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Abstract
Germination process is a crucial determinant of rice quality, which may 
be reduced due to improper post-harvest treatment. Therefore, this study 
aimed to determine the effect of red rice (RR) and unhusked dry rice 
(UDR) germination methods on the physicochemical and organoleptic 
properties of germinated RR. The approach consisted of two components, 
namely germination (RR and UDR) and soaking (water (W) and chitosan 
(C)), while sensory test was used to analyze rice quality. Physical analysis 
included color intensity, scanning electron microscopy (SEM), milled 
yield, and rice quality according to the Indonesian National Standard 
(INS). The chemical analysis included proximate levels, phosphorus, 
magnesium, gamma-aminobutyric acid (GABA), and antioxidant activity. 
The results showed that the highest organoleptic color, aroma, and 
texture were 3.37/5.00 (UDRW), 3.28/5.00 (UDRW), and 3.33/5.00 
(UDRC). The physical analysis showed the highest percentage of 
head rice (87.63%) and milled yield (87.21%) was found in RRW. SEM 
test results showed that there were cracks on the surface of rice in all 
treatments, other properties were color intensity (a* 5.37) (RRC). The 
highest chemical analysis showed moisture content 11.53% (UDRW), 
ash 1.39% (Ungerminated rice), phosphorus 238.71 mg/100 g (RRC), 
magnesium 112.28 mg/100 g (RRC), protein 11.38% (Ungerminated 
rice), GABA 231.96 mg/kg (UDRC), fat 4.07% (UDRW), carbohydrates 
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78.34% (UDRC), and antioxidant IC50 636.04 ppm (RRC). The conclusion 
of this study was variations in germination methods significantly affected 
the physical and chemical characteristics of germinated RR. There was 
a significant increase in the levels of GABA, phosphorus, magnesium, 
milled yield, and rice quality. However, there was a significant decrease 
in fat, morphological structure, and antioxidant activity. The results 
showed no significant effect on sensory, carbohydrate, protein, ash, 
and moisture content.

Introduction 
Rice is a staple food that can provide energy 
for the body because it has a high carbohydrate 
content. Rice with high nutritional content is needed 
by consumers to maintain health and fulfill daily 
nutrients for the body.1 Rice is divided into several 
types, namely white, red, black, and glutinous. Red 
rice (Oryza nivara) has a higher nutritional content 
than white because it is obtained without going 
through the shucking process, leaving the aromatic 
skin that attaches to rice endosperm.1 However, the 
consumption of RR is still quite low, presumably due 
to the low organoleptic value, less favorable taste, 
less soft texture, and prolonged cooking process 
compared to white rice.2

The quality of rice produced is potentially influenced 
by the post-harvest handling process. In general, 
the processing of unhusked dry rice (UDR) reduces 
the nutritional content.3 This is because in milling 
process, the husk and RR layers are removed, 
thereby reducing the content of amino acids including 
lysine, fat, protein, and fiber as well as antioxidant 
activity beneficial to the body.3 Post-harvest handling 
to increase the nutritional content of rice is mainly 
achieved through germination process.  Germination 
is the initial process of forming a new individual in 
seed plants, where the embryo initially in a dormant 
condition, experiences physiological changes.4 
These changes are influenced by environmental 
conditions including water, light, air, and nutrient 
sources which then react with chemical compounds, 
leading to active growth of the embryo into a new 
plant.5 Germination process starts with the imbibition 
phase which causes softening of the seed coat and 
an increase in enzymatic activity.6 Water imbibition 
process stimulates gibberellin activity which then 
activates the α-amylase enzyme. This enzyme 
moves into the food reserves hydrolyzing starch 
into sugar which will be used as an energy source in 

germination process.6 According to previous studies, 
germination potentially increases the content of 
nutrients, bioactive compounds, and organoleptics 
in rice. For example, bioactive compounds such as 
GABA (ɣ-aminobutyric acid) can increase 10 times 
compared to ungerminated grain or rice.7

