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Abstract  

 Black rice is less popular for healthy use and not widely available in different parts of Indonesia. Only a few 

scientific reports are available on the health benefits of black rice, specifically with an integrated in-vitro and in-silico 

method for varieties present in the market, showing a need for investigations regarding bioactivity. Therefore, this analysis 

examines the bioactivity of black rice extracts of Cempo Ireng variety in-vitro and in-silico as a source of antioxidant and 

antiproliferation for colon cancer cells, along with determination of the compound content. The novelty was the 

integration of in-vitro and in-silico methods to explore the natural antioxidant sources and the inhibition of colon cancer 

cell proliferation from black rice of Cempo Ireng variety. Moreover, antioxidant activity was analyzed using the 2,2-

diphenyl-1-picrylhydrazyl (DPPH) method. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 

assay was conducted to determine antiproliferative activity, which was further examined in-silico with metabolites from 

black rice extract identified using gas chromatography–mass spectrometry (GC-MS) and liquid chromatography-high 

resolution mass spectrometry (LC-HRMS). The results indicated black rice extract had antioxidant activity to scavenge 

radicals. The activity had IC50 of 4.67 µg/mL for black rice chloroform (BRC) extract and 52.45 µg/mL for black rice 

ethanol (BRE) extract. Additionally, black rice extract can effectively inhibit the proliferation of colorectal cancer cells 

(8.28% - 9.10%). Metabolite groups detected in the extract included organic acids, flavonoids, terpenoids, phytosterols, 

amino acids, purines, organic alcohols, and organic bases. Campesterol and 24 - methylenecycloartanol were metabolites 

that had the best activity in inhibiting cancer treatment target proteins in-silico. This study showed the health benefits of 

black rice, suggesting the development of a functional food to support digestive health. 

 

Keywords: Antioxidant, Black rice, Cempo Ireng, Colorectal cancer, Food, Functional food, In-silico, In-vitro, 

Nutraceuticals 

 

Introduction 

 Rice (Oryza sativa L.) is a staple food that can 

serve as the core of life for Asian people [1]. Currently, 

70% of the world population consumes rice, which has 

become an essential food source in addition to cereals in 

America and Europe [2]. Different varieties based on  

 

species, subspecies, and pigment (white rice and rice 

with red or black pigment) classifications are cultivated 

worldwide as an income source for households, 

particularly in Asia and Africa [3]. The major content of 

rice consists of carbohydrates, fat, protein, vitamins, and 
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minerals, as well as a mixture of other compounds 

including anthocyanins, which can provide color to 

pigmented rice [4].  

According to Ayurveda, rice is used to revitalize 

energy in the body, eliminate toxic compounds, prevent 

premature aging, and avoid skin diseases, functioning as 

a nutritious and medicinal food [1,3]. Compounds 

contained in pigmented rice, such as phenolic 

compounds, flavonoids, anthocyanins, 

proanthocyanidins, tocopherols, tocotrienols, and 

gamma aminobutyric acid, possess antioxidant, 

antiarthritic, antitumor, antidiabetic, anti-inflammatory, 

and antibacterial activities [5]. Previous in-vitro analysis 

detected pigmented Indian rice could inhibit free 

radicals by 88% - 93% [6]. Local Korean rice has 

cellular antioxidant activity, which can reduce free 

radical levels in colorectal adenocarcinoma cells [7]. 

Consumption of defatted rice bran is capable of 

modulating the gut microbiota to improve colon health 

and reduce the risk of colorectal cancer [8]. Another 

report disclosed that pigmented and non-pigmented rice 

showed potential as an antidiabetic agent through the α-

glucosidase inhibition by 24% - 87% [9]. 

In Indonesia, rice is used as a mixture of traditional 

medicines in the form of a bath scrub for smoothening 

and brightening skin color by rubbing it on the surface 

[10]. This food material is processed into a mixture of 

traditional medicines called jamu beras kencur, which 

increases body resistance and reduces digestive tract 

disorders [11]. Moreover, beras kencur compounds 

contribute to the potential in-vitro anticancer and 

antibacterial activity of the jamu product [12]. 

White rice is often used as a raw material for 

traditional medicine than pigmented rice. Previous 

analysis reported that the pigmented rice bioactivity was 

better than white rice [7,13]. Black rice is a pigmented 

rice of different varieties grown in Indonesia [14], with 

less recognition as a functional food source than the red 

type, even though the health benefits are similar or better 

[15-17]. The lower demand is due to the longer growing 

period and the color of black rice, which leads to being 

less attractive for consumption [18]. Black rice cv. 

Sintoheugmi, Japonica type, possesses antioxidant 

activity and contains cyanidin compounds, γ-oryzanol, 

folate groups, tocopherol, tocotrienol, lutein, 

polyunsaturated fatty acids, and phenol groups [19]. 

Analysis using LC-QTOF-MS/MS found primary 

metabolites including sucrose, glucose, as well as free 

and conjugated amino acids in black Rice Berry variety 

[20].  

Cempo Ireng variety is a local black rice variety 

available on the market originally from Yogyakarta, 

Central Java, Indonesia [21]. The nutrition content 

includes carbohydrate (24.90%), protein (9.41%), fat 

(2.49%), and anthocyanin (31.64 mg/kg), with a 

glycemic index of 60 [22]. Additionally, secondary 

metabolites contained are flavonoids, alkaloids, and 

terpenoids [23]. The bran of Cempo Ireng variety 

provides antioxidant activity as a free radical scavenger 

[24]. This black rice from local farmers in Cigudeg, 

Bogor, West Java, has antiproliferative activity against 

colon cancer cells through the apoptosis mechanism 

[25,26]. Previous investigations reported the potential to 

be a functional food with properties as an antioxidant 

and alternative treatment for colon cancer. 

This analysis examines the bioactivity of black 

rice extract of Cempo Ireng variety in-vitro and in-silico 

as a source of antioxidant and antiproliferation for colon 

cancer cells. The profiling of metabolites contained in 

the extract was carried out using GC-MS and LC-

HRMS. Docking analysis using human proteins which 

are treatment targets for suppressing cancer cell growth 

was performed to verify antiproliferative compound 

activity in the extract. The results are expected to show 

the health benefits of rice, specifically Cempo Ireng 

variety. This information can be used in the form of a 

basic scientific tool for developing black rice as a 

functional food. 

 

Materials and methods 

Black rice (Cempo Ireng variety) planted in 

Yogyakarta, Indonesia, at coordinates of 715’24”-

749’26” S and 11024’19”-11028’53” E was 

purchased from a local market. Fibroblast NIH/3T3 non-

cancer cell lines and WiDr colorectal cancer cells were 

from the Cell Culture Laboratory, Research Center of 

Raw Materials for Drugs and Traditional Medicine-

LAPTIAB, National Research and Innovation Agency 

(BRIN), Puspiptek Serpong in South Tangerang, 

Banten, Indonesia. The cells used were stored at −80 C 

and growth regeneration was carried out until attaining 

80% - 90% confluence before analysis. The extraction 

solvents were ethanol (Merck, Germany) and 
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chloroform (Merck, Germany). The free radical used 

was 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-

Aldrich, USA) and ascorbic acid solution (Sigma-

Aldrich, USA) served as a positive control of 

antioxidant. Materials used in antiproliferative activity 

assay were the Dulbecco’s minimal Eagle’s medium 

(DMEM) (Gibco, Thermo Fisher Scientific, UK), foetal 

bovine serum (FBS) (Gibco, Thermo Fisher Scientific, 

USA), penicillin-streptomycin (Gibco, Thermo Fisher 

Scientific, USA), amphotericin (Gibco, Thermo Fisher 

Scientific, USA), dimethyl sulfoxide (DMSO) (Sigma-

Aldrich, USA), phosphate buffered saline (PBS) 

(Sigma-Aldrich, USA), 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) (Invitrogen, 

Thermo Fisher Scientific, USA), and doxorubicin (CKD 

OTTO Pharmaceuticals, Indonesia). Moreover, all 

chemicals and reagents applied were of absolute grade. 

