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 Abstract: This study investigates nutritional value, amino acid profile, and total 
anthocyanin in pigmented rice as an antioxidant and anti-diabetic agent. Six rice 
varieties were extracted using 0.1% HCl in methanol, namely four red rice, one black rice, 
and one white rice. Rice extract was used for proximate analysis and amino acid profiling. 
Total anthocyanin was measured and identified by ultraviolet-visible (UV-Vis) 
spectrophotometer and thin-layer chromatography (TLC). The antioxidant activity was 
determined using Ferric-reducing antioxidant power (FRAP) assay, and the α-amylase 
enzyme-inhibited by anthocyanin extract of red rice as anti-diabetic was measured. The 
study result showed that the proximate level (carbohydrate, protein, lipid, water, and ash) 
in pigmented rice was different. Cempo merah red rice is a source of amino acids, both 
essential and non-essential amino acids that act as good nutrition. The highest total 
anthocyanin level between red rice varieties of 10.87 mg/g was found in Aek sibundong 
red rice. High biological function activities as an antioxidant were indicated by Aek 
sibundong red rice with an IC50 value of 6.65 μg/mL. Aek sibundong red rice shows the 
lowest IC50 value of 144.46 μg/mL in anti-diabetic activity. Thus, Aek sibundong red rice 
may have the potential as α-amylase inhibitor for diabetes prevention. 
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■ INTRODUCTION 

Rice (Oryza spp.) consists of 40,000 varieties 
worldwide and is divided into two widely cultivated types, 
namely Oryza sativa (Asian rice) and Oryza glaberrima 
(African rice) [1]. Based on the pericarp color, rice is 
divided into several cultivars, including white, red, black, 
and purple rice. It is determined by the accumulation of 
proanthocyanidin and anthocyanin pigments in the 
pericarp, seed coat, and aleurone [2]. Various bioactive 
compounds in pigmented rice are beneficial for the health 
and prevention of metabolic diseases [3]. Generally, red 
rice is rich in nutrients such as calcium, zinc, magnesium, 
protein, and fiber compared to white rice [4]. Proximate 
analysis shows that the vitamin B1 content of red rice is 

higher than black rice [5]. The main phytochemical 
content of red rice includes phenolics, flavonoids, 
proanthocyanidins, and anthocyanins. It has biological 
functions to reduce free radicals, oxidative stress and 
prevent lipid peroxidation [6]. 

The dominant phenolic compounds found in red 
rice varieties include ferulic, vanillic, and proto-
catechuic acid [7]. Research by Thitipramote et al. [8] 
shows that ethanol extract from Brown Red Jasmine 
(BRJ) red rice contains phenolic compounds and the 
highest antioxidant activity among Kam Leum Pua 
(KLP) black rice and Japanese Brown Rice (JBR) white 
rice. This high antioxidant activity is supported by the 
presence of proanthocyanidins found only in BRJ red 
rice. Effective extraction and identification methods are 
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essential in anthocyanin analysis. Using 0.1% HCl in 
methanol is an optimum solvent for anthocyanin 
extraction of rice [9]. The addition of hydrochloric acid is 
needed to increase solvent polarity and maintain 
anthocyanin stability [10]. Anthocyanin identification is 
commonly performed using a spectrophotometric 
approach based on changes in the structure and 
absorption of anthocyanins at different pHs (generally pH 
1.0 and pH 4.5). It is referred to as a pH differentiation 
method [11]. The thin-layer chromatography (TLC) 
method was carried out to identify anthocyanins and 
organic compounds in pigmented rice [12]. 

