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Abstract
This study investigates the alterations in phenolic profiles and antioxidant 
activity of pigmented rough and brown rice (Oryza sativa L.) during  
a controlled germination process at 30°C over periods of 12, 24, 36, and 48 h. 
Our findings indicate a gradual decrease in total phenolic and flavonoid 
content, as well as antioxidant activity, in both rough and brown rice varieties 
throughout the germination process. Notably, red and black rice exhibited 
detectable levels of proanthocyanidins and anthocyanins, respectively, 
with significantly higher concentrations observed at the initial stages of 0 
or 12 h. A comprehensive analysis identified seven phenolic compounds 
in germinated red rice, including trace amounts of p-hydroxybenzoic 
acid, and exclusively vanillic acid (14.83-24.91 mg/100 g) in germinated 
black rice. The levels of p-coumaric, sinapic, and ferulic acids in red rice 
peaked between 24 to 36 h post-germination. Specifically, these acids 
increased by 103.8%, 75.3%, and 93.8% in cultivar GRR, and by 61.6%, 
54.0%, and 55.8% in cultivar GBR, respectively. This trend is in contrast 
to black rice, where peak levels of these acids were observed at the un-
germinated stage. The germination process was also associated with a 
reduction in isoferulic acid content in both red and black rice varieties. Our 
results substantiate that germinated rough rice contains significantly higher 
levels of phytochemicals compared to germinated brown rice, suggesting 
its superior potential in germination-based applications. Furthermore, 
principal component analysis, explaining 92.18% of the total variance, 
offers valuable insights for the food industry in developing functional grain 
products enriched with health-promoting phytochemicals.
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Introducton 
Rice (Oryza sativa L.) is a dietary staple for more 
than half of the global population, with traditional 
rice grain foods commonly derived from polished 
grains. Whole rice grain is suggested as part 
of healthy diets. It is becoming more and more 
popular in developed countries, because of its 
beneficial source of nutrition and high antioxidant 
activity that play positive roles in many chronic 
diseases. However, the hard texture and low cooking 
properties of brown rice inhibit the expansion of 
the market. Germinated rice, which produced by 
soaking and sprouting in warm water for some time, 
had potential prospects because of its softer texture 
and higher amounts of functional components. 
A wealth of research indicates that pigmented 
rice varieties, particularly red and black rice, 
possess a higher nutritional content and antioxidant 
capacity compared to their white counterparts.1 
While whole rice is often considered tougher to 
chew and less palatable based on conventional 
sensory evaluation,2 pre-germinated rice has 
gained popularity due to its enhanced functional 
components and improved taste profile. Numerous 
epidemiological studies have linked the consumption 
of pre-germinated rice with a reduced risk of various 
chronic conditions, including Alzheimer's disease, 
diabetes, hypercholesterolemia, certain types of 
cancer, cardiovascular diseases, and obesity.2,3

It is important to note that the consumption of brown  
rice has been associated with several health 
benefits, including the regulation of blood sugar 
levels and cholesterol, which are linked to the 
presence of various functional substances such as 
phenolic compounds and dietary fiber. However, 
the full spectrum of biological phenomena related 
to the production of these substances during the 
germination process is not yet fully understood. This 
study aims to explore the changes in phenolic profiles 
and antioxidant activity during the germination of 
brown rice, which could provide insights into the 
biological mechanisms underlying the health benefits 
of brown rice consumption. The germination process 
of rice grains is typically divided into two stages: 
soaking and sprouting.4 The soaking phase allows the 
grains to absorb sufficient water, which is essential 
for initiating sprouting. Sprouting not only enhances 
the content of certain functional components but also 
improves the rice's palatability due to the breakdown 
of high molecular weight substances. However, the 

presence of microorganisms during the soaking and 
sprouting phases can lead to the degradation of 
rice grains, particularly whole brown rice, resulting 
in the production of off-flavors that may diminish 
consumer acceptance of germinated rice. Moreover, 
germinated brown rice is prone to losing many water-
soluble nutraceuticals. In contrast, germinated rough 
rice can effectively retain its functional nutrients and 
exhibit resistance to microbial spoilage.5

The linkage between brown rice consumption and 
the biological phenomena related to the production of 
various functional substances is not well established 
in the current literature. This study addresses this gap 
by examining how the germination process affects 
the levels of phenolic acids, anthocyanins, and 
proanthocyanidins in brown rice. We hypothesize 
that germination will enhance the production of these 
functional substances, thereby increasing the health 
benefits associated with brown rice consumption.

