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1 Introduction

Rice is the foremost cereal food crop in many developing 
countries. About half of the world population consumes rice as their 
major source of carbohydrate. Almost 95% of the rice production 
is recorded in Asian countries (Bhattacharjee et al., 2002). 
In addition to common white-rice varieties, there are some 
speciality rices such as the colored ones (black, also known 
as purple, brown and red). Colors in the rices are due to the 
deposition of large amounts of anthocyanin pigment in the rice 
coat (Chaudhary, 2003).

Black rice (BlR) is especially rich in anthocyanin pigments, 
phytochemicals, protein and vitamins. China cultivates the 
most BlR followed by Sri Lanka, Indonesia, India, Philippines 
etc. �ailand occupies the ninth position when it comes to 
BlR cultivation. BlR is known for its antioxidant properties 
(Ichikawa et al., 2011; Sompong et al., 2011). �e antioxidants 
are crucial for memory enhancement and strengthening of the 
immune system. Choi et al. (2007a) reported that the pigments of 
colored rice bran inhibit allergic reactions in vitro. �e prevention 
of cancer-cell invasion property of peonidin, peonidin 3-glucoside, 
cyanidin 3-glucoside, and other major anthocyanins of black rice 
has been reported by (Chen et al., 2006). Ichikawa et al. (2001) 
also reported that BlR are e�cient, and two fold stronger, with 
respect to antioxidant activities of blueberries.

A�er BlR, Brown rice (BrR), and Red rice (RR) are the reservoir 
for the next largest amount of phytochemicals. �us, demand is 
escalating for BrR in Brazil because of its rich nutritional values. 
�e di�erence in mineral contents of BrR is basically caused by 
the milling process and the cultivar (Heinemann et al., 2005). 
About, 50 g of BrR provides about 35% of the recommended 
dietary allowance of Se, Cu, Zn and Mn per day.

Phytochemical content of the various rice types were 
divided into several groups such as carotenoids, phenolics, 
alkaloids, nitrogen and organosulfur containing compounds. 
Phenolic compounds were sub-grouped as phenolic acids, 
�avonoids, coumarins and tannins. Similarly, anthocyanidins 
are one of such �avonoid compounds. Choi et al. (2007b) and 
Shen et al. (2009) also reported the variations in phenolics content, 
�avonoid and antioxidant properties among the cereal grains 
with special emphasis on black rice, brown rice, red sorghum, 
and white rice. Anthocyanins (cyanidin-3-O-β-glucoside 
and peonidin-3-O-β-glucoside) and tocols were identi�ed in 
BlRs which proved that they have aldose reductase inhibitory 
activity (Yawadio et al., 2007). Sompong et al. (2011) revealed 
no signi�cant di�erence among the rice cultivars of �ailand, 
China and Sri Lanka especially in composition and antioxidant 
properties.
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Rice, the seed of Oryza species, is the major cereal crop in most of the developing countries. Nearly 95% of global rice production 
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of total phytochemical content and anti-oxidant free-radical-scavenging properties. Chiang Mai Black rice contained higher 
concentration of phenolic acid, �avonoids, and anthocyanins (Cyanidin 3-glucoside, peonidin 3-glucoside, cyanidin chloride). 
Chiang Mai Black rice is richer in free-radical-scavenging compounds and activities than the other tested varieties. Polar 
extractions of rice bran are high in anti-oxidative compounds and activities than non-polar extractions.
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Practical Application: Nutrient rich rice cultivar has been identified for further characterization of bioactive compounds of 
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Phytochemical composition and antioxidant property of 
�ai rice varieties particularly northern �ailand rice traits 
were poorly studied. �us, the current study focused on total 
physicochemical content and antioxidative properties of three 
northern �ailand rice varieties (Chiang Mai Black rice, Mali 
Red rice and Suphanburi-1 Brown rice), which were selected 
based on consumption rate, and studied by polar and non-polar 
extraction methods and biochemicals assays.

2 Materials and methods

2.1 Collection of rice bran and extraction

Chiang Mai black rice (CBlR), Suphanburi type 
-1 [Suphanburi-1] brown rice (SBrR) and Mali red rice (MRR) 
were collected from the farm at Maerim district, Chiang Mai, 
�ailand and pre-processed by drying at 60 °C for 48 h. Fresh 
rice bran was obtained by milling, separated through 60-mesh 
strainer, and then stored at –20 ºC until testing time. Rice bran 
of three di�erent cultivar varieties were extracted by di�erent 
solvent systems such as 80% Ethanol, for the speci�c extraction 
of phenolic acid content of rice bran, 0.1 N HCl in methanol, 
which is suitable for anthocyanin content, and hexane, for 
non-polar extraction. �e extracted solution was membrane 
(0.45 μm) �ltrated.