The increase in GABA is caused by a stress response 
in plants due to lack of water or oxygen, which 
enhances the activity of glutamate decarboxylase 
(GAD) enzyme. GABA compounds have many 
health benefits including being able to lower blood 
pressure, improve sleep quality, control stress, 
inhibit cancer cell proliferation, cause diuretic effects, 
and help the recovery process of alcohol-related 
symptoms.8

Germination is strongly influenced by certain 
conditions, underscoring the need for elicitors 
in the form of chitosan to optimize the process. 
Chitosan is one of the biopolymers obtained from 
chitin derivatives through the deacetylation process 
using strong bases.9 It is widely used due to the 
biodegradable, hygroscopic, non-immunogenic, 
antimicrobial, non-toxic properties as well as 
high biocompatibility.10 The use of chitosan can 
improve germination process and increase several 
bioactive compounds.11 In addition, the application 
as an elicitor potentially increases antioxidants, 
anthocyanins, and GABA levels in germinated rice. 
The use of chitosan speeds up germination process 
about 20 hours faster compared to without the use 
of chitosan which takes about 24 hours. Increasing 
germination process with chitosan can elevate water 
absorption in seeds. This is due to the large number 
of hydroxyl groups formed by the transfer of NH- and 
OH- electrons (from chitosan) as well as O groups 
(from starch) which facilitates the imbibition process. 
Germination with various methods is expected to 
increase the nutritional content of the rice produced 
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so that it can be beneficial for health.12  Therefore, 
this study aims to compare the increase in quality 
and physicochemical characteristics in the form 
of proximate, antioxidant, GABA, magnesium and 
phosphorus of red rice through various germination 
processes. 

Materials and Methods  
Materials
The materials used in this study include RR of an 
unknown variety obtained in the form of UDR with a 
moisture content below 14% and freshly harvested 
grain. This sample was obtained from Takalar 
Regency, South Sulawesi Province, Indonesia. UDR 
was then divided into two treatments, namely milling 
UDR into RR and UDR without milling process. Both 
types of materials were stored in a dry place to avoid 
damage during the storage process. 

Methods  
Germination of Unhusked Dry Rice (UDR) 
Germination of UDR was carried out using the 
method described by Rahman et al.13 The process 
started with soaking UDR in water at a ratio of 1:2 
(w/v) for 48 hours followed by draining. The grain 
was allowed to rest in a gunny sack for 24 hours until 
the average height of UDR germination was around 
0.1-0.2 cm. The sprouts were dried until moisture 

content of the grain reached 14%.13,14 Finally, milling 
process was carried out on the grain to separate the 
husk and rice.

Germination of Red Rice (RR)
Red rice germination was carried out based on the 
method described by Rachma et al.15 which started 
by soaking RR in water in a ratio of rice:water 1:2 
(w/v) for 2 hours followed by draining. Rice was 
placed in a gunny sack for 20 hours until the average 
height of rice germination was about 0.1-0.2 cm. 
Subsequently, the sprouts were dried under the 
sun until moisture content of rice reached 14%.13,14

Germination with Elicitor 
Germination using an elicitor in the form of chitosan 
referred to the method described by Maligan  
et al.16 where a solution was prepared by dissolving 
chitosan with a concentration of 200 ppm into water 
that had previously been acidified using citric acid 
with 1% of water volume. UDR and RR were then 
soaked in the chitosan solution for 48 hours and 2 
hours, respectively. Subsequently, rice was placed 
into gunny sacks, 20 and 18 hours for UDR and RR, 
respectively. The drying process was carried out until 
moisture content reached <14% and germinated 
UDR was milled to separate the husk.

Table 1: Completely randomized design (CRD) with 3×2 factorial

Treatment	 Type of Germination Material	 Soaking Type

A1	 Not germinated UDR (Control)	 -
A2	 Not germinated Red rice (Control)	 -
A3	 Unhusked Dry Rice (UDR)	 Water (W)
A4	 Unhusked Dry Rice (UDR)	 Chitosan (C)
A5	 Red Rice (RR)	 Water (W)
A6	 Red Rice (RR)	 Chitosan (C)

Experimental Design
This study used complete randomized design (CRD) 
with a 3×2 factorial arrangement (Table 1). The two 
factors consisted of the type of germination material 
and the type of soaking. The types of germination 
materials used were UDR and RR, while the type of 
soaker was water and chitosan with a concentration 
of 200 ppm (w/v).

