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Abstract The major anthocyanin compositions of the two
black scented rice cultivars (Chakhao Poireiton and
Chakhao Amubi) were studied using HPLC. Four main antho-
cyanins, i.e., delphinidin 3-galactoside, delphinidin 3-arabino-
side, cyanidin 3-galactoside and cyanidin 3-glucoside were
identified in Chakhao Poireiton while three main anthocya-
nins, delphinidin 3-galactoside, delphinidin 3-arabinoside and
cyanidin 3-galactoside were identified in Chakhao Amubi. In
both the cultivars, delphinidin 3-galactoside is the most pre-
dominant anthocyanin. The total monomeric anthocyanin
content and total phenolics were measured using a modified
pH differential method and modified Folin-Ciocalteu method,
respectively. The total anthocyanin content in Chakhao
Poireiton was found to be 740 mg/kg and Chakhao Amubi
was 692 mg cyanidin 3-glucoside/kg of dried powder sample.
And the total phenolic content was 577 and 500 mg/100 g of
the dried powder sample as Gallic acid equivalent in Chakhao
Poireiton and Chakhao Amubi, respectively. The anthocyanin
extract showed strong antioxidant activity by DPPH assay, the
highest scavenging activity of Chakhao Poireiton and
Chakhao Amubi were 70.28 % and 69.73 %, respectively.
From the study it can be suggested that supplementation of
the black scented rice in the diet will have a great impact on
human health. The rich anthocyanin and phenolic help to
protect the plant from rice diseases and pests.
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1 Introduction

Rice is one of the most economically important cereal
crops in the world and a significant staple food for feed-
ing much of the world’s population. White rice is the most
commonly consumed rice, but there are several rice culti-
vars which contain color pigments, such as black and red
rice. The dark purple color of Black rice is due to the high
anthocyanin content, located in the pericarp layers
(Takashi et al. 2001). Rice varieties with colored pericarp
(other than white and red) are usually known as Bblack
rice^. In Asian countries, Black rice is popular and mixed
with white rice prior to cooking to enhance the flavor,
color and nutritional value (Yang et al. 2003).

Anthocyanins are a group of reddish-purple water-
soluble flavonoids, which are the primary pigments in
the red and black grains and give the attractive red, purple
and blue colors of many flowers, fruits, and vegetables. It
is estimated that more than 400 naturally occurring antho-
cyanins have been found (Kong et al. 2003). Early studies
showed that polyphenols such as plant anthocyanins are
helpful for cardiovascular health (Stoclet et al. 2004;
Manach et al. 2005). The anthocyanin extract from black
rice enhances plaque stability in an ApoE-deficient mouse
model (Xia et al. 2006). In rabbits, supplementation of
black rice in the diet, improved the lipid profile and in-
creased glutathione peroxidase activity (Ling et al. 2002).
Supplementation of black rice pigment fraction to the diet
significantly inhibited rabbits atherosclerotic plaque for-
mation and in apolipoprotein (APO) E-deficient mice
(Ling et al. 2002; Xia et al. 2003).
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Anthocyanins have also been observed to function in a
diverse array of plant/animal interactions, which include the
attraction of pollinators and frugivores and the repellence of
herbivores and parasites (Lev-Yadun and Gould 2009). Plant
secondary metabolites include phenol, phenolic acids, qui-
nines, flavones, flavonoids, flavonols, tannins and coumarins
and all these compounds have plant defensive mechanisms
against pathogenic microorganisms. It has been reported that
flavonoids and flavonoid derivatives play important roles in
the development of the plant, in protection against UV radia-
tion, attraction of insects for pollination and plant defense
responses (Harborne and Williams 2000; Winkel-Shirley
1996). Previous studies reported that the plant extracts are
being used as phytochemicals to protect against several plant
diseases like bacterial blight, stem rot, brown rot, root rot and
brown spot due to their rich phenolic compounds (Enyiukwu
et al. 2014).