 

Black rice extraction 

Black rice was extracted through maceration by 

soaking for 72 h [27], where each sample (200 g black 

rice) was ground until homogeneous. During the 

execution of this method, ethanol and chloroform were 

the solvents used in a separate experiment at 1:3 w/v 

ratio with the sample (200 g of black rice in 600 mL of 

solvent). The filtrate obtained after filtering was 

evaporated at 60 C applying a rotary evaporator (Büchi 

R-100, Flawil-Switzerland) with vacuum conditions of 

474 mbar (chloroform) and 175 mbar (ethanol). Results 

were obtained as black rice ethanol (BRE) and black rice 

chloroform (BRC) extracts. The yield was calculated 

based on the ratio of both extract and black rice weight 

(200 g). 

 

Antioxidant activity assay 

DPPH in this analysis as the free radical [28], 

where 1 mL of samples (10, 50, 100, 150, and 200 

µg/mL) was combined with 1 mL DPPH (0.1 mM). 

After incubation for 30 min at room temperature, 

absorbance was measured at 517 nm. DPPH solution 

without sample was applied as a negative control and 

ascorbic acid solution (1; 2.5; 5; 7.5; 10 µg/mL) was the 

positive control. Free radical reaction inhibition of 

DPPH from samples and positive control was showed as 

a percentage inhibition and calculated based on the 

difference the ratio in absorbance of negative control 

and sample to absorbance of negative control. The lower 

the absorbance value, the higher the percentage of 

sample free radical inhibition. In this test, IC50 values 

were calculated from percentage inhibition versus 

sample concentrations. 

 

Antiproliferative cancer cell assay 

MTT assay was applied to determine 

antiproliferative activity against cancer cells [27]. WiDr 

colorectal cancer and fibroblast (NIH/3T3) non-

cancerous cells were used. Cells were grown in high-

glucose Dulbecco’s minimal Eagle’s medium 

containing 10% FBS, 1% penicillin-streptomycin, and 

0.5% amphotericin until 80% - 90% confluence. These 

were planted in 96 wells plate at 10,000 cells per well in 

100 μL medium and incubated for 24 h (CO2 5%; 37 

C). The 96-well plate containing control medium 

(without cells and sample), negative control, sample, 

and positive control were used for the analysis process. 

Samples were dissolved in DMSO at 62.5, 125, and 250 

µg/mL concentrations. Approximately 100 µL of these 

were mixed with cells on a plate and incubated for 24 h 

(CO2 5%; 37 C), then each well was washed using PBS 

before adding 0.5 mg/mL MTT. Post incubation for 4 h, 

purple formazan crystals formed from the reaction of 

MTT with mitochondria of surviving cells, and the 

reaction was stopped by giving 10% SDS. Purple color 

absorbance was measured at 570 nm after overnight 

incubation. Negative control was a cell culture without 

samples, doxorubicin served as positive control (0.15, 

0.625, 1.25, 2.5, 5 µg/mL), and blank solution was a 

control medium. All analyses were conducted in 

triplicate using an aseptic method. Cell viability was 

showed as percentage and calculated based on ratio of 

difference in absorbance between samples and blank 

solution to difference in absorbance of negative control 

and blank solution. The higher the absorbance value, the 

higher the live cells percentage. Percentage of 

proliferation inhibition was estimated as difference in 

cell viability in a sample from maximum cell viability 

(100%). 

 

Metabolite profiling 

Metabolite profiling of BRE and BRC was 

conducted using chromatography-mass spectrometry 

[27]. Volatile metabolites in samples were detected 

using GC-MS (Agilent Technologies, model 7890, 
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USA). Agilent J&W Ultra 2 GC (Agilent Technologies, 

type 19091B) column (30 m×200 µm×0.11 µm) was 

applied in this analysis. Samples (10 µL) were injected 

in 250 C split mode, an 8:1 split ratio, and a 26,443 psi 

pressure, while helium (He) was an eluent at a 1.2 

mL/min flow rate. Ion source and quadrupole 

temperatures were 230 and 150 C, respectively. Mass 

spectrum detection range was 20 - 500 m/z, and Wiley 

W8N08.L was a mass spectral database used to identify 

metabolites based on metabolite peaks and retention 

times. Metabolites contained in sample were those with 

a mass spectrum similarity of 95% or more to the 

database. Metabolite concentration was determined 

from the area under the peak. 

LC-HRMS was a method used to detect non-

volatile metabolites in this study with UHPLC Vanquish 

Tandem Q Exactive Plus Orbitrap HRMS (Thermo 

Fisher Scientific, USA) and a C18 Accucore column 

(100 mm×2.1 mm×1.5 μm) (Thermo Fisher Scientific, 

USA) as the main instrument. Before analysis, 5 mg 

samples in 1 mL methanol were filtered through a 0.2 

µM nylon membrane and injected (2µL) into the 

instrument. The eluents used were H2O - 0.1% formic 

acid (A) and acetonitrile - 0.1% formic acid (B). Flow 

rate was 0.2 mL/min with gradient of 5% eluent B for 0 

- 1 min, 5% - 95% eluent B for 1 - 25 min, 95% eluent 

B for 25 - 28 min, and 5% eluent B for 28 - 33 min. 

Spectrum detection was carried out using 100 - 1,500 

m/z in positive ionization mode. Compound Discoverer 

3.2 (Thermo Fisher Scientific, USA) was a mass spectral 

database used to identify metabolites based on 

metabolite peaks and retention times. Metabolites 

contained in the samples were those with a mass 

spectrum similarity of 95% or more to the database. 

Metabolite concentration was determined from the area 

under the peak.  

 

Docking analysis 

Selected ligands applied in docking analysis were 

metabolites contained in black rice extract identified 

using GC-MS and LC-HRMS. Furthermore, the 3D 

structures were obtained from PubChem chemical 

database (https://pubchem.ncbi.nlm.nih.gov/). All 

ligands were tested for bioavailability based on 

Lipinski’s rules using bioinformatics and computational 

biology web services (http://www.scfbio-

iitd.res.in/software/drugdesign/lipinski.jsp) to evaluate 

physicochemical properties and drug-likeness 

(molecular weight < 500 Da, Log P < 5, H-bond donors 

< 5, H-bond acceptors < 10, 40 < molar refractivity < 

130) [29,30]. 

Yet Another Scientific Artificial Reality 

Application software (YASARA version 19.9.17) was 

used for receptor preparation, ligand preparation, and 

docking analysis in this study. Water and unwanted 

ligands were removed from receptor. Hydrogen atom 

was added and co-crystal ligand was separated from 

receptor. Docking analysis was performed using 2R0U 

(Chek1), 3U9W (Leukotriene A4 hydrolase), and 4LXD 

(Bcl-2) receptors. 3D receptors structures source was 

from protein data bank (https://www.rcsb.org/). 

Validation process was conducted before docking 

analysis by re-docking receptors with co-crystal ligands. 

M54, 28P, and 1XV were the co-crystal ligands of 

2R0U, 3U9W, and 4LXD, respectively. Moreover, grid 

box was positioned in the middle of the co-crystal ligand 

binding site on the receptors with a size of 1 - 7 Å and 

using AMBER14 force field. The selected grid box size 

for docking analysis had the smallest root means square 

distance (RMSD) value ≤ 2 Å [31]. 