Analysis
Sensory Testing 
Sensory testing was conducted using 5 hedonic 
scales that have been explained in previous 
studies.17 This testing was conducted by 25 panelists 
who are students of food science and technology at 
Hasanuddin University. The testing was conducted 
in a sensory room with a temperature of around 20-
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22oC and humidity of around 40-60%. The variables 
tested include color, aroma, and texture based on 
the hedonic method. Texture was tested by breaking 
rice seeds, while the organoleptic test score was 
divided into five, namely:

1 = strongly dislike 
2 = dislike 
3 = neutral
4 = like
5 = very like

Analysis of Physical Properties of Sprouted 
Red rice
Measurement of Milled Yield 
Measurement of milled yield was calculated based 
on the method described by Rahman et al.13 This 
process was carried out by calculating the ratio of 
RR produced to the initial weight of RR milled. 

Rice Quality Testing 
Quality testing of germinated rice was carried out 
based on the criteria in Indonesian National Standard 
(INS) 6128-2020, including head (%), broken (%), 
and rice groats (%).14 The observation of milled rice 
yield started with 100 g of rice separated manually to 
obtain head, RR broken, and groats. Subsequently, 
each separated rice was weighed and expressed 
in percent. The calculation was carried out using 
the formula:

Color Analysis
The color of germinated RR was observed following 
a method described by Purbasari, Dayani and 
Sari with slight modifications.18,19 The assessment 
was carried out using a colorimeter by firing rice 
sample. The L* (RR lightness), a* (redness), and b* 
(yellowness) values were then obtained.

Scanning Electron Microscope
SEM testing was carried out based on the modified 
method by Setyaningsih et al,20 and Mohammed and 

Abdullah.21 determined seven points of the sample 
preparation area. A five-carbon tip block stage with 
a diameter of 25 mm and a height of 10.8 mm was 
prepared, then one whole grain was taken from 
points number 1 to  5 using tweezers and an iron 
spatula attached to the carbon block stage. The 
samples that had been attached were sprayed with 
air using an electric blower, and each was put into the 
preparation box according to the number of samples. 
The preparation box was placed into SEM (Scanning 
Electron Microscopy) testing room. Subsequently, 
the coating process or gold plating was carried out 
using the Smart Coater tool on each samples for ± 
1 minute. In the next step,the stage block carbon tip 
that had been coated was inserted into the holder.

Chemical Property Analysis of Germinated Red 
Rice
Proximate Analysis
The proximate analysis included testing water, ash, 
protein, and fat content according to the Association 
of Official Analytical Chemists (AOAC) testing 
guidelines.22 Meanwhile, carbohydrate levels were 
tested using the differential method.

GABA (Gamma-Aminobutyric Acid) Analysis 
GABA levels in sprouted rice which started with 
making a standard solution into a test tube measuring 
2 mL.23,24  About 2 g sample was weighed into a 50 
mL volumetric flask, dissolved with aquabides 
until the mark, followed by homogenization and 
filtration with a 0.2 μm GHP membrane filter. The 
sample was pipetted 500 μL into a 2 mL tube and 
added with internal standard AABA 2.5 mM and 
aquabides followed by homogenization using a 
vortex. Subsequently, 10 μL of standard solution or 
sample solution that had been added to the AABA 
internal standard was pipetted into the vial, added 
with Accq. Tag Flour Borrate Buffer 2A, and vortexed. 
The mixture was heated at 60oC and then cooled 
to room temperature. The last step was to inject 
the solution into UPLC system until the data was 
obtained and calculated. GABA levels in the sample 
were calculated using the ratio of the area between 
the analyte and the internal standard.

