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ABSTRACT
Background: Xanthine oxidase and tyrosinase are enzymes involved in various functions 
in the body. Tyrosinase and xanthine oxidase have high activity levels in various diseases like 
gout hyperpigmentation and neurodegradative disease. In our study, we checked for the ability 
of locally available black and brown rice varieties to inhibit the two enzymes. Materials and 
Methods: We carried out in vitro assay of the activity of the two enzymes in the presence of rice 
extracts. To identify the phytochemicals potentially responsible for inhibitory activity we carried 
out in silico docking investigation using Auto dock followed by molecular dynamics simulation 
analysis. Results and Discussion: The in vitro assays showed reduction in the enzyme activity 
of xanthine oxidase and tyrosinase in the presence of the rice extracts. The molecular docking 
analysis showed that the major polyphenols of the rice extracts showed good binding with the 
two enzymes. Molecular dynamics simulation showed that catechin hydrate from black rice 
and β-sitosterol from brown rice showed steady binding with xanthine oxidase and tyrosinase 
respectively. Conclusion: From our studies we can conclude that both rice extracts had inhibitory 
activity towards the enzymes and catechin hydrate and β-sitosterol could potentially be the 
compounds responsible for inhibition of xanthine oxidase and tyrosinase respectively.
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INTRODUCTION

Xanthine oxidase (EC 1.17.3.2) is an enzyme that catalyses the 
conversion hypoxanthine to xanthine and then finally to uric acid. 
In this process, xanthine oxidase produces reactive oxygen species. 
High activity of xanthine oxidase leads to deposition of uric acid 
leading to hyperuricemia.1 High levels of xanthine oxidase has 
also been reported in parkinson’s disease.2 Xanthine oxidase is 
one of the major enzymes that promote ROS production, leading 
to death of dopamine producing cells which is a prime cause of 
parkinson’s disease.3 A high level of xanthine oxidase can lead to 
several other diseases. As such, the inhibition of xanthine oxidase 
becomes necessary in different disease situations and the current 
challenge is to obtain a xanthine oxidase inhibitor that is safe for 
consumption.4

Tyrosinase (EC 1.14.18.1.) is an enzyme involved majorly in the 
synthesis of melanin. It catalyses the conversion of L-tyrosine to 
3,4-Dihydroxyphenylalanine (DOPA) followed by its conversion 
to o-dopaquinone which ultimately leads to melanin production.5 
Based on the tissue of occurrence, the higher activity of tyrosinase 
can lead to different issues. In skin tissues, the higher activity of 
tyrosinase can lead to diseases like hyperpigmentation, melanoma 
etc.6 Tyrosinase overexpression in the brain can lead to increased 
production of neuromelanin. Accumulation of neuromelanin has 
been regarded as a major cause of the onset of Parkinson’s disease.7 
There are reports of the correlations between the occurrence of 
melanoma and parkinson’s disease and tyrosinase overexpression 
has been the connecting link between the two pathologies.8 
The current crop of tyrosinase inhibitors suffer issues of severe 
toxicity along with low efficacy.7 Thus it necessitates the search for 
new inhibitors from plant sources.

Black rice and brown rice are popular rice varieties in the South 
East Asia along with the North-Eastern states of India. The 
bran of both the rice varieties is rich in various polyphenols like 
anthocyanins, tocopherols, etc., and have various health benefits.9 
In our current study, we analyse the ability of the methanolic 
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extracts of the brown and black rice varieties to inhibit the 
enzymes tyrosinase and xanthine oxidase.

MATERIALS AND METHODS

Rice Extract preparation

For preparation of the rice extracts we followed the protocol of 
Rao et al., 2020 with modifications.10 We obtained the unpolished 
black and brown rice varieties from local suppliers in Guwahati, 
India. The rice was milled in a local rice grinding mill to obtain the 
rice bran. The rice bran was then microwaved, dried and grinded. 
The powder was washed with 80% methanol/water and kept on a 
shaker. The extracts were filtered using Whatman Number 1 filter 
paper. The extracts were concentrated using a rotary evaporator. 
The extracts were dissolved in DMSO followed by dilution in 50 
mM phosphate buffer to a concentration of 0.05 g/mL.