The black scented rice (Chakhao) of Manipur, a North-
eastern State of India has their importance as scented and
are dark purple color which is used for the community feast
as well as ceremonial purposes as a delicacy. These are one
of the high rated dishes serve as desserts, flakes, bread,
cakes, beverages and a special snack BUtong Chak^
prepared within bamboo sticks. The black scented rice
(Chakhao) of Manipur has been used by the traditional
medical practitioners also. They are sold in the local
markets at a premium rate. The black scented rice cultivars
of Manipur are poor yielders which are found only in this
state of India and little is known about it throughout the
Indian regions. There is a huge demand in the domestic
market, having possibilities for export, but the farmers of
Manipur are neglecting to cultivate these cultivars as they
are low yielding. Thus, the present study was taken up to
show that the black scented rice of Manipur, India may have
certain health benefits when added to the diet. Not only this,
understanding and considering their importance the farmers
may continue raising black scented rice and may include
these cultivars in the crop improvement program. The study
may let understand the public its importance. Recently,
there has been only a few studies on the black scented rice
of Manipur regarding the germplasms collection, conserva-
tion, genetic diversity (Singh and Sharma 1998; Roy et al.
2014) and Das et al. 2014, reviewed on its potential values.
To the best of our knowledge, this is the first and foremost
study considering the anthocyanin compositions of the
black scented rice of Manipur, India. The present study
was taken up to find out the anthocyanin content, phenolics
content, antioxidant activity and the composition of antho-
cyanin in two black scented rice cultivars (Chakhao
Poireiton and Chakhao Amubi). Thus, the current study
may develop a better understanding of the exploration of
the black scented rice of Manipur and the improvement of
these cultivars.

2 Material and methods

2.1 Two black scented rice cultivars

(Chakhao Poireiton and Chakhao Amubi) were kindly pro-
vided by the Department of Plant Breeding and Genetics,
Central Agricultural University (Imphal, India) and were used
in the study. The samples were ground using a grinder. The
analysis was conducted on the ground samples.

2.2 Chemicals

The solvents: methanol, acetonitrile and phosphoric acid were
HPLC grade (Sigma, USA). The standard cyanidin 3- O glu-
coside was purchased from Sigma, USA. 5 g of sample pow-
der was extracted with 300 ml of acidified methanol (1 N HCl,
85:15, v/v) (Kim et al. 2008) using Soxhlet (apparatus) for
16 h at 60 °C (Gholivand and Piryaei 2014; Huang et al.
2009). Changing temperature between 25 and 60 °C during
extraction of anthocyanin and storage of the anthocyanin ex-
tracts at 4 °C does not seem to have a significant effect on the
absorbance readings (Shipp and Abdel-Aal 2010). Increasing
temperature from 25 to 60 °C during anthocyanin extraction
from purple and blue wheat increased the absorbance readings
by 15 % (Shipp and Abdel-Aal 2010). The extracted extract
was evaporated/ concentrated using a rotatory evaporator to
dryness and reconstituted in acidified methanol (5 ml). The
reconstituted extract was filtered through a 0.45 mm (45 mi-
cron) syringe filter prior to HPLC analysis. The standards
were dissolved in acidified MeOH (1 N HCl, 85:15, v/v) to
obtain the concentrations of 1 mg/ml.

2.3 Extraction and purification

The HPLC method for anthocyanin measurement was made
based on methods reported earlier with some modifications
(Mazza et al. 2004; Naczk and Shahidi. 2006; Jing et al.
2007; Jia et al. 2008; Wang 2014). Chromatographic analysis
was performed on the Thermo Spectra System, HPLC System
(Thermo Scientific, USA) equipped with an (autosampler/in-
jector end) UV–VIS 3000 (AS 3500 detector) HPLC P-4000
pump, SN 4000 controller and chromleon 4.2 software. The
separation of anthocyanins was done by C18 column (250×
4.6 mm). Elution was performed using mobile phase A (96 %
buffer solution. Buffer solution is 20 mM Sodium dihydrogen
phosphate adjusted to pH 2.5 by the addition of phosphoric
acid) and mobile phase B (4 % acetonitrile). The gradient
condition was as follows:- 0–10 min, 15%B, 10–20 min, 25
B, 20–30 35 and 30–40 45%. The flow rate was 1 ml/min and
elution of compounds of interest was monitored at wavelength
517 nm.
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2.4 Total phenolics

Total phenolics were measured using a modified Folin -
Ciocalteu method (Waterhouse 2001; Jing et al. 2007).
Briefly, a series of tubes was prepared with 15 ml of water
and 1 ml of Folin—Ciocalteu reagent. Then, 1 ml of samples,
Gallic acid dilutions (standards) and water blank was added
into tubes, mixed well, and left to stand at room temperature
for 10 min. The 20 % Na2CO3 solution (3 ml) was added to
each test tube and mixed well before they were put in a dry-
bath incubator at 40 °C for 20 min. After incubation, tubes
were immediately cooled down in an ice bath. The absorbance
of samples and standards was measured at 755 nm using a
Cecil UV–visible spectrophotometer. Total phenolics were
calculated as Gallic acid equivalents based on a Gallic acid
standard curve.