Anthocyanins consist of a benzoyl ring [A], a pyran 
ring [C], and a phenolic ring [B], as well as a sugar group 
at position C3 in the heterocyclic [C] ring. These sugar 
groups include glucose, galactose, xylose, rhamnose, and 
arabinose. The addition of sugar groups (glycosylation) 
may increase the anthocyanin stability in water. 
Anthocyanins commonly found in plants include 
pelargonidin, peonidin, cyanidin, malvidin, petunidin, 
and delphinidin [13]. The chemical structure of 
anthocyanins, such as the position and number of 
hydroxyl groups or methoxy group as electron donors, 
has a strong effect on antioxidant activity [14]. Biological 
function test of cyanidin-3-O-glucoside in red rice 
showed inhibition of Advanced Glycation End-products 
(AGEs)-Receptor for AGEs (RAGE), which is involved in 
the chronic inflammatory cascade, diabetes, and its 
complications [15]. Peonidin-3-O-glucoside can inhibit 
the tumor necrosis factor alpha (TNF-α) signaling 
pathway so that it has the potential to be anti-
inflammatory [16]. A previous study reported that brown 
rice extract consumed by hyperglycemic rats induced 
using streptozotocin (STZ) and nicotinamide (NA) could 
reduce blood glucose up to 50.9% [17]. In vivo study on 
dyslipidemia mice treated with anthocyanin from 
pigmented rice showed decreased cholesterol levels, 
malondialdehyde (MDA), and the expression of genes 
involved in obesity [18]. The inhibitory activities of α-
amylase and α-glucosidase were carried out on red, 
purple, and brown rice bran extracts to evaluate their anti-
diabetic effect in vitro. Among other pigmented rice, red 
rice bran was able to inhibit the enzymes α-amylase 

(46.2%) and α-glucosidase (reaching 91.8%) [19]. The 
potential role of whole grain extracts of red rice in 
inhibiting glucose digestion enzymes has limited 
information. The α-amylase enzyme is secreted by the 
salivary glands and pancreas, which can break the 
internal bonds of α-1,4-starch glycosides to produce 
maltose and glucose. When the α-amylase enzyme is 
inhibited, it will slow down the digestion of 
carbohydrates [20]. Thus, the glucose absorption rate 
into the blood will decrease. 

Besides genetic factors, the growing environment, 
such as light, temperature, drought, and soil salinity, can 
affect variations in the content of bioactive compounds 
in red rice [21]. In Indonesia, red rice is divided into 
more than 60 varieties spread across Java, Bali, Sumatra, 
Sulawesi, and NTT. Research related to physicochemical 
characterization and antioxidant activity has been 
carried out on two local red rice varieties of North 
Buton, Wakawondu, and Wangkakiri varieties [22]. In 
the current study, four local Javanese red rice varieties 
were used. Blambangan and Aek sibundong red rice 
varieties were obtained from East Java, while red rice 
varieties of Cempo Merah and Inpari 24 were obtained 
from Central Java. Mentik susu white rice and wojalaka 
black rice were obtained from East Java as control. We 
aimed to investigate nutritional value, amino acid 
profile, total anthocyanin, and antioxidant and anti-
diabetic activity in six pigmented rice varieties. 

■ EXPERIMENTAL SECTION 

Materials 

The chemicals used were 1.0 M HCl, methanol 
(MeOH 99.9%), α-aminobutyric acid (AABA), α-
amylase enzyme (334 units/mg from Aspergillus oryzae), 
AccQ•Fluor Borate, fluorine reagent A, potassium 
chloride buffer, n-butanol, acetic acid, phosphate buffer, 
potassium ferricyanide, Trichloroacetic Acid (TCA) 
10%, ferric chloride, and dinitrosalicylic acid reagent. In 
addition, various rice varieties were used, including 
Mentik Susu white rice (WREJms) as a negative control, 
Wojalaka black rice (BREJwj) as a positive control, 
Cempo Merah red rice (RRCJcm), Blambangan red rice 
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(RREJbl), Inpari 24 red rice (RRCJin), and Aek Sibundong 
red rice (RREJas) (Fig. 1). 