Docking results were evaluated with binding 

affinity energies of each ligand, and YASARA software 

was applied to assess the ligand binding quality to the 

receptors based on Vina method [29,31]. 2D and 3D 

interaction figures were generated by BIOVIA 

Discovery Studio Visualizer V21.1.0.20298. 

 

Results and discussion 

BRC and BRE yields  

Different values of yield were obtained for the 2 

samples used in this study. The 200 g of BRC and BRE 

produced yields of 7.12% (14.24 g) and 5.18% (10.36 

g), respectively (Table 1).
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Table 1 Yield from the extraction process using different solvents. 

Solvent Yield (%) 

Chloroform 7.12 

Ethanol 5.18 

 

Antioxidant activity 

Each concentration of BRC and BRE inhibited 

free radicals (DPPH), with the inhibition being 

proportional to the increase in the extract concentration. 

This showed that BRC and BRE served as radical 

scavengers with inhibition values of 49% - 53% and 

42% - 61%, respectively. The highest concentration of 

BRC (200 µg/mL) showed significant inhibition 

compared with other concentrations, as signified by 

different letter notations. In BRE, the highest sample 

concentration of 200 µg/mL was not significantly 

different from concentrations of 50 - 150 µg/mL, as 

represented with the same letter. Only the lowest BRE 

(10 µg/mL) concentration was significantly different 

from the highest concentration (200 µg/mL). The 

inhibitory effect of BRC and BRE was higher at 

concentrations of 10 and 50 - 200 µg/mL (Figure 1). 

The IC50 value of BRC was 4.67 µg/mL and BRE had 

52.45 µg/mL, suggesting that BRC was more active as 

an antioxidant. Other results showed samples lower 

antioxidant activity when than ascorbic acid (IC50 = 1.06 

µg/mL) as a positive control.

  

 

Figure 1 Antioxidant activity of black rice extract. BRC: Black rice chloroform extract, BRE: Black rice ethanol extract. 

The results of triplicate experiments have been presented with standard deviation. Different letter notations imply 

significant differences (p < 0.05). 

 

Antiproliferative activity against cancer cells 

The results indicated samples had antiproliferative 

activity against WiDr cells. At low concentrations, each 

extract did not prevent cancer cell proliferation (Figure 

2(A)). Cancer cell growth increased by 6% - 8% at the 

lowest concentration of 62.5 µg/mL. BRC measuring 

125 µg/mL inhibited cancer cell proliferation by 11.2%, 

while at the same concentration of BRE, cancer cell 

growth increased by 1.78%. At 250 µg/mL, cancer cell 

proliferation was inhibited by 9.10% (BRC) and 8.28% 

(BRE). In this analysis, sample inhibition was weaker, 

compared doxorubicin as a positive control which 

inhibited 84% at 5 µg/mL. All extracts cannot prevent 

the proliferation of non-cancerous cells, only BRC 

inhibited normal cell growth by 1.84% at a 

concentration of 250 µg/mL (the highest concentration 

in the test), and BRE did not inhibit cell proliferation at 

any concentration (Figure 2(B)). These results showed 

that both extracts inhibited cancer cell proliferation at 

high concentrations and were non-toxic to normal cells.
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Figure 2 Antiproliferative activity of black rice extract at different concentrations against WiDr cells (A) and non-cancer 

cells (B). BRC: Black rice chloroform extract, BRE: Black rice ethanol extract. The results of triplicate experiments have 

been presented with standard deviation. 

 

Metabolite profiling 

A total of 20 metabolites were found in BRC 

applying GC-MS (7 metabolites) and LC-HRMS (13), 

as presented in Figure 3. These consisted of organic 

acids, alcohols, phytosterols, terpenoids, bases, amino 

acids, purines, and flavonoids. Hexadecanoic acid was 

the metabolite with the highest content (54.30%) in 

BRC and the lowest was Linoleoyl ethanolamide 

(0.30%) (Table 2).

  

 

 

Figure 3 Chromatogram of BRC extract in GC-MS (A) and LC-HRMS (B) analysis. 
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Table 2 Metabolites content in BRC. 

Metabolites Method Group Formula RT (min) 
Metabolites 

content (%) 

Similarity  

index (%) 

Hexadecanoic acid GC-MS Organic acid C16H32O2 33.395 54.30 98 

Linoelaidic acid GC-MS Organic acid C18H32O2 34.023 6.30 95 

9,17-octadecadienal GC-MS Organic alcohols C18H32O 34.230 6.78 95 

Campesterol GC-MS Phytosterol C28H48O 39.649 1.79 99 

Stigmasterol GC-MS Phytosterol C29H48O 40.056 1.50 97 

Gamma-sitosterol GC-MS Phytosterol C29H50O 40.911 4.15 99 

24-methylenecycloartanol GC-MS Terpenoid C31H52O 42.028 1.29 99 

Choline LC-HRMS Organic base C5H13NO 1.047 24.40 96 

Hexitol LC-HRMS Organic alcohol C6 H14 O6 1.069 1.35 95 

Valine LC-HRMS Amino acid C5H11NO2 1.089 5.24 97 

Adenine LC-HRMS Purine C5H5N5 1.096 0.58 98 

Xylosyl adenine LC-HRMS Purine C10H13N5O4 1.127 0.48 99 

Leucine LC-HRMS Amino acid C6H13NO2 1.631 1.30 99 

Phenylalanine LC-HRMS Amino acid C9H11NO2 2.446 0.73 96 

Quercitrin LC-HRMS Flavonoid C21H20O11 6.497 1.06 97 

Tectoridin LC-HRMS Flavonoid C22H22O11 7.156 0.74 97 

Isoquercetin LC-HRMS Flavonoid C21H20O12 8.806 0.33 96 

isorhamnetin 3-O-glucoside LC-HRMS Flavonoid C22H22O12 9.521 0.40 96 

Quercetin LC-HRMS Flavonoid C15H10O7 11.599 0.24 99 

Linoleoyl ethanolamide LC-HRMS Organic acid C20H37NO2 22.433 0.30 96 

 

 

Different 7 and 4 metabolites in BRE were 

detected using GC-MS and LC-HRMS method, 

respectively (Figure 4). The detected metabolites 

included organic acids, phytosterols, terpenoids, organic 

bases, amino acids, and flavonoids. Hexadecanoic acid 

was the metabolite with the highest content (25.24%) in 

BRE and the lowest was hesperetin (0.37%) (Table 3).

 

 

 

Figure 4 Chromatogram of BRE extract in GC-MS (A) and LC-HRMS (B) analysis. 
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Table 3 Metabolites content in BRE. 

