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The neurotransmitter γ-aminobutyric acid (GABA) is a functional food ingredient of growing importance in the 
preparation of GABA-enriched germinated brown rice (GBR). Quantifi cation of GABA levels during germination 
in a locally developed high yielding red rice variety (UKMRC-9) was carried out via  high-performance liquid 
chromatography (HPLC) analysis using pre-column chemical derivatisation with 2-hydroxynaphthaldehyde (HN) 
using a UV detection system. Factors that infl uence rice germination such as soaking time and temperature were also 
studied. The results of this study showed that the UKMRC-9 rice variety soaked in water for 6 hours at 35 °C yielded 
the highest value for both germination percentage (95.4±1.2%) and GABA content (411 μg g–1). This suggests that 
long soaking times of 1–4 days can be substituted by short soaking times to produce high GABA levels in germinated 
brown rice.

Keywords: germinated brown rice (GBR),γ-aminobutyric acid (GABA), short soaking time, HPLC-UV, 
2-hydroxy-1-naphthaldehyde (HN)

GABA is a non-protein amino acid that can be naturally found in the brain (Rඈൻൾඋඍඌ & 
Fඋൺඇ඄ൾඅ, 1950) and other non-neuronal tissues such as ovarian tissue (Dൾඅ Rංඈ & Cൺൻൺඅඅൾඋඈ, 
1980) in mammals. It can also be found in plants (Rඈඈඁංඇൾඃൺൽ et al., 2009) and even in 
bacteria (Fඋൺඇർංඈඌං et al., 2015). GABA can be produced via biotransformation by treating a 
glutamic acid decarboxylase (GAD)-overproducing strain of E. coli with large amounts of 
L-glutamic acid, which is the precursor to GABA (Pඅඈ඄ඁඈඏ et al., 2000). Yeasts such as 
Saccharomyces cerevisiae can also be genetically engineered to enhance GAD protein 
expression to produce endogenous GABA (Kൺඇൺං et al., 1996). In mammals, GABA acts as 
a major inhibitory neurotransmitter on GABA receptors (ionotropic/metabotropic) (Oൻൺඍൺ, 
2013). GABA has been shown to increase insulin secretion and reduced depressive-like 
behaviour in mouse models (Patterson et al, 2019). Human GABA intake is proposed to 
stimulate both motor learning and subconscious motor control (Bඈඒ et al., 2010; Sඍൺ඀඀ et al., 
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2011). Naturally occurring GABA is usually derived from glutamate in the cytosol via 
glutamate decarboxylase, which is regulated by both pH and Ca2+/calmodulin (Cൺඋඋඈඅඅ et 
al., 1994; Sඇൾൽൽൾඇ et al., 1995; Bඈඐඇ et al., 2006). However, there are certain conditions 
that cause GABA to be upregulated in plants such as high light and salinity (decreases water 
potential and stomatal conductance, while preserving the photosynthetic capability of plants) 
(Wඈඈൽඋඈඐ et al., 2017).

Germinated brown rice (GBR) is a value-added rice product of growing importance as 
a functional food especially in countries with rice as their staple food. This is signifi cant in 
both less economically developed countries that tend to have a high incidence of malnutrition 
and economically developed countries with lifestyle-related diseases such as type 2 diabetes. 
The levels of micronutrients such as GABA are signifi cantly elevated during the process of 
germination via activation of hydrolytic enzymes (Sൾ et al., 2015; Zඁൺඈ et al., 2020). GBR 
can be produced by soaking brown rice grains in water within a certain temperature range (35 
°C to 40 °C) to promote germination and GABA accumulation. A study conducted on six 
varieties of Thai rice showed that water soaking enriched GABA content in the germ of all 
rice varieties (Bඁඎංඒൺඇ et al., 2011). However, GABA accumulation diff ered among rice 
varieties and was infl uenced by soaking time.

