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ABSTRACT: Black rice is a rice species, Oryza sativa Linne (Gramineae),
which is sticky, high in nutrients, and primarily grown in Asia. In recent
years, the health benefits of black rice varieties have been reported due to the
presence of a bioactive compound, anthocyanin, which has highly potent
activity with high macronutrients. The present study aimed to evaluate and
quantify the metabolites, focusing on describing the structure of Cyanidin-3-
O-glucoside (CY3G) as a biomarker of anthocyanin present in the extract of
black rice. Four different black rice varieties black rice extracts of Poireiton
(BREP), Kokngangbi (BREK), Amubi (BREA), and Sempak (BRES) were
collected, and phytochemical analyses performed using different standard
methods. Compared to other black rice varieties, Amubi, BREA has the
highest phenolic (63.23+0.76 mg/g GAE), flavonoid (28.09+0.68 mg/g QE),
and anthocyanin (17.69£0.45 mg C/g DEW) content. It also exhibited the
highest potent antioxidant activity, with 1Cs, values of 29.1 £ 1.11 mg/ml in
the ABTS assay and 98.83 + 0.61 mg/ml in the DPPH assay. The FTIR
spectroscopy analysis result shows a similar intensity of the peak absorbance
in the 400-4000 cm™ region of functional groups related to the biomarker
compound CY3G in the black rice sample. The HPTLC analysis generated
polynomial calibration curves for the 100-600 ng spot -1 concentration range
for both the standard biomarker and sample, yielding a satisfactory
correlation coefficient, R0.999. The retention factor (RF) and spectral
correlation confirmed the method's specificity.

INTRODUCTION: Rice is a staple food for most
people in various regions. Black rice is one kind of
rice that has been consumed as a functional food
due to its usefulness for health in China and other
Eastern Asian nations since ancient times.
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It is a member of the Oryza sativa Linne
(Gramineae) rice family, renowned for its high
nutrient content and sticky texture. In Asian
countries, it is widely consumed combined with
white rice to improve the taste, colour, and
nutritional content.

In Manipur, black rice is known as “Chak-Hao”,
which means delicious and used to prepare a
variety of dishes, including pudding, porridge,
black rice cake, pasta, noodles, bread, wine, and
flavour-infused yogurt. It is a good source of plant-
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based protein as well as fibre. Including black rice
in the diet may therefore be good for health. It is
also known as purple rice, pigmented rice, heaven
rice, king’s rice, etc. because it gives a purple to
black colour to the pericarp layer due to the
presence of a major bioactive pigmented compound
called anthocyanin, which gives the rice its
different colours like dark purple, brown, red, etc.
content located in the pericarp layer.

Of all rice \varieties, it has the highest
concentrations of dietary fibre, protein and
antioxidants. Antioxidants serve as the first line of
defence against free radical damage. Free radicals
are capable of attacking the healthy cells of the
body, causing them to lose their structure and
function, and may play a part in cancer, heart
disease, stroke, and other diseases of aging.
Antioxidants can stabilize or deactivate free
radicals before they cause cell damage. Some
recent studies also revealed that the existence of
bioactive compounds in black rice variants has
been linked to numerous human health benefits.
The groups of phytochemicals found in whole
grains can be classified as phenolic, carotenoids,

vitamin E compounds, lignans, -glucan and inulin
1

One of the most abundant groups of phyto-
chemicals in whole grains is phenolics, which are
considered as natural antioxidants and act as radical
scavengers to induce oxidative stress, causing
damage to macromolecules such as proteins, lipids,
and DNA 2. Further phenolic compounds were sub-
grouped into phenolic acids, flavonoids, coumarins
and tannins, according to most of the literature.
Flavonoids can be further divided into subclasses
depending on the type of heterocycle involved,
such as flavonols, flavones, isoflavones, flavanones
and anthocyanidins. Kaempferol, quercetin, and
myricetin are part of the flavonols, which are a
subgroup of flavonoids 3 and quercetin in
particular is frequently present in the tissues of
plants and used as a standard for determining the
total flavonoid content of black rice extract.
According to another study, when the amount of
purple rice flour in the biscuit mixture grew, so did
the digestibility of the protein. The biscuits made
entirely of purple rice flour had the lowest
predicted glycemic index (PGI) compared to others
4, Consuming black rice can also have several other

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

positive impacts, such as anti-inflammation,
preventing some cancers, detoxifying the body,
improving cardiovascular health by balancing the
body's levels of HDL and LDL cholesterol, etc * °.
Therefore, black rice has been considered a useful
and functional food due to the presence of bioactive
compounds, mainly anthocyanins, in sufficient
amounts .

