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Abstract. To analyze the impact on the bioactive substances in germinated
brown rice, this study employed germination methods and measured the content
of bioactive components in rice under different germination conditions. The re-
sults showed that under salt conditions, total phenols, flavonoids, and GABA in
germinated rice were significantly enriched, while the crude ash content de-
creased, and changes in amylose content were not significant. In conclusion, this
study indicated that salt stress treatment is a feasible technique for the preparation
of germinated rice.
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1 Introduction

Germination is a convenient biological processing method that can effectively enhance
the nutritional value of grains [1,2]. The germination process of brown rice not only
improves its texture but also helps concentrate its bioactive and nutritional compounds,
especially y-aminobutyric acid (GABA) [3].

In plants, GABA can maintain the carbon-nitrogen balance through a branch of the
tricarboxylic acid (TCA) cycle [4], and it also plays a role in plant response to abiotic
stress. Under stress conditions, plants accumulate large amounts of GABA, which helps
mitigate damage from external factors by maintaining enzyme activity, regulating os-
motic balance, and inhibiting the generation of reactive oxygen species (ROS) [5]. Ac-
cordingly, brown rice can be treated with sodium chloride to enrich key bioactive com-
pounds.

In this study, we investigated how germination will affect germinated brown rice in
terms of food quality and bioactive components. This study provides a preliminary un-
derstanding of the physiological and biochemical characteristics of germinated rice.

2 Material and Method

2.1 Material

The experiment used brown rice of the “Daohuaxiang” as the raw material.
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2.2 Preparation of Germinated Rice

The brown rice was rinsed three times and then soaked in a 1% sodium hypochlorite
solution for 10 minutes for disinfection. After rinsing with distilled water, the rice was
drained. The pretreated rice was soaked in distilled water for 12 hours at 30°C. After
soaking, the seeds were rinsed and drained. Sodium chloride solution was then added,
and the seeds were placed in the dark at 30°C.

The experiment was divided into five groups, with three replicates. The samples
were treated with 0 (control), 50, 100, 150, and 200 mmol-L~! NaCl, respectively. The
samples were collected at 12, 24, 36, 48, and 60 hours after stress treatment for analysis.

2.3  Biochemical Analysis

The crude ash content of germinated rice was determined as follows: a porcelain cruci-
ble containing the samples was placed in a muffle furnace and heated at 600°C until it
reached a constant weight. After cooling to 200°C, the crucible was transferred to a
desiccator, cooled to room temperature, and weighed (M0). Weigh 2 g of the pre-
weighed germinated rice sample into the crucible and record the weight (M1). The sam-
ple was placed on an electric stove until smoke-free, then transferred to a preheated
muffle furnace and ashed at 600°C for 4 hours. After cooling, the crucible was placed
in a desiccator for 30 minutes to equilibrate, and then weighed (M2). The crude ash
content was calculated using the following formula:

Crude ash (%) = (M2-M0)/(M1-M0) x 100% (1)

To analyze GABA content, five grams of germinated rice and 8 mL of water were
mixed in a mortar. The rice was grounded on ice and then sonicated for 30 minutes and
centrifuged for 10 minutes (10,000 rpm, 4°C). The supernatant was collected and fil-
tered to obtain the sample solution. Then 150 pL of the sample solution was placed in
a 1.5 mL centrifuge tube, followed by 50 uL of 0.1 mol-L™! sodium tetraborate buffer,
200 pL of 6% re-distilled phenol, and 100 pL of 7.5% sodium hypochlorite,. The mix-
ture was heated in a boiling water bath for 10 minutes, and then immediately cooled on
ice for 5 minutes. After adding 500 puL of 60% ethanol and mixing, the OD was meas-
ured at 645 nm. The GABA concentration of the germinated rice sample was calculated
with the standard curve (0.01, 0.04, 0.1, 0.25, 0.5 mg-mL™).

Other physiological traits were measured according to the instructions provided by
the kits.