Tyrosinase activity assay

To analyse the effect of rice samples on tyrosinase enzyme activity, 
we prepared 0.05M phosphate buffer and mixed tyroinase at a 
concentration of 2500 U/mL. In the reaction mixture, 15 uL of 
tyrosinase solution, 200 uL of the rice sample or buffer and 100 uL 
of the substrate L-DOPA at a concentration of 5 Mm were mixed 
and incubated at 37ºC for 3 min. Then absorbance readings were 
taken at 492 nm. Kojic acid was used a positive control and the 
results were expressed in fold activity.11

Xanthine oxidase activity assay

To analyse the effect of the rice samples on xanthine oxidase 
activity we, dissolved xanthine oxidase in 100 mM phosphate 
buffer of pH 7.5 at a concentration of 0.5U/mL. 875 uL phosphate 
buffer, 50 uL of xanthine oxidase solution and 10 uL of extract/
control sample were mixed and incubated at 37 min C for 3 
min. 65 μL of 0.82 mM xanthine solution was then added and 
incubated at 37 min C for 3 min. The readings were taken at 295 
nm. Allopurinol was used a positive control and the results were 
expressed in percent enzyme activity.12

Statistical analysis

The results were expressed in Mean±standard deviation. The 
significance of the values between the control and the treated 
groups was calculated using One-way ANOVA. p<0.05 was 
considered significant.

Literature search for compounds of black and brown 
rice and ligand preparation

A literature search was carried to find out the reported constituents 
of the methanolic extract of the black and brown rice varieties. 
The structures of the reported compounds were obtained from 
the Pubchem website in their 3D.sdf format. These files were 
converted to. pdbqt files using the Open Babel software.13,14

Docking of compounds against tyrosinase and 
xanthine oxidase
The PDB formats of the tyrosinase (PDB ID-3NM8) and xanthine 
oxidase (PDB ID-3B9J) enzymes were obtained from the Protein 
Data Bank database. The pdb files were converted to pdbqt format 
using Autodock 4.0. This was followed by the docking of the 
compounds with selected amino acids of tyrosinase and xanthine 
oxidase as per protocol mentioned by Forli et al. The 2D images 
were generated using Discovery studio software.15

Homology modeling
The experimental structure of Chain J of Xanthine Oxidase in 
Protein Data Bank (PDB) (PDB ID: 3B9J) consisted of missing 
residues. Comparative homology modelling in the Robetta 
Server has been used in the current study to model the missing 
structures with the crystal structure of Xanthine Oxidase from 
Bovine Milk as the template protein with PDB ID 1FIQ.16

Molecular dynamics simulation studies
MD simulation studies are performed using the Groningen 
Machine for Chemicals Simulations (GROMACS) 2022.3 
package. Ligand topology parameters for catechin hydrate are 
generated by the CHARMM General Force Field (CGenFF) 
program. Hydrogens in the entire molecular system are added by 
the inbuilt GROMACS program pdb2gmx. CHARMM36 function 
was used to generate the topology of the system. The system was 
solvated in a cubic box and neutral physiological conditions 
were maintained. Energy of the system was minimized followed 
by equilibration of the system in NVT and NPT ensembles. The 
equilibrated system was prepared for MD production run for 
150ns. The dynamics in the various simulation trajectories are 
examined by calculating various parameters, viz., RMSD, Rg, 
RMSF and SASA of protein via inbuilt GROMACS utilities. 
Important residues essential to the interaction between protein 
and ligand are assessed using the mindist and rmsdist programs 
in GROMACS. All the conformations and trajectories were 
visualized using Visual Molecular Dynamics (VMD) software.17

Principal Component Analysis
A statistical method called Principal Component Analysis 
(PCA) is used to reduce the dimensionality of complicated data 
sets while retaining the majority of its intrinsic volatility. From 
the aligned structural data, a covariance matrix is produced 
in order to analyse the principal components. The pairwise 
relationships between several dimensions are quantified by the 
covariance matrix. The covariance matrix's eigenvectors, or 
principal components and matching eigenvalues are obtained 
by diagonalizing the matrix. The dominating collective motions 
are frequently captured by the first few primary components. In 
this investigation, PCA computations were performed using the 
built-in GROMACS programmes, gmxcovar and gmxanaeig, 
respectively.18
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RESULTS

The methanolic and aqueous extracts of the black and brown 
rice varieties were prepared and the extracts were checked for 
the ability to inhibit the activity of the xanthine oxidase and 
tyrosinase enzymes. The methanolic and aqueous extracts of 
black rice showed the best inhibition of xanthine oxidase with the 
percent enzyme activity dropping to 30.65±2.39 and 31.56±1.48 
at a dose of 1.5 mg/mL with respect to the untreated control 
(p<0.01 in both the cases). In both the extracts, a dose dependent 
decrease in enzyme activity was observed (Figure 1, Table 1).