Anthocyanins are water-soluble pigments primarily
obtained from plants. Six main types of
anthocyanin commonly occur in nature, namely
Cyanidin, Delphinidin, Malvidin, Pelargonidin,
Peonidin and Petunidin . Among these, Cyanidin-
3-O-glucoside (CY3G) is the major anthocyanin,
which is composed of 93% of total anthocyanin in
black rice and produces red, purple and brown
colors in plants °. It is proven that switching from
artificially processed to naturally occurring foods
high in bioactive components, such as black rice
with its aromatic and flavorful qualities, can have a
positive impact on one's health. Anthocyanins are
absorbed in the intestines and transported to the
liver via the portal vein. They are digested,
secreted, and then reabsorbed in the enterohepatic
circle to resume the entire route.

After absorption, anthocyanins are processed by
phase | and phase Il enzymes, which form
hydroxylated,  glucuronidated, sulfated and
methylated molecules primarily in the liver but at
renal and enterocyte levels °. Interest in
anthocyanin research is increasing due to its
nutritional value and biological activity. Therefore,
consumption of anthocyanin-rich diets influences
the gut microbiota by maintaining energy and
satiety while inhibiting the accumulation of body
fat. Wistar rats were given anthocyanin cyanindin-
3-O-glucoside for eight weeks, which significantly
suppressed Rothia and Romboutsia while boosting
Clostridium *. From this study, we can verify
anthocyanin's potential beneficial effects on the gut
microbiota. Anthocyanin extract has been shown to
improve eyesight, reduce cholesterol levels,
increase insulin production, protect the liver, and
more 2. All these benefits of anthocyanin
compounds like cyaniding 3-O-glucoside, which
have a variety of functional properties, including
protection against cytotoxicity, anti-obesity, anti-
neurodegenerative activity and higher antioxidant
scavenging activity than white rice varieties, are the
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reasons why black rice is preferable to other
varieties. Considering these benefits of black rice,
consumers might be persuaded to increase their
consumption of black rice, which would lead to
both nutritional and economic benefits in every
rice-consuming country. Therefore, black rice is
getting more and more popular these days due to
the benefits revealed by the previously investigated
studies, which include prolonging life and
preventing and treating diseases and disorders like
diabetes, cancer, heart disease and high blood
pressure .

Ultimately, efficacy depends on the kind of
secondary metabolite present in the sample, which
determines the biological activities of the plant
portion used. Therefore, understanding the benefits
of black rice can provide important information to
improve human health by encouraging the
consumption of black rice and its use in food
product development. Most of the prior studies
concentrated on rice's chemoprofilling studies and
little is known about the structural identification of
the compounds present in different black rice
varieties. Considering these gaps, the present study
provides new insights into the evaluation and
quantification of metabolites present in four
different varieties of black rice using FTIR
spectroscopy and the HPTLC method. FTIR
spectroscopy is used to determine the compound
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through the stretching and bonding patterns of the
chemical compound. It has many unique
advantages over other methods, like easy and fast
operation, high reliability and sensibility, high
speed of measurement procedure, low amount of
sample is necessary, no need to perform complex
and time-consuming extractions, and non-
destructive to plant samples. In crude extracts of
four distinct black rice varieties (black rice extracts
of Poireiton-BREP, Kokngangbi, BREK, Amubi,
BREA and Sempak, BRES), FTIR analysis carried
out a similar intensity peak absorbance of
functional groups, which identified the chemical
bond in the bioactive compound as Cyanidin-3-O-
glucoside. The main anthocyanin compound,
cyanidin-3-O-glucoside, was quantified as a
standard biomarker in various black rice varieties
using the HPTLC method. These findings have
implications for improving human health through
increasing black rice consumption, as well as the
development of functional food products.

MATERIALS AND METHOD:

Sample Collection and Location: The current
study employed four different varieties of black
rice (Oryza sativa L.), namely Poireiton (BREP),
Kokngangbi (BREK), Amubi (BREA) and Sempak
(BRES), based on their availability, consumption,
and cultivation in the local area.

FIG. 1: FOUR DIFFERENT BLACK RICE VARIETIES A) POIREITON, B) KOKNGANGBI, C) AMUBI, AND D)

SEMPAK

All samples were collected from the local farmers
in different districts of Manipur, namely Ukhrul,
Tamenglong, Thoubal and Imphal-East district,
Manipur Fig. 1 and Table 1. The geographical
position (longitude and latitude) of the four
sampling sites was taken with the help of a GPS
machine. All paddy rice samples were dehulled and

polished using a rice dehusker and rice-milling
machine. After being crushed into a coarse powder
using an electric grinder, the samples were sieved
via mesh size 80 to remove any remaining dust or
debris. The samples were stored at -20 °C before
the further procedure.

TABLE 1: LOCATION DETAILS OF THE SAMPLING SITE

Sample Sampling site

Location

Poireiton, BREP Kazora, Ukhrul Dist.

N25°03°56.4” E094°20°40.6”, Elevation of1801m

International Journal of Pharmaceutical Sciences and Research

3499



Sofianandi et al., IJPSR, 2024; Vol. 15(12): 3497-3510.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Kokngangbi, BREK
Amubi, BREA

Sempak, BRES Haraorou, I/E Dist.