Instrumentation 

Anthocyanin extraction was optimized using a 
shaking water bath at 25 °C. Solvent evaporation was 
performed using a rotary evaporator. The instrument 
used to determine the proximate components were 
KjeltecTM and Soxhlet. The amino acid was determined 
Ultra-Performance Liquid Chromatography (UPLC), 
Liquid Chromatography-Mass Spectrometry (LC-MS), 
and High-Performance Liquid Chromatography (HPLC). 
UV-Vis spectrophotometer was employed to measure the 
absorbance of the extract. The identification of 
anthocyanin compounds was carried out on a silica gel 
plate F254 and visualized under a UV chamber. 

Procedure 

Extraction of anthocyanin from pigmented rice 
Extraction was carried out using the maceration 

method. The 250 g of sample powder was dissolved with 
1000 mL of 0.1% HCl in methanol [9]. Total extracts were 
then incubated in a shaking water bath at 25 °C overnight. 
The filtrate  was obtained  using a 0.45 μm Whatman  filter  

 
Fig 1. Various pigmented rice. (a) WREJms, (b) BREJwj, 
(c) RRCJcm, (d) RREJbl, (e) RRCJin, and (f) RREJas 

paper and then concentrated in a rotary evaporator. The 
evaporated extract was stored at 4 °C for further analysis. 

Proximate analysis 
Proximate analysis for carbohydrates was carried 

out according to the standard 18-8-9/MU/SMM-SIG 
protocol, protein according to the 18-8-31/MU/SMM-
SIG (Kjeltec), lipid according to the 18-8-5/MU/SMM-
SIG (Soxhlet), water and ash content according to the 
Indonesian National Standard (SNI 6128:2015 and SNI 
01-2891:1992). 

Amino acid determination 
Characterization of essential and non-essential 

amino acid profiles was carried out using the Ultra 
Performance Liquid Chromatography (UPLC) method 
[23]. Briefly, 0.1 g of pigmented rice were dissolved in  
5 mL of 6 N HCl. Then, each solution was vortexed and 
heated at 110 °C. Distilled water was added to the 
solution until the final solution volume was 50 mL. The 
resulted solution was filtered and dissolved in 40 μm 
AABA and 460 μL distilled water. A 10 μL of the solution 
was added to the 70 μL of AccQ-Fluor Borate and 
vortexed. Then, 20 μL of fluorine reagent A was added 
to the solution and was incubated at 55 °C for 10 min. 
After incubation, the solution was injected onto the 
UPLC column (AccQ.Tag Ultra C18 1.7 μm) according 
to the 8-5-17/MU/SMM protocol-SIG (UPLC), 18-12-
38/MU/SMM-SIG (LC-MS/MS) for the amino acids L-
Cystine and L-Methionine test, and 18-5-63/MU/SMM-
SIG (HPLC) for the amino acid L-Tryptophan test. 

Determination of total anthocyanin content 
Anthocyanin content in the sample extract was 

determined based on the pH differentiation method 
[24]. A 0.1 g of the paste extract was dissolved in 2 mL of 
potassium chloride buffer pH 1.0 and pH 4.5 separately. 
Each solution was vortexed, filtered, and centrifuged at 
2500 rpm at 25 °C for 10 min. Buffer solution pH 1.0 and 
pH 4.5 were used as blank solutions. The absorbance was 
measured at 200–800 nm using a UV-Vis 
spectrophotometer. Total anthocyanin content was 
calculated as follows: 

 
1

Anthocyanin content mg / g A MW DF 1000
MA

  



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with: 
A: The formula determines the absorbance of the sample: 
A = (AλVis-max nm – A700 nm)pH 1.0 – (AλVis-max nm – A700 nm)pH 4.5 
MW: Molecular weight of cyanidin-3-O-glucoside (449.2 
g/mol) 
DF: Dilution factor 
MA: Molar absorbtivity of cyanidin-3-O-glucoside 

Thin layer chromatography (TLC) analysis 
Concisely, 0.1 g paste extract was diluted with 0.4 mL 

0.1% HCl in methanol. The solution was vortexed, then 
centrifuged at 2500 rpm at 25 °C for 10 min. 0.3 mg/mL 
of supernatant was spotted on the silica gel plate F254. 
Next, the silica gel plate F254 that had been spotted was 
eluted in the mobile phase with eluent n-butanol:acetic 
acid:distilled water (3:1:1). The spots were observed under 
UV chamber of 254 nm and 366 nm, then the intensity 
and density of each spot were determined using ImageJ 
software, and the retention factor (Rf) was measured [18]. 