2.5 Total monomeric anthocyanin was measured
using the pH differential method

The total monomeric anthocyanin content was measured ac-
cording to the methods described earlier with some modifica-
tions (Giusti and Wrolstad 2001; Jing et al. 2007; Hosseinian
et al. 2008). Two dilutions of the samples were prepared, one
for pH 1.0 using 0.025 M potassium chloride buffer and the
other for pH 4.5 using 0.4 M sodium acetate buffer. The sam-
ples were diluted 10 times to a final volume of 2 ml. The
absorbance of each sample was measured at 520 nm against
distilled water as blank. The concentration (mg/L) of each
sample was calculated according to the following formula
and expressed as cyanindin-3- glucoside (Cy-3-glc)
equivalents:

A X MW X DF X 103

€X1

Where A is the absorbance=(Aλvis-max)pH 1.0 - (Aλvis-max)pH 4.5,
MW is the molecular weight=449.2 g/mol for Cy-3-glc, DF is
the dilution factor (0.2ml sample is diluted to 2ml, DF=10), and
€ is the extinction coefficient (L x cm−1 xmol−1)=26,900 for Cy-
3-glc, where L (pathlenght in cm) =1.

2.6 DPPH radical scavenging activity

The determination of the quenching of free radical activity
was done using 2,2 -diphenyl-1-picryl hydrazyl (DPPH) de-
scribed by Devi et al. 2015, with some modifications. One ml
of 0.1 mM solution of DPPH free radical in methanol was
mixed with 1 ml of the extract (50, 100, 150 μg/ml) and after
mixing the solutions were incubated for 30 min and then ab-
sorbance was measured at 517 nm. Similarly 1 ml of metha-
nolic solution of ascorbic acid (50, 100, 150 μg/ml) were
mixed with 1 ml of DPPH methanolic solution and absorbent

were recorded at the samewavelength. The radical scavenging
activity was calculated using the following formula:

DPPH free radical scavenging activity %ð Þ ¼ A0−A1=A0ð Þ � 100½ �
A0 ¼ the absorbance of the control
A1 ¼ the absorbance in the presence of anthocyanin extracts

or standards:

2.7 Statistical analysis

Samples were analysed in triplicate & one way analysis of
variances performed using SAS 9.1 significant differences
were detected at P<0.05.

3 Result

Organic solvents such as methanol and acetone are usually
used for extraction of anthocyanins, the acidified MeOH
showed the highest extraction efficiency (70–100 %) (Naczk
and Shahidi 2006; Mazza et al. 2004). Extraction of anthocy-
anins is conducted with methanol or ethanol containing a
small amount of acid (15 % 1.0 mol/L HCL) with the objec-
tive of obtaining the flavylium cation form, which is stable in a
highly acid medium (Abdel-Aal and Hucl 1999).

In the present study, anthocyanins were extracted from
black scented rice using acidified methanol (Soxhlet). The
total anthocyanin content in Chakhao Poireiton was found
to be 740 mg/kg and Chakhao Amubi was 692 mg cyanidin
3-glucoside/kg of powdered rice. And the total phenolic con-
tent was 577 and 500 mg/100 g of the powdered sample as
Gallic acid equivalents in Chakhao Poireiton and Chakhao
Amubi, respectively. In the DPPH free radical scavenging as-
say, anthocyanin extract of Chakhao Poireiton exhibited
42.91 % scavenging activity at 50 μg/ml, 55.20 % scavenging
activity at100 μg/ml, and 70.28 % scavenging activity at
150 μg/ml, respectively. And in the DPPH free radical scav-
enging assay, anthocyanin extract of Chakhao Amubi exhibit-
ed 39.35 % scavenging activity at 50 μg/ml, 53.86 % scav-
enging activity at100 μg/ml, and 69.73 % scavenging activity
at 150 μg/ml, respectively. The standard ascorbic acid showed
46.06, 89.03 and 93.73 % scavenging activity at 50, 100 and
150 μg/ml, respectively. We also analyzed anthocyanin ex-
tract by HPLC method using the gradient system.
Anthocyanins were identified according to the HPLC reten-
tion time by comparison with authentic standards and pub-
lished data (Jing et al. 2007; Hosseinian et al. 2008; Jia et al.
2008; Lee et al. 2009). Figures 1 and 2 show the HPLC chro-
matogram ofChakhao Poireiton and Chakhao Amubi, respec-
tively. The total anthocyanins reported, includes both identi-
fied and non-identified HPLC peaks (Figs. 1 & 2: Table 1).
Due to lack of corresponding anthocyanin standards and pub-
lished data corresponding to the peak, some of the peaks
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remain unlabelled. By comparing with the previously reported
data (Jing et al. 2007; Hosseinian et al. 2008; Jia et al. 2008;
Lee et al. 2009), four main anthocyanins, i.e., delphinidin 3-
galactoside (Dp-3-gal), delphinidin 3-arabinoside (Dp 3-ara),
cyanidin 3-galactoside (Cy-3-gal) and cyanidin 3-glucoside
(Cy-3-glc) were identified in Chakhao Poireiton (Fig. 1:
Table 1). Three main anthocyanins, delphinidin 3-
galactoside (Dp-3-gal), delphinidin 3-arabinoside (Dp-3-ara)
and cyanidin 3-galactoside (Cy-3-gal) were identified in
Chakhao Amubi (Fig. 2: Table 1). In both the samples, Dp-
3-gal was found to be the most predominant anthocyanin.