Bamgaijaeng village, Tamenglong Dist.
Elangkhangpokpi, Thoubal Dist.

N24°93°663”, E093°39712”, Elevation of 182m
N24°26'23.0” E093°55"57.5”, Elevation of 780m
N24°91'89.6”, E093°98'27.2”, Elevation of 784m

Chemicals and Reagents: All chemicals utilized
were of analytical grade. Quercetin dehydrates,
gallic acid, anhydrous sodium carbonate (Na,COs3),
aluminum trichloride, sodium acetate, ferric
chloride  hexahydrate  (FeCl3.6H,0), Folin-
Ciocalteu reagent, Dragendorff's reagent, mercuric
chloride, potassium iodide, iodine, 1,1-Diphenyl-2-
picrylhydrazyl ~ (DPPH), 2,2'-Azino-bis  (3-
ethylbenzothiazoline-6-sulfonic acid) Diammonium
salt (ABTS) and ascorbic acid were acquired from
Sigma-Aldrich  Company. Sodium hydroxide
(NaOH), ammonia, glacial acetic acid, hydrochloric
acid (HCI), sulfuric acid (H,SO,), chloroform and
citric acid are from E. Merck Himedia. There was
no extra purification before employing any of the
compounds or reagents.

Preparation of Extracts: According to the
experimental run, the appropriate amount of
methanol was put into an Erlenmeyer flask (1000
mL). The powdered rice samples were extracted
using the maceration process with 70% methanol as
the solvent. Ground coarse powders of black rice
were treated with a 70% methanol solution for 72
hours at room temperature. The re-extraction
process was carried out until the substance became
colorless. The homogenates were then filtered with
Whatman filter paper, the solvent evaporated using
a rotary evaporator at 50 °C, and the crucible
containing the sample was placed in an oven for 1
hour. The crude extracts are stored until they can be
analysed. Following this, the crude extract
recovered was weighed to determine yield using
the following formula:

Yield % = (Weight of black rice crude extract after

evaporation) / (Weight of black rice coarse powder before
extraction) x 100

Quantitative Determination of Metabolites:

Total Phenolic Content: The total phenolic
content of four different black rice extracts was
carried out by the Folin-Ciocalteu method using
gallic acid as a standard (5, 10, 25, 50, 100, and
200 pg/ml) 4. The extracts (1 mg) were diluted in 1
mL of methanol and 100 pL from each
concentration was mixed with 500 pl of water,
followed by 100 pul of Folin-Ciocalteu reagent. The
mixture was incubated in total darkness for 6
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minutes at room temperature. After this incubation,
add 100pl of 7% sodium carbonate and 50ul of
distilled water to the reaction mixture. The
absorbance of the test solution was observed after
90 minutes of incubation at 760 nm using a UV
spectrophotometer (UV2550, Shimadzu, Japan). A
calibration curve was built using various
concentrations of gallic acid. The results were
expressed as milligrams gallic acid equivalent
(GAE)/g DEW (dry extract weight). All the
experiments were performed in triplicate. Fig.
3shows the standard gallic acid curve and
regression equation used to calculate the total
phenolic content of the extracts.

Total Flavonoid Content: The total flavonoid
content of different Black rice variety extracts was
determined by an Aluminum chloride complex
forming assay using Quercetin as a standard **. The
calibration curve of quercetin was developed with
dilutions of (5, 10, 25, 50, 100, and 200 pg/mi
concentrations, which were prepared in methanol
Fig. 5. In a 96-well plate, 100 ul of each
concentration was mixed with 500 pl of distilled
water and then followed by 100 pl of 5% 1M
sodium acetate and allowed to stand for 6 min.
Then 150 pl of 10% Aluminium chloride solution
was added and allowed to stand for 5 minutes, after
which 200 pl solution of 1M Sodium hydroxide
was added sequentially. After 40 minutes of
incubation, the absorbance of this reaction mixture
was measured at 510 nm wusing a UV
spectrophotometer (UV2550, Shimadzu, Japan).
The same procedure was repeated three times and
the total flavonoid content was calculated as
quercetin equivalent (QE)/g DEW (dry extract
weight).

Anthocyanin Content: Anthocyanin content was
determined by using the pH differential method **
161 ml of methanolic extract of black rice solution
was pipetted into two different test tubes (Al and
A2) containing 1 ml of 0.01% HCL in 95% ethanol
solution, followed by the addition of 10 ml of 2%
HCL (pH 0.8) in Al and 10 ml of Citric buffer (0.2
mM Na,HPO, % and 0.1M mM citric acid; pH 3.5)
in A2. Both of these were vertex 2 minutes for
uniform mixing and finally, absorbance was
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recorded at 520nm against 70% methanol instead
of extract as a blank. Anthocyanin content (AC)
was determined using the following formula:

AC (Cyanidin/g) = (A1-A2 x MW x DF x CF1 x CF2) /
(ex1)

Where, Al is absorbance at 2% HCL solution, A2
is absorbance at citric buffer solution, MW is
molecular weight of Cyanidin-3-O-glucoside
(449 g/mol), DF is dilution factor (10 mL/10mg),
CF1is 106 (po/g), CF2 is 1 L/1000 mL, € is molar
extinction coefficient of cyanidin-3-O-glucoside
(26,900 L/mol.cm) and | is path length (1cm),
respectively.