Standard or sample ratio =  

GABA = 



262RAHMAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 13(1) 258-270 (2025)

Description
Aspl 	 = Area of GABA analyte
AIS `	 = Internal area of AABA standard
MW 	 = Molecular weight of amino acid
Cstd 	 = Concentration of amino acid standard 	
	    solution (pmol/µL)
Wspl 	 = Test portion weighing weight (gram)
Vspl 	 = Pipetting volume of test portion (mL)
Vp 	 = Final volume of test solution (µL)
Df	 = Dilution factor

Phosphorus and Magnesium Analysis
Phosphorus/magnesium mineral testing was carried 
out based on the method outlined by the Association 
of Official Analytical Chemists (AOAC).22 A standard 
series of metal mixtures of at least 6 concentrations 
were prepared, then a sample of 0.5-1 g was 
weighed and placed in a vessel. HNO3 was added 
and the solution was allowed to stand for 15 minutes. 
The vessel was closed and deconstructed in a 
microwave digester. Furthermore, the results of the 
deconstruction were placed into a 50 mL volumetric 
flask and added with internal standard yttrium 100 
mg/L, followed by dilution with aquabides to the mark 
and homogenized. The solution was filtered with a 
0.20 µm RC/GHP syringe filter, and the intensity was 
measured with an ICP-OES system at a wavelength 
of 214.914 nm. Mineral content in the sample was 
calculated using a standard calibration curve with the 
line equation: Y = bx + a, and the formula:

Description
Aspl 	 = Sample intensity
a 	 = Intercept of the standard calibration curve
b 	 = Slope of the standard calibration curve
Df 	 = Dilution factor
V 	 = Final volume of test solution (mL)
Wspl 	 = Weighing weight of test portion (g)
Vspl 	 = Volume of test portion pipetting (mL)

Antioxidant Content Analysis
Antioxidant testing was carried out based on the 
method described in a previous study.25,26 In this 
method, 2.2-Diphenyl-1-picrylhydrazyl (DPPH) was 
divided into several concentrations of 100, 200, 300, 
400, and 500 ppm, then measured at a wavelength 
of 517 nm to determine IC50.

Statistical Analysis
The data obtained were processed using the general 
linear model test (Univariate) and One-Way Analysis 
of Variance (ANOVA) to determine the differences in 
each treatment. When differences were observed, 
further tests were carried out using the Duncan 
Multiple Range Test (p ≤ 0.05) in the SPSS 25 
application.

Table 2: Physical properties of red rice and germinated red rice

Treatment 	 Milled yield (%) 	 Head rice (%)	 Broken rice (%)  	 Rice groats (%)	 INS 6128-202014

				  
A1	 71.43c	 82.63c	 8.02b	 9.33b	 Medium 1
A2	 71.43c	 82.63c	 8.02b	 9.33b	 Medium 1
 A3	 70.07b	 69.7b 	 13.97c	 16.33c	 Medium 2
A4	 60.15a	 55.6a	 17.1d	 27.3d	 Medium 2
A5	 87.21d	 87.63d	 7.33b	 5.03a	 Premium 
A6	 85.8e	 87.57d	 4.63a	 7.8b	 Premium

Results 
Based on the results of testing the physical 
characteristics of red rice germination results which 
include milled yield, head rice, broken rice and rice 
groats can be seen in Table 2.

The results of the Analysis of variance (ANOVA) 
showed that the interaction between the type of 

germination material and the type of soaking had 
a significant effect on the milled yield and quality 
of germinated red rice (Sig. 0.000) at the 5% level, 
so Duncan's further test was carried out, and it was 
found that there were significant differences.