2.4  Statistical Analysis

Two-way analysis of variance (ANOVA) was performed using SPSS 16.0.
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3 Result and Discussion

3.1 The Effect of Sodium Chloride on Food Quality

The amylose content of rice under different germination times and sodium chloride
concentrations were displayed in Table 1. The amylose content of germinated rice
reached its highest level at 12 hours under 50 mmol-L ™' sodium chloride. Overall, there
was no clear relationship between amylose content and either salt concentration or ger-
mination time. In the control group, amylose content decreased with germination.
Among the sodium chloride treatments, 150 mmol-L™' condition generated the most
pronounced effect, which could significantly increase amylose content at 24 hours (P
< 0.05), 36 hours (P < 0.01), and 60 hours (P < 0.01). In this study, the decrease in
amylose content in the control group with germination time is likely due to the activa-
tion of amylases during germination, which hydrolyze amylose in rice. Meanwhile, lev-
els of reducing sugars and soluble sugars gradually increased [6-8].

Table 1. The amylose content content in germinated rice

Salt  Time (h) 12 24 36 48 60

0 11.20+0.26bAB  11.02+0.42bAB  10.19+£0.34bBC  9.22+0.58bcB 9.09+0.29bAB

50 13.114£0.70aA 8.31£0.93¢cC 11.08+0.83bAB  9.79+0.12bAB 8.70+0.37bB

100 9.70+0.62cB 10.69+0.79bB 8.9240.55¢C  9.38+0.49bcB  9.68+0.64abAB

150 10.30+1.10bcB 12.69+0.83aA 12.30+0.56aA 8.90+0.39cB 10.50+0.80aA

200 11.70+£0.93abAB  11.40+0.39bAB  10.41+0.38bBC  10.60+0.32aA  9.59+0.33abAB

Crude ash is a common indicator of mineral content in food. Excessive ash content
can affect food taste, quality, and safety [9,10]. The crude ash content of rice under
different germination times and sodium chloride concentrations were displayed in Ta-
ble 2. Overall, salt stress significantly reduced the ash content of germinated brown
rice, and crude ash tended to decrease as germination progressed. Whereas some so-
dium chloride treatments (150-200 mmol-L™') showed no significant change.

Table 2. The crush ash content in germinated rice

Salt Time (h) 12 24 36 48 60
0 1.15+£0.02aA 1.00+0.08aA 0.93+0.01aA 0.91£0.07aA 0.92+0.07aA
50 1.11+0.02bAB 0.85+0.01cB 0.86+0.02bC 0.75+0.03cB 0.80+0.02bB

100 1.08+0.02cB 0.90+0.02bcAB 0.86+0.02bC 0.81+0.01bcAB 0.79+0.01bB
150 1.09+0.02bcB 0.94+0.04abAB 0.87+0.01bBC 0.84+0.02abAB 0.78+0.02bB
200 1.15£0.01aA 0.99+0.03aA 0.92+0.02aAB 0.85+0.04abAB  0.83+0.03bAB

3.2  The Effect of Sodium Chloride on Secondary Metabolites

The total phenolic content of rice under different germination times and sodium chlo-
ride concentrations were displayed in Table 3. The result suggested that salt stress could
significantly increase the total phenolic content compared with the control, with only a
few groups showing no significant change. For 12 and 24 hours of germination, total
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phenolic content was highest under 100 mmol-L™! sodium chloride. At 48-60 hours, the
peak was reached under 50 mmol-L™" sodium chloride, while further increases in salt
concentration inhibited phenolic accumulation. At 36 hours, a significant increase in
total phenolics was observed only under 200 mmol-L™! sodium chloride compared with
the control (P <0.01).