Free Radical Scavenging Activity:

ABTS Assay: 2, 2'-azino-bis-3-ethylbenzthiazoline
- 6-sulphonic acid (ABTS) free radical scavenging
assays were carried out to measure the radical
scavenging activity of Black rice ’. To make the
ABTS positive radical cation, 7 mM of ABTS
stock solution was combined with 2.45 mM of
potassium persulfate (final concentration), and the
mixture was then allowed to lie in the dark at room
temperature for 12-16 hours, or until the reaction
was complete and the absorbance was stable. The
ABTS working solution was prepared by diluting
the stock solution to get an absorbance of 0.8 units
at 734 nm using a UV-visible spectrophotometer.
Standards concentrations ranging from 0-100 (5,
10, 15, 20, 30, 40) pg/ml were prepared. After
reaching equilibrium at room temperature, 50 pLL of
the test sample was mixed with 100 pL of the
ABTS solution. After 6 minutes of incubation, the
absorbance was measured at 734 nm. The results
were expressed as ascorbic acid equivalent
antioxidant capacity (AAEAC)/g of DEW and
gallic acid equivalent (GAE)/g of DEW. All
samples were tested in triplicate. The % scavenging
activity of both the standard and samples was
calculated for each concentration and the graph is
plotted in Fig. 7. The ABTS radical scavenging
activities were measured by the following formula:

% Radical scavenging activity = 1 - (sample absorbance) /
(control absorbance) x 100

DPPH Assay: The free radical scavenging activity
of black rice extract was measured using the 1.1-
diphenyl-2-pikrihidrazil (DPPH) free radical
scavenging method !. When DPPH is oxidized, it
gives a rich violet hue to methanol. An antioxidant
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chemical compound reduces DPPH by giving it an
electron, which causes it to shift from deep violet to
yellow. A freshly prepared 0.1 M solution of DPPH
was prepared in methanol. 100ul DPPH solution
was mixed with 100l of various concentrations
(10, 20, 40, 80, 150, 300, and 500 pg/ml) of
extracts in a 96-well plate method and incubated in
a dark room for 20 min at 27 °C. The absorbance of
the samples was recorded at 517 nm after
incubation using a spectrophotometer (UV 2550,
Shimadzu, Japan). Ascorbic acid and gallic acid
were used as positive controls Fig. 8. The DPPH
radical-scavenging activity was determined using
the following formula:

% radical scavenging activity = (control absorbance - (sample
absorbance) / (control absorbance) x 100

Evaluation of Metabolites:

FTIR Analysis: Fourier Transforms Infrared
Spectroscopy (ECO-ATR, LASER CLASS 1
Bruker, Germany) was used to identify the
functional groups of the control and black rice
extract samples. The analysis was made in an
infrared spectrometer recording the spectrum range
between 4000 and 400 cm™', with a resolution of
1cm™' and an accumulation of 100 scans (scan rate
0.5 cm'/s). As a blank, potassium bromide was
used. The ATR plate was cleaned properly and a
background scan was performed before taking each
spectrum for analysis *®.

FIG. 2: FTIR INSTRUMENT

HPTLC Analysis: Extracts were examined using
the HPTLC (High Performance Thin Layer
Chromatography) method. After experimenting
with different solvent systems, the best result was
obtained using an 8:2 ratio of methanol and water.
Samples were placed on pre-coated silica gel 60
F2s4 sheets (10 x 20 cm) as a stationary phase. The
chromatograms were then scanned using a
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densitometer at 540 nm. The R; values and
fingerprint details were recorded using WIN CATS
software.

Statistical Analysis: The analyses were performed
in triplicate, and the findings were provided as
mean = SD. One-way non-parametric ANOVA was
performed to study the overall phytochemical
analysis parameters of four different black rice
samples at a significance threshold of p < 0.0001
with GraphPad.

RESULTS AND DISCUSSION:

Extraction Yield: The extraction yield of four
different black rice varieties was obtained ranging
from 17.5 to 22.25 %.

TABLE 2: EXTRACTION YIELD OF DIFFERENT
BLACK RICE EXTRACTS
Methanolic extract
Poireiton, BREP

Extraction yield (% w/w)
20%

Kokngangbi, BREK 17.5%
Amubi, BREA 22.25%
Sempak, BRES 18.75

Quantitative Determination of Metabolites: As
mentioned above, four different black rice varieties
were examined for total phenols, flavonoids, and
free radical scavenging activity. The phytochemical
analysis of crude methanolic extracts of various
black rice varieties revealed the presence of
alkaloids, phenols, steroids, cardiac glycosides,
flavonoids, and anthocyanin.

