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Enhancement of GABA Production Utilizing 
Enzyme-Treated Rice Bran 

by Lactic Fermentation with pH Control 
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Optimum conditions for GABA production utilizing enzyme-treated rice bran by lactic fermentation 

were investigated. A culture containing 11% enzyme-treated rice bran (nutrient source) and 11.7% 

monosodium glutamate (additive substrate of GABA) inoculated with Lactobacillus brevis IF012005 

yielded a GABA content of 7 .1 % (w / w) when the pH was maintained at 5. 0 throughout the 

fermentation period. This resulting GABA content is 4-5-fold higher than without pH control. In 

addition, the fermented product did not have an unfavorable flavor according to sensory testing. Thus, 

it is possible to add culture broth to food or drink products to enrich GABA content without 

damaging their original flavor. 
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Rice bran and polish are major biomass by -

products of the rice milling process. Although the 

byproducts still contain quality oil, proteins, vitamins, 

dietary fiber, and other various nutrients, its 

utilization is limited to products such as oil, animal 

feed, and fertilizers and the majority of the 

byproducts end up as industrial waste!). Thus: many 

efforts have been made to identify a way to utilize 

the potential of this biomass waste. 

Recently, the effective production of r-aminobuytric 

acid (GABA) by lactic fermentation utilizing enzyme-

treated rice bran and polish has been 

demonstrated2H). GABA is known as a bioactive 

substance with an antihypertensive effect5l.6l, 

tranquilizing effect'), and protective effect against 

acute renal failure") and thus has been used as a 

functional food ingredient to enhance the value of 

food and drink products'). 

Rice bran and polish are also important issues in 

the sake brewing industry'), which utilizes a high 

amount of polished rice. However, sake consumption 

§Corresponding author, E-mail : sn207003@nodai.ac.jp 

has been decreasing in Japan and inactive facilities 

and capacities constitute another critical issue for 

the industry'> . GABA production by lactic 

fermentation can be readily implemented in the 

sake brewing industry using current brewing 

techniques, equipment, and facilities. Thus, GABA 

production could provide a suitable solution to both 

issues. This paper reports a procedure for 

enhancing GABA production utilizing enzyme -

treated rice bran by lactic fermentation. 

Materials and Methods 

1 • Materials 

Akita-Komachi (a brand name of Japanese rice) 

rice bran, a by-product of the sake brewing process 

at Akitameijyo Co., Ltd. , was used for all 

experiments. Monosodium glutamate monohydrate 

special class grade and lactic acid special class 

grade were purchased from W ako Pure Chemical 

Industries, Ltd. 
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2 . Preparation of enzyme-treated rice bran 

medium (RB medium) 

Enzyme-treated rice bran was prepared according 

to a previously reported procedure'). The pH of the 

rice bran-water solution was adjusted to pH 4. 5 

using 90% lactic acid (guaranteed reagent. W ako 

Pure Chemical Industries, Ltd., Tokyo, Japan). Next. 

the enzyme formulations AMYLASE YA (Amano 

Enzyme Inc. Nagoya, Japan) . DENAPSIN 10 P 

(Nagase ChemteX Corporation, Osaka, Japan). and 

PECTINASE "Nagase" (Nagase ChemteX Corporation, 

Osaka, Japan) were added to the solution at a ratio 

of 1/ 1,000 rice bran weight. respectively, and the 

solution was degraded with a temperature program : 

initial temperature at 40℃ for 60 min, increased to 

55℃, and held for 60 min, then increased to 100℃叫

This enzymatically processed solution was used as 

the RB medium. 

3 . Lactic acid bacteria 

Lactobacillus brevis strain IFO 12005 was obtained 

from the Institute for Fermentation, Osaka. This 

strain has been shown to be a high GABA -

producing lactic acid bacterium with RB medium'). 

Since IFO catalogue number has been integrated 

into NBRC. the strain can currently be obtained 

under product number NBRC12005. Lactobacilli MRS 

Agar (Difco Laboratories Inc.) was used for storage. 

GY liquid medium (2 % glucose and 1 % yeast 

extract; Becton, Dickinson and Company) containing 

monosodium glutamate (MSG) was used for the pre 

-cultivation culture and cells were cultivated in a 

rotation shaker (200rpm) at 30℃ for two days. 

4 . Amino acid analysis 

Two -hundred and fifty microliters of 40% 

trichloroacetic acid were added to 1. 0 g of sample 

solution and the proteins in the culture broth were 

separated by centrifugation (2,900 x g, IO minutes). 