This study aims to determine the optimal conditions to achieve both the highest 
percentage of germination and GABA content in a crossbred variety of red rice, UKMRC-9, 
that was developed by University Kebangsaan Malaysia (UKM) and the Malaysian 
Agricultural Research Institute (MARDI). UKMRC-9 or G33 was derived from advanced 
backcrosses between a wild rice accession, Oryza rufipogon Griff . IRGC105491 and a 
Malaysian high-yielding rice cultivar, Oryza sativa L. subsp. indica cv. MR219 (Sൺൻඎ et al., 
2006). Experimental field trials and physicochemical analyses have confirmed the superiority 
of this red rice variety in yield potential and resistance against blast disease and antioxidant 
properties (Bඁඎංඒൺඇ et al., 2011; Fൺඌൺඁൺඍ et al., 2012). UKMRC-9 was also reported to have 
low glycaemic and insulinogenic properties in two separate studies (Fൺඌൺඁൺඍ et al., 2012; Sൾ 
et al., 2016).

1. Materials and methods

Gamma-aminobutyric acid (GABA) and 2-hydroxynaphthaldehyde (HN) were purchased 
from Sigma Aldrich.

1.1. GABA rice germination study

UKMRC-9 rice samples were collected from the University Kebangsaan Malaysia Plant 
House Complex. The rice germination procedure was carried out as described previously 
with slight modifi cation  (Kඈආൺඍඌඎඓൺ඄ං et al., 2007). UKMRC-9 grain samples were rinsed 
before being fully immersed in warm water at 30 °C, 35 °C, 40 °C, and 45 °C for 6 h, 8 h, 10 
h, and 12 h with water replacement every 2–3.5 h. After that, the rice was rinsed with distilled 
water, drained and left for 20–26 h. Germination percentage was then determined by counting 
the total number of sprouted GABA rice grains per total number of rice grains in 10 grams. 
Then, the samples were oven-dried at 50 °C for 15 h. After heating, the samples were allowed 
to cool at room temperature and stored in a –20 °C freezer. Finally, the samples were taken 
out and ground into powder one day before GABA quantifi cation was carried out.
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1.2. GABA extraction

The rice GABA extraction was performed as described previously (Kඈආൺඍඌඎඓൺ඄ං et al., 
2007) with slight modifi cation. In the original method by Kඈආൺඍඌඎඓൺ඄ං and co-workers 
(2007), 2.5 g of powdered rice sample was soaked with 25 ml 70% ethanol, vortexed for 
1 min at room temperature, and centrifuged for 5 minutes. The extraction method was 
performed twice to get 50 ml of supernatant, which was then dried and dissolved in 5 ml of 
lithium citrate elution buff er. This was followed by fi ltration using a 0.45 μm Millipore fi lter, 
and it was subjected into the amino acid analyser. In our protocol, a smaller quantity of 
sample was used (250 mg), which was soaked in 0.8 ml of 70% ethanol and sonicated for 10 
minutes. The rice  extracts were left standing in the dark at room temperature for one hour. 
After one hour, the rice samples/extracts were centrifuged at 13600 ×g for 1 minute at room 
temperature. Finally, triplicate samples of the supernatant were concentrated to a fi nal volume 
of 0.5 ml using a rotary evaporator. The supernatants were collected and kept in a –20 °C 
freezer until further analysis.

1.3. HN labelling of GABA

HN labelling of GABA was performed as described previously (Kඁඎඁൺඐൺඋ & Rൺඃඉൾඋ, 2003) 
with slight modifi cation. In the original method, 1 ml of sample was mixed with 0.6 ml Borax 
buff er pH 8 and 1 ml of 0.3% HN in methanol. In our protocol, 0.25 ml of sample was mixed 
with 0.15 ml Borax buff er pH 8 and 0.25 ml 0.3% HN in methanol. The mixture was incubated 
in a water bath at 80 °C for 10 min. After that, the fi nal volume was adjusted to 1 ml using 
methanol. Finally, the solution was fi ltered using a 0.45 μm fi lter for subsequent HPLC-UV 
analysis. The experiment was carried out in the dark to minimise HN degradation. Samples 
were immediately analysed after derivatisation.