Total Phenolic Content: A standard graph of
gallic acid shown in Fig. 3 was used to determine
the total phenolic content of four different varieties
of black rice samples. Total phenolic content was
calculated as mg of gallic acid equivalent (GAE)
per gram DEW (dry extract weight) (Y = 0.0034x
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+0.0016, R* = 0.9987). The experiment was
performed three times.

Gallic acid y=000034x + 0.0016
R*=0.9987
_ 0=
E 06
= 04
5 02
=]
Pl? o 50 100 150 200 250
=
Concentration (pug/'ml)

FIG 3: STANDARD CURVE OF GALLIC ACID FOR TPC

The total phenolic content of all methanolic
extracts of black rice of different varieties ranged
from 32.72 + 0.50 to 63.23 + 0.76 mg GAE/g
DEW, as shown in Table 3. The highest amount of
phenolic content is found in the BREA (63.23
0.76 mg GAE/g DEW) variety of Black rice,
followed by the BREP (49.98 + 0.89 mg GAE/g
DEW) variety and the BRES variety has the least
content (32.72 £ 0.50 mg GAE/g DEW). When
compared to other varieties of black rice, Amubi,
BREA has the highest phenolic content, which
allows it to absorb free radicals and chelate metal
ions, catalysing the generation of ROS, which
promotes lipid peroxidation.

TABLE 3: QUANTITATIVE ANALYSIS OF TOTAL
PHENOLIC CONTENT
Sample

TPC mg GAE /g DEW

Poireiton, BREP 49.98 + 0.89
Kokngangbi, BREAK 48.34+ 0.45
Amubi, BREA 63.23£0.76
Sempak, BRES 32.72 £ 0.50

*All data are expressed as mean + SD of triplicate
calculation.

Total Phenolic Content
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FIG. 4: TPC OF FOUR DIFFERENT BLACK RICE VARIETIES
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Total Flavonoid Content: The total flavonoid
content of four distinct black rice varieties was
determined using a standard graph of quercetin Fig.
5.

Total phenolic content was calculated as mg of
gallic acid equivalent (GAE)/g DEW (dry extract
weight) (Y = 3.9683x-0.017, R®> = 0.9964). The
experiment was performed three times.

y=3.9683x- 0,017
R*=0.5%c4

Quercetin

= = =
= o o] =

L]
[ g=]

Absorbance at 510 nm

0 0.05 0.1 0.15 0.2 0.25
Concentration (ug'ml)
FIG. 5: STANDARD CURVE OF QUERCETIN FOR
TFC

E-ISSN: 0975-8232; P-ISSN: 2320-5148

The total flavonoid content of all methanolic black
rice varieties ranged from 18.37 + 0.67 to 28.09 +
0.68 mg QE/g DEW, as shown in Table 4. The
highest amount of flavonoid content is also at
Amubi, BREA 28.09 + 0.68 mg QE/g DEW,
followed by Poireiton, BREP 26.78 = 0.67 mg
QE/g DEW compared to other varieties.

Such flavonoid molecules are important because
they help the human body fight illnesses and can
act as powerful antioxidants. Therefore, such
compounds may function together with other
phytochemical substances present in black rice and
make it medicinally and nutritionally useful.

TABLE 4: QUANTITATIVE ANALYSIS OF TOTAL
FLAVONOID CONTENT
Sample

TFC mg QE/g DEW

Poireiton, BREP 26.78 £ 0.52
Kokngangbi, BREAK 23.5+£0.79

Amubi, BREA 28.09 £ 0.68

Sempak, BRES 18.37+ 0.67

*All data are expressed as mean =
calculation.

SD of triplicate

Total Flavonoid Content
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FIG. 6: TFC OF FOUR DIFFERENT BLACK RICE VARIETIES

Total Anthocyanin Content: The overall
anthocyanin content obtained varied amongst these
distinct types of black rice, ranging from 8.39 to
1769 mg C (cyanidin))g DEW (dry extract
weight).

The highest concentration was found in the Amubi,
BREA variety of black rice, with a value of 17.69
mg C/g DEW.

It suggests that this kind has higher antioxidant
activity than other types of black rice. Moreover,
the findings revealed that the anthocyanin level of
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rice was associated with grain colour. Table 5
compares the anthocyanin concentrations of four
distinct kinds of black rice.