Antioxidant activity assay 
Samples were diluted with 0.1% HCl in methanol 

with concentrations of 0, 2, 4, 6, 8, 10 μg/mL. The solution 
was mixed with 200 mmol/L phosphate buffer (2.5 mL) 
pH 6.6 and 1% potassium ferricyanide 2.5 mL. The 
solution was incubated at 50 °C for 30 min, then 2.5 mL 
of 10% TCA was added. An aliquot of the solution (5 mL) 
was transferred to a new test tube. Lastly, 5 mL of distilled 
water and 0.1% ferric chloride 1 mL were added to each 
tube. The absorbance was measured at 700 nm using a 
UV-Vis spectrophotometer. The antioxidant activity was 
calculated as follows: Percentage of antioxidant = 
{[(absorbance of control - absorbance of sample)/ 
absorbance of control] × 100}. The IC50 value was 
determined using a linear regression equation (x and y 
axes, respectively) of extract concentration and its 
antioxidant activity [25]. 

α-Amilase enzyme inhibitory activity 
Briefly, 250 μL of pigmented rice extracts (10– 

100 μg/mL), buffer control and positive control (the 
acarbose 1–10 μg/mL) were added with 250 μL of α-
amylase enzyme (334 units/mg from Aspergillus oryzae). 
Each solution was incubated at 37 °C for 30 min. Next, 
amylum 1% was added to each tube and incubated at 25 °C 

for 10 min. Then, 500 μL of dinitrosalicylic acid reagent 
was added and incubated in boiling water for 5 min. 
Lastly, each solution was added 5 mL of distilled water. 
The absorbance was measured at 495 nm, and the IC50 
value was determined. The inhibitory activity of α-
amylase was determined by the percentage of enzyme 
inhibition against the extract [26]. 

Data analysis 
One-way Analysis of Variance (ANOVA) and 

Brown-Forsythe using SPSS Statistic v16 software 
performed statistical analysis of TAC, intensity, and 
density. The statistically significant test was determined 
at p < 0.05 [27]. Results were expressed as mean ± 
standard deviation (SD) of triplicate experiments. 

■ RESULTS AND DISCUSSION 

Nutritional Value and Amino Acid Residue of 
Pigmented Rice 

The nutrition component of pigmented rice was 
determined by proximate analysis, while the amino acid 
residues were determined by the UPLC method. 
Evidence of macro and micronutrient components is 
very important in the development of functional foods. 
Pigmented rice is a staple food rich in macronutrients 
such as carbohydrates, fiber, protein, and fat as an 
energy source [28]. These studies showed that 
carbohydrate, protein, lipid, ash, and moisture content 
among pigmented rice have different values (Table 1). 
Several factors influence pigmented rice macronutrients 
variation, including genetic factors, environment, rice 
milling, and storage [5]. The percentage of 
carbohydrates in red rice varieties was 71.07%–74.49%. 
In the human body, carbohydrates are hydrolyzed into 
monosaccharides, disaccharides, starch, and other 
smaller components. A high carbohydrate diet can 
trigger hyperglycemia [5]. However, RREJbl red rice has 
the lowest carbohydrate content. RRCJcm red rice has a 
protein content of 11.23%, higher than BREJwj black 
rice, which has a protein content of 10.14%. The fat level 
in red rice is around 4.34%–5.81%, whereas the lowest 
level was RREJas red rice. The previous studies also 
found similar variations in the nutritional value of rice 
[5,7]. 
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Table 1. Profile of nutrition and amino acid residues composition in pigmented rice 
(a) Constituents WREJms BREJwj RRCJcm RREJbl RRCJin RREJas 
Carbohydrate (%) 75.125 ± 0.05* 72.92 ± 0.07 71.94 ± 0.14 71.065 ± 0.045 72.79 ± 0.02 74.49 ± 0.05 
Protein (%) 11.82 ± 0.01* 10.135 ± 0.045 11.225 ± 0.095 10.985 ± 0.055 9.445 ± 0.145 10.82 ± 0.06 
Lipid (%) 1.16 ± 0.02 4.775 ± 0.065 5.805 ± 0.035* 5.59 ± 0.08 5.25 ± 0.07 4.34 ± 0.03 
Moisture content (%) 10.97 ± 0.05* 9.515 ± 0.055 8.655 ± 0.055 9.495 ± 0.055 9.925 ± 0.055* 7.88 ± 0.05 
Ash (%) 0.925 ± 0.025 2.655 ± 0.035 2.375 ± 0.025 2.865 ± 0.035* 2.59 ± 0.04 2.47 ± 0.03 
(b) Amino acid 
(mg/Kg) 