Metabolites Method Group Formula RT (min) 
Metabolites  

content (%) 

Similarity  

index (%) 

Hexadecanoic acid GC-MS Organic acid C16H32O2 31.665 25.24 99 

Linoleic acid GC-MS Organic acid C18H32O2 32.733 21.96 99 

Oleic acid GC-MS Organic acid C18H34O2 32.768 21.20 99 

Campesterol GC-MS Phytosterol C28H48O 39.636 1.78 99 

Stigmasterol GC-MS Phytosterol C29H48O 40.036 1.27 96 

Gamma-sitosterol GC-MS Phytosterol C29H50O 40.870 4.52 99 

24-methylenecycloartanol GC-MS Terpenoid C31H52O 43.05 4.65 99 

Choline LC-HRMS Organic base C5H13NO 1.053 2.21 96 

Valine LC-HRMS Amino acid C5H11NO2 1.072 0.40 97 

Hesperetin LC-HRMS Flavonoid C16H14O6 12.884 0.37 95 

Linoleoyl ethanolamide LC-HRMS Organic acid C20H37NO2 22.430 1.28 96 

 

Eight metabolites were identified in BRC and 

BRE, which included campesterol, choline, 

hexadecanoic acid, gamma-sitosterol, stigmasterol, 

valine, 24-methylenecycloartanol, and linoleoyl 

ethanolamide. Three were identified only in BRE 

(linoleic acid, hesperetin, and oleic acid) and 12 in BRC, 

namely hexitol, isoquercetin, xylosyl adenine, 

quercetin, 9,17-octadecadienal, phenylalanine, leucine, 

linoelaidic acid, isorhamnetin 3-O-glucoside, tectoridin, 

quercitrin, and adenine. Chloroform was assumed to be 

a more effective solvent in black rice extraction process 

than ethanol. In this study, organic acids were the most 

frequently identified metabolites (23%) in black rice. 

Other metabolite groups detected were phytosterols 

(19%), flavonoids (19%), amino acids (13%), 

terpenoids (7%), organic alcohols (7%), purines (6%), 

and organic bases (6%) (Figure 5).

 

 

Figure 5 Metabolite groups were detected in BRC extract and BRE extract. 

 

Ligand bioavailability  

A total of 23 metabolites were identified in 

samples that became ligand candidates in the docking 

analysis. Initially, the bioavailability of these 

metabolites was predicted based on the 5 Lipinski’s 

rules. Eleven metabolites did not comply with Lipinksi’s 

rules, while the other 12 complied and qualified for 

docking analysis (Table 4). 
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Table 4 Selected metabolites for molecular docking analysis based on Lipinski’s rules. 

Metabolites MW (Da) LogP H bond donors H bond acceptor Molar refractivity 

Adenine* 135.054 –0.327 1 2 32.65* 

Campesterol 400.700 1.418 1 1 105.23 

Choline* 103.099 –0.554 1 1 21.28* 

Gamma-sitosterol 414.70 1.418 1 1 107.66 

Hesperetin 302.078 2.388 3 6 73.69 

Hexadecanoic acid 256.42 0.637 1 2 57.57 

Hexitol* 182.07 –3.507 6* 6 34.95* 

Isoquercetin* 464.095 –0.691 8* 12* 104.64 

Isorhamnetin 3-glucoside* 478.110 0.101 7* 12* 106.75 

Leucine* 131.09 0.245 1 3 27.68* 

Linoelaidic acid 280.40 1.292 1 2 68.28 

Linoleic acid 280.40 1.292 1 2 68.28 

Linoleoyl ethanolamide 323.281 0.234 2 3 78.78 

24-methylenecycloartanol 440.70 1.266 1 1 111.24 

9,17-octadecadienal* 264.40 0 0 1 0* 

Oleic acid 282.50 1.046 1 2 66.17 

Phenylalanine 165.70 1.285 1 3 42.82 

Quercetin* 302.042 2.010 5* 7* 74.05 

Quercitrin* 448.099 0.151 7* 11* 102.94 

Stigmasterol 412.70 1.971 1 1 109.03 

Tectoridin* 462.115 0.430 6* 11* 105.68 

Valine* 117.07 0.164 1 3 24.44* 

Xylosyl adenine 267.096 –2.203 3 8 57.67 

*Did not comply with Lipinski’s rule 

 

 

Validation of docking analysis 

Validation results showed that each receptor had a 

different gridbox size, with RMSD value of ≤ 2 Å 

(Table 5). The ligand shape changes before and after re-

docking were not significantly different (Figure 6). The 

best grid box sizes for the 2R0U, 3U9W, and 4LXD 

receptors were 4.0, 4.0, and 5.0 Å with RMSD values of 

0.14 Å (–10.43 kcal/mol), 1.34 Å (–10.39 kcal/mol), and 

0.39 Å (–10.62 kcal/mol), respectively.
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Figure 6 The results of validation analysis (redocking) of co-crystal ligands. (A) Receptor 2R0U ligand, (B) Receptor 

3U9W ligand, and (C) Receptor 4LXD ligand. Red: Before redocking, green: After redocking. 

 

Table 5 Validation analysis results of each receptor. 

PDB ID Gridbox (Å) Gibbs free energy (kcal/mol) RMSD (Å) 

2R0U 4.0 –10.43 0.14 

3U9W 4.0 –10.39 1.34 

4LXD 5.0 –10.62 0.39 

 

Docking analysis of 2R0U receptor 

Docking results for the 2R0U (Chek1) receptor 

showed that the binding energy for each ligand ranged 

from –5.83 to –9.34 kcal/mol. Campesterol had the 

strongest binding energy in this interaction (–9.34 

kcal/mol) but was weaker than the co-crystal and 

receptor interaction binding energy (–10.43 kcal/mol). 

The interaction types of ligands and receptors were H-

bond, hydrophobic, van der Waals, and electrostatic. 

Cys87 is an amino acid residue often included in H-bond 

interactions. Leu15, Gly16, Val23, Lys38, and Glu55 

are amino acid residues widely included in the 

hydrophobic and van der Waals interactions in each 

ligand (Table 6). Campesterol and 2R0U receptor 

interactions comprise 19 amino acid residues. Seven of 

these, namely Leu15, Gly16, Val23, Lys38, Glu55, 

Leu84, and Asp148), are binding sites for Chek1 with 

hydrophobic and van der Waals interactions (Figure 7). 

 

Table 6 The docking analysis results of 2R0U receptor and ligand. 

Metabolites 
Gibbs free energy 

(kcal/mol) 

H-bond interacting 

residues 

Hydrophobic bond 

interacting residues 

van der Waals bond 

interacting residues 

Electrostatic bond 

interacting residues 

M54 (co-crystal 

ligand) 
–10.43 

Glu85, Cys87, 

Glu134, Asn135b 

Leu15b, Val23b, 

Ala36, Lys38b, 

Leu84b, Leu137 

Gly16b, Glu55b, 

Val68, Leu82, Tyr86, 

Ser88, Gly90, Ser147, 

Phe149 

Glu91, Asp148b 

Campesterol –9.34 - 

Leu15b, Val23b, 

Ala36, Lys38b, 

Leu82, Leu84b, 

Leu137 

Gly16b, Glu55b, 

Asn59, Val68, Tyr86, 

Cys87, Ser88, Gly90, 

Glu91, Ser147, 

Asp148b, Phe149 

 

b protein binding site 

 



Trends Sci. 2025; 22(10): 10397   11 of 20 

  

 

 

 

Figure 7 Co-crystal ligand and campesterol interactions with 2R0U receptor. (A) 2D interaction of co-crystal ligand and 

2R0U receptor, (B) 2D interaction of campesterol and 2R0U receptor, (C) 3D interaction of campesterol and 2R0U 

receptor. (In the 2D view, the ligand is shown with line. In the 3D view, blue is the campesterol, and gray represents the 

receptor). 

 

Docking analysis of 3U9W receptor 

The 3U9W (leukotriene A4 hydrolase) receptor 

results showed that the binding energy for each ligand 

ranged from –7.83 to −10.48 kcal/mol. Campesterol had 

the strongest binding energy in this interaction (–10.48 

kcal/mol), which was stronger than the co-crystal ligand 

and receptor binding (–10.39 kcal/mol). The interaction 

types of ligands and receptors were H-bond, 

hydrophobic, van der Waals, and electrostatic. All 

ligands had hydrophobic and van der Waals interactions. 