Percentage of Yield = (extracts from rice bran (g) /
Initial weight of rice bran (g)) x 100 

(1)

Then, the filtrate was incubated for evaporation under 
reduced pressure at 50 °C and percentage of yield was calculated 
(Equation 1), while the final crude extract was stored at –20 °C. 
For the easy indication, the samples were given with specific 
code (Table 1).

2.2 Total phenolic content determination

Eighty percent (80%) of the ethanolic extracts were made for 
the speci�c narrowing of the phenolic content of the brans, but 
the total phenolic content of the extracts were determined by the 
modi�ed Folin–Ciocalteu colorimetric of Kusirisin et al. (2009) 
and Yang et al. (2014). Brie�y, 100 μL of Folin–Ciocalteu reagent 
was mixed with 1.5 mL of deionized water and 200 μL of extracts 
or gallic acid (positive control) with di�erent concentrations. 
�en, the reaction was neutralized with 20% saturated sodium 
carbonate. �e absorbance was measured at 725 nm a�er 30 min 

incubation at room temperature. Total phenolic content was 
denoted as mg of gallic acid equivalent (mg GAE) per g of extract.

2.3 Total �avonoid determination

Total �avonoid content of the extracts was analysed by the 
modi�ed colorimetric method of Kusirisin et al. (2009). Brie�y, 
150 μL of 5% sodium nitrite was mixed with 2 mL of distilled 
water and 500 μL of extracts or quercetin (positive control) with 
di�erent concentrations and incubated at RT for 5 min. �is was 
followed by the addition of 150 μL of 10% aluminium chloride 
hexahydrate solution and incubated again for 6 min at RT. 1 mL 
of 1 M sodium hydroxide was added and the total volume came 
up to 5 mL using deionized water which was later incubated 
at RT for 10 min a�er appropriate mixing. A�er incubation, 
absorbance was measured at 510 nm and the total �avonoid 
content was denoted as mg quercetin equivalent (mg QE) per 
g of extract.

2.4 Total anthocyanin determination

Even though anthocyanin content was determined in 
ethanolic-extract of CBlR, for the High performance liquid 
chromatography (HPLC) based on profiling of anthocyanin content 
of the rice, 0.1 N HCl in methanol extract of CBlR was selected, 
since this solvent is known for finest extraction of anthocyanin 
from rice (Kim et al., 2008). The total anthocyanin content was 
determined by the modified pH-differential method of Giusti 
& Wrolstad (2001). Briefly, 2250 μL of buffer solution pH of 
1.0 or 4.5 and 500 μL of rice bran extract or cyanidin chloride 
(positive control) with different concentrations were mixed and 
incubated at RT for 20 min. After incubation, the absorbance 
was measured at 510 and 700 nm. Total anthocyanin content 
was expressed as mg cyanidin chloride equivalent (mg CCE) 
per g of extract. The absorbance of positive control and sample 
solutions (A) was calculated (Equation 2). 

A = (A
510

– A
700

) in pH 1.0 – (A
510

– A
700

) in pH 4.5. (2)

2.5 Determination of phenolic acid compounds by HPLC

�e polar fractions of rice bran were analyzed for phenolic 
compounds by reversed-phase HPLC with gradient elution. 
Protocatechuic acid, chlorogenic acid, ca�eic acid, syringic acid, 
p-hydroxybenzoic acid, and p-coumaric acid were identi�ed 

Table 1. Percentage of extract yield of rice bran extracts from selected cultivar variety and di�erent extraction methods with sample code. Ee, 
Me, He denotes Ethanolic, Methanolic and Hexane extraction, respectively.

