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Abstract

This study was aimed to compare the production time (germination and
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v drying process) and quality of germinated brown rice (GBR) obtained from
. the water spraying-based GBR production (Sprayed-GBR) system and the

rminated b

rgiece- ated browi water soaking-based GBR production (Soaked-GBR) system. The results
’ showed that the Sprayed-GBR, in the germination process, required 2.5 h
unpleasant odor for spraying in a water spraying step to obtain paddy with the moisture
problem; content of 30% (w.b.) and 26 h in an incubation step to obtain the 90%

germination percentage. This led to a shorter germination time compared
to the Soaked-GBR, which required a germination time of 50 h for a 90%
germination percentage. After germination, the moisture content of the
quality Sprayed-GBR was lower than that of the Soaked-GBR. This provided a
shorter drying time in the Sprayed-GBR (27 min) drying process compared
with the Soaked-GBR (33 min). For GBR qualities, the Sprayed-GBR
could decrease the unpleasant odor problem by providing a smaller number
of attached microorganisms after germination (Shade drying), leading to a
significantly higher score in the odor and the overall acceptability than the
Soaked-GBR. This indicated that the Sprayed-GBR got more consumer
acceptance. Moreover, the head rice yield value of the Sprayed-GBR was
not different from that of the Soaked-GBR. However, the Sprayed-GBR
provided a significantly lower GABA content and a significantly higher
percentage of fissured kernels than the Soaked-GBR.

water spraying
method;
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1. Introduction

Water soaking is an important method that is always used to promote germination in the production
of germinated brown rice (GBR) [1, 2]. It produces endogenous enzymes, especially hydrolytic
enzymes, leading to the breakdown of proteins into peptides and amino acids [3], and resulting in
the accumulation of compounds. y-aminobutyric acid (GABA) is one of the most interesting
bioactive compounds in the GBR [4] because various health benefits can result from its
physiological activities; GABA can prevent cancer cell proliferation, regulate blood pressure and
heart rate, and prevent chronic alcohol-related diseases [5, 6]. Hence, the paddy is soaked in the
water to enhance the GABA content of the GBR, in which the soaking time depends on several
factors such as rice varieties, water temperature, and the pH of soaking water [7-9]. This step can
be the main cause of the increase in microorganism accumulation, leading to an unpleasant smell in
the GBR [10]. This problem results in a lower quality of the GBR product. Therefore, some
researchers tried to improve the germination process for GBR production by soaking in circulating
water through the paddy [11]. Compared with soaking in stagnant water, germination under the
circulating method could decrease germination time. However, the method still provided an
unpleasant smell of GBR.

As mentioned above, this research focuses on decreasing the unpleasant smell of GBR in
the germination process using a water spraying method instead of the water soaking method. For
the water spraying technique, a GBR production prototype machine was used as the main equipment
for germination and drying to decrease the moisture content after germination. The germination
process under the water spraying technique was divided into 2 main steps: spraying the water onto
the paddy to obtain the appropriate moisture content and incubating it to obtain the germinated
paddy. Hot air and a halogen lamp were used as the media for drying. Therefore, this research aimed
to compare the production time and qualities of the GBR obtained from the two different techniques:
the water spraying-based GBR production (Sprayed-GBR) and the conventional water soaking-
based GBR production (Soaked-GBR).

2. Materials and Methods
2.1 Paddy sample

The Suphanburi 1 paddy variety with an initial moisture content of 11% (w.b.) was obtained from
the Rice Department, Ratchaburi, Thailand, and was stored for more than three months prior to an
experiment.

2.2 Experimental set-up

The sprayed-GBR production prototype machine, shown in Figure 1, consists of a germination
chamber (50 cm x 70 cm x 30 cm), a revolving sieve (27 cm diameter and 50 cm length), three
nozzles attached to the stainless steel horizontal axis, 1HP water motor pump, 1HP motor for
revolving sieve, and 6 kW blower connected to an electrical heater and halogen lamp.
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2.3 Preparation of GBR samples
2.3.1 Germination process

For the Sprayed-GBR, a 2 kg of paddy sample was added for the moisture content adjustment by
spraying with water every 30 min until the paddy moisture content reached 30% (w.b.), which is
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Figure 1. Schematic diagram of the prototype

appropriate for the paddy germination [12]. The water temperature of 40°C and a spraying rate of 7
L/min were constantly set throughout the experiment. Simultaneously, the sieve was also revolved
at 15 rpm for a minute. These conditions provided the shortest time to obtain appropriate moisture
content. After that, the sample was incubated to obtain the germinated paddy within the sieve.
During the incubation step, water spraying into the revolving sieve was also performed using the
same conditions as the germination. The incubation time was set for 12 hours to maintain the
moisture content of the paddy, and the water spraying step was repeated every 12 h until the
germination percentage of the paddy reached 90%. For the Soaked-GBR, a 2 kg of paddy sample
was soaked in 7 L of 35°C water (the highest germination rate for this variety) until the germination
percentage of the paddy reached 90%. Based on the latter method, the water was changed every 4 h
to limit the number of bacteria during soaking [13].