Phenolic acids, as key secondary metabolites, are 
predominantly found in the bran and embryo of 
rice grains, constituting 59.2% of the total phenolic 
acids.6 They serve as a significant source of 
antioxidant activity. Both free and bound phenolic 
acids contribute to the overall health benefits  
of rice, with bound phenolic acids being particularly 
prevalent.7 To date, several studies have focused on 
the total phenolic content and antioxidant properties 
of free phenolics in rough or brown rice,8,9 as well 
as the dynamic changes in free and bound phenolic 
compounds during various stages of brown rice 
germination.10 In this study, we examined the 
variations in total phenolic and flavonoid content, 
antioxidant activity, total proanthocyanidins, 
anthocyanin content, and both free and bound 
phenolic compounds in pigmented (red and black) 
rough and brown rice. Additionally, principal 
component analysis was conducted to explore the  
first two principal components of variance. This 
research aims to significantly contribute to the 
enhancement of functional components and 
processes within the food industry. By focusing on the 
germination process, this study seeks to clarify the 
mechanisms by which brown rice can contribute to 
health promotion and disease prevention. The findings  
will be instrumental in guiding future research and 
developing strategies to maximize the nutritional 
and health benefits of brown rice through controlled 
germination processes.
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Materials and Methods 
Rice Samples and Chemistry Reagents
Red (Oryza sativa L. var. LF 19) and black (Oryza 
sativa L. var. anhuiheixian01) rice grains, harvested 
in 2022, were obtained from China National Rice 
Research Institute (CNRRI) and Anhui Academy  
of Agricultural Science, respectively. Rough rice was 
de-husked on a Satake rice de-husker (Satake Co., 
Tokyo, Japan). The broken kernels were removed 
manually to get the whole brown rice. Rough rice 
and brown rice were stored at 4 oC in dark before 
being used.

Chemistry reagents, such as Folin-Ciocalteu 
reagent, DPPH (2,2-diphenyl-1- picrylhydrazyl), 
trolox (6-hydroxyl-2,5,7,8-tetramethylchroman- 2-  
carboxylic acid), ABTS·+ (2,2ʹ-Azino-bis- (3-ethylben- 
zonthiazoline-6-sulfonic acid) diammonium salt) 
and gallic acid were purchased from Sigma- 
Aldrich Chemical Co. (St. Louis, MO, USA). The  
HPLC grade methanol, ethyl acetate, and acetic  
acid used in the extraction, purification and HPLC  
analysis, were purchased from Merck (Darmstadt,  
Germany) and Tedia (Fairfield, USA), respectively.  
The phenolic acid standards (p-hydroxybenzoic 
(p-HA), p-coumaric (p-CA), protocatechuic (PA),  
vanillic (VA), sinapic (SA), ferulic (FA), and isoferulic 
acid (IFA)) were purchased form Sigma-Aldrich 
Chemical Co. (St. Louis, MO, USA). Sodium  
hydroxide, sodium sulfate, and hydrochloric acid  
were purchased from sinopharm chemical reagent 
Co., Ltd (Shanghai, China).

Preparation of Germinated Rough Rice and 
Brown Rice
To ensure the safety and effectiveness of the 
germination process, we followed a meticulous 
procedure for preparing germinated rough and 
brown rice. Initially, 25 grams of either rough or 
brown rice were submerged in 100 mL of a 0.05% 
sodium hypochlorite solution for 30 minutes. This 
step is crucial for sterilization to prevent microbial 
contamination that could compromise consumer 
safety. Following sterilization, the rice grains were 
transferred into petri dishes with a 150 mm diameter. 
Each dish was filled with 100 mL of distilled water 
to facilitate uniform germination. The dishes were 
then placed in a temperature-controlled chamber 
set at 30°C. The germination duration was varied, 
with samples being harvested at 12, 24, 36, and 
48 hours post-soaking to assess the impact of 