S. No. Solvent Sample Sample code % of yield

1 80% Ethanol (Ee) Chiang Mai Black rice CBlR 7.52 ± 1.13

2 Mali Red rice MRR 12.08 ± 1.81

3 Suphanburi-1 Brown rice SBrR 4.88 ± 0.73

4 0.1 N HCl in methanol*# (Me) Chiang Mai Black rice CBlR 21.30 ± 3.20

5 Mali Red rice MRR 21.25 ± 3.19

6 Hexane (He) Chiang Mai Black rice CBlR 12.22 ± 0.61

7 Mali Red rice MRR 10.4 ± 0.52

8 Suphanburi-1 Brown rice SBrR 13.57 ± 0.68

* SBrR was excluded for acidi�ed methanolic extraction since it is speci�c for anthocyanins. # MRR served as control to prove, the lower or nil amount of anthocyanins.
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and quanti�ed from the rice bran extracts tested. �e mobile 
phase consists of acetonitrile (A) and 0.1% tri�uoroacetic 
acid (TFA) with the �ow rate of 0.8 mL/min. An ACE® C18 
column (Advanced Chromatography Technologies, Scotland)  
(250 mm × 4.6 mm; 5 μm) with a temperature of 40 °C and 
UV detector at 280 nm were used (Tian et al., 2004). Gradient 
elution was performed with a solvent ratio (solvent A: solvent B) 
of 5-9%: 95-91%, 9%: 91%, 9-11%: 91-89%, 11-50%: 89-50% with 
respective time periods of 0-5, 5-15, 15-22, and 22-35 min, 
respectively. All samples were measured in triplicate. �e 
phenolic acids standard including protocatechuic acid, resorcinol, 
p-hydroxybenzoic acid, chlorogenic acid, ca�eic acid, vanillic 
acid, syringic acid, p-coumaric acid, and benzoic acid were all 
used for investigation.

2.6 Determination of anthocyanins by HPLC

Furthermore, the polar fractions of rice bran were analyzed 
for anthocyanins by reversed-phase HPLC (Sompong et al., 2011). 
�e wavelength of UV detector (Agilent 1100) was set at 520 nm. 
An ACE® C18 column (250 mm × 4.6 mm; 5 μm) was used. �e 
mobile phase consisted of acetonitrile and 4% phosphoric acid, 
with a �ow rate of 1.0 mL/min. �e linear gradient elution was 
operated from 0 to 40 min, with acetonitrile of 10 to 20%. All 
samples were tested in triplicate. �e glucoside standards were 
1. delphinidin 3-glucoside, 2. cyanidin 3-glucoside, 3. peonidin 
3-glucoside, 4. malvidin 3-glucoside (Tokiwa phytochemical Co., 
Ltd, Japan) , and the aglycoside standards were 1. delphinidin 
chloride, 2. cyanidin chloride, 3. pelargonidin chloride, 4. peonidin 
chloride, and 5. malvidin chloride (Extrasynthese, France).

2.7 Determination of antioxidant activity

Scavenging e�ects on DPPH radical

1, 1-diphenyl-2-picryl-hydrazil (DPPH) free-radical-scavenging 
activity of extracts was determined as described by 
Rattanachitthawat et al. (2010) & Herch et al. (2014). The DPPH 
radical-scavenging activity was calculated by linear regression 
analysis (Equation 3).

DPPH radical-scavenging activity (%) = 

[1- absorbance of sample/absorbance of control] x 100 
(3)

Scavenging e�ects on ABTS radical

2, 2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid 
(ABTS) assays were carried out according to the method of 
Chalermpong et al. (2012). �e results were expressed as mg 
trolox equivalents antioxidant capacity (TEAC)/g of extract. All 
samples were tested in triplicate.

Ferric-reducing antioxidant power (FRAP) activity

�e FRAP assay was performed according to the method 
of Suwannalert et al. (2010). �e results were expressed as mg 
Fe

2
SO

4
 equivalents/g of the extract.

Inhibition of lipid peroxidation

Lipid peroxidation inhibitory ability of the extracts was 
determined by Chalermpong et al. (2012). �e percentage 
of linoleic acid (LA) peroxidation inhibition was calculated 
(Equation 4).

Inhibition on LA peroxidation % = (1-A532 of sample/A532 of control) × 100 (4)

�e amount of sample needed for 50% of linoleic acid 
peroxidation inhibition was reported as IC

50.
 IC

50
 value was 

obtained by linear regression analysis.

Scavenging e�ects on nitric oxide

Nitric oxide scavenging activity was evaluated according to 
the improved method of Francis & Andrew (2010) with some 
modi�cations. Moreover, the reaction mixture consists of 800 μL 
of sodium nitroprusside in phosphate bu�er pH 7.4 and 200 μL 
of di�erent concentration of sample, while positive control 
(curcumin) was incubated at 37 °C for 150 min. A�er incubation, 
the 150 μL of solution was removed and mixed with 100 μL of 
Griess reagent (Equal volume of 0.1% w/v naphthylethylenediamine 
dihydrochloride and 1% w/v sulfanilamide in 5% phosphoric 
acid), which was later incubated at RT for 5 min without light. 
�e absorbance of the chromophores was measured at 540 nm 
by spectrophotometer using a multimode detector. �e results 
were expressed as 50% inhibition concentration (IC

50
) and all 

the samples were tested in triplicate.