WREJms BREJwj RRCJcm RREJbl RRCJin RREJas 

Essential amino acids 
L-Phenylalanine 7041.50 ± 13.20 5671.60 ± 1.93 7194.08 ± 9.41* 6649.84 ± 18.33 4876.60 ± 4.54 5218.72 ± 13.43 
L-Isoleucine 4394.41 ± 1.22 4066.33 ± 15.06 4501.66 ± 18.31* 4316.34 ± 1.64 4043.50 ± 9.95 4083.41 ± 9.63 
L-Valine 6652.15 ± 51.83 6430.91 ± 10.33 6888.28 ± 24.79* 6589.49 ± 24.40 6159.63 ± 5.27 6054.40 ± 36.77 
L-Lysine 4256.26 ± 10.72* 4084.85 ± 8.54 3923.48 ± 23.08 3907.21 ± 4.08 3763.41 ± 4.04 4223.05 ± 18.32* 
L-Leucine 8718.39 ± 39.35 7959.40 ± 13.30 8911.00 ± 11.36* 8558.51 ± 2.16 8024.24 ± 1.54 8105.08 ± 28.82 
L-Threonine 4872.74 ± 8.76 4661.00 ± 19.63 5386.79 ± 5.26* 5101.63 ± 9.89 4425.68 ± 13.10 4406.68 ± 19.84 
L-Histidine 2995.33 ± 12.11 2953.04 ± 8.95 3711.28 ± 7.43* 3405.98 ± 17.43 2667.81 ± 5.68 2608.70 ± 16.77 
L-Methionine 2466.04 ± 1.23* 2027.91 ± 1.80 2422.98 ± 0.71 2249.76 ± 1.12 1844.37 ± 0.92 2260.31 ± 0.90 
L-Tryptophan 1550.67 ± 0.99* 1181.33 ± 0.67 1209.88 ± 5.79 1229.28 ± 5.43 1209.24 ± 5.33 1188.82 ± 0.34 
Non-essentials 
L-Serine 7676.81 ± 57.02* 5755.88 ± 7.96 7530.38 ± 14.29 6432.35 ± 7.12 5708.48 ± 17.52 6247.60 ± 44.45 
L-Glutamic acid 19756.37 ± 111.22* 18454.93 ± 35.82 18685.57 ± 69.31 16815.84 ± 72.20 15346.26 ± 38.61 18655.68 ± 123.59 
L-Aspartic acid 8922.30 ± 42.33 9282.61 ± 12.65 9383.25 ± 28.80* 7680.57 ± 21.63 7208.30 ± 4.86 8955.61 ± 33.66 
L-Tyrosine 4791.15 ± 23.06 3604.19 ± 2.53 5083.72 ± 16.72* 4398.77 ± 0.05 3272.53 ± 4.24 3723.00 ± 23.86 
L-Proline 4683.12 ± 13.91 4491.93 ± 47.98 4693.33 ± 13.10* 4496.24 ± 2.01 4160.27 ± 13.65 4384.31 ± 9.58 
L-Alanine 5995.01 ± 39.74 6028.48 ± 23.82 6297.38 ± 37.89* 5706.91 ± 29.03 5343.24 ± 17.54 6033.32 ± 18.11 
L-Arginine 9393.25 ± 11.01 8480.83 ± 89.45 9596.37 ± 54.24* 8707.33 ± 33.22 7361.11 ± 22.37 7690.07 ± 27.88 
Glycine 5202.28 ± 26.17 4942.58 ± 11.75 5932.36 ± 23.87* 5488.05 ± 19.18 5050.48 ± 8.69 4829.40 ± 22.53 
L-Cysteine 2561.51 ± 1.28 1970.56 ± 0.88 2422.74 ± 2.45 2615.46 ± 2.18* 1651.06 ± 0.82 2346.79 ± 0.93 
Note: An asterisk (*) show the highest value with 5% probability (P < 0.05) 
 