According to the results obtained, it can be seen 
that Milled yield of A1 and A2 treatments without 
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germination was 71.43%, while UDR germination 
experienced a slight decrease 70.07% for A3 and 
60.15% for A4. Red rice germination experienced 
an increase in 87.21 for A5 and 85.8% for A6 as 
shown in Table 2. Rice quality is divided into three 
categories based on INS 6128-2020, namely head 
or whole, broken, and groats. Red rice broken rice 
was physically damaged with sizes <6/10 to >2/10 
of the whole grain, while groats had sizes <2/10 of 
the whole grain. The results showed that the head 

rice for A3 and A4 was about 69.7% and 55.6% 
lower than red rice without germination A1 and A2 
at 82.63%. A5 and A6 increased by about 87.63% 
and 87.57%, while, broken rice A1 and A2 by 8.02%, 
A3 and A4 by 13.97% and 17.1%, while A5 and A6 
decreased by 7.33% and 4.63%. Similarly, with rice 
groats, there was an increase in A3 and A4 (16.33 
and 27.3%) compared to A1 and A2 (9.33%) and 
a decrease in germination A5 and A6 (5.03% and 
7.8%), as shown in Table 2.

Table 3: Chemical properties of germinated red rice

Testing	 Control	 UDRW 	 UDRC 	 RRW 	 RRC	 INS 6128-202014

	 (A1,A2)	 (A3)	 (A4)	 (A5)	 (A6)

Phosphorus(mg/100g)	 136.59b	 105.08a	 172.63d	 142.82c	 238.71e 	 -
Magnesium (mg/100g)	 50.27c	 29.77a 	 68.32d 	 49.24b	 112.28e  	 -
GABA (mg/kg)	 21.97a	 144.08d	 231.96e 	 86.31b	 132.88c	 -
Antioxidants IC50 (ppm)	 676.07a	 1345.55c	 816.94b	 1892.89d	 636.04a 	 -

Results of the Analysis of variance (ANOVA) showed 
that the interaction between the type of germination 
material and the type of soaking had a significant 
effect on the phosphorus, magnesium, GABA, and 
antioxidant activity of germinated red rice (Sig. 
0.000) at the 5% level, so Duncan's further test 
was carried out, and it was found that there were 
significant differences. Based on the results in 
Table 3, it is known that the levels of phosphorus, 
magnesium, GABA, and antioxidant activity tend 
to increase in the germination treatment with the 
addition of chitosan (A4 and A6).

Discussion
Sensory Characteristics
Sensory characteristics based on panelists’ level of 
preference for color, aroma, and texture parameters 
of germinated RR were analyzed using the hedonic 
method. The results showed that the variation of 
germination method had no significant effect on 
color, aroma, and texture parameters. Panelists’ 
level of color preference ranged from 2.72 (neutral) 
to 3.37 (neutral), aroma parameter 2.99 (neutral) 
to 3.28 (neutral), and texture 2.95 (neutral) to 3.33 
(neutral). In general, the process of germination 
and milling can reduce the color intensity of rice 
due to the nature of anthocyanin as an unstable 
color pigment less preferred by consumers.27 The 
curing process can cause metabolic activity in the 
form of respiration increasing storage temperature, 

leading to the evaporation of volatile compounds 
such as hydrocarbons and alcohol.13 The amylose 
and protein content also affect the hardness of rice. 
The higher starch content in the form of amylose 
fraction can cause the texture to become harder,13,28 
while the lower protein content reduces the hardness 
of rice.29 This is in accordance with the results 
obtained that the lower protein and carbohydrate 
levels in germinated rice have a better preference 
level compared to treatments with higher protein 
and carbohydrate levels in the resulting treatment.

Milled Yield
Based on the results, germination using UDR tended 
to reduce milled yield, specifically with the use of 
chitosan (Control is 71.43%, UDRW is 70.07%, 
UDRC is 60.15%). Meanwhile, germination with RR 
produced a high total milled yield (Control is 71.43%, 
RRW is 87.21%, RRC is 85.8%). UDR germination 
reduced milled yield due to soaking process which 
caused the entry of water into the seeds and 
damaged the structure, hence, rice grains are easily 
broken during milling.13 The more broken grains or 
groats in rice obtained can increase the weight loss 
due to the smaller particle size.30