Table 3. The total phenolic content in germinated rice

Salt Time (h) 12 24 36 48 60

0 1.20£0.01dC 1.21£0.02¢C 1.24+0.05bB 1.31£0.01bB 1.23+0.02bBC
50  1.33£0.04cBC 1.32+0.03aA 1.25+0.07bB 1.43£0.07aA 1.38+0.02aA
100 1.72+£0.12aA 1.33+£0.04aA 1.24+0.05bB  1.41+0.04aAB 1.37+0.07aA
150 1.45+0.03bB 1.29+0.02abAB  1.26+0.03bB  1.39+0.01aAB 1.31£0.02aAB
200 1.48+0.06bB 1.26+0.01bBC  1.42+0.08aA  1.38+0.01aAB 1.20+0.02bC

The flavonoid content of rice under different germination times and sodium chloride
concentrations were displayed in Table 4. Overall, sodium chloride treatment generally
increased flavonoid content compared with the control, but the content tended to de-
crease as treatment time increased. Flavonoid content was significantly increased (P <
0.05) under 100-150 mmol-L™' sodium chloride during 12-36 hours of germination.
Under other concentrations, only the 200 mmol-L™ sodium chloride treatment at 48
hours showed a significant increase compared with the control (P < 0.05). These results
suggest that excessively high or low salt concentrations are not suitable for flavonoid
accumulation.

Table 4. Flavonoids content in germinated rice

Salt  Time (h) 12 24 36 48 60

0 1.14+0.10b 0.96+0.01b 0.76+0.02b 0.73£0.04b  0.74+0.14a
50  1.26+0.06ab  1.06+0.09ab  0.84+0.06ab  0.88+0.07ab  0.74+0.09a
100 1.34+0.04a 1.08+0.01a 0.96+0.06a  0.82+0.04ab  0.80+0.13a
150  1.36+0.13a 1.12£0.02a  0.94+0.05ab  0.96+0.10a  0.76+0.04a
200  1.24+0.09ab  1.06£0.09ab  0.82+0.18ab  0.94+0.18a  0.66+0.10a

3.3 The Effect of Sodium Chloride on GABA

The GABA content of rice under different germination times and sodium chloride con-
centrations were displayed in Table 5. Overall, sodium chloride treatment significantly
increased the GABA content of germinated rice. For the same germination time, GABA
content tended to increase gradually with salt concentrations at 24 hours, while at other
time points it first increased and then decreased as salt concentration rose. At 24, 36,
and 48 hours of germination, GABA content was significantly enriched (P < 0.01). The
highest GABA content was observed at 48 hours under 150 mmol-L™! sodium chloride
condition, suggesting that this condition is optimal for inducing GABA accumulation
in germinated rice.
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Table 5. GABA content in germinated rice
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Salt Time (h) 12 24 36 48 60
275.73+11.79d
0 435.73+8.05bB D 165.33+1.85dC 157.8749.78dC 164.92+9.77bB
50 449.07+9.24bB 369.60+7.33cC  315.73+26.40cB  345.07+19.88cB  204.92+6.29bB
485.87+16.11a 517.87+18.75a 554.87+44.60b 221.59+19.60b
100 440.53+9.10bB
A A A B
428.80+18.03b 379.20+44.37b 384.29+72.04a
150 512.00+10.49aA 609.60+35.20aA
B B A
549.334+21.72b 370.91+23.78a
200 388.80+10.49cC  523.73+12.43aA  377.07+6.47bB A A

4 Conclusion

This study selected different sodium chloride concentrations and germination times as
variables. For most sodium chloride groups, there was no significant difference in am-
ylose content compared with the control, and the crude ash content was even lower than
in the control group. These results indicate that the germination conditions in this study
did not negatively affect the food quality of rice. After salt treatment, key nutrients such
as total phenols and GABA significantly increased. For 48 hours of germination under
150 mmol-L! sodium chloride, the GABA content reached its maximum. However,
this concentration is relatively high, and the 2-day germination period may require fur-
ther desalting. Therefore, in practical applications, germination at 100 mmol-L! so-
dium chloride for 12 hours can be considered, but the exact conditions and process still
need to be optimized. The mechanism by which salt stress influences the accumulation
of GABA and other bioactive compounds also requires further validation.
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