germination time on phenolic profiles and antioxidant 
activity. To maintain optimal germination conditions, 
the distilled water was refreshed every 12 hours, 
ensuring a consistent moisture level and preventing 
stale water from affecting the germination process. 
After germination, the germinated rice grains were 
carefully collected and dried at 40°C for 24 hours to 
remove excess moisture and stabilize the nutritional 
profile). As shown in Figure 1S, the germination 
growth of red and black brown rice is significantly 
better than that of red and black rough rice. The dried 
germinated rough rice underwent de-hulling using  
a mill (Foss, Switzerland) to remove the husk, a step 
essential for comparing the nutritional profiles of 
husked and unhusked rice. The de-hulled rice was 
then ground into a fine powder and passed through 
a 100 mesh sieve to obtain a uniform germinated 
rough rice (GRR) powder. Similarly, the germinated 
brown rice grains were ground and sieved to achieve 
a consistent particle size, enhancing the accuracy of 
subsequent analyses. The ground brown rice was 
also sieved through a 100 mesh sieve to produce 
germinated brown rice (GBR) powder. All prepared 
samples were stored at -4°C to preserve their quality 
and prevent degradation prior to analysis. This 
rigorous preparation method ensures the reliability 
of our findings and their applicability to real-world 
conditions.

Extraction
Rice flour (0.5 g) was defatted twice with 10 mL of 
hexane. The total polyphenols was extracted with 
10 mL of 80% ethanol twice. After shaking for 45 
min (HY-8 Speed control shaker, China), the mixture 
was centrifuged at 10, 000 ×g for 15 min by using 
a high-speed centrifuge (Himac CR21GⅡ, Hitachi, 
Japan). The supernatants of each extraction were 
collected and combined together. The extracts 
were stored at –20 ℃ for analysis of total phenolic, 
flavonoid content and antioxidant activity. Duplicate 
extractions were carried out for each sample.

Determination of Total Phenolic Content (TPC) 
TPC was assayed by Folin-Ciocalteu method 
with minor modifications.10,11 Briefly, 200 µL of 
appropriate diluted crude extracts or standard 
solutions were mixed with 1.5 mL of 10-fold diluted 
Folin-Ciocalteu reagent, and then neutralization 
with 1.5 mL saturated sodium carbonate (75 g/L). 
The absorbance was measured at 725 nm by a 
spectrophotometer (Unico Co, USA) after 2 h of 
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reaction at room temperature in dark. Gallic acid 
solution (25, 50, 75, 100, 125 mg/L) was used as 
standard to generate the straight line equation (y 
= 149.78x - 1.9323, R² = 0.9995). The results of 
TPC were expressed as milligrams of gallic acid 
equivalent (GAE) per 100 g of samples (mg GAE/100 
g). Duplicate determinations were carried out for 
each extract.

Determination of Total Flavonoid Content (TFC) 
TFC was tested by using a colorimetric method with 
slight revisions.10,12 Beliefly, 150 µL of 5% NaNO2 
was mixed with 500 µL of the sample extracts or 
standard solutions in 15 mL polypropylene tubes 
and then incubated for 15 min. After adding 150 µL 
of 10% AlCl3·6H2O and allowing 5 min of reaction, 
1 mL NaOH (1 M) and 3 mL ddH2O were added. 
The absorbance was measured at 510 nm after 
thoroughly mixing and reacted for about 10 min. TFC 
was expressed as milligrams of catechin equivalent 
per 100 g of samples (mg CE/100 g). Duplicate 
determinations were carried out for each extract.

Determination of DPPH Radical Scavenging 
Activity (DPPH)
The DPPH radical scavenging activity of extracts 
was determined according to the method reported by 
Brand-Williams et al,13 and improved by Shao et al.1 
An accurately measured 200 µL of the appropriately 
diluted crude extracts or standards was combined 
with 3 mL of a 100 µmol/L DPPH solution for the 
assay. After incubating for 30 min in dark, the 
absorbance was measured at the wavelength of 517 
nm. The DPPH radical scavenging activity (%) was 
calculated by using the formula as follows:

DPPH (%) = ( 1 - Asample/Acontrol ) ×100

The straight line equation was generated from trolox 
standard and the results were expressed as µmol of 
trolox equivalent DPPH radical scavenging activity 
per 100 g of samples (µM TE/100 g). Duplicate 
determinations were carried out for each extract.

