
production. In Korea, pearling to degree of 23% is 
commonly performed. Therefore, the result of GABA 
productivity according to pearling degree indicates the 
strong application potential as an inexpensive GAD source 
of barley bran for producing GABA. Barley cultivar and 
pearling degree is an important factor to be considered for 
improving GABA production. 

 
 
Correlation between chemical compositions and GABA 
productivity 
 
Table 3 shows the correlation between chemical 
compositions of barley bran, antioxidant activity, and GABA 

content produced using barley bran of various cultivars. 
Produced GABA content had a positive correlation with 
protein content (r=0.507), GAD activity (r= 0.526), initial 
GABA content (r=0.571) and negatively correlated with 
initial glutamic acid content (r=-0.686) of barley bran. 
Glutamic acid content had a positive correlation with initial 
glutamic acid (r=0.627). Total starch content was 
significantly related with amylose content (r=0.816). Total 
phenol content was significantly related with 
ABTS(r=0.935) and DPPH(r=0.974). ABTS was positively 
correlated with DPPH (r=0.933). Initial glutamic acid 
content showed negative correlation with initial GABA 
content (r=-0.599). GABA content showed a positive 
correlation with protein content (r=0.507, p<0.05). 
However, it showed no significant correlation with starch 
and β-glucan contents. Paidaeng et al. (2014) reported that 
GABA accumulation in germinated brown rice is influenced 
by the cultivar type and both the GAD activity and the 
glutamic acid content were correlated with GABA 
productivity. However, high initial glutamic acid content 
and a high GAD activity are not the sole contributors to 
accumulation of GABA.  

Similar with the results of Paidaeng et al. (2014), in our 
study, there was no significant correlation between GABA 
productivity and GAD activity or any other factors. This 
result may be due to the differences in the metabolic that 
occurred during the GABA production process according to 
each cultivar and degree of pearling. 
 
 

Conclusions 
 

In this study, GABA productivity from glutamate using the bran 
of 18 Korean hull-less barley cultivars and at different degree 
of pearling was investigated because various cultivars have 
different characteristics and chemical compositions. The 
protein, starch and β-glucan content were  
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significantly different in cultivars. In barley bran, protein 
content was higher, while starch and β-glucan content was 
lower than whole grain. GABA productivity of barley bran 
according to cultivar was different and barley bran of 
Hobanchal had the highest GABA productivity of 9.34 mM. 
93.4% GABA conversion rate. GAD activity was also 
different according to cultivars and Hobanchal showed the 
highest GAD activity. Barley grains were pearled to various 
degrees (0 to10%, 10 to 20%, 20 to 30% and 30 to 40%) to 
investigate the effect of different pearling degrees in GABA 
productivity. GAD activity was the highest at 0-10% of 
pearling and GABA productivity was the highest at 10 to 
20% and decreased as the pearling degree increased. GABA 
content had a positive correlation with GAD activity (r= 
0.526), initial GABA content (r=0.571) and negatively 
correlated with initial glutamic acid content (r=-0.686) of 
barley bran. In Korea, pearling to degree of 23% is 
commonly performed. Therefore, the result of GABA 
productivity according to pearling degree indicates the 
strong application potential as an inexpensive GAD source 
of barley bran, for producing GABA. Barley cultivar and 
pearling degree is an important factor to be considered for 
improving GABA production. 
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