TABLE 5: TOTAL ANTHOCYANIN CONTENT OF
FOUR DIFFERENT BLACK RICE VARIETIES

Sample TAC (mg C/g DEW)
BREP 13.7 £0.92
BREK 15.48 £ 0.61
BREA 17.69 + 0.45
BRES 8.39+0.53
* All data are expressed as mean + SD of triplicate
calculation.
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FIG. 7: TOTAL ANTHOCYANIN CONTENT OF DIFFERENT BLACK RICE VARIETIES

Free Radical Scavenging Activity:

ABTS and DPPH Assay: The radical scavenging
activity of black rice is associated with the
phytochemical compounds present in it. The
antioxidant activity of various black rice samples
was assessed using the ABTS and DPPH assays. A
single assay to determine antioxidant capabilities
would not provide a precise result since the
antioxidant activity of plant extract is impacted by
a variety of factors, including the test system,
reagent preparation, and extract composition.

Therefore, it is important to carry out more than
one type of assay. DPPH is a nitrogen-centered free
radical with an odd electron, producing a high
absorption at 517 nm, whereas the ABTS assay
relies on the antioxidant compound's capacity to
scavenge the ABTS radical with a minimal amount
of extract. These two assays are simple,
inexpensive, and often wused methods for
determining antioxidant activity, with consistent
findings.

% scavenging activity

Co

| —— A4 GA

ABTS

BREP —@—BREK —@—BREA +E\F:E5|

' o/ml)

FIG. 8: ABTS RADICAL SCAVENGING ACTIVITY OF DIFFERENT BLACK RICE VARIETIES

0 20 40

%% scavenging activity

\|_._;m

DPPH
60
40

s . I | &Y
on _ Cumcemtrative (rgfmdy o~ o |

60 80 100 120

FIG. 9: DPPH RADICAL SCAVENGING ACTIVITY OF DIFFERENT BLACK RICE VARIETIES

The results of ABTS and DPPH were derived using
calibration graphs of standard ascorbic acid and
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gallic acid, which were linear over the calibration
range with R? values of 0.9913 and 0.9972,
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respectively. For ABTS assay Fig. 7, compared
with other black rice varieties, Amubi, BREA
variety showed the highest IC50 value (29.1 £ 1.11
mg/ml), followed by Poireiton, BREP (28.3 £ 0.51
mg/ml), Kokngangbi, BREK (21.76 = 0.79 mg/ml)
in ABTS assay, and least content in Sempak, BRES
(16.91 = 0.55 mg/ml). For the DPPH assay, the
black rice variety Amubi, BREA was found to be
most potent (98.83 + 0.61 mg/mL) compared to
Poireiton, BREP (387.61 pg/mL), Kokngangbi,

E-ISSN: 0975-8232; P-ISSN: 2320-5148

BREAK (85.76 + 1.01 mg/ml), and Sempak, BRES
(76.87 £ 0.70 mg/mL) Fig. 8. This could be
because the Amubi, BREA variety of black rice has
more antioxidant chemical compounds than the
other varieties, which neutralize DPPH and ABTS
radicals. A prior study also indicated that black rice
was more beneficial than red rice in terms of
antioxidant activity *°. The results of the DPPH and
ABTS assays for samples are presented in Table 6.

TABLE 6: RADICAL SCAVENGING ACTIVITY OF FOUR DIFFERENT BLACK RICE VARIETIES USING ABTS

AND DPPH RADICALS

Sample Radical Scavenging Activity 1C50 (mg/mL)
ABTS DPPH
Poireiton, BREP 28.3+0.51 97.08 £ 0.53
Kokngangbi, BREAK 21.76 £0.79 85.76 + 1.01
Amubi, BREA 29.1+1.11 98.83 + 0.61
Sempak, BRES 16.91 + 0.55 76.87 £ 0.70

*All data are means of triplicate measurement £ standard deviation.

Evaluation of Metabolites:

FTIR Analysis: FTIR analysis successfully
showed the spectrum band region of phytochemical
compounds in the black rice sample compared to
the standard, cyanidin-3-O-glucoside. The results

of FTIR analysis of four different varieties of black
rice samples [Poireiton (BREP), Kokngangbi
(BREK), Amubi (BREA) and Sempak (BRES)]
and the standard Cynaidin-3-O-glucoside (CY3G)
are depicted in Fig. 10 and Table 7.
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FIG. 10: FTIR SPECTRUM OF (A) STANDARD CYANIDIN-3-GLUCOSIDE (CY3G) AND FOUR DIFFERENT
VARIETIES OF BLACK RICE SAMPLE POIREITON (BREP), KOKNGANGBI (BREK), AMUBI (BREA) AND
SEMPAK (BRES), AND (B) COMBINED SPECTRA OF CY3G AND FOUR DIFFERENT BLACK RICE VARIETIES,

IN 400-4000CM™ REGION.