1.4. Preparation and validation of GABA standard calibration curve

A triplicate of GABA standard solution (2 mg ml–1) was derivatised using a previously 
reported method (Kඁඎඁൺඐൺඋ & Rൺඃඉൾඋ, 2003). Then, aliquots of the reaction mixture (1 ml) 
were fi ltered using a 0.45 μm PTFE membrane fi lter for HPLC-UV analysis. After fi ltration, 
two-fold serial dilutions were carried out to prepare concentrations ranging from 1.8 to 890.0 
μg ml–1 for the calibration curve. LOD and LOQ values were determined using the equations 
based on the method reported by ICH (ICH Gඎංൽൾඅංඇൾ, 2005) where LOD=(3.3×δ)/S, and 
LOQ=(10×δ)/S, where δ is the standard deviation of the Y-intercept and S is the slope of the 
linear regression equations (peak height vs. concentration). Precision and recovery data were 
also determined using the same reference, where for precision, 6 GABA standard aliquots at 
0.5 mg ml–1 were labelled and injected on the same day (intra-day precision) and other sets of 
the derivatised standard were injected the day after. The recovery data was obtained by 
spiking non-germinated UKMRC9 extract with 0.25 mg of GABA prior to HN derivatisation. 
For the degradation test, 6 GABA standard aliquots at 0.5 mg ml–1 were labelled and injected 
into the HPLC-UV system. The sample set was kept at –20 °C for 24 h and injected into the 
HPLC-UV system using the same method.

1.5. HPLC analysis of HN labelled samples

GABA standards and samples labelled with HN were analysed in triplicate using an Agilent 
1100 HPLC instrument. The column used was a reverse phase C18 column (2.1 mm ID × 150 
mm, 3.5 μm, Waters Atlantis) used at 25 °C. An isocratic solvent system of 55% acetonitrile 
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with 45% of 0.1% acetic acid was used as the mobile phase with the fl ow rate of 0.2 ml 
min–1. The derivatised samples and standards (1.8–890 μg ml–1) were fi ltered using 0.45 μm 
PTFE membrane fi lters and injected at the volume of 0.5 μl. The UV detection was carried 
out at 254 nm.

2. Results and discussion

Pre-column derivatisation with 2-hydroxynapthaldehyde (HN) followed by HPLC-UV 
analysis (254 nm) was successfully used to determine GABA content in germinated rice 
extract from the UKMRC-9 variety. In the Materials and Methods section, it was mentioned 
that the derivatised samples were analysed as soon as possible, because although it has been 
shown that the GABA-HN peak is highly stable (no change in UV absorbance was observed 
up to 48 hours) (Hൺඒൺඍ et al., 2014), our degradation study suggests otherwise. A paired-
samples t-test was conducted to compare the peak height of freshly prepared GABA-HN 
(Day1, D1) and after 24 h of storage in the dark at –20 ºC (Day 2, D2) samples with the 
assumption the response data is normally distributed. There is a signifi cant diff erence in the 
peak height of GABA-HN on D1 (M=44109.7, SD=3724.3) and D2 (M=36319.5, SD=9449.6) 
with the conditions t (5)= –2.64, p=0.02 (<0.05). Therefore, freshly prepared derivatised 
samples were used for our HPLC-UV analyses.