2.3.2 Drying process

For both Sprayed-GBR and Soaked-GBR, the germinated paddy sample was dried using hot air
combined with a halogen lamp until the moisture content was approximately 18% (w.b.). The drying
temperature of 130°C, halogen power of 2,000 W, and air velocity of 6.5 m/s were set as the drying
conditions, and the sieve was also rotated at 15 rpm throughout the drying process.

2.4 GBR qualities
This research's five quality indicators consisted of GABA content, fissured kernels, head rice yield

(HRY), microbiological populations, and sensory attributes. The GABA content was determined by
high-performance liquid chromatography (HPLC) (Agilent 1100 Series, Agilent Technologies, Palo
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Alto, CA) following the method proposed by Banchuen et al. [14]. The HPLC was equipped with a
Supelcosil-LC-DABS 4.6 mm i.d.x150 mm column. Acetonitrile was used as the mobile phase with
a flow rate of | mL/min and injection volume of 5 pL. The column temperature and the ultraviolet
detector were set at 35°C and 465 nm, respectively. Based on visual observation, fissured kernels
were randomly selected from 100 rice kernels in triplicate. The HRY was determined according to
the method proposed by Srisang et al. [15]. One hundred and twenty-five grams of paddy samples
were dehulled using a hulling machine (Ngeksenghuat, model P-1, Bangkok, Thailand) and the
unbroken brown rice kernels were separated with a test rice grader. The HRY was calculated by
dividing the mass of unbroken brown rice kernels by the total paddy mass before dehulling and
presented in the percentage form. Microbial analyses were conducted using the standard method of
AOAC [16]. The total plate count method was used for estimating the number of bacteria. Agar (12-
15 mL), sterilized in an autoclave at a temperature of 121°C for 15 min, was poured into each of the
three plates, and then cooled to a temperature of 45°C. After that, 1 mL of a mixed solution of 50 g
flour sample and 450 mL Butterfield’s phosphate-buffered dilution water was poured into the three
plate count agars. These were cooled until they hardened and incubated instantly at a temperature
of 35°C for 48 h. For estimating the numbers of yeast and mold, 15-20 mL of dichloran rose bengal
chloramphenical (DRBC) agar was poured into each of the three plates, and 1 mL of the mixed
solution was added into the three DRBC plate count agars. These were incubated instantly at 25°C
for 5-7 days. Sensory evaluation was performed using the 9-point hedonic scale according to the
method proposed by Chungcharoen et al. [17]. Each sample was served to 50 panelists to evaluate
the cooked rice samples in terms of appearance, odor, taste, texture, and overall acceptability.

2.5 Statistical analysis

Quality analysis data were analyzed by one-way analysis of variance (ANOVA), and the means
were compared by the Duncan’s multiple range test (DMRT) at a significance level of 0.05. All
statistical calculations were performed using SPSS software, version 14.

3. Results and Discussion
3.1 Germination process
3.1.1 Germination process of Soaked-GBR

Figure 2 shows the germination percentage and moisture content of the germinated paddy samples
produced by the conventional method (Soaked-GBR). The germination percentage increased with
soaking time (Figure 2A). Soaking the paddy samples in the 35°C water caused them to germinate
at around 12% at 24 h and germination reach 90% at 50 h. Moisture content also increased when the
soaking time increased (Figure 2B). The moisture content of germinated paddy after soaking at 24
h was 30.8% (w.b.). This result was similar to that reported by Kim and Jeon [12], whose study
focused on the appropriate moisture for grain germination, and found that it was 30% (w.b.) for rice
germination. The moisture content of the paddy sample reaching 90% germination at the soaking
time of 50 h was 37.27% (w.b.). The longer germination time in the Soaked-GBR may be because
of the smaller amount of oxygen. In water, oxygen, an essential factor required for germination, has
very low solubility. This led to the difficult germination in rice seed [18], leading to a longer
germination time.
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3.1.2 Germination process of Sprayed-GBR