In case of tyrosinase, the methanolic and aqueous extracts of 
black rice showed the best inhibition with the percent enzyme 
activity dropping to 43.42±1.80 and 53.77±1.97 respectively at a 
dose of 1.5 mg/mL with respect to the untreated control (p<0.01) 
(Figure 2, Table 2).

To identify the phytochemicals responsible for the lowering of the 
enzymatic acivities, we carried out a literature survey to obtain 
the major phytochemicals present in the rice varieties.19,20 For us 
in silico analysis, we docked the reported compounds with the 

pdb structures of the enzymes tyrosinase and xanthine oxidase. 
With respect to xanthine oxidase, the percentage identity of the 
template and target protein is 100% as per BLAST analysis. From 
our dockings, we observed that cathechin hydrate from black rice 
showed the best docking with xanthine oxidase and β-sitosterol 
from brown rice showed the best docking with tyrosinase (Tables 
3 and 4).

Catechin hydrate formed hydrogen bonds with conserved 
residues in the xanthine oxidase active site. β-sitosterol docked 
with several conserved residues of the tyrosinase active site 
(Figure 3). We carried out molecular simulation dynamics studies 
to look into the stabilities of catechin hydrate-xanthine oxidase 
and β-sitosterol-tyrosinase complexes.

In the present work, it is seen that the target protein Xanthine 
Oxidase shows higher variations in Root Mean Square Deviation 
(RMSD) in the presence of ligand catechin hydrate. Similarly, the 
complex of tyrosinase and β-sitosterol also show higher RMSD 
value as compared to the tyrosinase protein alone. The shift in 
RMSD value is more prominent in case of the complex of xanthine 
oxidase-catechin hydrate with a 0.2 nm deviation (Figure 4a, 4b). 

Figure 1: Percent enzyme activity of xanthine oxidase in the presence of (a) methanolic extract of black rice, (b) aqueous extract of black rice, (c) methanolic 
extract of brown rice, (d) aqueous extract of brown rice. All values expressed as mean±standard deviation. *p>0.01 vs Control.
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The Root Mean Square Fluctuation (RMSF) values of the amino 

acids in the presence and absence of catechin hydrate show a 

difference in the amino acids in the range of residue number 400 

to 500 of the xanthine oxidase. In case of tyrosinase, there is a 

deviation in the in the RMSF values in the amino acid residues 

in the range of 50 to 90 in the presence of β-sitosterol (Figure 4c, 

4d).

Radius of gyration (Rg) is a measure of the compactness or 
spatial extent of a molecular structure. Figure 5a and 5b shows 
the fluctuations in Rg for both the bound and unbound forms of 
Xanthine Oxidase with the selected ligand. It is clearly evident 
that the protein in bound form shows increased Rg with respect 
of the simulation time. For tyrosinase, there is an increase in 
the Rg values at 120 ns. We observed an increase in the Solvent 
Accessible Surface Area (SASA) values of the proteins when 
bound to their respective ligands (Figure 5c, 5d).

Rice variety Extract Control Allopurinol 
(Inhibitor)*

Concentration of sample (mg/mL)

Black rice Methanolic 100 47.83±1.17 0.5 1 1.5
52.21±2.11 41.77±1.94 30.45±2.39

Aqueous 100 52.67±2.66 0.5 1 1.5
50.52±0.92 43.37±1.22 31.56±1.48

Brown rice Methanolic 100 46.05±2.80 0.5 1 1.5
74.80±3.81 72.98±2.05 64.44±4.71`

Aqueous 100 51.83±3.56 0.5 1 1.5
77.79±2.57 74.19±4.31 63.17±3.67

Table 1: Table showing the percent enzyme activity of xanthine oxidase under different treatments.

Figure 2:  Percent enzyme activity of tyrosinase in the presence of (a) methanolic extract of black rice, (b) aqueous extract of black rice, (c) methanolic extract 
of brown rice, (d) aqueous extract of brown rice. All values expressed as mean±standard deviation. *p>0.01 vs Control.
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Figure 3:  2D images of the binding of catechin hydrate with (a) xanthine oxidase (PDB- 3B9J), (b) xanthine oxidase (model structure) and (c) β-sitosterol with 
tyrosinase (PDB- 4OUA).