Rice Quality
The decrease in quality observed in UDR germination 
was caused by the 48-hour soaking process which 
had a significant effect on rice grains produced. 
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Soaking and germination process can cause 
damage to rice cells, leading to a decrease in head 
rice yield after milling.11 Meanwhile, germination on 
broken rice tends to increase because rice used has 
previously been milled to minimize the occurrence 
of cell damage. In terms of soaker type used, there 
was a more significant decrease in rice quality with 
chitosan. This is due to the hygroscopic nature which 
increases water content and causes damage to the 
cell structure.30

Color Characteristics
The color characteristics of RR germination from 
several germination methods were tested using 
a colorimeter tool. The results showed that the 
variation of germination method did not significantly 
affect the color characteristics. The L* value in 
A1 and A2 treatments amounted to 49.45, A3-A6 
ranging from 48.41-52.34. In A1 and A2 treatments, 
a* value was 6.49, and in A3-A6 treatment, the 
value ranged from 3.3 to 5.37. Meanwhile, b* value 
in A1 and A2 treatments amounted to 10.91, and 
the value for A3-A6 ranged from 9.25-11.19. L* a* 
and b* values in germinated rice are influenced by 
the uncontrolled milling process because repeated 
milling can destroy the aleurone layer.31 In addition, 
this can be caused by the nature of anthocyanins 
as color pigments that are unstable under certain 
conditions of temperature-sensitive properties, 
light, pH, oxygen, enzymes, chemical structure, and 
concentration of anthocyanins present.27 

Morphology Structure
Morphological structure of germinated RR was 
observed using SEM (Fig. 1). The structure of 
samples A2 and A2 showed small cracks on the 
surface and the presence of starch grains. A3 
showed sizable cracks on rice surface that are 
slightly smooth or absence of starch grains. A4 
presented larger cracks on the surface with the 
presence of starch grains. Furthermore, sample 
A5 showed a chipped rice surface with a smoother 
surface without starch grains. In sample A6, the 
surface was rough, with large cracks and also the 
presence of starch grains. According to a previous 
study, germination process can induce cross-pattern 
sections, forming cracks, holes, pores, and messy 
starch structures.32,33 Factors that can affect the 
formation of cracks in rice structure are soaking 
process and milling. Soaking process of UDR can 
cause the structure or cells in rice to be damaged 
due to the entry of water into rice.13 Red rice tends 
to have more severe cracks than UDR germination. 
This is because, in germination process, the husk in 
RR has disappeared, leading to higher damage to 
rice structure. Chatchavanthatri et al. reported that 
germination process in RR can affect the morphology 
of starch grains compared to germination in grain.34 
Based on the results, using chitosan can damage 
the structure of rice due to the hygroscopic nature. 
The repeated milling process also increased the 
percentage of structural damage.		
	

Fig. 1: Morphological structure of germinated red rice at 2000× magnification



265RAHMAN et al., Curr. Res. Nutr Food Sci Jour., Vol. 13(1) 258-270 (2025)

Moisture Content 
Water content of A1 and A2 was 10.73%, then the 
value increased in A3 and A6 to 11.53% and 11.17% 
respectively. Meanwhile, the value decreased in A4 
by 8.63% and A5 by 9.33%. The type of germination 
material and soaking did not significantly affect the 
moisture content of rice but affected the interaction 
of the two factors. Based on the requirements of INS 
6128-2020 the maximum moisture content in rice is 
14%, hence, the results obtained are in accordance 
with the established standards. Factors that affect 
the value of moisture content during germination 
process include drying and soaking. Soaking 
process causes moisture content of a material to 
increase. The drying method also greatly affects 
moisture content of rice, by evaporating water in 
the material with heat energy. The temperature 
used greatly affects the quality of drying and can 
determine moisture content of rice.35 

Ash Content
Ash content of A1 and A2 was 1.39%, while in 
germination treatment, the value decreased to 
0.73% (A4), 0.84% (A6), 1.04% (A3), and 1.28% 
(A5). Both treatment factors and interaction did not 
significantly affect ash content. Aleuron is the inner 
layer of rice that stores minerals and iron.35 The 
decrease in ash content of germinated RR was 
probably due to the rice grains are soaked in water 
to start the germination process. The ash content 
of the grains may decrease as a result of minerals 
and inorganic chemicals that contribute to the ash 
content leaking out into the soaking water. 