Determination of ABTS·+ Radical Scavenging 
Activity (ABTS)
The ABTS radical scavenging activity was measured 
by using a spectrophotometer according to the 
method previous reported.10,14 Briefly, ABTS·+ was 
produced by mixing 7 mM ABTS stock solution and 

2.45mM potassium peroxydisulfate (V/V = 2:1) in 
dark at room temperature overnight. The ABTS·+ 
working solution was diluted by ethanol to adjust the 
absorbance to 0.700±0.020 at 734 nm. Appropriated 
diluted crude extracts or standards (100 µL) were 
mixed with 3.9 mL ABTS·+ working solution, reacted 
for about 6 min, and measured the absorbance at 
734 nm. The results were expressed as µmol of 
trolox equivalent activity per 100 g of samples (µM 
TE/100 g). Duplicate determinations were carried 
out for each extract.

Determination of Total Proanthocyanidin Content 
(TPAC)
Rice flour (0.5 g) was extracted three times with 15 
mL methanol: 1M HCl (85:15, V/V) by a shaker under 
dark conditions. After centrifuging at 4, 100 ×g for 
15 min at room temperature, the clear supernatants 
were collected, combined together, and stored 
at -20 ℃ before tests of total proanthocyanidin, 
and anthocyanin content. TPAC was measured 
by using the method of vanillin assay with slight 
modifications.15 Briefly, appropriately diluted crude 
extracts or standard solutions (0.6 mL) were added to 
1.5 mL of solution A (1% vanillin solution in methanol),  
and mixed thoroughly. Before reacting for 20 min 
in a 30 ℃ water bath, 1.5 mL of solution B (sulfuric 
acid/methanol solution (1:4, V/V)) was added.  
The absorbance was measured at 500 nm.  
Each extracts treated with 100% methanol instead 
of solution A was used as blank in order to eliminate 
interferences (e.g., anthocyanin, which mainly exists 
in black rice). TPAC was expresses as mg catechin 
equivalent per 100 g of samples (mg CE/100 g). 
Duplicate determinations were carried out for each 
extract.

Determination of Total Anthocyanin Content 
(TAC)
TAC was analyzed with pH differential method.16,17 
Before determination of TAC, two buffer solutions 
were prepared, one buffer at pH 1.0 (1.49% KCl 
water buffer, acidified with HCl) and the other at pH 
4.5 (1.64% sodium acetate water buffer, acidified 
with HCl). Each sample extract was diluted 10 times 
to a final volume of 2 mL with two buffer solutions, 
respectively. The absorbance of each sample was 
measured both at 520 nm and 700 nm. The TAC 
was expressed as cyanidin 3-glucoside equivalent, 
and calculated as follows:
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Monomeric anthocyanin pigment (mg/L) = A × MW 
× DF × 1000/(ε × L)

Where A is the absorbance calculated as: A= 
(A520nm- A700nm)pH1.0 – (A520nm- A700nm)pH4.5; MW is 
the molecular weight for cyanidin 3-glucoside (449.5 
g/mol); DF is the dilute factor and ε is the molar 
absorbance of cyanidin 3-glucoside 26,900 L/(cm× 
mol)); L is cell path length (1 cm), and 1000 is the 
conversion factor from milliliter to liter.

HPLC Analysis of Phenolic Acid Composition
The crude phenolic acids were extracted according 
to the method reported by Shao et al with little 
variations.1 Briefly, 1g of rice flour was mixed with 
1mL of 95% ethanol in the 30 mL centrifuge tube. The 
mixture was digested with 4 M NaOH (30 mL) for 2 h 
in a shaker at room temperature. After adjusting pH 
to 1.5-2.0 with concentrated HCl, the extraction was 
centrifuged at 10, 000 ×g for 30 min. The supernatant 
was extracted with ethyl acetate (60 mL) twice. 
The ethyl acetate extraction were collected and 
combined together, and then dried at 37 ℃ by using 
a rotary evaporation (IKA RV10 control V, German). 
The dried extracts were dissolved in 50% methanol 
(5 mL) and stored at -20℃ before analysis.