Gly1269 and Glu1296 are amino acid residues often 

included in H-bond interactions. Tyr1267, His1295, 

His1299 and Lys1565 are widely included in 

hydrophobic and van der Waals interactions in each 

ligand (Table 7). Campesterol and 3U9W receptor 

interaction comprises 21 amino acid residues, of which 

8 including Pro1266, Tyr1267, Gly1268, Gly1269, 

His1295, Arg1563, Met1564, Lys1565 are binding sites. 

Meanwhile, only one (Glu1296) was an active site for 

leukotriene A4 hydrolase with hydrophobic and van der 

Waals interactions (Figure 8).
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Table 7 Docking analysis results of 3U9W receptor and ligand. 

Metabolites 
Gibbs free energy 

(kcal/mol) 

H-bond interacting 

residues 

Hydrophobic bond 

interacting residues 

van der Waals bond 

interacting residues 

Electrostatic bond 

interacting residues 

28P (co-crystal 

ligand) 
–10.39 

Gln1136b, Gly1268b, 

Gly1269b, Tyr1378 

Ala1137, Trp1311, 

Val1367, Ala1377, 

Pro1382 

Met1270b, Asp1312, 

Phe1314, Gln1134b, 

Leu1369, Pro1374, 

Asp1375, Ser1379, 

Tyr1383 

Tyr1267b, Glu1271b 

Campesterol –10.48  

Val1292, His1295b, 

Val1322, Tyr1378, 

Tyr1383, Met1564b, 

Lys1565b 

Pro1266b, Tyr1267b, 

Gly1268b, Gly1269b, 

Asn1291, Glu1296a, 

Glu1325, Arg1326, 

Ser1379, Ser1380, 

Glu1384, Arg1563b, 

Arg1568, Pro1569 

 

a protein active site, b protein binding site 
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Figure 8 Co-crystal ligand and campesterol interactions with 3U9W receptor. (A) 2D interaction of co-crystal ligand and 

3U9W receptor, (B) 2D interaction of campesterol and 3U9W receptor, (C) 3D interaction of campesterol and 3U9W 

receptor. (In the 2D view, the ligand is shown with the line. In the 3D view, blue is the campesterol, and gray represents 

the receptor). 

 

 

Docking analysis of 4LXD receptor 

Ligands and 4LXD (Bcl-2) receptor interactions 

showed a binding energy of –5.29 to –7.79 kcal/mol. 

The 24 - methylenecycloartanol had the strongest 

binding energy in this interaction (–7.79 kcal/mol). 

Meanwhile, the interaction of the co-crystal ligand with 

the receptor showed a binding energy of –10.62 

kcal/mol. The interaction types of ligands and receptors 

were H-bond, hydrophobic, van der Waals, and 

electrostatic. Asp108 and Arg143 are amino acid 

residues widely included in all types of interactions 

between ligands and receptors (Table 8). These residues 

are binding sites for Bcl-2 and have van der Waals 

interactions with 24-methylenecycloartanol (Figure 9).

 

 

Table 8 Docking analysis results of 4LXD receptor and ligands. 

 

Metabolites 
Gibbs free energy 

(kcal/mol) 

H-bond interacting 

residues 

Hydrophobic bond 

interacting residues 

van der Waals bond 

interacting residues 

Electrostatic bond 

interacting residues 

1XV (co-

crystal ligand) 
–10.62 Gly142 

Ala97, Phe101, Tyr105, 

Phe109, Met112, Val130, 

Leu134, Ala146, Tyr199 

Asp100, Glu133, 

Asn140, Trp141, 

Val145, Glu149, 

Phe150, Val153, 

Phe195 

Asp108b, Arg143b 

24 - 

methylenecycl

oartanol 

–7.79  
Phe101, Tyr105, Met112, 

Leu134, Ala146 

Asp108b, Phe109, 

Val130, Arg143b, 

Phe147, Glu149, 

Phe150, Val153 

 

b protein binding site 
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Figure 9 Co-crystal ligand and 24 – methylenecycloartanol interactions with 4LXD receptor. (A) 2D interaction of co-

crystal ligand and 4LXD receptor, (B) 2D interaction of 24-methylenecycloartanol and 4LXD receptor, (C) 3D interaction 

of 24-methylenecycloartanol and 4LXD receptor. (In the 2D view, the ligand is shown with the line. In the 3D view, blue 

is the 24-methylenecycloartanol and gray represents the receptor). 

 

Yield was the amount of extract obtained from 

black rice depending on the technique and solvent used 

[32,33]. The basic conventional extraction method used 

in this study was maceration [34]. BRC and BRE 

extraction processes used different solvents including 

chloroform (nonpolar) and ethanol (polar), respectively. 

Variations in solvents can produce differences in the 

yield obtained during the extraction process [35]. BRC 

yield (7.12%) was higher than BRE yield (5.18%), 

which was confirmed by metabolite identification 

analysis using GC-MS and LC-HRMS. Total 

metabolites detected in BRC (20) was higher than the 

number found in BRE (11).  

Hexadecanoic acid was a metabolite from fatty 

acid group identified with the highest concentration in 

both black rice extracts, which was assumed essential in 

antioxidant and antiproliferative activities of colon 

cancer cells. Fatty acids, including unsaturated fatty 

acids, contain double bonds that can donate electrons to 

free radicals, thereby acting as antioxidant [36]. Other 
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studies reported that n-hexadecanoic acid scavenged 

free radicals with high inhibition [37]. This corresponds 

with DPPH reaction mechanism as a stable free radical 

at room temperature and changes color from purple to 

yellow when receiving or sharing electrons from 

antioxidant compounds [38]. Hexadecanoic acid 

prevents colon cancer cell proliferation through an 

apoptotic mechanism induced by enhanced ROS levels 

[39]. Reaction of ROS with the mitochondrial 

membrane causes membrane polarization, leading to 

apoptosis transduction signals and cascade reactions of 

pro-apoptotic molecules in cancer cells [40]. The 

presence of free radicals in normal cells was associated 

with increased oxidative stress conditions and damaged 

signaling pathways, leading to cancer formation [41]. 

Antioxidant compounds can help reduce oxidative 

stress, preventing the formation of cancer cells [42]. 

Therefore, hexadecanoic acid contained in black rice 

may be a good antioxidant and anti-colon cancer agent. 

BRC antioxidant activity was higher compared to 

BRE, as signified by the lower IC50 value of BRC. 

Furthermore, the result was supported by the number of 

yields and metabolites identified in BRC such as 

flavonoid, terpenoid, and phytosterol, which were 

higher than BRE. The observation indirectly suggested 

that antioxidant activity of an extract depended on the 

active compounds content in the extract, specifically 

secondary metabolites such as phenols and flavonoids 

[43]. The IC50 value of black rice extract showed that 

antioxidant activity of the extract was still weaker than 

the positive control, ascorbic acid (IC50 = 1.06 µg/mL). 

Previous studies reported that the IC50 value of ascorbic 

acid in antioxidant tests using DPPH method ranged 

from 0.2 - 22.5 µg/mL [44,45]. The value obtained for 

an extract was attributed to many metabolites that did 

not entirely have a synergistic reaction mechanism as an 

electron donor to free radicals, providing a higher IC50 

than ascorbic acid existing in the form of a single 

compound [46,47]. However, black rice antioxidant 

activity in this analysis was higher (42% - 61%) than the 

value of Melik Jawa and Toraja varieties, which 

scavenged free radicals by 33% - 38% [48]. Activity 

variations occurred due to differences in black rice 

varieties, growing locations, and extraction methods, 

leading to distinction in the profile and content of black 

rice metabolites [49]. 

