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Germination in red rice aims to improve its quality, particularly its texture. However, this 
germination process produces relatively long sprouts that can interfere with the quality of 
red rice when consumed. Therefore, calcium chloride is utilized with different application 
patterns to suppress sprout elongation while simultaneously enhancing calcium 
accumulation. Red rice (Inpari 24 variety) was germinated using a partially circulated 
germinator with variations in calcium chloride treatment patterns and germination 
duration. The physicochemical characteristics of ungerminated and germinated red rice 
exhibited differences, specifically in germination quality, calcium, color, pasting profile, 
and total sugar content. Germination without calcium chloride treatment and germination 
with full calcium chloride treatment at the initial stage significantly affected the 
germination rate, sprout length, calcium, and pasting profile of the red rice. Germination 
under each distinct calcium chloride application pattern successfully suppressed red rice 
sprout elongation. The results indicated that full calcium chloride treatment at the initial 
stage produced the lowest germination rate and sprout length (74.67–88.00% and 0.66–
1.24 mm, respectively). Germination with calcium chloride treatment at the intermediate-
stage and in a gradual manner reduced the sprout length of the red rice. The treatment 
with calcium chloride also increased calcium levels, an essential mineral for humans. Full 
treatment of calcium chloride at the initial stage yielded germinated red rice with the 
highest calcium (228.06–252.20 mg/100g). The different calcium chloride treatment 
patterns did not significantly affect the color, pasting profile, and total sugar of the 
germinated red rice; however, an increase was observed from the ungerminated red rice 
to the germinated red rice. 
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1. INTRODUCTION 

1.1. Research Background  

Rice is a cereal that serves as a staple food worldwide, with 
consumption of nearly 50%, dominated by Asian countries [1]. 
Rice is categorized into non-pigmented and pigmented rice. The 

most widely consumed type of pigmented rice is red rice [2]. Red 
rice is classified as a whole grain because it undergoes milling 
that removes only the husk, leaving the aleurone layer and germ 
intact. Milling without polishing produces rice with superior 
nutritional content, namely fiber, iron, vitamins, and minerals that 
are beneficial for health [3]. The consumption level of red rice, 
which is much lower than white rice, is caused by several factors: 
its coarse texture, longer cooking time compared to white rice, 
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and a less preferred flavor [4]. One way to improve these 
deficiencies is by performing germination. 

Germination is a biological process induced by enzyme 
activation, which triggers the formation of various metabolic 
components with bioactive functions [5]. Germination in red rice 
is generally conducted for 12-48 hours. Germinated red rice has 
a softer texture and a shorter cooking time [6]. Germination is 
commonly performed manually by soaking the seeds for several 
days. This method has drawbacks, namely the possibility of 
microbial growth and the leaching of bioactive compounds [7]. 
As a solution, germination is performed using a partial circulation 
method, which combines water spraying, incubation, and 
recirculation of the soaking media through a filtration membrane. 

The germination process begins with the imbibition stage, 
which is the absorption of water by dry seeds. The seeds then 
enter the pre-germination stage, characterized by radicle 
enlargement and the emergence of the plumule. The next stage is 
the elongation of the sprout to 2-5 mm [5]. The length of the 
sprout in germinated rice affects the assessment or consumption 
quality by the public. Germinated red rice will produce sprouts of 
a certain length that influence the appearance of the cooked 
germinated red rice. This sprout elongation can be suppressed by 
the treatment of calcium chloride (CaCl2)[8].  

Calcium ions in calcium chloride can reduce damage by 
activating protective enzyme systems, thereby increasing 
resistance to salinity, drought, and oxidative stress [9]. However, 
excessive calcium accumulation will cause ion toxicity and 
damage physiological and biochemical processes, which 
ultimately inhibits the growth process [10]. The treatment of 
calcium chloride at low concentrations tends not to inhibit 
germination and can sometimes increase sprout length [11]. 
However, the treatment of calcium chloride at higher 
concentrations causes a significant decrease in the germination 
percentage and sprout length (25-200 mM), and even results in no 
seeds being able to germinate (250-300 mM) due to excessive 
calcium ion stress within the seeds [8]. The use of calcium 
chloride also functions as a calcium mineral substitute in 
germinated red rice [12]. The treatment of calcium chloride as a 
stressor in germination will provide changes in the 
physicochemical properties of the germinated rice. Previous 
research has mentioned that the use of calcium chloride (CaCl2) 
is better than calcium lactate [13]. Previous research has 
mentioned that the use of calcium chloride (CaCl2) is better than 
calcium lactate. However, those studies predominantly focused 
on single-dose applications at a fixed time, leaving a distinct 
scientific gap regarding how different treatment patterns—such 
as without calcium chloride, full initial, intermediate, and gradual 
applications—affect the germination dynamics. The timing of 
calcium exposure is expected to crucially influence rice 
physicochemical properties because the seed’s physiological state 
and membrane permeability vary across different germination 
phases (imbibition vs. radicle emergence). Investigating these 
patterns will reveal how the rate of calcium ions (Ca2+) influx 
interacts with temporal metabolic shifts and enzyme activation. 
Therefore, this work advances current knowledge on calcium-
assisted germination by providing a strategic approach to balance 
sprout inhibition and mineral biofortification without 
compromising structural starch stability. Consequently, this study 
aims to analyze the physicochemical properties of germinated red 
rice under the influence of the calcium chloride treatment method 
and the duration of germination 