The spectra can be used to determine isomer
configuration from transmittance or absorbance, as
well as frequency wavenumber among functional
groups.  Functional  groups on  organic
macromolecules absorb IR radiation at specific
wavelengths, creating a complex spectrum that
serves as a fingerprint of the cellular composition
20 However, a biological sample is a very complex
matrix comprising a variety of chemicals, the
interactions of which are represented in the
vibrational spectrum. The wuse of standard
references to generate spectra may impose a bias

since molecular interactions are not precisely
identified. Surprisingly, standardization of spectra
was appropriate for comparing metabolite levels
between black rice samples and the reference
biomarker, cyanide-3-O-glucoside. When spectra
are just baseline corrected, correlations are
significantly higher, indicating that this data
treatment can be wused to compare different
varieties. This study focused on the analysis of
FTIR in the mid-IR spectrum mid-IR spectrum
(400-4000 cm™) in a baseline-corrected way. Data
were analysed using Origin Pro software.

TABLE 7: FTIR SPECTRA FOR CY3G AND FOUR DIFFERENT VARIETIES OF BLACK RICE SAMPLES

Wavenumber (cm™)

Probable Functional GROUP

CY3G BREP BREK BREA BRES
3748 3741 3741 3741 3741 O-H of Alcohol and phenol
3324 3293 3309 3345 3293 N-H Stretching; Aliphatic primary amines
2920 2929 2920 2920 2929 N-H stretching of amine salt, C-H of alkane
2850 2857 2850 C-H of alkane
2354 2361 2354 2354 2361 C=C stretching of alkyne.
1710 1703 1717 1710 1703 C-H bending of aromatic compound
1625 1636 1636 1650 1636 C=C stretching of alkene, C=C stretching of Cyclic alkene, N=H
bending of amine
1459 1456 1462 1455 N=0 stretching of nitro compound
1413 1407 1413 1413 1407 O-H bending of alcohol
1201 1206 1201 1201 1206 C-O stretching of tertiary alcohol/C-O stretching of an ester
1038 1037 1038 1038 1037 C-O-C vibration in cellulose and hemicellulose
925 925 923 925 925 -CH=CH, bending of alkene (mono-substituted)
684 679 769 720 679 C=C bending of alkene (Ortho di-substituted benzene)
517 521 521 521 521 O-C-O plane bending of carboxylic or esters

The FTIR study successfully demonstrated that the
spectrum band region of the main phytochemical
components in black rice samples is identical to the
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standard  biomarker,  Cyanidin-3-O-glucoside.
Similar functional groups in all samples suggest the
presence of functional groups with benzene
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structures. Benzene structures can be found in
phenols, flavonoids, and anthocyanins. While these
data showed similar actions in both black rice and
regular  biomarkers, they highlighted that
anthocyanin molecules are found in black rice,
which has powerful biological activities.

R
OH
HO 0.
R,
P OH
ggﬁﬂﬁfm
OH HO
FIG. 11: STRUCTURE OF CYANIDIN-3-O-

GLUCOSIDE. (IUPAC: 2-[2-(3,4-dihydroxy phenyl)-5,7-
dihydroxychromenylium-3-ylJoxy-6-(hydroxyl-
methyl)oxane-3,4,5-triol;chloride)

Functional groups that are commonly owned by
Cyanidin-3-O-glucoside and four different varieties
of black rice are 3741 and 3748 cm™ (Hydroxyl, O-
H bending of alcohol and phenol), 3324, 3309,
3343 and 3293 cm™ (N-H stretching of aliphatic
primary amine), 2920 and 2929 cm™ (N-H
stretching of amine salt & C-H of alkane), 2850
and 2857 cm™ (C-H of alkane), 2354 and 2361 cm™
(C=C stretching of alkyne), 1710, 1717 and 1703
cm*(C-H bending of the aromatic compound),
1625, 1636 and 1650 cm™ (C=C stretching of
alkene, bending of amine), 1459, 1462 and 1455
cm™ (N-O stretching of a nitro compound), 1413
and 1407 cm™ (O-H bending of alcohol), 1201 and
1206 cm™ (C-O stretching of tertiary alcohol and
ester), 1038 and 1037 cm™ (C-O-C vibration in
cellulose), 925 and 923 cm™ (-CH= CH2 bending
of alkene mono substituted), 684, 679, 720 and 769
cm™ (C=C bending of alkene, ortho-disubstituted
benzene), 521 and 517 cm™ (O-C-O plane bending
carboxylic ester) Fig. 8 and Table 5.

However, some features in BREP, such as the peak
at 2850 cm™, and in BRES, 2850 and 1459 cm™,
are not detected. Different peak intensities at
specific wavenumbers are detected depending on
the bioactive chemical availability of the sample.

In this study, a linear correlation was obtained
between the standard biomarker and sample at the
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majority of wavenumbers, but a strong linear
correlation is obtained in some wavenumbers
corresponding to the vibration of O-C-O bending of
carboxylic ester, -CH= CH2 bending of alkene
mono-substituted, C-O-C vibration in cellulose, C-
O stretching of tertiary alcohol and ester, and O-H
bending of alcohol after baseline correction.
According to Fatchiya et al. 2020 2! and Arora et
al. 2021 *®, as compared to the standard, the peak at
4000-3500 cm™ was attributed to medium to sharp
intermolecular bonded hydroxyl groups (OH
stretching) of alcohols and phenols.