Generally, amino acids are classified into essential 
amino acids and non-essential amino acids. Non-essential 
amino acids can be synthesized in the body to promote 
optimal growth and health. Essential amino acids cannot 
be synthesized in the body but derived from foods [29]. 
Glutamic acid is the non-essential amino acid most 
predominantly found in all rice (Table 1(b)). These 
findings are similar to previous studies, where glutamic 
acid was dominated in black rice, red rice, and white rice 
[18]. Our study found that red rice, especially RRCJcm red 
rice has the highest essential amino acid level 
(phenylalanine, isoleucine, valine, leucine, threonine, and 
histidine). The content of non-essential amino acid 
residues (aspartic acid, tyrosine, proline, alanine, 

arginine, and glycine) in RRCJcm is also richer than 
black rice and white rice. Therefore, it indicates that red 
rice has a great nutritional value for health. An essential 
amino acid diet is necessary to maintain physiological 
functions. Non-essential amino acids (glutamate, 
glutamine, and aspartate) play a crucial role in 
promoting the digestive process and protect the integrity 
of the intestinal mucosa [29]. 

Profile and Total Anthocyanin Content 

The UV-Vis spectra profile shows two peaks in all 
red and black rice varieties, namely in the UV and visible 
light regions, both at pH 1.0 and pH 4.5 (Fig. 2(b-f)). 
However, in RREJbl red rice was exhibited the peak  
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Fig 2. Anthocyanin profiles from UV-Vis spectrophotometry of (a) WREJms, (b) BREJwj, (c) RRCJcm, (d) RREJbl, 
(e) RRCJin and (f) RREJas 
 
position at 451 nm at pH 1, while at pH 4.5, the peak 
position was at 466 nm. It indicates that the absorbance 
shift to a longer wavelength region (bathochromic). 
Anthocyanins are categorized as flavonoids due to 
flavylium ions in the heterocyclic C ring. Anthocyanins 
are ionic; as a result, they are more stable in low pH (< 3) 
solutions. At pH 4–5, flavylium cations and quinoidal 
anions are moderately formed to reduce anthocyanin 
pigments [30]. The spectra characteristic of anthocyanins 
is shown by two peaks; the first peak at 240–280 nm is 
assigned as the absorption of ring A, while the second 
peak at 450–560 nm shows the absorption of ring B [31]. 