1.2. Literature Review 

Red rice is a type of pigmented rice characterized by a red 
color derived from proanthocyanidins in the bran layer [14]. Red 
rice is quite well-known and widely consumed, particularly by 
Indonesians, as it is considered healthier. The nutritional content 
of red rice is higher than that of white rice, containing fiber 
(3.97%), protein (9.16%), ash (1.18%), and fat (2.50%). Red rice, 
or brown rice, possesses a nutty flavor and a relatively coarse 
texture compared to white rice [15]. Red rice has a lower 
consumption rate than white rice or polished rice in general. This 
is due to the combination of its dark color and hard texture [16]. 

Germination is a method that can be employed to increase the 
nutritional content and bioactive components in red rice [5]. 
Germination performed on red rice can also produce rice with a 
softer texture that is easier to cook [6]. Germination is a series of 
biological processes occurring in grains and cereals induced by 
enzymes within the cells that trigger the growth of the plumule. 
Biological changes occur during the germination process, 
activating nutrients that were previously inactive. Enzymes in the 
rice grain activated by the germination process will hydrolyze 
high-molecular-weight polymers or undergo the breakdown of 
macromolecules into micromolecules. The stages of germination 
include imbibition or water absorption by the seed, enzyme 
activation, initiation of embryo growth, softening of the seed coat, 
and sprouting. 

Red rice contains more nutrients, such as protein, dietary 
fiber, vitamins, and minerals [17]. Red rice has a good nutritional 
profile and contains specific phenolic compounds, especially 
ferulic and diferulic acids. Red rice contains a bran layer rich in 
oryzanol, which has antioxidant and hypocholesterolemic effects 
[18]. However, despite this beneficial nutritional content, red rice 
is less preferred. When cooked into rice, red rice has a dark color, 
is unpalatable, and possesses a hard texture and chewy properties 
caused by the tough, fibrous bran layer [18].  

Germination is performed on red rice with the aim of 
improving the nutritional quality and the eating quality of 
germinated red rice [5]. Germination involves a water absorption 
process that causes structural disruption and membrane damage, 
which accelerates germination by releasing low-molecular-
weight solutes (such as amino acids, ions, and sugars) as well as 
germination inhibitors like abscisic acid [19]. After soaking, 
radicle elongation is carried out through atmospheric incubation 
with aerobic respiration. During this process, the moisture content 
within the rice grain is maintained through a moisture balance 
between the seed and its surrounding environment, allowing for 
continued seed development [20]. Enzymes in red rice, 
particularly hydrolytic enzymes such as amylase and protease, are 
activated during germination, leading to an increase in reducing 
sugars, peptides, and free amino acids [3].  

Germination can cause changes in the physicochemical 
characteristics of red rice, such as sprout quality, pasting profile, 
color, total sugar content, and calcium content. The increase or 
decrease in these physicochemical characteristics in red rice is 
influenced, among other factors, by the duration of germination. 
The percentage and length of sprouts increase as germination time 
progresses. This increase is significantly higher when the duration 
is extended from 12 hours to 24 hours, or even 36 hours [21]. The 
color of germinated red rice differs from non-germinated red rice. 
The color of red rice, measured by L, a*, and b* values, shows 
that non-germinated red rice has a higher L value, a lower a* 
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value, and a lower b* value compared to germinated red rice [22]. 
The total sugar in germinated red rice undergoes an increase 
compared to non-germinated red rice. This is a result of α-
amylase enzyme activity [23]. Germination in red rice is capable 
of lowering the pasting profile, which is influenced by the 
duration of germination [22].  

Calcium chloride (CaCl2) is a type of salt consisting of the 
elements calcium ions (Ca2+) and chlorine (Cl-). Calcium chloride 
(CaCl2) is odorless, colorless, non-flammable, and easily soluble 
in water. Calcium chloride (CaCl2) is very important for plants 
when they experience damage. Calcium chloride (CaCl2) is a salt 
formed from calcium and chlorine elements. Salinity, or the salt 
content present in the environment, will slow down seed 
germination by inhibiting sprout growth due to high osmotic 
pressure, making it difficult for the seed to absorb water. Calcium 
chloride (CaCl2) in the germination process can influence sprout 
growth through osmotic and ionic stress effects that impact plant 
physiology[24]. Cell growth under high salinity conditions can 
cause oxidative stress and decrease the activity of enzymes 
essential for cell proliferation in the shoot meristem.  

1.3. Research Objective 

This study aims to analyze the effect of different calcium chloride 
treatment patterns and germination duration on the 
physicochemical properties of germinated red rice. 