4 Discussion

4.1 Peak identification and assignment

Interest in the anthocyanin content of colored cereals such as
purple wheat has increased because of their potential as nutra-
ceutical ingredients and functional foods (Choia et al. 2007).
As such, there is also an increased in the interest of
supplementing colored rice in the diet. Anthocyanins are also
regarded as safe and effective food colorants (Manach et al.
2004). Identification and peak assignment of anthocyanins in
all foods were based on comparison of their retention times
(RT) with those of standards and published data (Jing et al.

2007; Hosseinian et al. 2008; Jia et al. 2008; Lee et al. 2009).
Four main anthocyanins were identified inChakhao Poireiton
(Fig. 1: Table 1) i.e., peak no. 3 as Dp-3-gal (RTmins. ranging
from 3 to 3.9), peak no. 5 as Dp 3-ara (RTmins. ranging from
5.2 to 5.7), peak no. 6 as Cy-3-gal (RTmins. ranging from 14.6
to 16.2) and peak no. 7 as Cy-3-glc (RTmins. ranging from
16.4 to 18.4). Three main anthocyanins, peak no. 2 as Dp-3-
gal (RTmins. ranging from 3.0 to 3.9), peak no. 3 as Dp 3-ara
(RTmins. ranging from 5.2 to 5.7) and peak no. 4 as Cy-3-gal
(RTmins. ranging from 14.6 to 16.2) were identified in
Chakhao Amubi (Fig. 2: Table 1). There were also some un-
identified peaks (Figs. 1 & 2: Table 1) observed in both the
black scented rice cultivars that showed UV absorption at
517 nm at shorter retention time. This is due to the lack of
standards and published data. The study on purple corncob
anthocyanins showed that the anthocyanins could be acylated
accounting for 35.6–56.0 % of total anthocyanins (Jing et al.
2007). In the study, Dp 3-glc showed the shortest RT
(Table 1). Whereas cyanidin showed the longest RT i.e., Cy-
3-glc and Cy-3-gal (Table 1) in Chakhao Poireiton and
Chakhao Amubi, respectively. Cy-3-glc and peonidin 3- glu-
coside (Pn-3-glc) are the two major anthocyanins present in
the Korean black rice (Heugjinjubjeo) (Park et al. 2008). Lee
2010, also showed Cy-3-glc exhibited a markedly higher con-
tent in the black rice. Dp-3-gal, Dp-3-ara, Cy-3-ara, Pt
(Petunidin)-3-glc, Cy-3-gal, Cy-3-glc, Pg (pelargonidin)-3-

Fig. 1 HPLC chromatogram
(517 nm) for anthocyanin
distribution in Chakhao Poireiton