Rice variety Extract Control Kojic acid 
(Inhibitor)*

Concentration of sample (mg/mL)

Black rice Methanolic 100 52.96±1.06 0.5 1 1.5

83.12±1.99 75.42±1.74 77.22±1.12

Aqueous 100 48.34±1.80 0.5 1 1.5

76.86±4.20 69.15±1.73 56.61±2.91

Brown rice Methanolic 100 47.03±1.30 0.5 1 1.5

54.56±2.80 48.42±2.55 43.42±1.80

Aqueous 100 53.32±2.88 0.5 1 1.5

76.56±2.07 66.76±2.12 53.77±1.97

Table 2: Table showing the percent enzyme activity of tyrosinase under different treatments.
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In the current analysis, Principal Component Analysis (PCA) 

is calculated on the backbone Cα atoms in the proteins both 

in presence and absence of their respective ligands; catechin 

hydrate and β-sitosterol. Projection of two-dimensional principal 

components PC1 and PC2 for the two largest Eigen values is shown 

in Figure 6a and 6b, which represents the relevant conformational 

space. It is evident that the free proteins in absence of ligand show 

a reduced space as compared to the more dispersed region in the 
bound state with ligand.

DISCUSSION

The significant inhibition of xanthine oxidase by the methanolic 
and aqueous extracts of black rice point the potential of the 
black rice bran constituents like anthocyanins to act as potential 
inhibitors of xanthine oxidase. Although brown rice extracts also 

Protein docked Phytochemical Binding energy (kcal/
mol)

Inhibition constant

Xanthine oxidase (PDB 
ID-39BJ)

Cyanidin-3-glucoside -6.47 18.04 µM

Cyanidin-3-galactoside -3.56 2.46 mM

4-Hydroxybenzoic acid -6.6 14.64 µM

±Catechin hydrate -8.59 502.47 nM

Vanillic acid -6.3 21.15 µM

Syringic acid -5.03 204.92 µM

p-Tyrosol -5.8 54.45 µM

±Alpha Tocopherol -4.73 343.43 µM

Delphinidin-3-arabinoside -2.3 17.75 mM

Delphinidin-3-galactoside -3.23 4.79 mM

Xanthine oxidase Model 
structure

Cyanidin-3-glucoside -6.55 8.41 µM

Cyanidin-3-galactoside -5.57 82.63 µM

4-Hydroxybenzoic acid -5.6 79.17 µM

±Catechin hydrate -6.96 7.91 µM

Vanillic acid -5.24 144.45 µM

Syringic acid -4.71 361.33 µM

p-Tyrosol -5.17 162.18 µM

±Alpha Tocopherol -6.38 21.07 µM

Delphinidin-3-arabinoside -6.18 9.42 µM

Delphinidin-3-galactoside -5.7 65.88 µM

Tyrosinase (4UOA) Cyanidin-3- glucoside -5.00 217.21 µM

Cyanidin-3-galactoside -5.94 44.22 µM

4-Hydroxybenzoic acid -4.09 73.01 mM

±Catechin hydrate -5.19 157.24 µM

Vanillic acid -4.75 327.33 µM

Syringic acid -5.07 192.05 µM

p-Tyrosol -5.92 45.54 µM

±Alpha Tocopherol -5.0 217.21 µM

Delphinidin-3-arabinoside -4.93 243.91 µM

Delphinidin-3-galactoside -4.85 276.47 µM

Table 3:  Binding energy of the black rice phytochemicals with xanthine oxidase and tyrosinase.
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inhibited the xanthine oxidase activity, but the inhibition of black 
rice extract was more prominent. As such black rice could be 
further studied as a potential therapy against gout.21 Both black 
rice and brown rice extracts were able to lower the activity of 
tyrosinase enzyme significantly as compared to the untreated 
control. However, brown rice extract was more prominent in its 
inhibiting effect. Thus, both of the rice extracts can be further 
researched for their potential to act as therapeutic against diseases 
like melanoma, hyperpigmentation and neurodegradative issues 
like parkinson’s disease.22

The major phytochemicals in black and brown rice which 
are reported in the methanolic and aqueous extracts showed 
favourable binding with xanthine oxidase and tyrosinase proteins. 
There was bond formation between the xanthine oxidase amino 
acid residues and black rice polyphenols like cyaniding-3 
glucoside, cyaniding-3 galactoside, catechin hydrate (Figure S1 
to S4) and brown rice polyphenols like peonidin-3-O-glucoside, 
epicatechin, gallic acid and luteolin (Figure S5 to S8). These 
polyphenols formed hydrogen bonds with the conserved active site 
amino acids like ASP233, ARG311. Binding of small compounds 