2. MATERIALS AND METHODS 

2.1. Materials 

The materials used in this study include: Inpari 24 variety red rice, 
calcium chloride, NaOCl, demineralized water, distilled water, 
HNO3, HCl4, alcohol 80%, HCl, NaOH, anthrone, H2SO4, glukosa, 
Pb-Acetat. The equipment used includes: a partial circulation 
germinator, dehydrator, blender, 50-mesh sieve, colorimeter, 
rapid visco analyzer, spectrophotometer, hotplate, rice cooker, 
and analytical balance. 

2.2. Methods 

The red rice used in this study is the Inpari 24 variety, obtained 
from the Center for Rice Seed Assembly and Agricultural 
Modernization in Subang, West Java. The paddy was milled 
without removing the entire outer layer and without polishing to 
produce brown red rice. The rice was stored in a refrigerator 
under vacuum conditions.  

2.2.1. Germinated Red Rice Preparation  

Red rice germination began by soaking the rice in 0.1% (w/v) 
NaClO for 30 minutes, followed by rinsing with demineralized 
water twice. The rice was then placed into one of the tubes of a 
partial circulation germinator. The other tube was filled with 
demineralized water at a rice-to-water ratio of 1:10 [21]. The 
partial-circulation germinator was then turned on to initiate 
germination. Water was circulated for 5 minutes every 90 minutes 
to maintain optimal moisture balance and seed hydration. The 
germination chamber was maintained at a controlled temperature 
of 30 ± 2℃ under dark condisituons, with the relative humidity 
(RH) kept above 85% throughout the process. Calcium chloride 
was administered using different methods as a germination 
stressor. Calcium chloride was added to the germination water 
through four methods: (i) fully at the beginning of the 

germination process; (ii) fully at the midpoint (after 24 hours) of 
germination; (iii) 6 mM from the beginning of the process, then 
increased to 200 mM after 24 hours of germination; (iv) and 
germination without the administration of calcium chloride from 
the beginning to the end. Germination was conducted for 36 hours 
and 48 hours. The calcium chloride solutions within the 
circulation system were not replace during the respective 
germination periods to ensure continuous ion accumulation and 
static stress patterns. The germinated red rice was then removed 
from the partial circulation germinator and rinsed twice with 
demineralized water. The germinated red rice was dried using a 
dehydrator at a temperature of 50°C for 3 hours until a stable 
moisture content below 10% was achieved. Once dry, the rice was 
stored under vacuum conditions in a refrigerator until testing was 
conducted [22]. Testing for pasting profiles, calcium content, and 
total sugar content was performed on the germinated red rice in 
flour form after being ground and passed through a 50-mesh sieve 
to ensure uniform particle size (≤0.297 mm). Testing for 
germination quality, specifically germination percentage, sprout 
length, and color, was performed on the germinated red rice 
grains. Non-germinated red rice was used as a control treatment.  

2.2.2. Germination Rate 

The germination percentage was analyzed by counting the 
number of germinated red rice grains out of 50 randomly selected 
grains from the germination results. [21]. 

2.2.3. Sprout Length  

Sprout length was analysed by taking 25 grains of rice and 
measuring the length of their sprouts using a DL90150B 150mm 
digital vernier calliper. The measurement results from these 25 
grains were then averaged to determine the sprout length [21]. 

2.2.4. Calcium  

Analysis of calcium content was performed by weighing 5 g of 
the flour sample, then adding 15 mL of a HNO3:HCl solution 
(4:1). The sample was digested on a hotplate until clear, then 
cooled. Distilled water was added to a final volume of 25 mL, and 
the solution was filtered into a 50 mL volumetric flask. The 
sample was then analyzed using a spectrophotometer at a 
wavelength of 422.7 nm. [21]. 

2.2.5. Colour 

Color testing was performed using a DS-200 portable 
colorimeter. The red rice was spread evenly in a flat container 
until no empty space was visible. The device was then placed 
close to the sample to measure the L a*, and b* values [25]. 

2.2.6. Profil Pasting 

Pasting profile analysis was conducted using a Rapid Visco 
Analyzer (RVA) instrument. The rice flour sample was dissolved 
in 25 mL of distilled water. The sample was heated to 50°C and 
held for 1 minute. Subsequently, the temperature was increased 
from 50°C to 95°C at a heating rate of 6°C per minute and 
maintained for 5 minutes. Following this, the sample was cooled 
back to 50°C at a cooling rate of 6°C per minute, and this 
temperature was held for 5 minutes. The results of the pasting 
profile analysis are presented as a curve showing the relationship 
between time, viscosity, and temperature. [26].  
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2.2.7. Total Sugar 

Total sugar content analysis was conducted using the Anthrone-
sulfuric acid method. A 6 g sample was weighed, added to 70% 
alcohol, and filtered. The pH of the filtrate was measured, and 
NaOH was added until the pH reached a range of 6–7. The sample 
was heated on a hotplate at 80°C for 12 minutes. The sample was 
then filtered, and 2 mL of Pb-acetate was added, followed by 
another filtration. Subsequently, 1 g of Na-oxalate was added and 
filtered. A 0.1 mL aliquot of the filtrate was pipetted into a 100 
mL volumetric flask, and distilled water was added to the mark. 
The volumetric flask was then shaken until well mixed. From this 
flask, 1 mL was pipetted into a test tube, followed by the addition 
of 5 mL of Anthrone-sulfuric acid solution. The test tube was 
vortexed and heated at 100°C for 12 minutes. The analysis was 
performed using a spectrophotometer at a wavelength of 630 nm. 