Extracts inhibited WiDr cell proliferation at the 

highest concentration (250 µg/mL), suggesting that 

black rice was not efficient in preventing the cancer cells 

growth at low concentrations. In the test using non-

cancerous cells, black rice extract did not inhibit 

fibroblast (NIH/3T3) growth except at the BRC (250 

µg/mL) highest concentration suggested to have a toxic 

effect, but the hypothesis should be further investigated. 

Secondary metabolites like flavonoids, terpenoids, and 

alkaloids contained in black rice can prevent the cancer 

cells growth by damaging the signaling process and 

apoptosis, depending on the concentration of the 

compounds [50-52]. This is consistent line with the 

mechanism of doxorubicin as a positive control in 

antiproliferative activity test for cancer cells, which can 

inhibit growth through apoptosis, DNA damage, and 

cell cycle signal disruption [53]. The results of 

antiproliferative activity test showed that black rice 

extract promoted cancer cell growth at the lowest 

concentration. More analysis is essential to determine 

the black rice active components supporting cancer cell 

proliferation at low concentrations. 

Antiproliferative activity observed in this study 

corresponded with previous investigations showing that 

black rice of Cempo Ireng variety, Cigudeg accession, 

Bogor, West Java, had antiproliferative activity against 

colon cancer cells in-vivo by suppressing the expression 

of the proliferating cell nuclear antigen (PCNA) gene, 

considered as a marker for colon cancer cell 

proliferation. The reported Cempo Ireng variety induced 

apoptosis by increasing the expression of caspase-3 and 

caspase-8 genes [54]. Furthermore, in-vitro 

antiproliferative activity was supported by in-silico 

analysis showing that the metabolites contained in black 

rice had a strong interaction with the target proteins of 

colon cancer treatment, namely Chek1, leukotriene A4 

hydrolase, and Bcl-2. 

Chek1 is a serine/threonine-specific protein kinase 

that causes DNA damage repair and supports tumor 

growth [55]. Similarly, leukotriene A4 hydrolase is a 

key modulator in the cell cycle associated with the 

formation of several cancer cells [56]. Bcl-2, an anti-

apoptotic protein, plays a role in the development of 

resistance to treatment in colorectal cancer [57]. 

Campesterol is a group of phytosterols identified in both 

black rice extracts as anticancer agent that interferes 

with signal transduction in cancer cells, activates pro-
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apoptotic molecules and induces cycle arrest in the 

G0/G1 phase [58]. In-silico study results showed that 

campesterol metabolite had the strongest interaction, 

based on binding energy of Chek1 (2R0U) and 

leukotriene A4 hydrolase (3U9W). This result was 

supported by the bond position between campesterol 

and both proteins at binding and active sites (Tables 6 

and 7). Other results showed 24-methylenecycloartanol 

as a group of terpenoids contained in black rice extract 

that had the strongest interaction with Bcl-2 (4LXD) 

through a bond located in binding site position of Bcl-2 

(Table 8). Previous investigations reported that 

terpenoids were natural anticancer agents with a 

mechanism of inhibiting protein synthesis by blocking 

ribosomes, inhibiting protein kinases, and increasing 

caspase regulation [59,60]. Based on the current results, 

black rice extract is speculated to prevent the 

proliferation of colon cancer cells by disrupting cell 

cycle, as well as inhibiting protein kinases and anti-

apoptotic proteins. 

In-vitro and in-silico evaluation results of black 

rice of Cempo Ireng variety showed many health 

benefits, similar to other pigmented types. These 

provide basic information for the development of black 

rice as a colon cancer treatment drug or a functional food 

with antioxidant effect on digestive tract health to 

prevent colon cancer. New information related to the 

mechanism of inhibiting colon cancer cell proliferation 

is provided from black rice, based on the target proteins 

Chek1, leukotriene A4 hydrolase, and Bcl-2. 

Additionally, the results serve as a reference for 

designing colon anticancer drugs with active 

compounds using campesterol and 24-

methylenecycloartanol against the inhibition of Chek1, 

leukotriene A4 hydrolase, and Bcl-2 protein. 

The limitations of this study included the use of 

only one variety of black rice and the inability to explain 

the differences in bioactivity that might occur due to the 

use of many varieties. Antioxidant activity was not 

measured with various methods, limiting the test scope 

to DPPH free radical scavenging. Additionally, the 

molecular mechanism of in-vitro antiproliferative 

activity was not investigated, and the mechanism of 

inhibiting cancer cell proliferation due to the 

administration of black rice extract remained unknown. 

More studies should focus on identifying antioxidant 

and antiproliferative mechanisms of black rice using 

several varieties, multiple solvents of different 

polarities, and experimental animals for easier execution 

of the clinical trial phase. 

 

Conclusions 

In conclusion, black rice extract of Cempo Ireng 

variety showed potential as a natural antioxidant and 

inhibitor of colon cancer cells. This extract had no toxic 

effect on non-cancerous cells at low concentrations. 

Additionally, hexadecanoic acid, campesterol, and 24-

methylenecycloartanol contained in black rice were 

found to play an important role in bioactivity as 

antioxidant and antiproliferation against colon cancer 

cells. 

 

Acknowledgements 

The authors are very grateful for the research 

funding assistance that has been provided by Dana 

Hibah Program Post-Doctoral Institut Pertanian Bogor 

SK Rektor No. 74 Tahun 2024, Institut Pertanian Bogor, 

Indonesia. 

 

References 

[1] U Ahuja, SC Ahuja, R Thakrar and RK Singh. 

Rice-a nutraceutical. Asian Agri-History 2008; 

12(2), 93-108. 

[2] S Watanabe, A Hirakawa, C Nishijima, KI 

Ohtsubo, K Nakamura, S Beppu, P Tungtrakul, SJ 

Quin, ES Tee, T Tsuno, and H Ohigashi. Food as 

medicine: The new concept of medical rice. 

Advanced in Food Technology and Nutritional 

Sciences - Open Journal 2016; 2(2), 38-50. 

[3] TSR Priya, ARLE Nelson, K Ravichandran and U 

Antony. Nutritional and functional properties of 

coloured rice varieties of South India: A review. 

Journal of Ethnic Foods 2019; 6(11), 1-19. 

[4] K Periyasamy, SP Shashikanthalu and M 

Radhakrishnan. Traditional rice varieties: A 

comprehensive review on its nutritional, 

medicinal, therapeutic and health benefit potential. 

Journal of Food Composition and Analysis 2022; 

114(11), 104742. 

[5] MF Dewan, M Ahiduzzaman, MN Islam and HB 

Shozib. Potential benefits of bioactive compounds 

of traditional rice grown in south and southeast 

Asia: A review. Rice Science 2023; 30(6), 537-551. 



Trends Sci. 2025; 22(10): 10397   17 of 20 

  

[6] S Nayeem, S Sundararajan, AK Ashok, A 

Abusaliya and S Ramalingam. Effects of cooking 

on phytochemical and antioxidant properties of 

pigmented and non-pigmented rare Indian rice 

landraces. Biocatalysis and Agricultural 

Biotechnology 2021; 32, 101928.  

[7] A Tyagi, U Shabbir, X Chen, R Chelliah, F Elahi, 

HJ Ham and DH Oh. Phytochemical profiling and 

cellular antioxidant efficacy of different rice 

varieties in colorectal adenocarcinoma cells 

exposed to oxidative stress. PLoS One 2022; 17(6), 

e0269403. 