T. Chungcharoen et al.

Figure 3 shows the changes in moisture content and water absorption of the paddy sample produced
by the water spraying method (Sprayed-GBR) in the water spraying step at the temperature of 40°C.
The initial moisture content of the paddy was 11% (w.b.). After spraying, the moisture content
increased with the number of sprays (Figure 3A), especially at the first time of spraying; the moisture
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content rapidly increased from 11 to 25% (w.b.) and slowly increased afterwards to approximately
30% (w.b.). This result corresponds to the water absorption (Figure 3B), showing high water
absorption in the first stage and slow water absorption in later stages. Similarly, Ejebe et al. [19]
reported the fast water absorption rate of the rice varieties from Nigeria during the early soaking
period and slower water absorption rate later. In our experiment, five times of spraying were needed
to obtain the paddy with a moisture content of 30% (w.b.). Figure 4 shows the changes in moisture
content and germination percentage of the paddy samples produced by the water spraying method
(sprayed-GBR) in the incubation step to obtain the germinated paddy using an incubation pattern
with the rotated bed combined with the spraying system. The moisture content increased when the
incubation time increased because the water spraying was applied during incubation (Figure 4A).
At the end of the incubation (90% of germination), the moisture content of the germinated sample
was 34.93% (w.b.), which was lower than that obtained by the use of the soaking method. As shown
in Figure 4B, the paddy sample germination was around 32% after 16 h of incubation and then rose
continuously. To obtain the 90% germination percentage required 26 h of incubation time. The
experimental results indicated that the Sprayed-GBR had decreased germination time compared with
the Soaked-GBR. Using the sprayed-GBR, the required germination time was about 28.5 h (2.5 h
for the first time spraying in the water spraying step and 26 h for the incubation step). It was a shorter
germination time than the Soaked-GBR, which needed a germination time of 50 h.
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Figure 4. Moisture content (A) and germination percentage (B) of paddy with water spraying
method in an incubation step

3.2. Drying process

Figure 5 shows the paddy sample's moisture contents and grain temperatures during the drying
process using hot air drying (130°C) combined with a halogen lamp (2,000 W). The changes in
moisture content and grain temperature for both Sprayed-GBR and Soaked-GBR had the same
pattern. With the increase in drying time, the moisture content continuously decreased (Figure 5A),
whereas the grain temperature continuously increased (Figure 5B). The Sprayed-GBR exhibited a
lower moisture content than the Soaked-GBR, whereas the grain temperature of the Sprayed-GBR
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was higher at every drying time than the Soaked-GBR. The lower moisture content of the Sprayed-
GBR was due to the lower initial moisture content, leading to a higher increase in the grain
temperature and shorter drying time. The drying times for reducing the moisture content to 18%
(w.b.) in Sprayed-GBR and Soaked-GBR were 27 min and 33 min, respectively. The experimental
results indicated that the drying time for the Sprayed-GBR was less than that needed for the Soaked-
GBR.
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Figure 5. Moisture content (A) and grain temperature (B) of the sample during the drying process
3.3. Qualities of GBR

Table 1 shows the number of microorganisms on brown rice, Sprayed-GBR, and Soaked-GBR. Only
bacteria (1.8x10°% CFU/g) and mold (4.5%x10%> CFU/g) were found on the brown rice, and they
increased when the sample was germinated by both methods. The Soaked-GBR (Shade drying) had
higher counts of bacteria and molds than the Sprayed-GBR (Shade drying). This may be because
the Soaked-GBR had a higher moisture content than the Sprayed-GBR. At higher moisture level,
the growth of microorganisms can be easier induced. Moreover, the Soaked-GBR stayed at a high
moisture level for a long time (during soaking for germination), leading to the longer growth period
of microorganisms. This result confirmed that the water spraying technique could reduce the
accumulation of microorganisms during germination. After drying, the microorganisms (bacteria
and molds) were remarkably decreased in the Sprayed-GBR and Soaked-GBR samples compared
with the Shade-dried samples. The numbers of bacteria and molds in the Sprayed-GBR were higher
than those in the Soaked-GBR. This was probably due to the shorter drying time of the Sprayed-
GBR. However, the amounts of microorganisms in both the Sprayed-GBR and the Soaked-GBR
were at the level acceptable by food safety standards according to the Thai Agricultural Standard for
germinated brown rice [20].