2.2.8. Statistical Analysis  

All the experiments were carried out in three independent 
biological replicates, and subsequent physicochemical analyses 
for each sample were performed in duplicate (two analytical 
replicates). To evaluate the primary effects of the calcium 
chloride treatment patterns, the germination durations and their 
potential interaction effects, the data were subjected to a Two-
Way Analysis of Varians (ANOVA) with SPSS software (version 
27). Significance was defined at p≤0.05. The treatment methods 
will be evaluated separately using Duncan’s New Multiple Range 
Test (DMRT) as a post-hoc test, with a significance level of 5% 
(α=0.05) to separate statistically distinct means.  

3. RESULT AND DISCUSSION 

3.1. Ungerminated Red Rice  

Table 1. Physico-chemical properties of ungerminated red rice 
(control) 

Parameter Result 
Germination 
rate 

0% 

Sprout length 0 mm 
Color 33.32 (L); 14.13 (a*); 14.28 (b*) 
Pasting 
profile 

2113 (Peak); 1663.33 (Through); 451. 33 
(Breakdown); 3002.67 (Final); 1341 
(Setback) 

Calcium 8.94 mg/100 gr 
Total sugar 16.29% 

 
The red rice used as a control in this study is the Inpari 24 

variety. Red rice that had undergone milling without polishing 
was stored under vacuum at refrigerator temperatures until 
analysis was performed. The physicochemical characteristics of 
ungerminated red rice were evaluated based on parameters 
including germination percentage, sprout length, color, pasting 
profile, calcium content, and total sugar content. Non-germinated 
red rice does not undergo germination and therefore does not have 
sprouts. This rice differs from germinated red rice, which features 
sprouts resulting from metabolic activity.   

The color of the red rice was measured using the parameters 
L, a*, and b* values. Measurement results for the red rice showed 
an L value of 33.32, an a* value of 14.13, and a b* value of 14.28. 
These results are similar to research [27]  conducted on various 
pigmented rice varieties. That study presented L, a* and b* values 
for red rice originating from Cianjur and Solok. Differences in L, 

a* and b* values in red rice can be influenced by genetic factors. 
Other studies have also noted that various types of anthocyanins 
and proanthocyanidins are the phytochemical compounds 
responsible for the diverse colors of pigmented rice. These 
compounds are widely distributed in varying concentrations 
across different colored rice varieties[28]. 

The pasting profile is an important parameter in determining 
the starch paste properties of red rice flour. The parameters 
observed in the pasting profile are peak, trough, breakdown, 
setback, and final viscosity. The results of the pasting profile 
research on red rice are presented in Table 1. The viscosity values 
of the rice followed a pattern consistent with research [29] 
observing the pasting profile of the Wangkairiri red rice variety. 
These results are also in line with research [30] regarding the 
pasting profiles of various red rice varieties. Starch stability 
properties are related to the amylose content of red rice. The 
higher the amylose content, the higher the pasting time will be. 
When starch is heated, the starch granules absorb a certain 
amount of water, causing them to swell and thereby increasing 
viscosity.  

Red rice contains calcium, which is one of the essential 
minerals required by the human body. The calcium content in this 
red rice is 8.94 mg/100 g. This amount is lower compared to the 
calcium levels in various other red rice varieties, including 
traditional red rice, MNAPB0405, MNACE0501, and 
MNACH0501, which have calcium levels ranging from 12–18 
mg/100 g. This indicates that different red rice genotypes possess 
varying calcium levels [30]. The calcium content in this red rice 
is higher than the calcium content in white or polished rice, which 
is 7.94 mg/100 g [31]. 

Total sugar content was analyzed by extracting red rice flour 
with 80% (v/v) alcohol and measuring it using UV-Vis 
spectrophotometry at a wavelength of 617 nm. Red rice has a total 
sugar content of 16.29 (w/w), which is significantly lower than 
that of germinated red rice. Red rice contains little sugar because 
the sugar transported to the seed is generally converted into 
starch. Similar results were shown in research [32] indicating that 
the total sugar content in non-germinated rice (UGR) is lower 
than in germinated rice. 