Red rice contains phytochemicals such as phenolics, 
flavonoids, leucoanthocyanidins, anthocyanidins, tannins, 
quinones, and anthraquinones as antioxidants properties 
[18]. Anthocyanins are water-soluble and most organic 
solvents, but they are insoluble in non-polar organic 
solvents. Furthermore, alkaline or neutral solutions can 
decrease anthocyanins' stability [30]. In this study, RREJas 
red rice showed the highest total anthocyanin of 10.87 
mg/g among red rice (Fig. 3). Previous research related to 
anthocyanins in  rice  showed  that  the  total  anthocyanin  

 
Fig 3. The total anthocyanin content (TAC) of 
pigmented rice. Error bars show standard deviation 
from triplicate. An asterisk (*) indicate the results test 
statistically significant (p < 0.001) 

content in Sri Lanka red rice (SRI3) was 0.33 mg/100 g 
[7], whereas higher than RREJas red rice. Anthocyanins 
are modified by hydroxylation, methylation, 
glycosylation, and acylation, which control their color 
and stability. Modifications occurs at C3' (R1), C4' (R2), 
C5' (R3), C3 (R4), C5 (R5), and C7 (R6). The increase in 
the number of hydroxyl (-OH) groups in the B-ring will 
provide blue color in anthocyanins. Meanwhile, 
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increased methylation generates redness in anthocyanins. 
B-ring methylation causes anthocyanins to be easily 
oxidized and destabilizes [13]. 

Based on the TLC analysis, two spots were found in 
RREJbl red rice, RREJas, and BREJwj black rice. In 
RRCJcm and RRCJin, one spot was found, while white 
rice did not show any spots in visible light. Identifying 
separation TLC of the bioactive compound can be 
quantified based on the retention factor (Rf) value. The 
more polar compound has a smaller Rf value and vice 
versa. Molecules with OH or NH2 groups are polar and 
more able to form hydrogen-silica matrix group (Si–OH) 
bonds. Thus, the compounds are more difficult to move 
upwards. Simultaneously, non-polar molecules have 
fewer interactions with the matrix and tend to be more 
soluble in the eluent to move upwards faster [32]. 

This study showed that RREJbl and RREJas showed 
a similarity of Rf value. Likewise, RRCJcm and RRCJin 
revealed the presence of anthocyanin (Fig. 4(a)). BREJwj 
was assumed to contain peonidin-3-O-glucoside and 
pelargonidin-3-O-glucoside [33,34]. A previous study 
[34] stated that the separation of TLC of anthocyanin 
compounds in berries showed an Rf value of 0.80, which 
corresponds to the pelargonidin-3-O-glucoside 
compound. A previous study revealed that rice bran 
extract's dark spots showed phenolic compounds, and 
blue fluorescent indicates the presence of flavonoids [12]. 

Characterization of flavonoids with TLC analysis of 
Bay leaves (Eugenia polyantha) showed the intense blue 
fluorescent in 366 nm with an Rf value of 0.26 indicating 

flavanols, and Rf of 0.44 and 0.77 represented flavones 
[35]. Hence, we predict that all rice may contain 
phenolic acid and flavonoid compounds (Fig. 4(b-c)). 
However, BREJwj showed the highest intensity. RREJbl 
red rice has a higher density than black rice and white 
rice (Fig. 5(a-b)). Thin-layer chromatography (TLC) 
analysis between black rice (O. sativa L.) from East Java, 
Central Java, and West Java showed that spot intensity 
and density were not significantly different from red rice 
and white rice [18]. 

FRAP Activity of Pigmented Rice Extracts 

RREJas red rice showed the highest antioxidant 
activity with an IC50 value of 6.65 μg/mL, closest to 
ascorbic acid with an IC50 of 5.21 μg/mL (Fig. 6). The 
smaller IC50 value shows a higher antioxidant activity. 
The antioxidant activities from the highest to the lowest  

 
Fig 4. Anthocyanin profile based on thin layer 
chromatography (TLC) visualization under (a) visible 
light, (b) UV 254 nm, (c) UV 366 nm 