Phosphorus
Phosphorus content in A1 and A2 was 136.59 
mg/100 g then the value increased in A4, A5, and A6 
to 172.63 mg/100 g, 142.82 mg/100 g, and 238.72 
mg/100 g respectively. However, in A3, there was a 
decrease in phosphorus levels by 105.08 mg/100 
g. Table 3 shows that phosphorus levels increased 
significantly due to the use of chitosan for germinating 
RR. The higher phosphorus levels were influenced 
by the use of chitosan as biostimulant.36 Meanwhile, 
germination further increases phosphorus levels 
before milling process after germination which 
causes a decrease in mineral levels.37 The increase 
in phosphorus content can be influenced during 
germination process which causes the breakdown 
of proteins. Generally, protein molecules consist 
of carbon, hydrogen, nitrogen, oxygen, sulfur, and 

phosphorus. Minerals cannot be decomposed into 
simpler forms, but the decomposition of proteins can 
increase phosphorus levels.38

Magnesium
Magnesium content in A1 and A2 was 50.27 mg/100 
g and increased in A4 and A6 to 68.32 mg/100g and 
112.28 mg/100g respectively. However, in A3 and A5, 
there was a decrease in magnesium levels by 29.77 
mg/100g and 49.24 mg/100g. The results showed 
that magnesium levels increased significantly in 
A4 and A6 due to the use of chitosan. Based on 
statistical tests, both types of treatment factors and 
interactions significantly affected the magnesium 
content of germinated RR. In general, RR acts 
as a source of magnesium, which is beneficial for 
health as it can manage type II diabetes, asthma, 
and bowel cancer.1 Soaking for 48 hours allows 
a significant volume of water to enter the seeds, 
causing softening of the aleurone layer which 
contains many minerals. During milling process, the 
layer will be easier to escape and cause a decrease 
in magnesium content.8,37 the use of chitosan in 
germination process increases magnesium in RR 
because its role as biostimulant.36 The length of 
the grain or rice sprouts affects the increase in 
magnesium content in the germinated rice. The 
sprout length with the highest magnesium is about 
1 cm at 37.0 mg/g.39

Protein Content
Protein content of A1 and A2 was 11.38%, while 
in germination treatment, the value decreased to 
8.68% (A3), 9.99% (A4), 10.36% (A5), and 10.50% 
(A6). Both treatment factors and interactions did not 
significantly affect protein content. The decrease in 
protein content is due to the breakdown into amino 
acids, which are then used in the Krebs cycle (citric 
acid cycle). The energy obtained from the breakdown 
of protein is converted into ATP (Adenosine 
triphosphate). Furthermore, ATP formed acts as 
the main energy by cells in carrying out various 
biochemical functions including embryo growth.40 

The decrease in protein during germination is also 
influenced by the breakdown of protein, thereby 
increasing the soluble protein in rice.41

Gamma-Aminobutyric Acid (GABA)
The results in Table 3 show that A1 and A2 GABA 
levels amounted to 21.97 mg/kg, then variation in 
germination methods led to an increase in A3, A4, 
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A5, and A6 to 144.08 mg/kg, 231.96 mg/kg, 86.31 
mg/kg, and 132.88 mg/kg, respectively. The two 
treatment factors and interactions had a significant 
effect on GABA levels. Germination with UDR 
and soaking using an elicitor agent in the form of 
chitosan caused a significant increase in GABA 
from 21.97 mg/kg to 231.96 mg/kg. The increase 
during germination process is due to the activity of 
the enzyme glutamate decarboxylase (GAD) which 
converts glutamate into GABA. According to a 
previous report, GABA is released in response to to 
lack of water or oxygen, leading to increased activity 
of the enzyme GAD.8 Chitosan can increase the 
activity of hydrolytic enzymes which function as food 
reserves for the embryo to improve the percentage of 
germination.16,42 The increased activity of hydrolytic 
enzymes also enhances water absorption during the 
process. In addition, the increase in GABA levels is 
influenced by the variety of rice germination. This 
is due to the electron transfer between the O group 
of rice starch as well as the NH- and OH- groups of 
chitosan in forming hydroxyl groups.12