3.2. Germination Quality 

 
Figure 1. Germination rate of germinated red rice with calcium 

chloride different patterns and different germination duration 
 
The effects of the calcium chloride treatment method and 
germination duration on the germination rate are presented in 
Figure 1. Two-way ANOVA revealed a significant interaction 
effect (p≤0.05) between calcium chloride (CaCl2) treatment 
patterns and germination durations on the germination percentage 
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of red rice. Consequently, post-hoc analysis using Duncan’s New 
Multiple Range Test (DMRT) was applied to the combined 
treatment-duration groups to evaluate specific mean separations. 
As illustrated in the graph, germinated red rice without the 
treatment of calcium chloride exhibited the highest germination 
percentage. Conversely, germination with a full treatment of 200 
mM calcium chloride at the beginning resulted in the lowest 
germination rate. This germination percentage was followed by 
the sprout length data presented in Figure 2 
 

 
. The graphs show a significant difference (p≤0.05) between 

germination without calcium chloride and germination with the 
treatment of calcium chloride at the beginning. Germinated red 
rice with intermediate treatment and gradual treatment of calcium 
chloride showed varying germination percentages. These figures 
were also influenced by the duration of germination; a longer 
germination time resulted in a higher germination rate. The sprout 
length of the red rice was also affected by the different methods 
of calcium chloride treatment and the duration of germination. 
The sprout length of red rice germinated with a full treatment of 
calcium at the intermediate stage showed the greatest length 
compared to the gradual treatment of calcium chloride. This is 
because, in the gradual treatment method, the water absorbed by 
the rice from the start of germination already contained calcium 
ions (Ca2+), albeit at a low concentration (6 mM), which can 
support germination. This concentration was subsequently 
increased to 200 mM after 24 hours of germination, which can 
inhibit sprout growth and elongation.   

The results of this study are in alignment with [3] which states 
that a longer germination duration leads to a higher germination 
percentage. Research by [33] further indicates that increasing the 
germination time enhances the germination rate of red rice. A 
longer germination period promotes more active biological 
functions and material metabolism, leading to a complete 
germination process. This complete process, in turn, increases the 
germination percentage of the red rice. The optimum germination 
time ranges from 24 to 48 hours; when the duration exceeds 48 
hours, the increase in germination rate is no longer significant. 

Germination under the stress of calcium chloride treatment 
reduces both the germination rate and the sprout length of red 
rice. Calcium chloride is a salt that increases the salinity of the 
water used for germination. Salt stress from calcium chloride 
inhibits the seed germination rate as well as the growth of the 
sprouts [34]. Red rice supplied with a full dose of calcium 
chloride at the onset of the germination process is still capable of 
germinating, but it proceeds at a slower rate, and high 

concentrations, such as 200 mM, will inhibit sprout elongation 
[8]. The amount of calcium ions (Ca2+) entering red rice during 
imbibition increases with prolonged germination time. This 
accumulation of calcium ions (Ca2+) exerts varying effects on 
seed metabolism, thereby influencing germination performance. 
Specifically, it causes ionic stress due to the accumulation of Cl- 
ions in the plant tissues, affecting metabolic processes and 
resulting in the suppression of elongation or even cell growth in 
the sprouts [35]. 

 

3.3. Calcium 

 
Figure 3. Calcium content of germinated red rice with calcium 
chloride different patterns and different germination duration 

Figure 3 shown the effect of the calcium chloride treatment 
patterns and germination duration on the calcium content of 
germinated red rice. Statistical analysis via Two-way ANOVA 
confirmed a highly significant interaction effect (p≤0,05) 
between the formulation patterns and execution times regarding 
calcium accumulation. To further break down this interaction, a 
single-factor combination test was performed, followed by a 
DMRT post-hoc evaluation. The results demonstrated that 
germinated red rice using the full at the initial stage treatment 
patterns exhibited the highest calcium content compared to the 
other methods. The treatment of calcium chloride in germinated 
red rice serves not only as a stressor to suppress sprout elongation 
but also aims to increase calcium levels, thereby enhancing the 
nutritional value of the germinated red rice. Germination without 
calcium chloride and germination with a full treatment of calcium 
chloride at the beginning showed significant differences (p≤0.05) 
in the calcium content of the red rice. Germinated red rice using 
the full at the initial stage treatment patterns exhibited the highest 
calcium content compared to the other methods. The calcium 
content in this germinated red rice increased alongside the 
duration of germination. Conversely, red rice germinated without 
calcium chloride produced sprouts with the lowest calcium levels. 
Germinated red rice with a full at intermediate stage treatment 
had lower calcium levels compared to those with the gradual 
treatment method.  

Research [36] shows an increase in calcium levels between 
ungerminated red rice and germinated red rice, from 24.31 mg/kg 
to 28.92 mg/kg. This increase is much smaller compared to the 
increase in calcium levels observed when comparing non-
germinated red rice to rice germinated with the addition of 
calcium chloride. This is in line with research [37] which 
demonstrates an increase in calcium levels in control red rice 
versus red rice germinated with calcium chloride. 

Calcium chloride dissolved in the water used for germination 
can increase the calcium content of germinated red rice. 