Protein docked Phytochemical Binding energy (kcal/
mol)

Inhibition constant

Xanthine oxidase (PDB 
ID-39BJ)

Peonidin-3-O-glucoside -3.98 1.2 mM
Cyanidin-3-O-rutinoside +2.8
Epicatechin -7.29 4.57 µM
Gallic acid -6.45 18.82 µM
Luteolin -8.41 682.65 nM
Tricin -9.2 180.02 nM
Myricetin -8.28 850.4 nM
Vanillic acid -6.15 31.28 µM
Cinnamic acid -5.9 47.08 µM
Ellagic acid -7.12 6.03 µM
β-sitosterol -8.89 306.6 nM

Xanthine oxidase Model 
structure

Peonidin-3-O-glucoside -7.84 1.8 µM
Cyanidin-3-O-rutinoside -6.77 10.87 µM
Epicatechin -7.11 6.09 µM
Gallic acid -5.86 50.32 µM
Luteolin -7.18 5.46 µM
Tricin -6.54 16.12 µM
Myricetin -6.55 15.92 µM
Vanillic acid -5.22 149.05 µM
Cinnamic acid -6.1 33.63 µM
Ellagic acid -5.39 112.91 µM
β-sitosterol -7.18 5.5 µM

Tyrosinase (PDB ID- 4UOA) Peonidin-3-O-glucoside -5.03 205.47 µM
Cyanidin-3-O-rutinoside -5.05 199.16 µM
Epicatechin -6.38 21.15 µM
Gallic acid -2.87 7.94 mM
Luteolin -6.14 31.42 µM
Tricin -5.34 121.87 µM
Myricetin -5.19 156.25 µM
Vanillic acid -3.35 3.25 mM
Cinnamic acid -3.93 1.32 mM
Ellagic acid -5.13 174.18 µM
β-sitosterol -7.55 2.93 µM

Table 4: Binding energy of the brown rice phytochemicals with xanthine oxidase and tyrosinase.
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Figure 4: RMSD values of (a) xanthine oxidase alone and in complex with catethin hydrate, (b) tyrosinase alone and in 
complex with β-sitosterol. RMSF values of (c) xanthine oxidase alone and in complex with catethin hydrate, (d) tyrosinase 

alone and in complex with β-sitosterol.

Figure 5:  Rg values of (a) xanthine oxidase alone and in complex with catethin hydrate, (b) tyrosinase alone and in complex 
with β-sitosterol. SASA values of (c) xanthine oxidase alone and in complex with catethin hydrate, (d) tyrosinase alone and in 

complex with β-sitosterol.
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to these amino acids has led to the inhibition of the xanthine 
oxidase.23 The black rice phytotchemicals like hydroxybenzoic 
acid, vallinic acid, syringic acid bound with critical amino acids 
like HIS82, CYS80 and PHE454 of tyrosinase (Figure S9 to 
S10). The brown rice polyphenols like peonidin-3-O-glucoside, 
β-sitosterol, vanillic acid, cinnamic acid and ellagic acid formed 
bonds with conserved HIS residues present in positions 82, 251 
and 255 of tyrosinase (Figure S11 to S12). Compounds that 
bind to these amino acids have caused inhibition of tyrosinase 
activities.24 We further proceeded with the molecular dynamic’s 
simulation of the catechin hydrate-xanthine oxidase complex and 
β-sitosterol-tyrosinase complex.

The increase in RMSD values of xanthine oxidase and tyrosinase 
observed in the presence of their respective ligands indicates the 
change in the structure of the proteins caused by the binding of the 
ligand.25 The increased RMSF values of amino acids residues the 
increased flexibility of the amino acids in that region that allows 
them to interact with the ligand.26 The increase in the Rg and 
SASA values in the presence of ligand correlates with the increase 
in RMSD values all of which indicates a distinct change in the 
shape of the protein in the presence of the ligand to accommodate 
better interactions with the ligand. The PCA analysis reveals that 
the protein in absent of ligand was limited to a lower number 
of conformations, depicting stability in structural dynamics. In 
contrast to this, a larger space in the protein conformations in 
presence of ligand reflects the dynamic nature of the protein 
visiting more conformations in the course of simulation, 
speculative of higher interactions of the protein and ligand. Thus, 
the presence of catechin hydrate has a distinct consequence on 

the protein motions with greater movement which will thus 
change the functional attributes of the target protein.27,28