Fat Content
Fat content of A1 and A2 was 1.86%, while 
germination A3 increased by 4.07% but A4, A5, 
A6 treatments decreased by 1.85%, 1.34%, and 
0.82% respectively. Both treatment factors and 
interactions significantly affected protein content. 
Germination tends to reduce fat content of rice 
due to the activity of lipase enzymes that break 
down fat into water-soluble fatty acids and glycerol. 
Therefore, more optimal germination can cause a 
decrease in fat content. The husk layer on rice during 
germination process tends to minimize the decrease 
in fat content. Chitosan, which can increase the 
activity of hydrolytic enzymes, is more optimal 
in germination process. As stated in a previous 
study, the decomposition of fat is higher than in 
water immersion treatment.16,42 Grinding and drying 
processes reportedly reduced fat content.43

Carbohydrate Content
Carbohydrate content of A1 and A2 was 75.41%, 
while in germination A4, A5, A6, the value increased 
to 78.34%, 78.06%, 76.64% and decreased in A3 to 
74.49%. Both treatment factors and interactions did 
not have a significant effect on carbohydrate content. 
During the initial germination process, carbohydrate 
content in rice generally decreases, which is 
influenced by the use as the main energy source and 

structural function.44 However, germination process 
can also increase carbohydrate content because it 
is influenced by the duration. This increase is in line 
with the higher growth of rice grains.45

Antioxidant Activity
Antioxidant activity can be determined by calculating 
the capture of free radicals up to 50% using a 
compound present in the sample. The measurement 
is often carried out using UV-Vis spectrophotometry 
with a wavelength of 517 nm and expressed in IC50 

(Inhibitory Concentration) value. Generally, IC50 is 
a value that states the concentration of antioxidant 
compounds present in the sample in counteracting 
free radicals by 50%. The higher the IC50 value, the 
lower the antioxidant activity of a sample.46 Based 
on Table 3, IC50 of A1 and A2 was 676.07 ppm, 
while in germination A3, A4, and A5, the antioxidant 
activity decreased by 1345.55 ppm, 816.94 ppm, 
1892.89 ppm, and increased in A6 by 636.04 ppm. 
Both treatment factors and interactions significantly 
affected antioxidant activity. Germination with 
RR and soaking using chitosan produced better 
antioxidant content. The increase in antioxidant 
levels during germination can be due to the response 
to environmental stress in the seeds. To overcome 
this stress, the plant will then increase the production 
of antioxidants as a self-defense mechanism from 
oxidative damage. The use of higher temperatures 
during the drying process can cause oxidation 
of antioxidant compounds due to the destruction 
of the chemical structure.47 Heating can cause 
degradation of antioxidant compounds in the form of 
anthocyanins into ketones, thereby decreasing the 
ability of antioxidants to counteract free radicals.48 
Longer storage of food ingredients with conditions 
that are not optimal for food ingredients can reduce 
antioxidant activity due to oxidation.49,50

Conclusion  
In conclusion, variations in germination methods 
significantly affected the physical and chemical 
characteristics of germinated RR. The results 
showed a significant increase in the levels of 
GABA, phosphorus, magnesium, milled yield, and 
rice quality. However, fat content, morphological 
structure, and antioxidant activity significantly 
decreased. There was no significant effect on 
sensory, carbohydrate, protein, ash, and moisture 
content. A5 had the highest yield of 87.21% and 
quality of 87.63%, while A4 had the highest GABA 
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content of 231.96 mg/kg. And A6 had the highest 
antioxidant activity, phosphorus, and magnesium 
amounted to 636.04 ppm, 238.71 mg/100 g, and 
112.28 mg/100 g respectively. However, conducting 
further research on applying different germination 
methods to white rice may yield varied results. 
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