 
Fig 5. Density and intensity of red rice anthocyanin profiles based on TLC analysis. (a) density of each spot and (b) 
intensity. 1= WREJms. 2 = BREJwj. 3 = RRCJcm. 4 = RREJbl. 5 = RRCJin. 6 = RREJas 
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Fig 6. Antioxidant activity of pigmented rice anthocyanins in inhibiting Ferric-reducing/antioxidant power (FRAP) 
as free radicals. Error bars show the standard deviation from triplicates experiment 
 
were RREJas, BREJwj, RRCJin, RRCJcm, RREJbl, and 
WREJms, with IC50 of 6.65, 12.87, 12.97, 21.78, 34.00, and 
43.02 μg/mL, respectively (Table 2). Antioxidant activity 
of red rice anthocyanin extracts may have correlated with 
its structure, namely the number of hydroxyl groups in 
the pyran ring [B] and hydrogen donor or acceptor [16]. 
Furthermore, the presence of proanthocyanidin, 
phenolic, and flavonoid compounds is presumed to affect 
antioxidant activity in red rice. A previous study has 
shown that the antioxidant activity of red rice bran is 
higher than black and white rice bran in various free 
radical inhibition tests, which correlates positively with 
phenolic and flavonoid content. The dominant phenolic 
compounds found in red rice bran include ferulic, 
vanillic, and p-coumaric acids [36]. 

Inhibition of α-Amylase Enzyme 

The α-amylase enzyme inhibition was performed 
to determine the anti-diabetic activity. This study used 
pigmented rice extracts to assess the activity of 
inhibiting the α-amylase enzyme with the acarbose 
synthetic drug as a positive control. RREJas had the 
highest percentage of α-amylase inhibition closes to 
BREJwj and acarbose with an IC50 of 144.46 μg/mL (Fig. 
7 and Table 2). Therefore, our study indicated that 
RREJas red rice might have the potential as anti-diabetic. 
Polarity and the glucose group of anthocyanin affected 
to inhibit the α-amylase enzyme activity. A previous 
study showed that cyanidin-3-O-rutinoside is the most 
potent α-amylase inhibitor between cyanidin and 
cyanidin-3-O-glucoside [37].  Acarbose  is  known  as  an  

Table 2. IC50 value of pigmented rice anthocyanins as FRAP and α-amylase inhibitor 

No 
Antioxidant activity Antidiabetic activity 

Sample IC50 (μg/mL) Sample IC50 (μg/mL) 
1 Ascorbic acid 5.21 Acarbose 16.53 
2 WREJms 43.02 WREJms 198.22 
3 BREJwj 12.87 BREJwj 109.03 
4 RRCJcm 21.78 RRCJcm 172.58 
5 RREJbl 34.00 RREJbl 183.73 
6 RRCJin 12.97 RRCJin 172.20 
7 RREJas 6.65 RREJas 144.46 
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Fig 7. In vitro inhibition of α-amylase enzyme against pigmented rice anthocyanins 

 
anti-diabetic drug that works by inhibiting digestive 
enzymes. Acarbose was found to bind to the catalytic site 
of α-amylase and bind to the residues of ASP197, 
GLU233, and ASP300. In silico studies related to 
anthocyanins on enzyme inhibition found that cyanidin-
3-glucoside was most effective at inhibiting the α-amylase 
enzyme than cyanidin-3-rutinoside, cyanidin-3.5-
glucoside, and peonidin-3-glucoside. However, the four 
anthocyanins were able to bind to the side chain of α-
amylase at the same residue as the drug acarbose, namely 
the residue of GLU233 [38]. 

■ CONCLUSION 

The present study revealed that carbohydrate, 
protein, lipid, water, and ash level in pigmented rice have 
different values. RREJbl red rice shows the lowest 
carbohydrate level. The RRCJcm red rice was rich in 
essential and non-essential amino acids. Thus, red rice is 
good for health-promoting properties. Spectra and TLC 
characteristics demonstrate the presence of anthocyanin 
in red rice. Total anthocyanin content in RREJas red rice 
was 10.87 mg/g, higher than white rice. Moreover, RREJas 
had high biological function activities as antioxidant and 
anti-diabetic through α-amylase inhibition. In the future, 
further research is needed to establish the anthocyanin 
compound of red rice in Indonesia by HPLC or LC/MS 
analysis and its health benefit. 
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