The phenolic acid content was analyzed on a waters 
HPLC system (Waters Associates, Milford, Mass, 
USA) that consisted of a Waters 2707 autosampler,  
a Waters 2489 UV/Visible detector and a Waters 
1525 binary pump. An XBridge 5 µm C18 column 
(250 mm × 4.6 mm) was used to separate the 
phenolic acids. Gradient elution was performed 
with a mobile phase consisted of A (0.1% acetic 
acid in water) and B (0.1% acetic acid in methanol). 
The flow rate was 1 mL/min, and the liner gradient 
was set according to the method reported by Shao 
(2014) as follows: 0-11 min, 9-14% B, 11-14 min, 
14-15% B, 14-17 min, 15% B, 17-24 min, 15-16.5 
% B, 24-28 min, 16.5-19% B, 28-30 min, 19-25% B, 
30-36 min, 25-26% B, 36-38 min, 26-28% B, 38-41 
min, 28-35% B, 41-46 min, 35-40% B, 46-48 min, 
40-48% B, 48-53 min, 48-53% B, 53-70 min, 53-70% 
B, 70-72 min, 9% B, 72-75 min, 9% B.1 The injection 
volume was 10 µL, and the crude extracts were 
filtered through a 0.45 µm membrane filter before 
analysis. The column temperature was kept at 40 ℃.  
The phenolic acids were detected at a wavelength 
of 280 nm, and quantified by using the external 

calibration curves according to the retention time  
of phenolic acid standards. 

Statistical Analysis
All the parameters were measured at least in 
duplicate, and presented on a dry weight basis  
as means ± standard deviation (SD). Data analysis was 
performed with SAS program version 8 (SAS Institute  
Inc., Cary, NC, U.S.A). Differences among germi- 
nation stages were found by using ANOVA, and 
followed by Duncan multiple comparison tests. 
Statistical significance was defined at the level of 
P < 0.05. The correlation analysis among TPC, 
DPPH, ABTS, TFC, TPAC and TAC was carried out 
with pro corr. The principle component analysis was 
conducted by R 2.1.11.1 version. 

Results
Total Phenolic Content (TPC) and Total Flavonoid 
Content (TFC) Analysis
It was shown in Fig.1 that black germinated rough 
rice (GRR) had the highest total phenolic content 
(TPC) and total flavonoid content (TFC) among all 
germinated rice types, while red germinated brown 
rice (GBR) had the lowest. In red rice, TPC and TFC 
in GRR dropped significantly within the first 12 hours 
of germination and then stabilized. For GBR, these 
values decreased gradually. In black rice, TPC in 
GRR decreased, then increased slightly, and finally 
stabilized, while in GBR, it decreased gradually 
and then leveled off. TFC in black GRR remained 
similar throughout germination, but in black GBR, it 
decreased and then stabilized.

Antioxidant Activitly Analysis
The antioxidant activity was assayed by DPPH and 
ABTS·+ radical scavenging capacity. As seen in 
Fig. 2. DPPH of GRR decreased significantly from 
574.40 (0 h) to 510.98 µM TE/100 g (12 h), and then 
significantly increased to 531.98 (24 h), and finally 
kept at similar levels. ABTS of GRR decreased 
gradually from 450.57 (0 h) to 366.15 µM TE/100 g 
(24 h), and then increased to 390.10 µM TE/100 g at 
36 h. DPPH and ABTS of GBR decreased gradually 
from 574.40 (0 h) to 241.10 (36 h), and from 450.57 
(0 h) to 159.41 µM TE/100 g (36 h), respectively. In 
generally, DPPH and ABTS of GRR decreased by 
11.0% and 18.7%, respectively. However, the loss 
of DPPH and ABTS in GBR was much higher, which 
decreased by 60.0% and 64.6%, respectively.
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Fig. 1: The changes of total phenolic content and total flavonoid content of GRR and GBR 
of red and black rice at the different germination stages

Fig. 2: The changes of antioxidant activity of GRR and GBR of red and black rice
 at the different germination stages. 
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For black rice, DPPH of GRR decreased significantly 
from 651.72 (0 h) to 612.64 µM TE/100 g (12 h), 
and then remained at similar levels from 12 to 48 h. 
ABTS of GRR decreased significantly from 567.07 
(0 h) to 529.99 (12 h), and then from 558.62 (24 h)  
to 520.58 µM TE/100 g (36 h). DPPH and ABTS 
of GBR decreased gradually from 651.72 (0 h) to 

406.22 (24 h), and from 567.07 (0 h) to 299.87 µM 
TE/100 g (24 h), respectively, and both of them 
rose again to 423.87 and 354.06 µM TE/100 g, 
respectively, at 48 h. In generally, DPPH and ABTS 
of GRR decreased by 6.1% and 8.2%, respectively, 
which were much lower than those of GBR with the 
values of 40.2% and 48.2%, respectively.