The sample qualities, such as GABA content, percentage of fissured kernels, and head rice
yield (HRY) are presented in Table 2. When the sample was germinated, the GABA contents and
fissured kernel percentages of GBR significantly increased while the HRY of GBR significantly
decreased. The GABA content increased from 1.49 mg/100 g for brown rice to 10.63-12.62 mg/100
g for the GBR samples because of enzymatic activity. The hydrolytic enzymes (a-amylase and [3-
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amylase) hydrolyzed starch into lower molecular weight polymers, leading to the generation of bio-
functional substances and an increase of GABA generation [21, 22]. The extreme increase of
fissured kernels in GBR was caused by the moisture gradient inside the rice grain, germinating
(water soaking or water spraying), and drying. It induces stress formation inside the GBR [23, 24].
The HRY value of the GBR was lower than that of the brown rice because of morphology

Table 1. Number of attached bacteria, yeast, and mold on the brown rice, sprayed-GBR, and soaked-
GBR.

Number of microorganisms

Sample Bacteria Yeast Mold
(CFU/g) (CFU/g) (CFU/g)
Brown rice 1.8 x 10° <10 4.5x 10?
Sprayed-GBR (Shade drying) 2.1x 108 <10 1.0 x 108
Soaked-GBR (Shade drying) 42x 108 <10 2.5x 108
Sprayed-GBR 2.7x 103 <10 7.3 x 10!
Soaked-GBR 1.3x10° <10 6.5x 10!

Table 2. Qualities of brown rice and GBR produced by different methods

Sample GABA content. Percentage of Head rice yield
(mg/100 g brown rice) fissured kernels (%) (%)
Brown rice 1.49 £ 0.06° 19+ 1° 67.45+0.22°
Sprayed-GBR 10.63 +0.08° 59+3° 65.64 +0.63°
Soaked-GBR 12.62 £ 0.06* 49 + 2 66.27 +0.42°

Note: Means in the same column with different superscripts are significantly different (p<0.05).

modification in GBR. The starch granules in GBR were packed loosely, resulting in less compaction
and weaker kernel strength [25]. There were significant differences between the Sprayed-GBR and
Soaked-GBR samples in terms of the GABA content and percentage of fissured kernels. The GABA
content of the Sprayed-GBR was lower than that of the Soaked-GBR, whereas the percentage of
fissured kernels was higher than the Soaked-GBR. The lower GABA content in the sprayed-GBR
may be due to the length of time during the phase of water uptake. The sprayed-GBR needed a
shorter time for water uptake, leading to less bioactive compound accumulation during germination
and lower GABA content [26]. The more significant fissure in the Sprayed-GBR was related to the
water absorption rate during germination. The Sprayed-GBR had a faster water absorption rate than
the Soaked-GBR, leading to a more significant moisture gradient. This caused higher stresses and
led to a higher percentage of fissured kernels [27].
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Table 3 presents the sensory evaluation results for attributes such as appearance, odor, taste,
texture, and overall acceptability of brown rice and GBR produced by different methods. The highest
score for the attributed odor, taste, texture, and overall acceptability was for brown rice. The
Sprayed-GBR had a higher odor score than the Soaked-GBR, whereas differences in the appearance,
taste, and texture between sprayed-GBR and soaked-GBR were not significant. The Sprayed-GBR
provided better overall acceptability than soaked-GBR, as indicated by a significantly higher score.

Table 3. Sensory evaluation of brown rice and GBR produced by different methods

Conditions Appearance Odor Taste Texture acc(zgglz:gi ty
Brown rice 6.67+1.8* 7.65+14* 7.12+1.4* 6.76+1.3* 7.6+1.12
Sprayed-GBR  6.78+1.7*  6.20+2.0" 6.45+1.8"" 6.02+1.9° 6.59+1.6°
Soaked-GBR ~ 6.53+1.7*  427+2.1° 598+2.1°> 596+1.7° 5.84+1.8¢

Note: Means in the same column with different superscripts are significantly different (p<0.05).

4. Conclusions

The water spraying-based GBR production (Sprayed-GBR) method involved a shorter production
time than the water soaking-based GBR production (Soaked-GBR) method in both germinating and
drying processes. It also provided a lower number of attached microorganisms during germination.
However, it led to a decrease in the GABA content and an increase in the percentage of fissured
kernels. Additionally, the water-soaking and spraying methods showed an insignificant influence
on the head rice yield value of the GBR. Based on the sensory assessment, the Sprayed-GBR
provided a higher odor score than the Soaked-GBR, leading to a higher overall acceptability score.
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