Scavenging e�ects on superoxide anion radical

Scavenging activity on superoxide anion radical was 
determined by Kusirisin et al. (2009). �e results were expressed 
as 50% inhibition concentration (IC

50
) and all the samples were 

tested in triplicate.

2.8 Statistic analysis

�e quantity of the biochemicals and their antioxidant 
activity were performed in independent triplicates to con�rm 
the reproducibility of the results. �e report of the data is given 
as mean ± SD. Analysis of variance (ANOVA) was performed 
to assess the di�erences in antioxidant activities. Duncan’s new 
multiple range test determined signi�cant di�erences, at the 
95% con�dential level (p < 0.05) using statistical SPSS so�ware 
version 16 (Chicago, SPSS Inc, U.S.A).

3 Results and discussion

3.1 Extraction of rice bran

High extract recovery was recorded for CBlR by the 
0.1 N HCl solvent in methanol (21.30 ± 3.20%) and least recovery 
(4.88 ± 0.73%) was noticed for SBrR, but with 80% ethanol as 
solvent. Approximately, all the rice varieties were sourced for 
equal amount of extract recovery with hexane (Table 1) and the 
percentage of yield was varied based on the extraction solvent 
even for same cultivar variety.
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3.2 Phenolic content of rice bran extracts

Total phenolic content, total �avonoid content, and total 
anthocyanin content was assessed in the extracts. CBlR contained 
higher the concentration of phenolic acid (305.30 ± 6.15 mg of gallic 
acid equivalent/ g of extract), �avonoids (1.93 ± 0.03 mg of quercetin 
equivalent/ g of extract) and anthocyanin (487.25 ± 24.36 mg 
of cyaniding equivalent/ g of extract). Practically, MRR and 
SBrR had lower yields (Supplementary Table  1). �ere was 
no anthocyanin content observed in MRR and SBrR varieties, 
since anthocyanin pigments are rich in intensely pigmented rice 
(black/ purple rice). Further HPLC analysis was carried out to 
re�ne the phenolic acid contents.

CBlR contains protocatechuic acid (0.87 ± 0.04 mg/ g of 
extract), ca�eic acid (1.02 ± 0.05 mg/ g of extract), syringic 
acid (0.20 ± 0.01 mg/ g of extract), and p-coumaric acid 
(11.40 ± 0.57 mg/ g of extract), but there was no detectable 
level of p-hydroxybenzoic acid and chlorogenic acid 
(Supplementary  Table  2). Whereas, p-hydroxybenzoic acid 
(0.34 ± 0.02 mg/ g of extract) was recorded in MRR, however, 
chlorogenic acid, ca�eic acid and p-coumaric acid were not 
detected in this sample. In the case of SBrR, protocatechuic acid 
(0.02 ± 0 mg/ g of extract), chlorogenic acid (0.10 ± 0 mg/ g of 
extract), and syringic acid (0.06 ± 0 mg/ g of extract) were noted 
but not others (Supplementary Table 2). �ese results indicated 
that the composition of phenolic acid varied among the samples 
tested and each variety has its phenolic acid pro�le.

HPLC study also indicated that CBlR consist of rich amount 
of phenolics than other samples. Protocatechuic acid, ca�eic acid, 
syringic acid, and p-coumaric acid were found in HPLC analysis 
for phenolic acid of CBlR. Representative HPLC chromatograms 
of standard phenolic acids and rice extract sample were shown 
in Supplementary Figure 1. A previous study by Sompong et 
al. (2011) detailed the contents of phenolic acid of red �ai rice 
varieties (1.4 to 3.4 mg/100 g) and Chinese black rice varieties 
(7.4–10.5 mg/100 g). Ferulic acid and protocatechuic acid are the 
major constituents in red rice, whereas in the black rice, which was 
found as rich in protocatechuic and vanillic acid varied from 2.7 
to 4.5 and 2.9-3.9 mg/100 g, respectively (Sompong et al., 2011).

�e results of this present study suggested that CBlR 
contains a higher amount of phenolic content with the following 
richness order: p-coumaric acid > ca�eic acid > protocatechuic 
acid > syringic acid. In all of these processes, no p-hydroxybenzoic 
acid and chlorogenic acid was detected. �is result di�ered from 
the previous report (Sompong et al., 2011) which claimed no 
signi�cant di�erences in biochemical composition between the 
two rices. In the present study, MRR and SBrR varieties showed 
the di�erent composition of phenolics. �us, communally, the 
results revealed that the phenolic content of the rice signi�cantly 
varied with respect to the cultivar varieties and color among 
the samples tested.