Fig. 1. UV-derived chromatograms of HN derivatising reagent in MeOH (A), derivatised GABA standard with 
excess HN labelling reagent (B), UKMRC-9 treated at 45 °C for 6 h (C), and treated at 35 °C for 6 h (D)
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The GABA-HN labelled peak in the GBR samples showed both identical retention 
times (Rt 2.7 min) and UV spectra to the GABA-HN standard peak (Fig. 1). The calibration 
curve of derivatised GABA-HN standard within the range of 0.9–179.5 ng was represented 
by the linear equation y=1.86x+3.13 with the R2 value of 0.999 (Fig. 2). The lowest limit of 
detection (LOD) was at 3.97 ng, while the lowest limit of quantifi cation (LOQ) was at 13.2 
ng for the GABA-HN derivative peak. Precision analyses showed that both the measured 
intra-day and inter-day repeatability reported as relative standard deviation percentage (RSD) 
values were 7.7% (n=6) and 8.6% (n=10), respectively. The recovery level of GABA from 
the spiked extracts was high (96.0±0.3%, n=4).

Fig. 2. GABA calibration curve based on peak height using HPLC-UV (254 nm)

The mean scores of germinations percentage for 30 °C, 35 °C, and 40 °C are 83.1±7.3%, 
95.4±1.2%, and 80.7±10.3%, respectively (6 h soaking time) (Fig. 3). However, there was no 
observable sprouting of UKMRC-9 when treated at 45 °C and it was thus considered 
unsuitable for germination. The treatment time chosen for the determination of germination 
percentage was the minimum time required for the UKMRC-9 rice grains to sprout (6 hours). 
UKMRC-9 rice sample treated at 35 °C contained the highest amount of GABA (411 μg g–1), 
while the opposite was observed for the rice sample that was treated at 45 °C (4.5 μg g–1) 
(Fig. 4A). This is probably due to the lack of germination in UKMRC-9 sample treated at 45 
°C resulting in a negligible amount of GABA. Apart from temperature, the treatment time 
factor was also studied in this project. As shown in Figure 4B, UKMRC-9 rice sample treated 
at 35 °C (optimum temperature to produce the maximum amount of GABA) showed that the 
highest amount of GABA was present at the early stage of germination and decreased steadily 
every 2 h until it reached equilibrium (10 h and above). This decrease is probably due to the 
inactivation of glutamate decarboxylase, that is involved in the synthesis of GABA and 
GABA-degrading proteolytic enzymes (Sൺං඄ඎඌൺ et al., 1994) . Therefore, germination of 
UKMRC-9 resulted in the accumulation of GABA as observed in a previous study on 
Malaysian brown rice varieties using multiple soaking (every 12 h) for germination at 30 °C 
over a long period of 4 days (Rඈඈඁංඇൾඃൺൽ et al., 2011). MRQ74 was reported as the variety 
that presented the highest GABA content (200 μg g–1 for 24 hours; 440 μg g–1 for 48 hours; 
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940 μg g–1 for 72 h; and 1810 μg g–1 for 96 h). Additionally, other non-Malaysian brown rice 
varieties have shown either lower GABA contents for the germination period of 24 hours 
(Kඈආൺඍඌඎඓൺ඄ං et al., 2007) or comparable levels of GABA after a much longer germination 
period of 72 hours (Dංඇ඀ et al, 2016). However, our results showed that a short 6 hour 
soaking time at 35 °C of UKMRC-9 presented the highest sprouting percentage (95.4%) and 
GABA level (411 μg g–1) with only a single change of water, comparable to the level produced 
by MRQ74 after 48 hours with 3 water replacements.

Fig. 3. Germination percentage (%) of UKMRC9 at diff erent treatment temperatures

Fig. 4.A) GABA yield (μg GABA g–1 GBR powder) in UKMRC-9 at diff erent temperatures after 6 hours of 
soaking, and B) GABA yield (μg GABA g–1 GBR powder) in UKMRC-9 at diff erent treatment times (35 °C) 
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3. Conclusions 

HPLC analysis of GABA with pre-column HN derivatisation for UV detection was suitable 
for the evaluation of factors that infl uence the production of GABA via germination, such as 
temperature and soaking time. The crossbred red rice variety UKMRC-9 produced the highest 
level of GABA at 35 °C (highest sprouting percentage) in a single step of water soaking for 
6 hours. Therefore, this represents an attractive alternative to long soaking times to increase 
GABA content that has been previously reported.

*
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