Figure 2. Sprout length of germinated red rice with calcium 
chloride different patterns and different germination duration 
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Imbibition is the process of water absorption; the water absorbed 
by the red rice contains calcium ions (Ca2+), which bind to the cell 
walls, thereby strengthening the structure and the cell walls. This 
reinforcement slows down the breakdown of pectin and starch 
into simpler components, resulting in more controlled 
degradation. As the germination duration increases, more water 
containing calcium ions (Ca2+) is absorbed into the red rice, 
leading to a higher accumulation of calcium. Red rice germinated 
with a full at the initial stage treatment of calcium chloride utilizes 
water already containing dissolved CaCl2 during the imbibition 
process, meaning the absorption of calcium ions (Ca2+) ions 
begins from the very start of germination. A similar phenomenon 
occurs in germination with gradual calcium chloride treatment. 
The lower calcium chloride levels in this method are due to the 
lower initial concentration provided, specifically 6 mM during the 
early stage (0–24 hours) before being increased to 200 mM after 
24 hours of the germination process.  

The mechanism of calcium chloride (CaCl2) uptake during 
red rice germination is closely linked to the hydrodynamics of 
water imbibition. During the initial soaking phase, calcium ions 
(Ca2+) dissolved in the germination medium penetrate the rice 
grain via passive diffusion along an electrochemical gradient, 
moving through the pericarp and aleurone (bran) layers [38]. 
Because the outer bran layer is the primary structural barrier, a 
substantial portion of the absorbed calcium initially accumulates 
in these peripheral tissues by binding to negatively charged 
phytates and structural cell wall polysaccharides [38][39]. As 
germination progresses, endogenous hydrolytic enzymes 
gradually soften these cell wall structures, facilitating the 
migration of calcium ions (Ca2+) deeper into the starchy 
endosperm [40]. Within the endosperm matrix, calcium ions 
(Ca2+) actively interact with the structural components and 
surface proteins of the starch granules [39]. This ionic interaction 
structurally reinforces the seed matrix, thereby restricting hyper-
hydration during subsequent thermal pasting analyses [39]. This 
temporal migration and molecular binding explain why longer 
germination durations enhance total calcium retention while 
systematically modulating the flour's pasting profile. 

3.4. Color 

The effects of the calcium chloride treatment patterns and 
germination duration on the color of germinated red rice are 
presented in Figure 4. Color analysis was performed using a 
colorimeter, generating L, a* and b* values. Based on the 
analysis, there was an increase in L, a* and b* values in 
germinated red rice compared to ungerminated red rice (Table 1). 
However, the calcium chloride treatment patterns and 
germination duration did not significantly affect the color of the 
germinated red rice (p>0.05). Similar results were obtained in 
research [36] which observed increases in L, a*, and b* values in 
germinated red rice. This statistical consistency suggests that 
while the biological process of germination alters the baseline 
pigment concentration, the temporal timing of kalsium stress 
application does not induce further structural shifts in color 
distribution. Calcium ions (Ca2+) potentially bind to the carboxyl 
groups of pectin within the pericarp and aleurone layers, 
establishing a reinforced cell wall barrier that minimizes 
excessive pigment hyper-leaching.  

 

Figure 4. L, a* and b* values of germinated red rice with calcium 
chloride different patterns and different germination duration 

The L value represents the brightness of the germinated red 
rice. An increase in the L value indicates that the rice appears 
brighter. The L values in germinated red rice were higher than 
those of the control red rice, meaning the germinated red rice 
possessed a higher degree of brightness. This increase in the L 
value in germinated red rice can be influenced by the leaching of 
anthocyanin pigments present in red rice into the water used for 
the germination process [41]. The process of water entering the 
seed during germination triggers tissue softening and the 
migration of water-soluble compounds. Anthocyanins in the outer 
layers diffuse more readily than strongly bound pigments. The 
dissolution of anthocyanin pigments reduces the pigment content 
in the aleurone layer, thereby decreasing color intensity and 
making the red rice appear brighter than non-germinated red rice 
[42].   

The shifts in color parameters are further governed by 
complex chemical degradation and subsequent oxidative 
pathways during processing. During germination, the activation 
of endogenous enzymes partially dismantles the cellular matrix 
of the bran layer, leading to the breakdown of sensitive 
monomeric anthocyanins into colorless or polymeric chalcone 
derivatives. This enzymatic degradation is often exacerbated by 
thermal oxidative reactions during the subsequent dehydration 
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step at 50℃, thereby compromising pigment stability and altering 
the a* (redness) and b* (yellowness) values. Interestingly, the 
application of calcium chloride (CaCl2) serves an administrative 
role beyond sprout suppression. The infiltrated calcium ions 
(Ca2+) are proposed to complex with the structural cell wall 
polysaccharides—such as pectin—and surface proteins within the 
pericarp layer. This ionic cross-linking structurally reinforces the 
cell wall matrix, creating a protective physical barrier that 
restricts hyper-leaching and minimizes the thermal oxidation of 
the remaining proanthocyanidins and anthocyanins. This 
stabilization mechanism explains why the visual distinctiveness 
and pigment retention of the red rice color were statistically 
maintained across the various calcium chloride (CaCl2) treatment 
patterns despite extended execution times (p> 0.05). 