[8] L Tajasuwan, A Kettawan, T Rungruang, K 

Wunjuntuk and P Prombutara. Role of dietary 

defatted rice bran in the modulation of gut 

microbiota in AOM/DSS-induced colitis-

associated colorectal cancer rat model. Nutrients 

2023; 15(6), 1528. 

[9] S Sansenya, A Payaka, W Wannasut, Y Hua and S 

Chumanee. Biological activity of rice extract and 

the inhibition potential of rice extract, rice volatile 

compounds and their combination against α-

glucosidase, α-amylase and tyrosinase. 

International Journal of Food Science & 

Technology 2021; 56(4), 1865-1876. 

[10] Mangestuti, Subehan, A Widyawaruyanti, SFH 

Zaidi and S Awale. Traditional medicine of Madura 

Island in Indonesia. Journal of Traditional 

Medicines 2007; 24(3), 90-103. 

[11] W Sumarni, S Sudarmin and SS Sumarti. The 

scientification of jamu: A study of Indonesian’s 

traditional medicine. Journal of Physics 

Conference Series 2019; 1321(3), 032057. 

[12] E Harmayani, AK Anal, S Wichienchot, R Bhat, M 

Gardjito, U Santoso, S Siripongvutikorn, J 

Puripaatanavong and U Payyappallimana. Healthy 

food traditions of Asia: Exploratory case studies 

from Indonesia, Thailand, Malaysia, and Nepal. 

Journal of Ethnic Foods 2019; 6, 1. 

[13] F Husain and BF Wahidah. Medicine from nature: 

Identification of medicinal plants used by belian 

(sasakese indigenous healer) in traditional 

medicine in Lombok, West Nusa Tenggara, 

Indonesia. AIP Conference Proceedings 2018; 

2019(1), 050003. 

[14] R Pratiwi and YA Purwestri. Black rice as a 

functional food in Indonesia. Functional Foods in 

Health and Disease 2017; 7(3), 183-194. 

[15] DRT Sari, A Paemanee, S Roytrakul, JRK Cairns, 

A Safithri and F Fatchiyah. Black rice cultivar 

from Java Island of Indonesia revealed genomic, 

proteomic, and anthocyanin nutritional value. Acta 

Biochimica Polonica 2021; 68(1), 55-63. 

[16] Fatchiyah, DRT Sari, A Safitri and JRK Cairns. 

Phytochemical compound and nutritional value in 

black rice from Java Island, Indonesia. Systematic 

Reviews in Pharmacy 2020; 11(7), 414-421. 

[17] M Nashrurrokhman, PR Sayekti, A Safitri, YA 

Purwestri and R Pratiwi. Macronutrient and 

mineral contents of five local black rice (Oryza 

sativa) cultivars in Indonesia. Biodiversitas 

Journal of Biological Diversity 2019; 20(12), 

3647-3653. 

[18] Nandariyah, E Purwanto and AN Meidini. 

Morphology, production, and chemical content 

performance of black rice Matesih accession with 

several comparisons. IOP Conference Series: 

Earth and Environmental Science 2018; 

142(1), 012052. 

[19] SK Biswas, DE Kim, YS Keum and RK Saini. 

Metabolite profiling and antioxidant activities of 

white, red, and black rice (Oryza sativa L.) grains. 

Journal of Food Measurement and 

Characterization 2018; 12(4), 2484-2492. 

[20] N Nuengchamnong, T Saesong, P Ngamdee and S 

Jiamyangyuen. Chemical profiling of white, red, 

and black rice (Oryza Sativa L.) during grain 

development based on LC-QTOF-MS/MS. 

Chromatography and Spectroscopy Techniques 

2020; 3(1), 39-47. 

[21] Y Dwiningsih and J Alkahtani. Potential of 

pigmented rice variety Cempo Ireng in rice 

breeding program for improving food 

sustainability. Journal of Biomedical Research & 

Environmental Sciences 2023; 4(3), 426-433. 

[22] AD Nurhayati, A Nirbaya, CP Nusa, S 

Soekopitojo, AL Kurniawan, DD Handoko, A 

Hapsari, AF Sepbrina, DOW Prastiwi, DA 

Puspitasari, N Athaya, MY Al Badwani and DA 

Araminta. Nutritional composition and 

organoleptic quality of instant local black rice 



Trends Sci. 2025; 22(10): 10397   18 of 20 

  

(Cempo Ireng) with moderate glycemic index. BIO 

Web of Conferences 2025; 153, 03016. 

[23] A Ardiansyah, F Ariffa, RM Astuti, W David, DD 

Handoko, S Budijanto and H Shirakawa. Non-

volatile compounds and blood pressure-lowering 

activity of Inpari 30 and Cempo Ireng fermented 

and non-fermented rice bran. AIMS Agriculture 

and Food 2021; 6(1), 337-359. 

[24] W Iswanti, S Budijanto and M Abdullah. 

Flavonoid and antioxidant activity analysis of 

anthocyanin black rice bran extract (ABRIBE) cv 

CEMPO IRENG origin from Indonesia. Journal of 

Microbiology, Biotechnology and Food Sciences 

2024; 14(2), e10203. 

[25] Safrida, S Budijanto, L Nuraida, BP Priosoeryanto, 

U Saepuloh, SS Marya, A Ardiansyah and H 

Shirakawa. Fermented black rice bran extract 

inhibit colon cancer proliferation in WiDr cell 

lines. Food Science and Technology 2022; 42(2), 

e14422. 

[26] S Budijanto, W Nurtiana, A Muniroh, Y Kurniati, 

L Nuraida, BP Priosoeryanto, FNA Dewi, A 

Ardiansyah, ND Yuliana, S Safrida and H 

Shirakawa. Dietary supplementation of black rice 

bran to colon carcinogen-induced mice: 

Examining the development of colorectal cancer 

by improving environmental colon conditions. 

Heliyon 2023; 9(8), e18528. 

[27] M Alfarabi, FE Siagian, JM Cing, T Suryowati, 

Turhadi, MS Suyono, MS Febriyanti and FB 

Naibaho. Bioactivity and metabolite profile of 

papaya (Carica papaya) seed extract. 

Biodiversitas Journal of Biological Diversity 

2022; 23(9), 4589-4600. 

[28] S Yuningtyas, AP Roswiem, D Azahra and M 

Alfarabi. Antioxidant activity and characterization 

of arrowroot (Maranta arundinacea) tuber yogurt. 

Biodiversitas Journal of Biological Diversity 

2023; 24(5), 2850-2854. 

[29] MA Umar, M Safithri and R Pratama. In silico 

study of anticancer activity of red betel leaves 

bioactive compounds against colon cancer marker 

proteins. HAYATI Journal of Biosciences 2023; 

30(1), 113-121. 

[30] B Jayaram, T Singh, G Mukherjee, A Mathur, S 

Shekhar and V Shekhar. Sanjeevini: A freely 

accessible web-server for target directed lead 

molecule discovery. BMC Bioinformatics 2012; 

13(S17), S7. 

[31] AT Nursyarah, M Safithri and D Andrianto. Red 

betel leaf bioactive compounds as ERα receptor 

inhibitors in silico and MCF-7 cell anticancer in 

vitro. HAYATI Journal of Biosciences 2023; 30(5), 

789-796. 

[32] S Bachtler and HJ Bart. Increase the yield of 

bioactive compounds from elder bark and annatto 

seeds using ultrasound and microwave assisted 

extraction technologies. Food and Bioproducts 

Processing 2021; 125, 1-13. 

[33] W Dong, Q Chen, C Wei, R Hu, Y Long, Y Zong 

and Z Chu. Comparison of the effect of extraction 

methods on the quality of green coffee oil from 

Arabica coffee beans: Lipid yield, fatty acid 

composition, bioactive components, and 

antioxidant activity. Ultrasonics Sonochemistry 

2021; 74(4), 105578. 