3.3 Anthocyanin content of CBlR

Cyanidin 3-glucoside (5.69 ± 0.28 mg/ g of extract), peonidin 
3-glucoside (11.46 ± 0.57 mg/ g of extract), and cyanidin chloride 
(12.60 ± 0.63 mg/ g of extract) were identi�ed and measured in 
CBlR (Figure 1, Supplementary Figure 1).

�e previous studies on anthocyanin content of di�erent 
rice varieties revealed that �ai red rices Niaw Dam Pleuak 
Khao and Niaw Dam Pleuak Dam followed by China black rice 
are superior quality with respect to anthocyanin content. More 
speci�cally, cyanidin 3-glucoside, and peonidin 3-glucoside 
are present in highest level among the red and black rices 
(Sompong et al., 2011). �e present study demonstrated that 
there is a high content of cyanidin 3-glucoside, and peonidin 
3-glucoside among black rice variety, but there is no notable 
amount of anthocyanin detected in red rice variety which was 
tested in the current study (Supplementary Figure 2).

3.4 Evaluation of anti-oxidant property of extracts

Furthermore, the explanation of the total anti-oxidant 
properties of the tested rice varieties is necessary to portray the 
medicinal value or the free radical scavenging ability of the same. 
Both polar and non-polar extracts of the rice bran samples were 
studied for their anti-oxidant ability, but the non-polar extraction 
was made with the help of hexane which served as solvent for 
all the three cultivars. �e anti-oxidant properties have been 
assessed through di�erent in vitro biochemical assays such as 
ABTS, DPPH, FRAP, lipidperoxidation, superoxide anion, and 
nitric oxide assay.

CBlR
Ee

 sample showed the highest trolox equivalent 
(323.21 ± 16.16 mg of Trolox equivalent /1 g of extract) in 
ABTS assay than other samples. Next to this, MRR

Me
 showed 

a higher trolox equivalent. CBlR with 0.1 N HCl in methanol 
extract displayed a slight lower ability in ABTS assay. �e non 
-polar extractions of all the rice samples were noticed because of 
the reduced ability of the anti-oxidant in this assay (Figure 2a). 
Both CBlR

Ee
 (0.08 ± 0.01 g as IC

50
) and MRR

Me
 (0.08 ± 0.01 g as 

IC
50

) showed the highest anti-oxidant activity in DPPH assay 
(Figure 2b).

In FRAP assay, non-polar extracts of MRR and SBrR also 
showed the highest FeSO

4
 equivalents a�er the CBlR

Ee
 sample 

(38.99 ± 1.94 mg of FeSO
4
 equivalent/1 g of extract) 

(Figure 3a). Lipidperoxidation assay results indicated that 
CBlR (92.46 ± 4.62% of inhibition/1 mg of ethanol extract and 

Figure 1. Quantity of anthocyanins present in the rice bran extracts 
assessed by HPLC. *** Not detected.
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90.73 ± 4.54% of inhibition/1 mg of 0.1 N HCl in methanol 

extract) has the highest anti-oxidant property compared to other 

tested samples. Similar to FRAP assay, non-polar extractions also 

displayed the better anti-oxidant property (Figure 3b).

Superoxide anion assay results suggested that CBlR
Ee

 extract 

(6.61 ± 0.33 mg as IC
50

) is equivalent to as ascorbic acid 

(6.77 ± 0.33 mg as IC
50

) with respect to anti-oxidant property. 

�is result clearly reveals that CBlR
Ee

 consists of one or more 

standard anti-oxidative components (Figure 4a). Interestingly, 

in the nitric oxide assay, CBlR extracts showed the better activity 

than the internal standard component, curcumin, which evidenced 

that CBlR extracts are enriched with anti-oxidative compounds 

(Figure 4b). Both superoxide anion and nitric oxide assay results 

Figure 2. Assessment of anti-oxidant property of extracts by ABTS (a) and DPPH (b) assay. ABTS assay results were indicated as mg trolox equivalent 
/ g of extracts and the DPPH assay results were represented as extracts required for IC

50
 of activity. All the values are represented as mean ± SD.