The amino acids in the upper layer were measured 

using Amino Acid Analyzer JLC-300 (JEOL Ltd.). 

The conversion rate (%) from MSG to GABA was 

calculated by dividing the GABA molar 

concentration by the added MSG molar 

concentration. 

5 . Viable bacteria counts 

The number of viable lactic acid bacteria was 

determined using a culture for lactic acid bacteria 

measurement (Plate Count Agar with BCP ; Nissui 

Pharmaceutical Co., Ltd.) at 30゚tfor three days. 

6 . Determining the optimum conditions for GABA 

production using a jar culture 

An aliquot of RB medium was added to a 2 R, jar 

cultivation instrument (MD-00; B.E. Marubishi Co., 

Ltd.) and pressure-sterilized (121℃ for 15 minutes). 

Then, a separately sterilized solution containing a 

certain amount of MSG was added to make the 

total quantity of the medium to 1 kg. The pH of the 

medium was adjusted using lactic acid and 50m£of 

pre-incubated IF012005 were added. The mixture 

was incubated at 30℃ and 200 rpm. The pH of the 

culture during incubation was maintained at the 

defined value using lactic acid. 

Results and Discussion 

1 • Optimum pH for GABA production 

GABA content (w/w%) in the culture and viable 

lactic bacteria cell counts were investigated at 

different pHs, 4.5, 5.0, 5.5 and 6.0. The concentration 

of RB medium and MSG in the culture were 

adjusted to 11 % (w /w) and 6.0% (w /w, 360 mM), 

respectively. The GABA content and viable cell 

counts showed almost the same pattern at the pHs 

except 4.5. On the first day of fermentation, the 

GABA content was 0.1% at pH 4.5, while at pH 5.0, 

5.5, and 6.0 the GABA content was 2.7-3.2%. On 

the second day of fermentation, the GABA content 

remained low (0. 8%) at pH 4. 5 ; however, it 

reached >3.7% at pH 5.0, 5.5, and 6.0, which 

represents the quantitative molar equivalent of the 

MSG added to the medium. In contrast, the GABA 

content remained at 1.6 % at pH 4.5 on the third 

day of fermentation. These results suggest that the 

optimum pH range for effective GABA production is 

5.0-6.0. Meanwhile, the viable lactic bacteria cell 

counts in the culture increased by the first day of 

fermentation at all pHs except pH 4. 5. The cell 

counts at pH 5.0 and 5.5 peaked on the first day 

(3.5E + 10'cfu/ g and 2.6E + 10'cfu/ g, respectively), 

then decreased; while the cell counts at pH 6.0 

peaked on the second day (2.5E + 10'cfu/ g) and 

then decreased. The cell counts at pH 4.5 remained 

low (maximum of 1.2E + 10'cfu/ g) throughout the 

fermentation period. 

L. brevis IFO 12005 is known to produce a 

glutamic acid decarboxylase (GAD) that catalyzes 

the conversion of MSG to GABA ; the optimum pH 

for GAD activity was determined as pH 4.2叫 L.

brevis IF012005 begins to demonstrate GAD activity 

and GABA accumulation during the stationary 
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growth phase in GYP medium supplemented with 

MSG10). However, in this experiment, the optimum 

pH for GABA production was higher than pH 4.2. 

In addition, there was no clear relationship between 

cell counts and GABA content in the culture. Thus, 

GABA production under these conditions appears to 

integrate bacterial growth and the amount and 

activity of GAD in the culture. 

2 . Optimum concentration of enzyme-treated rice 

bran medium (RB medium) 

Fig. 1 shows GABA content (w / w %) in the 

culture at different concentrations, 8, 9, and 11 % of 

RB medium (w/w%). The MSG concentration in 

the culture was adjusted to 8.9% (w/w; 530 mM) 

and the pH of the medium was adjusted to 5.0. On 

the first day of fermentation, the GABA content 

was 0.7, 1.5, and 3.7% at an RB concentration of 8, 

9, and 11 % , respectively. On the second day of 

fermentation, the GABA content increased to 4.1, 4.5, 

and 5.5%, respectively. A concentration of 5.5% 

(533 mM) GABA was the quantitative molar 

equivalent of the MSG added. The GABA content 

at both 8 and 9% RB reached 5.2% on the third 

day of fermentation. However, there 

characteristic pattern or relationship between 

counts and GABA content in the culture (data not 

shown). 