The shifts in a* and b* values in germinated red rice can be 
influenced by enzyme activation, hydrolysis, and oxidation. 
Germination is a metabolic process that activates endogenous 
enzymes within the seed, which hydrolyze macromolecular 
components into simpler forms. Starch in germinated red rice 
degrades into simple sugars, increasing their content. The rise in 
reducing sugars makes the material more reactive toward proteins 
or amino acids, facilitating the Maillard reaction, particularly 
during the drying or heating processes following germination 
[43]. The Maillard reaction, or more commonly, oxidation, can 
cause shifts in the a* and b* values of germinated red rice.  

Germination in red rice also causes structural changes in the 
grain and dissolves some water-soluble pigments into the 
germination water. Consequently, the dark color of the red rice 
becomes more dispersed or reduced in intensity, which increases 
light reflection [42].   

 

3.5. Pasting Profiles 

The pasting profile, or the characteristics of paste formation, is a 
crucial property of germinated red rice flour. The influence of the 
calcium chloride treatment patterns and germination duration on 
the pasting profile of germinated red rice shows a decrease in 
peak, trough, breakdown, final, and setback viscosity values as 
the germination time increases from 36 to 48 hours. The variation 
in the calcium chloride treatment patterns also statistically 
influences the pasting profile of germinated red rice. The values 
for peak, trough, breakdown, final, and setback in germinated red 
rice flour with full at the initial stage calcium chloride treatment 
showed the highest results among all treatments. Conversely, 
these values reached their lowest levels in germinated red rice 
flour produced without any calcium chloride treatment (Fig. 5). 
When compared to the peak, trough, breakdown, final, and 
setback values of the control red rice flour—which did not 
undergo germination—these values are significantly lower.  

Starch granules in germinated red rice undergo gelatinization, 
resulting in swelling until they reach their peak viscosity. Peak 
viscosity represents the ability of starch granules to absorb and 
bind water [44]. Germination with a full at the initial stage 
treatment of calcium chloride showed the highest peak viscosity, 
while germinated red rice without calcium chloride exhibited the 
lowest. Starch granules swell to their maximum capacity before 
eventually rupturing. This event leads to a decrease in starch 
viscosity. The drop from peak viscosity to the point of granule 
rupture is known as breakdown. Similar to peak viscosity, the 
breakdown values in red rice germinated with calcium chloride 
were significantly different from those germinated without it 

(p≤0.05). Following the heating process that causes starch 
granules to gelatinize and rupture, the cooling of the starch paste 
triggers an increase in final viscosity due to the re-association of 
starch molecules, or retrogradation[45]. The viscosity values for 
red rice germinated with a full at the initial stage treatment of 
calcium chloride were also significantly different (p≤0.05) from 
those germinated without calcium chloride. However, red rice 
germinated with full midpoint treatment and gradual treatment 
with calcium chloride did not differ significantly from one 
another (p>0.05). 

Starch granules in germinated red rice undergo gelatinization, 
resulting in swelling until they reach their peak viscosity. Peak 
viscosity represents the ability of starch granules to absorb and 
bind water [44]. Germination with a full initial-stage treatment of 
calcium chloride showed the highest peak viscosity, while 
germinated red rice without calcium chloride exhibited the 
lowest. Starch granules swell to their maximum capacity before 
eventually rupturing. This event decreases starch viscosity. The 
drop from peak viscosity to the point of granule rupture is known 
as breakdown. Similar to peak viscosity, the breakdown values in 
red rice germinated with calcium chloride were significantly 
different from those germinated without it (p≤0.05). Following 
the heating process that causes starch granules to gelatinize and 
rupture, the cooling of the starch paste triggers an increase in final 
viscosity due to the re-association of starch molecules, or 
retrogradation[45]. The viscosity values for red rice germinated 
with a full at the initial stage treatment of calcium chloride were 
also significantly different (p≤0.05) from those germinated 
without calcium chloride. However, red rice germinated with full 
midpoint treatment and gradual treatment with calcium chloride 
did not differ significantly from one another (p>0.05). 

The thickening property of red rice flour most significantly 
affected by germination is the peak viscosity. This phenomenon 
is primarily driven by the enzymatic degradation of starch during 
the soaking and germination process. Viscosity values in 
germinated red rice decrease as germination time increases [26]. 
The germination process increases amylase enzyme activity to 
degrade starch granules into simple sugars, thereby reducing the 
ability of starch to absorb water, undergo gelatinization, and form 
a paste [46]. As soaking time increases during germination, α-
amylase activity rises, potentially increasing the reducing sugar 
content of germinated red rice flour. The increase in reducing 
sugars coincides with an increase in free GABA content and a 
decrease in both starch content and paste viscosity. The 
germination process causes a reduction in protein and starch 
content. Proteins in rice play an essential role in the thickening 
properties of germinated red rice flour by potentially 
encapsulating starch granules and regulating swelling as well as 
their resistance to shear at high temperatures [47]. Thickening 
behavior or rheological properties are also influenced by 
interactions between components or organization (crystallinity), 
size, structure, distribution, and water-binding capacity of starch 
granules [23]. During cooking, swollen granules collide with each 
other, and some (especially fragile granules) lose their structural 
rigidity and form a homogeneous mass, resulting in a decrease in 
viscosity [25]. 