Total Proanthocyanidin Content (TPAC) and Total 
Anthocyanin Content (TAC)
TPAC and TAC of germinated rough and brown rice 
are shown in Fig. 3 and Fig. 4, where TPAC were 
only detected in red rice and TAC were only detected 
in black rice. TPAC of GRR and GBR had different 
degrees of reduction with the former reduced less 
than the latter. TPAC of GRR decreased significantly 
from 0 (402.93 mg CE/100 g) to 12 h (358.94 mg 
CE/100 g), and continued at similar content from  
12 to 48 h. TPAC of GBR decreased significantly 
from 402.93 (0 h) to 221.39 mg CE/100 g (12 h), and 
then dropped to 152.74 mg CE/100 g at 36 h, and 
kept almost the same from 36 to 48 h. In generally, 
TPAC of GRR and GBR decreased by 17.6% and 
62.8%, respectively. TAC of GRR and GBR reduced 
gradually from 133.98 (12 h) to 101.32 mg C3G 
equivalent/ 100 g (36 h), and from 126.11 (0 h) to 
47.29 mg C3G equivalent/ 100 g (24 h), respectively. 
In generally, TAC of GRR and GBR decreased by 
23.5% and 70.5%, respectively.

Analysis of Phenolic Acids Composition
The high-performance liquid chromatography (HPLC)  
analysis was employed to quantify the phenolic 

acids in germinated rice grains, as shown in Fig. 5.  
A total of seven phenolic acids were identified, 
including p-hydroxybenzoic (p-HA), p-coumaric  
(p-CA), protocatechuic (PA), vanillic (VA), sinapic 
(SA), ferulic (FA), and isoferulic acid (IFA). Notably, 
VA was exclusively detected in germinated black 
rice, while p-HA was found in trace amounts in 
germinated red rice. The chromatograms of seven 
phenolic acids are consistent with the research of 
Shao et al.1

In red rice, six phenolic acids were identified, with 
FA being the most abundant. In germinated rough 
rice (GRR), FA levels significantly increased, peaking 
at 160.56 mg/100 g after 36 hours of germination.  
In contrast, in germinated brown rice (GBR), FA 
levels rose to 129.03 mg/100 g at 24 hours and 
remained stable thereafter. p-CA in GRR increased 
to a peak of 41.92 mg/100 g at 36 hours, whereas in 
GBR, it was highest at 24-48 hours. PA in GRR rose 
gradually, but in GBR, it remained constant from 12 
to 48 hours. SA levels in both GRR and GBR were 
significantly higher at 24-48 hours compared to the 
initial stage. IFA content decreased initially in both 
types of rice and then stabilized. Overall, the levels of 

Fig. 3: The changes of total proanthocyanidin 
content of red rice at the different germination 

stages

Fig. 4: The changes of total anthocyanin 
content of black rice at the different 

germination stages
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p-CA, SA, and FA increased by 103.8%, 75.3%, and 
93.8% in GRR, and by 61.6%, 54.0%, and 55.8% in 

GBR, respectively. IFA showed a decreasing trend, 
dropping by 44.4% in GRR and 50.3% in GBR.

In black rice, seven phenolic acids were found in 
both black germinated rough rice (GRR) and black 
germinated brown rice (GBR), with FA being the 
most abundant, followed by PA. Initially, both GRR 
and GBR had higher FA levels, which then stabilized 
from 12 to 48 hours. In GRR, PA peaked at 48 hours 
with 249.64 mg/100 g, while in GBR, it bottomed 
out at 48 hours with 125.15 mg/100 g. p-HA in GRR 
remained similar from 12 to 48 hours, but in GBR, 
it was significantly lower at 24-48 hours compared 

to the initial stage. Phenolic acids like p-CA, VA, 
SA, and IFA showed little change in both GRR and 
GBR, with slightly higher levels at 0 or 48 hours. 
Germination in GRR led to a decrease in p-HA, 
p-CA, VA, SA, FA, and IFA by 38.2%, 25.5%, 23.4%, 
27.1%, 23.0% and 38.9%, respectively. In GBR, 
germination caused a decrease in p-HA, p-CA, PA, 
VA, SA, and FA by 30.1%, 21.9%, 45.1%, 40.5%, 
26.0% and 20.7%, respectively.