Preliminary studies have shown that a high 

concentration of RB medium (> 11 %) is impractical 

because of difficulties such as solid-liquid filtration 
d . urmg post-processmg , in addition, GABA 

production was slow at the concentration of RB 

medium lower than 8 %. Thus, higher (> 11 %) and 

lower (8 % >) concentrations of RB medium were 

not investigated in this study. 

3 . Optimum concentrations of MSG 

Fig. 2 shows the GABA content (w / w %) at 

three concentrations of MSG (w / w %) . The RB 

medium concentration in the culture was adjusted 

to 11% (w/w) and the pH was mamtamed at 5.0 

throughout the entire fermentation period. The 

GABA content at 6. 8% MSG (400 mM) reached 

3. 8% (conversion rate 93%) on the first day of 

fermentation, which was nearly the molar equivalent 

of the MSG added; the GABA content at 11.7 and 

13.5% MSG (690 and 800mM, respectively) was 1.4 

and O %, respectively. The GABA content at 11.7% 

MSG reached 7.1% on the fourth day, which was 

the quantitative molar equivalent of the MSG added 

and the highest GABA content recorded in this 

was 
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Fig. 1 GABA content in cultures with different 
concentrations of enzyme-treated rice bran medium 
(RB medium) 
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Fig. 2 GABA content in cultures with different 
concentrations of monosodium glutamate (MSG) 

• : GABA content was measured until the third day 
because the content reached the molar equivalent of 
the MSG added. 

study. In contrast, the GABA content remained at 

1.6% at 13.5% MSG on the fourth day. 

Viable cell count data indicated that there was 

almost no cell growth (2.5E+10"- 3.7E+10•> at 

13.5% MSG, suggesting that approximately 11.7% 

MSG constitutes the highest limit for effective 

GABA production under these conditions. UENOw 

reported that the growth of GABA -producing 

bacteria including IF012005 was very poor at 15% 

MSG, which is similar to our results. In this 

experiment, data were collected until the third or 

fourth day for the reasons practical and economical 

implementation in plant-level, and MSG conversion 

rates. Further optimization will be investigated in a 

pilot-scale study. 

A culture containing 11% (w/w) RB medium and 

11. 7% (w /w) MSG inoculated with L. brevis IFO 

12005 yielded a GABA content of 7 .1 % (w / w) 
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when the pH was maintained at 5.0 throughout the 

fermentation period. Previous studies examining 

GABA production utilizing enzyme-treated rice bran 

and lactic fermentation have reported a GABA 

content of 1.4-1.6% (w/w) without pH control2H1; 

thus, GABA production has been enhanced 4-5-fold 

under the conditions in the current study. In 

addition, the fermented product did not have an 

unfavorable flavor according to sensory testing 

(data not shown) . Thus, it is possible to add 

culture broth to food or drink products to enrich 

GABA content without damaging their original 

flavor. This GABA production procedure can be 

readily scaled up and implemented in the sake 

brewing industry utilizing inactive facilities and rice 

bran waste, which would provide an excellent 

solution to these issues. 
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精米時に大量に発生する米糠は，高品質な油脂，タン

パク質，ビタミン類，食物繊維などをさまざまな栄養素

を含有している。しかし，容易に酸化や酵素分解して風

味，品質を損ないやすく，大部分は廃棄物として処理さ

れている。近年，米糠を酵素処理し，それを栄養源とし

た乳酸発酵による r—アミノ酪酸 (GABA) の生産方法が

示された。 GABAは種々の生理作用が報告されており，

健康栄養素として注目を集めている。本報告では，さら

なるGABAの生産効率向上のため，条件の最適化を検討

し，酵素処理米糠11%,GABAの基質としてグルタミン

酸ナトリウム11.7%を含む培地に Lactobacillusbrevis 

IF012005を添加し，発酵期間中pHを5.0に保つことで，

GABA含有贔7.1%(w/w) を達成した。 pH無調整の場
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合と比べ，含有量は 4~5倍に増強された。また，発酵

生成物は官能試験において不快な匂いを有しておらず，

食品本来の風味を損なうことなく本発酵液を添加し

GABAを強化することが可能と考えられる。酒造産業に

おいては米糠が大量に発生しその処理が大きな課題とな

っている。 GABA生産のための酵素処理や乳酸発酵など

は，酒造産業の既存の技術や，近年日本酒消費量の低下

で問題となっている遊休・余剰設備を利用することで容

易に実施が可能であり，米糠の高付加価値な有効利用と

ともに酒造産業にとって複合的な解決策となることが期

待される。

（平成30年 4月25日受付，平成30年 7月31日受理）
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