A 



M.N. TURNIP/ASIAN JOURNAL OF APPLIED RESEARCH FOR COMMUNITY DEVELOPMENT AND EMPOWERMENT. VOL 10 (2026), NO.2 

https://doi.org/10.29165/ajarcde.v10i2.1109  Turnip et al 463

 
B 

 
C 

 
D 

 
Figure 5. Pasting profiles of germinated red rice flour using the 
calcium chloride treatment patterns: (A) without calcium 
chloride; (B) full at the initial stage; (C) at the intermediate stage; 
(D) gradually, with different germination durations 

3.6. Total Sugar 

 
Figure 6. Total sugar of germinated red rice with calcium 
chloride different patterns and different germination duration 

Fig 6. illustrates the influence of the calcium chloride 
treatment method and germination duration on the total sugar 
content of germinated red rice. The total sugar content showed an 
increase from non-germinated red rice to germinated red rice. 
This is in alignment with research [32] which demonstrates an 
increase in total sugar content from ungerminated rice to 
germinated brown rice. The total sugar content in germinated red 
rice appears to increase as the germination duration progresses. 
The lowest total sugar content was found in germinated red rice 
without the addition of calcium chloride.  

Red rice without the germination process has lower total 
sugar content. The increase in total sugar content in germinated 
red rice is caused by the degradation process of starch into simpler 
components. Degradation of starch and complex sugars occurs 
during the germination process as a result of the initial reaction 
of the α-amylase enzyme on starch granules, leading to the 
formation of simple sugars. During the imbibition process carried 
out by the seeds, metabolism becomes active and hydrolytic 
enzymes increase. Starch, which was originally stored in the seed 
endosperm, begins to be broken down into simpler forms, thereby 
increasing the detected sugar fraction. Other hydrolysis processes 
may occur and assist in complete hydrolysis into simple and 
reducing sugars, such as the action of invertase which hydrolyzes 
sucrose into glucose and fructose [32]. Similar results were also 
found in research [50] indicating that the total sugar in finger 
millet and red rice increases along with germination time. The 
decomposition of starch was also found to be caused by increased 
amylase activity in respiratory metabolism during germination. 

It is worth noting that while this study successfully 
demonstrated the effectiveness of distinct CaCl2 treatment 
patterns on suppressing sprout elongation and enhancing calcium 
accumulation, a comprehensive nutritional and bioactive 
characterization was not fully executed. Germinated red rice is 
widely recognized as a functional food primarily due to the 
synthesis and retention of health-promoting bioactive 
compounds, such as gamma-aminobutyric acid (GABA), 
anthocyanins, and total phenolics, which collectively dictate its 
overall antioxidant activity. Previous literature highlights that 
abiotic stresses, including salinity and mineral exposure during 
grain germination, can trigger intricate metabolic pathways that 
either stimulate or alter the accumulation of these functional 
components. Although the current work prioritized the structural, 
pasting, and mineral aspects of the germinated grains, the lack of 
direct quantification for GABA, total phenolic content, 
anthocyanin retention, and antioxidant capacity remains a 
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recognized limitation of this study. Evaluating the cross-talk 
between temporal CaCl2 stress patterns and the shifting profiles 
of these specific bioactive molecules represents a crucial 
direction for future investigations to fully establish the functional 
value of the optimized germinated red rice. 

4. CONCLUSION 

Germination can affect the physicochemical properties of red 
rice. This study demonstrates that the physicochemical of 
germinated red rice are dynamically modulated by different 
calcium chloride application patterns and germination durations. 
Among the evaluated regimes, administering a full calcium 
chloride (CaCl2) treatment at the initial stage for 48 hours 
emerges as the optimal strategy. This specific pattern successfully 
yields the highest calcium biofortification (252.20 mg/100g) 
while simultaneously achieving the shortest sprout length (1.24 
mm). Germination quality, including germination percentage and 
sprout length, is higher than in red rice without germination. 
Germination of red rice without calcium chloride produced red 
rice with a length of 4.16–5.22 mm. The application of calcium 
chloride suppressed sprout elongation, resulting in sprout lengths 
of 0.66–1.81 mm. The color of the red rice becomes lighter, and 
the viscosity of germinated red rice flour decreases alongside the 
duration of germination. Total sugar content increases after the 
red rice is germinated. Differences in the calcium chloride 
treatment method and germination duration significantly affect 
the germination quality and calcium content of red rice. 
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