Fig. 5: Changes of phenolic acids in GRR and GBR of red and black rice during different 
germination stages.

Table 1: Correlation analysis of TPC, TFC, DPPH, ABTS, TPAC (TAC) 
in germinated red and black ricea

 TPC TFC DPPH ABTS TPAC (TAC)

TPC - 0.975*** 0.991*** 0.983*** 0.991***
TFC 0.99*** - 0.970*** 0.966*** 0.981***
DPPH 0.992*** 0.987*** - 0.978*** 0.982***
ABTS 0.989*** 0.974*** 0.985*** - 0.980***
TPAC (TAC) 0.924*** 0.914*** 0.945*** 0.945*** -

a *** indicate significant difference at 0.001; above diagonal : germination red rice which 
had detectable TPAC; below diagonal: germination black rice which had detectable TAC

Correlation and Principle Component Analysis
The pairwise correlation analysis among TPC, TFC, 
DPPH, ABTS, and TPAC (or TAC) during germination 
process is shown in Table 1. TPC, TFC, and TPAC 

(or TAC) were positive significant correlated with 
antioxidant activity (P<0.001), which was similar 
as previous studies.7,10 Although the correlation 
coefficient between TFC and TAC was the lowest,  
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it was still at the most significant level. Therefore, it is 
possible for food industry to test only one parameter 
to evaluate the antioxidant activity of germinated rice 
grain during germination.

The effects of germination on TPC, DPPH, ABTS, 
TFC, TPAC and TAC of red and black rice were 
clearly seen through principal component analysis 
(PCA) of the genotypes and germinated forms  
(Fig. 6). The first two of principal components could 

explain 92.18% of total variance, and it could be 
divided into 4 groups as red GRR, red GBR, black 
GRR, and black GBR. All the four groups were in 
95% confidential levels. Black GRR and GBR were 
in the positive positions of PC1, and red and black 
GRR were in positive positions of PC2. It could be 
concluded that germinated black rice had higher 
TPC, DPPH, ABTS and TFC than red rice, and 
germinated rough rice had higher TPC, DPPH, ABTS 
and TFC than germinated brown rice.

Discussion
The present study investigated the changes in  
phenolic profiles and antioxidant activity in pigmented 
(red and black) rough and brown rice during the  
germination process. Our findings revealed 
significant alterations in total phenolic content (TPC), 
total flavonoid content (TFC), antioxidant activity, 
total proanthocyanidin content (TPAC), and total 
anthocyanin content (TAC) during germination. These  

results provide insights into the effects of germination 
on the nutritional and functional properties of rice.

Our results showed that TPC and TFC in both red 
and black rice decreased during the germination 
process. Notably, germinated rough rice (GRR) had 
higher TPC and TFC compared to germinated brown 
rice (GBR), which may be attributed to the protective 
effect of the rice hulls. This suggests that rough rice 

Fig. 6: The principal component analysis of TPC, TFC, ABTS and DPPH of germinated rice grain 
from stages of 0 to 84 h. R0-84: germinated red rough rice; B0-84 germinated red brown rice; 

BLR0-84: germinated black rough rice; BLB0-84: germinated black brown rice.
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might be a better choice for germination as its outer 
layers can preserve more phenolic compounds. 
However, previous studies have reported an 
increase in TPC during germination, which is 
different from our findings.8,18 This discrepancy might 
be due to the different germination methods used. 
For instance, previous studies employed a more 
complex process involving sodium hypochlorite 
treatment, neutralization, and soaking in distilled 
water, whereas we simplified this to just sterilization 
and soaking.18 The frequent changing of distilled 
water in previous studies likely led to the loss of 
water-soluble compounds, causing the decrease in 
TPC and TFC observed in our study.

The antioxidant activity, measured by DPPH and 
ABTS radical scavenging capacity, exhibited a 
similar trend to TPC. Black GRR had the highest 
antioxidant activity, followed by red GRR, black GBR, 
and red GBR. The high correlation coefficient among 
antioxidant activity and TPC indicates that phenolic 
compounds play a significant role in the antioxidant 
capacity of rice.19 The decrease in antioxidant activity 
during germination can be attributed to the reduction 
in TPC and TFC, as these compounds are major 
contributors to antioxidant activity.