[34] M Alfarabi, Turhadi, T Suryowati, NA Imaneli and 

PO Sihombing. Antioxidant activity and 

metabolite profiles of leaves and stem extracts of 

Vitex negundo. Biodiversitas Journal of Biological 

Diversity 2022; 23(5), 2663-2667. 

[35] IE Mannoubi. Impact of different solvents on 

extraction yield, phenolic composition, in vitro 

antioxidant and antibacterial activities of deseeded 

Opuntia stricta fruit. Journal of Umm Al-Qura 

University for Applied Sciences 2023; 9(2), 176-

184. 

[36] HL Huang and BG Wang. Antioxidant capacity and 

lipophilic content of seaweeds collected from the 

Qingdao coastline. Journal of Agricultural and 

Food Chemistry 2004; 52(16), 4993-4997. 

[37] R Purushothaman, G Vishnuram and T 

Ramanathan. Isolation and identification of n-

hexadecanoic acid from Excoecaria agallocha L. 

and its antibacterial and antioxidant activity. 

Journal of Emerging Technologies and Innovative 

Research 2024; 11(1), 332-342. 

[38] MS Blois. Antioxidant determinations by the use 

of a stable free radical. Nature 1958; 181, 1199-

1200. 

[39] B Bharath, K Perinbam, S Devanesan, MSA Salhi 

and M Saravanan. Evaluation of the anticancer 

potential of hexadecanoic acid from brown algae 

Turbinaria ornata on HT-29 colon cancer cells. 



Trends Sci. 2025; 22(10): 10397   19 of 20 

  

Journal of Molecular Structure 2021; 1235(2), 

130229. 

[40] G Moussavou, DH Kwak, BW Obiang-Obonou, 

CAO Maranguy, SDD Baoutamba, DH Lee, OGM 

Pissibanganga, K Ko, JI Seo and YK Choo. 

Anticancer effects of different seaweeds on human 

colon and breast cancers. Marine Drugs 2014; 

12(9), 4898-4911. 

[41] B Halliwell. Reflections of an aging free radical. 

Free Radical Biology and Medicine 2020; 161, 

234-245. 

[42] M Sharifi-Rad, NVA Kumar, P Zucca, EM Varoni, 

L Dini, E Panzarini, J Rajkovic, PVT Fokou, E 

Azzini, I Peluso, AP Mishra, M Nigam, YE 

Rayess, ME Beyrouthy, L Polito, M Iriti, N 

Martins, M Martorell, AO Docea, WN Setzer, …, 

J Sharifi-Rad. Lifestyle, oxidative stress, and 

antioxidants: Back and forth in the 

pathophysiology of chronic diseases. Frontiers in 

Physiology 2020; 11, 694. 

[43] CH Yang, RX Li and LY Chuang. Antioxidant 

activity of various parts of Cinnamomum cassia 

extracted with different extraction methods. 

Molecules 2012; 17(6), 7294-7304. 

[44] F Martino-Morales, AJ Alonso-Castro, JR Zapata-

Morales, C Carranza-Álvarez and OH Aragon-

Martinez. Use of standardized units for a correct 

interpretation of IC50 values obtained 

from the inhibition of the DPPH radical by natural 

antioxidants. Chemical Papers 2020; 74(10), 

3325-3334. 

[45] O Theanphong, W Mingvanish and T Jenjittikul. 

Antimicrobial and radical scavenging activitıes of 

essential oils from Kaempferia larsenii Sirirugsa. 

Trends in Science 2023; 20(6), 5212. 

[46] S Abbas, SM Latif, II Muhammad, MA Hesan and 

F Kormin. In vitro antioxidant and 

anticholinesterase activities of ethanolic turmeric 

crude extract. Food Research 2022; 6(4), 199-204. 

[47] R Al-Nemi, AA Makki, K Sawalha, D Hajjar and 

M Jaremko. Untargeted metabolomic profiling and 

antioxidant capacities of different solvent crude 

extracts of Ephedra foeminea. Metabolites 2022; 

12(5), 451. 

[48] DP Putri, M Astuti and P Hastuti. Physicochemical 

and antioxidant properties of three varieties of 

Indonesian black rice. IOP Conference Series: 

Earth and Environmental Science 2022; 1024, 

012062. 

[49] VC Ito and LG Lacerda. Black rice (Oryza sativa 

L.): A review of its historical aspects, chemical 

composition, nutritional and functional properties, 

and applications and processing technologies. 

Food Chemistry 2019; 301, 125304. 

[50] AML Seca and DCGA Pinto. Plant secondary 

metabolites as anticancer agents: Successes in 

clinical trials and therapeutic application. 

International Journal of Molecular Sciences 2018; 

19(1), 263. 

[51] BM Twaij and MN Hasan. Bioactive secondary 

metabolites from plant sources: Types, synthesis, 

and their therapeutic uses. International Journal of 

Plant Biology 2022; 13(1), 4-14. 

[52] HP Hoensch and R Oertel. The value of flavonoids 

for the human nutrition: short review and 

perspectives. Clinical Nutrition Experimental 

2015; 3(C), 8-14. 

[53] M Kciuk, A Gielecińska, S Mujwar, D Kołat, Ż 

Kałuzińska-Kołat, I Celik and R Kontek. 

Doxorubicin-an agent with multiple mechanisms 

of anticancer activity. Cells 2023; 12(4), 659. 

[54] S Budijanto, Y Kurniati Y, L Nuraida, FNA Dewi, 

BP Priosoeryanto, ND Yuliana, A Ardiansyah, U 

Saepuloh, S Ida and H Shirakawa. The inhibition 

of colon cancer development by black rice bran on 

BALB/C mice. AIMS Agriculture and Food 2024; 

9(3), 789-800. 

[55] Y Zhang and T Hunter. Roles of Chk1 in cell 

biology and cancer therapy. International Journal 

of Cancer 2014; 134(5), 1013-1023. 

[56] N Oi, H Yamamoto, A Langfald, R Bai, MH Lee, 

AM Bode and Z Dong. LTA4H regulates cell cycle 

and skin carcinogenesis. Carcinogenesis 2017; 

38(7), 728-737. 

[57] P Ramesh and JP Medema. BCL-2 family 

deregulation in colorectal cancer: Potential for 

BH3 mimetics in therapy. Apoptosis 2020; 25(5), 

305-320. 

[58] N Shahzad, W Khan, M Shadab, A Ali, SS Saluja, 

S Sharma, FA Al-Allaf, Z Abduljaleel, IAA 

Ibrahim, AFA Wahab, MA Afify and SS Al-

Ghamdi. Phytosterols as a natural anticancer agent: 

Current status and future perspective. Biomedicine 

& Pharmacotherapy 2017; 88, 786-794. 



Trends Sci. 2025; 22(10): 10397   20 of 20 

  

[59] H Sun, L Zhang, B Sui, Y Li, J Yan, P Wang, Y 

Wang and S Liu. The effect of terpenoid natural 

chinese medicine molecular compound on lung 

cancer treatment. Evidence-Based Complementary 

and Alternative Medicine 2021; 2021, 3730963. 

[60] A Yuniastuti, AN Khasanah, NW Harini, W 

Christijanti and DH Utomo. Apoptosis potency 

prediction of steroid saponin from Gembili 

(Dioscorea esculenta) as Bcl-2 and Bcl-xL 

inhibitors in colon cancer. Trends in Science 2022; 

19(24), 1573.

 