Figure 3. Estimation of anti-oxidant property of extracts by FARP (a) and Lipid peroxidation (b) assay. FARP assay results were indicated as mg 
FeSO

4
 equivalent / g of extracts and the lipid peroxidation assay results were represented as % of inhibition / mg of extracts. All the values are 

represented as mean ± SD.

were indicated extracts required for IC
50

 activity. All the values 
are represented as mean ± SD.

�e anti-oxidant properties of Red rice of �ailand and 
Srilanka as well as Chinese black rice were previously assessed 
and the report suggested that �ai red rice is superior to Srilankan 
rice, but black rice is more e�ective than red rice varieties 
(Sompong et al., 2011). Sompong et al., validated the anti-oxidant 
properties of all these samples through three in vitro scavenging 
assays such as ABTS, FRAP and DPPH assay. Whereas, the 
current investigation employed the lipidperoxidation, superoxide 
anion, and nitric oxide assay for the comprehensive analysis of 
anti-oxidant property of tested samples. Collectively, the data 
obtained from the anti-oxidant property evaluation studies, 
resulted in a CBlR rich in free radical scavenging compounds 
than other tested rice varieties. �is also suggested that polar 
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extractions of rice bran are rich in anti-oxidative compounds 
than non-polar extractions. Although, high nutrient valued traits 
were selected for the cultivation, yet the milling process a�ects the 
chemical composition of the products (Heinemann et al., 2005).

4 Conclusions

�e overall results suggested that polar extracts of highly 
pigmented rice variety is rich in phytochemicals, anthocyanin, 
and free radical scavenging compounds. Although sample 
size was minimal in the present study, Northern �ailand rice 
cultivar variety (CBlR) is found superior in phytochemical 
content and bioactive properties than other tested rice varieties. 
In order to explore the nutritional values and the superior rice 
cultivar variety of �ailand, further, increased sample sizes that 
have di�erent rice varieties with respect to di�erent extraction 
system is required.
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Supplementary Table 1. Phytochemical content of rice bran extracts.

S. No. Sample code Total phenolic content (mg Gallic 
acid equivalent /1 g extract)

Total �avonoid content (mg 
Quercetin equivalent /1 g extract)

Total anthocyanin content (mg 
Cyanidin equivalent /1 g extract)

1 CBlR
Ee

305.30 ± 6.15 1.93 ± 0.03 487.25 ± 24.36

2 MRR
Ee

36.14 ± 5.60 0.66 ± 0.01 ND

3 SBrR
Ee

57.22 ± 2.27 0.36 ± 0.00 ND

All the values were represented as mean ± SD (ND- not detected).

Supplementary Table 2. HPLC based determination of Phenolic content of 80% ethanol extracts of rice brans. 

S. no Sample code Protocatechuic acid p-hydroxybenzoic acid Chlorogenic acid Ca�eic acid Syringic acid p-coumaric acid

1 CBlR
Ee

0.87 ± 0.04 ND ND 1.02 ± 0.05 0.20 ± 0.01 11.40 ± 0.57

2 MRR
Ee

0.03 ± 0.00 0.34 ± 0.02 ND ND 0.05 ± 0.00 ND

3 SBrR
Ee

0.02 ± 0.00 ND 0.10 ± 0.00 ND 0.06 ± 0.00 ND

All the values are represented as mean ± SD of mg / g of extract. (ND- Not determined).

Supplementary Figure 1. HPLC chromatogram and peak identi�cations 
of phenolic acids of rice extract. (a) Chromatogram for standard phenolic 
acids such as protocatechuic acid (1), resorcinol (2), p-hydroxybenzoic 
acid (3), chlorogenic acid (4), ca�eic acid (5), vanillic acid (6), syringic 
acid (7), p-coumaric acid (8), and benzoic acid (9). Representative 
chromatogram of black rice bran extract for phenolic acids (b). �e peak 
identi�cation was compared with relative retention time of standard 
phenolic acids ± 5% elution time. mAU= milli absorption units.

Supplementary Figure 2. HPLC chromatogram and peak identi�cations 
of anthocyanin of CBlR extract. (a) Chromatogram for standard 
anthocyanins such as delphinidin 3-glucoside (1), cyanidin 3-glucoside 
(2), delphinidin chloride (3), peonidin 3-glucoside (4), malvidin 
3-glucoside (5), cyanidin chloride (6), pelargonidin chloride (7), peonidin 
chloride (8), and malvidin chloride (9). Representative chromatogram 
of black rice bran extract for anthocyanins (b). �e peak identi�cation 
was compared with relative retention time of standard anthocyanins 
± 5% elution time. mAU= milli absorption units.