Proanthocyanidins and anthocyanins, as secondary 
metabolites, are mainly found in red and black rice, 
respectively. These compounds have been reported 
to inhibit the mobility and invasion of some human 
cancers and have positive effects on cardiovascular 
disease, type Ⅱ diabetes, and obesity.21,22 Our 
study found that TPAC and TAC decreased during 
the germination process, which is consistent with 
previous studies.23 Germinated red and black 
rough rice had significantly higher TPAC and TAC 
compared to germinated brown rice, respectively. 
This suggests that the outer layers of rough rice 
may protect these compounds from degradation 
during germination. Future studies should focus 
on preventing the loss of proanthocyanidins and 
anthocyanins during the germination process to 
maximize the health benefits of pigmented rice.

The HPLC analysis revealed significant changes in 
phenolic acids during germination. In red rice, the 
levels of p-coumaric acid (p-CA), sinapic acid (SA), 
and ferulic acid (FA) increased during germination, 
particularly in GRR. Conversely, in black rice, the 
levels of these phenolic acids decreased during 

germination. This difference can be attributed to the 
different genotypes and characteristic compounds 
of red and black rice. For instance, the black color 
in rice is controlled by two loci (Pb and Pp), while 
the red color is controlled by two complementary 
genes (Rc and Rd).24 Black rice sprouted faster than 
red rice, leading to the catabolism of phenolic acids 
from the bound form to the free form, which could 
be easily discarded during soaking germination.25

The correlation analysis showed a strong positive 
correlation between TPC, TFC, antioxidant activity 
(DPPH and ABTS), TPAC, and TAC. This indicates 
that these parameters are closely related and can  
be used to evaluate the nutritional and functional 
properties of germinated rice. The principal component 
analysis (PCA) grouped the germinated rice into 
distinct categories based on these parameters,  
further validating the changes observed during 
germination. The first two principal components 
explained 92.18% of the total variance, highlighting 
the significant impact of germination on the phenolic 
profiles and antioxidant activity of rice.

In conclusion, our study suggests that germinated 
rough rice (GRR) holds more health benefits 
compared to germinated brown rice (GBR), with 
black rice proving to be more nutritious than red 
rice. These findings provide valuable insights for the 
food industry in developing functional grain products 
enriched with health-promoting phytochemicals. 
Future research should focus on understanding 
the specific mechanisms by which germination 
enhances the bioavailability of these compounds and 
exploring additional methods to preserve or enhance 
their levels in germinated rice products.

Conclusion 
This study provides a detailed examination of the 
changes in phenolic profiles and antioxidant activity 
in both red and black pigmented rough and brown 
rice during the germination process. Our results 
indicate that while germination leads to a gradual 
reduction in total phenolic and flavonoid content, 
as well as antioxidant activity. Notably, germinated 
rough rice demonstrated significantly higher levels 
of key phytochemicals compared to germinated 
brown rice, suggesting its potential as a more 
nutritious option in germination-based applications.  
The findings of this study contribute valuable insights 
into the effects of germination on the nutritional and 
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functional properties of rice. The results underscore 
the importance of considering the germination 
process in future research endeavors aimed at 
maximizing the health benefits of rice consumption. 
Furthermore, our findings offer practical implications 
for the food industry in developing functional 
grain products enriched with health-promoting 
phytochemicals. A strong correlation was observed 
between total phenolic content (TPC), total flavonoid 
content (TFC), DPPH, ABTS, total proanthocyanidin 
content (TPAC), and total anthocyanin content (TAC) 
during germination. Principal component analysis 
(PCA) effectively grouped the germinated rice into 
distinct categories based on these parameters, 
further validating the changes observed.

In conclusion, our study suggests that germinated 
rough rice (GRR) holds more health benefits over 
germinated brown rice (GBR), with black rice proving 
to be more nutritious than red rice. These findings 
can guide the food industry in creating healthier 
grain products. Further research should focus on 
understanding the specific mechanisms by which 
germination enhances the bioavailability of these 
compounds and exploring additional methods to 
preserve or enhance their levels in germinated rice 
products.
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