CONCLUSION

From our study, we have observed that both the black rice extracts 
and the brown rice extracts have shown inhibitory activity 
towards xanthine oxidase and tyrosinase enzymes. Molecular 
docking and molecular simulation dynamics studies reveal that 
catechin hydrate from black rice and β-sitosterol from brown rice 
are the potential phytochemicals which could bind to xanthine 
oxidase and tyrosinase enzymes respectively to give the observed 
inhibitory effects.
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ABBREVIATIONS

ROS: Reactive Oxygen Species; DOPA: 
3,4-Dihydroxy-L-phenylalanine; DMSO: Dimethyl Sulphoxide; 
PDB: Protein Data Bank; PDBQT: Protein Data Bank, Partial 
Charge (Q), and Atom Type (T); RMSD: Root means square 
deviation; RMSF: Root mean square fluctuation; SASA: Solvent 
accessible surface area; Rg: Radius of Gyration.

Figure 6:  Range of Conformational space related to (a) xanthine oxidase alone and xanthine oxidase-catechin hydrate complex and, (b) tyrosinase alone and 
tyrosinase-β-sitosterol complex as calculated from the first two principal components PC1 and PC2.
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Supplementary information

Figure S1: 2D images of the binding of xanthine oxidase (PDB-3B9J) with black rice- a. cyanidin3 glucoside, b. cyanidin3 
galactoside, c. hydroxybenzoic acid, d. vallinic acid, e. syringic acid.

Figure S2:  2D images of the binding of xanthine oxidase (PDB-3B9J) with black rice- f. p-tyrosol, g. alpha tocopherol, h. 
Delphinidin-3-arabinoside, i. Delphinidin-3-galactoside. 
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Figure S3:  2D images of the binding of xanthine oxidase (Model structure) with black rice- a. cyanidin3 glucoside, b. 
cyanidin3 galactoside, c. hydroxybenzoic acid, d. vallinic acid, e. syringic acid. 

Figure S4: 2D images of the binding of xanthine oxidase (Model) with black rice- f. p-tyrosol, g. alpha tocopherol, h. 
Delphinidin-3-arabinoside, i. Delphinidin-3-galactoside.
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Figure S5:  2D images of the binding of xanthine oxidase (PDB-3B9J) with brown rice- a.Peonidin-3-O-glucoside, b. Epicatechin, c. Gallic acid, d. Luteolin, e. 
Tricin.

Figure S6:  2D images of the binding of xanthine oxidase (PDB-3B9J) with brown rice- f. Myricetin, g. Vanillic acid, h. Cinnamic acid, I. Ellagic acid, j. β-sitosterol.



Baruah, et al.: Black and Brown Rice as Tyrosinase and Xanthine Oxidase Inhibitors

International Journal of Pharmaceutical Investigation, Vol 15, Issue 1, Jan-Mar, 2025212

Figure S7:  2D images of the binding of xanthine oxidase (Model) with brown rice- a.Peonidin-3-O-glucoside, 
b.Cyanidin-3-O-rutinoside, c. Epicatechin, d. Gallic acid, e. Luteolin.

Figure S8:  2D images of the binding of xanthine oxidase (Model) with brown rice- f. Tricin, g. Myricetin, h. Vanillic acid, i. Cinnamic 
acid, j. Ellagic acid, k. β-sitosterol.
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Figure S9:  2D images of the binding of tyrosinase (PDB-4OUA) with black rice- a. cyanidin3 glucoside, b. cyanidin3 galactoside, 
c. hydroxybenzoic acid, d. cathechin hydrate, e. vallinic acid, f. syringic acid.

Figure S10:  2D images of the binding of tyrosinase (PDB-4OUA) with black rice- g. p-tyrosol, h. alpha tocopherol, i. 
Delphinidin-3-arabinoside, j. Delphinidin-3-galactoside.
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Figure S11:  2D images of the binding of tyrosinase (PDB-4OUA) with brown rice- a.Peonidin-3-O-glucoside, b.Cyanidin-3-O-rutinoside, c. Epicatechin, d. Gallic 
acid, e. Luteolin.

Figure S12:  2D images of the binding of tyrosinase (PDB-4OUA) with brown rice- f. Tricin, g. Myricetin, h. Vanillic acid, i. Cinnamic acid, j. Ellagic 
acid.