The bands at 3400 and 1650 cm™ represent
molecular deformation in starch molecules induced
by stretching and angular deformation of the OH
bonds in proportion to moisture content, whereas
the band at 2930 cm™ represents the axial
displacement of C-H bonds in lipids . The
absorbance around the band of 2900 cm™ is
attributed to the C-H stretching of alkane and the
N-H stretching of secondary amine salt *.

The intensity of such peaks implies that lipids or
carbohydrates are present in black rice. Amide
bands of C-H bending, which are commonly
detected between 1700 and 1600 cm™, have been
reported to provide information about the
prevalence of secondary metabolites in proteins %,

The fingerprint region has been identified as a
conspicuous peak in the 1200-600 cm™ range.
Thus, the peaks in the range of 950-1150 cm™
might be interpreted as evidence of the cross-
linking between the starch molecules and other
non-starch elements, especially the protein %,

The absorbance band ranges from 900 to 700 cm™
ascribed to the C=C, C-H meta-di-substituted
benzene aromatic bond, and C-N and C=S
stretching in thiocarbonyls > %. The peak region
between 595 and 510 cm™ was assigned to the O-
C-O symmetric or planar bending of carboxylic or
esters, which is the fingerprint peak of the
particular sample. The FTIR spectra verified the
presence of plane bending vibrations of O-C-O in
both Standard, CY3G at 517 cm™ and four different

black rice varieties at 521 cm™?’.

HPTLC Fingerprint Analysis: The HPTLC
profiles of CY3G and four different black rice
varieties are presented in Fig. 12. In this study, we
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standardized the extraction methods and quantified showed an R value of 0.71 using ethyl acetate:
the content of a major bioactive compound in black ~ formic acid: water (8:2:2, v/v) as a mobile phase .
rice, cyanide-3-O-glucoside, as a biomarker, which
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FIG. 12: HPTLC CHROMATOGRAM OF STANDARD CY3G AND FOUR DIFFERENT BLACK RICE VARIETIES
UNDER WHITE LIGHT AT 540NM

FIG. 13: 3D OVERLAY OF HPTLC CHROMATOGRAM OF ALL TRACKS I, E, TRACK 1-6: CY3G, TRACK 7:
BRES, TRACK 8: BREP, TRACK 9: BREA, TRACK 10: BREK AT THE WAVELENGTH OF 540NM
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FIG. 14: AREA CALIBRATION GRAPH OF CYANIDIN-3-O-GLUCOSIDE AND DIFFERENT VARIETIES OF
BLACK RICE EXTRACTS

The CY3G content was maximum in BREA 26.89ug/ml), and minimum amount in BRES
(Amubi  -30.76pg/ml), followed by BREP (Sempak-21.40pg/ml) Fig.15.
(Poireiton-27.63ug/ml), BREK  (Kokngangbi-
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FIG. 15: CY3G CONTENT IN FOUR DIFFERENT BLACK RICE VARIETIES QUANTIFIED BY HPTLC METHOD

CONCLUSION: The findings showed that black
rice varieties contain high levels of compounds,
which have a high content of nutritional and
medicinal values with high macronutrients. From
the result, the total content of phenolic, flavonoid,
anthocyanin, and antioxidant activity differed
among the varieties of black rice. The maximum
content was obtained in the Amubi variety of black
rice, BREA, and exhibited strong antioxidant
activity, followed by Poireiton, BREP compared to
other varieties of black rice. It can be concluded
that this variety has a high phytochemical
distribution and nutritional significance. Based on
the resulting data from the phytochemical analysis,
the identification of major bioactive compounds is
needed. So, FTIR spectroscopy methods are
developed suitably for the structural identification
of the cellular metabolite, performing baseline
correction on spectra at 400-4000 cm™ of
biomolecules. The chemical structure of the major
bioactive compound present in the black rice was
identified as anthocyanin, mainly Cyanidin-3-O-
glucoside, using FTIR spectroscopy analysis.

The FTIR spectra of standard biomarkers and
research samples show mostly similar peak
absorbance that represents similar functional
groups, which is consistent with the basic structure
of CY3G. These data suggest that the structural
similarities between anthocyanin, CY3G, and all
varieties of black rice result in marked similarities
in biological activity effects. However, large
amounts of accurate and high-throughput
bioinformatics are required for now and into the
future. It can be concluded that this, FTIR
spectroscopy method will be able to create a non-
invasive tool for the structural identification of

International Journal of Pharmaceutical Sciences and Research

many compounds. In addition, the HPTLC
densitometric method was successfully validated
for the quantification of cyanidin-3-O-glucoside
from several black rice varieties. This is an ongoing
study, and further advanced studies of other
spectroscopic and in-vivo studies are required to
evaluate the different activities of black rice.
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