Fig. 2 HPLC chromatogram
(517 nm) for anthocyanin
distribution in Chakhao Amubi
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glc, Pn-3-glc,Mv (malvidin)-3-glc, Cy-cl (chloride), Pg-3-gal,
Pg-3-ara and Pn-3-ara were identified in purple wheat
(Hosseinian et al. 2008). Cy 3- glc, Pg 3-glc, Pn 3-glc, Cy-
3-(malonyl)glc, Cy 3-(malonyl)glc, Pg 3-(malonyl)glc, Pn
3-(malonyl)glc and Cy-3- dimalonylglc were the major antho-
cyanins identified in the purple corncob (Jing et al. 2007).
Two main anthocynains, i.e., Cy 3-rut (rutinoside) and Cy 3-
glu were identified in mulberry (M. rubra) and four main
anthocyanins, Pt (petunidin) 3-rut, Dp 3-glu, Dp 3-rut and
Mv 3-rut were identified in Liriope platyphylla fruits (Wang
2014). Sixmain anthocyanins, including Pn-3,5-glc, Pn-3-glc-
5-ara, Pn-3-glc, Pg-3,5-glc, Cy-35-glc and Cy-3-glc were de-
tected among nine wild herbaceous peony (Jia et al. 2008).
Dp-3-gal, Dp-3-glc, Cy-3-gal, Cy-3-glc, Pt-3-glc, Pl-3-glc,
Cy, catechin-cy-3-glucoside and Pn-3-glc were identified in
black soybean (Lee et al. 2009). In all the above reviewed
studies, commonly cyanidin and delphidin are obtained as
major groups of anthocyanin, which was the case in the pres-
ent study also. The most abundant anthocyanin in coloured
cereal grains are reported to be Cy 3-glu, Pg-3-gal, Pn-3-glu
(Naczk and Shahidi 2006; Prior andWu 2006). Cy-3-glc is the
most predominant anthocyanin on purple corncob, purple
wheat and black soybean (Jing et al 2007; Hosseinian et al.
2008; Lee et al 2009). In mulberry and Liriope platyphylla
fruit Pt-3-rut is the most predominant anthocyanin followed
by Cy-3-glc (Wang 2014). However, in Chakhao Poireiton
and Chakhao Amubi, Dl-3-gal is the most predominant
anthocyanin.

4.2 Total phenolics, total anthocyanin content
and the DPPH assay

The pH differential method is a rapid and easy procedure for
the quantification of monomeric anthocyanin (Giusti and

Wrolstad 2001). Anthocyanin pigments undergo reversible
structural transformations with a change in pH manifested by
strikingly different absorbance spectra. The colored oxonium
form predominates at pH 1.0 and the hemiketal (colourless)
form at pH 4.5. The pH differential method is based on this
reaction and permits accurate and rapid measurements for the
total amount of anthocyanin, even in the presence of polymer-
ized degraded pigments & other interfering compounds (Giusti
and Wrolstad 2001). In the study, two black scented rice culti-
vars (Chakhao Poireiton and Chakhao Amubi) were taken.
The levels of monomeric anthocyanins was found to be
740 mg/kg in Chakhao Poireiton and 692 mg/kg in Chakhao
Amubi. The results were consistent with the results reported for
purple wheat (526.0 and 500.6 mg/kg) (Hosseinian et al. 2008)
and 1214.85 mg /kg of black rice (Park et al. 2008). And the
phenolic contents were measured using a modified Folin–
Ciocalteu method giving the value 577 and 500 mg/100 g of
the powdered sample as gallic acid equivalents in Chakhao
Poireiton and Chakhao Amubi, respectively. The presence of
phenolics show antioxidant activity as phenolic compounds is
a class of antioxidant agents which act as free radical termina-
tors and their bioactivities may be related to their abilities to
chelate metals, inhibit lipoxygenase and scavenge free radicals
(Roya and Fatemeh 2013).

The antioxidant activity of the black scented rice has been
determined using the DPPH assay and showed very strong
antioxidant activity. The DPPH highest free radical scaveng-
ing activity of Chakhao Poireiton and Chakhao Amubi are
70.28 and 60.84 %, respectively. Although, scavenging activ-
ity is a little lower than the standard ascorbic acid, the antho-
cyanin extract showed strong antioxidant activity. The result
has been consistent with work on Korean black rice
(Heugjunjubyeo), the DPPH radical scavenging capacity of
anthocyanin extract exhibited 40.39 and 55.20 % scavenging
activity at 50 and 100 μg/mL, respectively (Park et al. 2008).
The study of Saenkod et al. 2013, also showed the Chinese
black rice (Brown Himi variety) has strong antioxidant activ-
ity which 70.82 % DPPH scavenging activity and the total
phenolics was 634.83 mg/Kg. The red rice from Minahasa,
North Sulawasi, Indonesia reported 88.29 % DPPH scaveng-
ing activity and 58.55 mg/g anthocyanin content (Moko et al.
2014). Antioxidant capacity is becoming a parameter to char-
acterize food or medicinal plants and their bioactive compo-
nents. Higher percentage of DPPH scavenging shows higher
antioxidant capacity (Sultana et al. 2009). In the human body,
dietary antioxidants protect against reactive oxygen species
(Saenkod et al. 2013). Thus, if the anti-oxidants intake is in-
creased, there may have a number of health effects, such as
reducing the incidence of cancer and cardiovascular diseases
(Diplock et al. 1998). Due to the antioxidant activity of antho-
cyanins, they have been recognized as health promoting food
ingredients, recently (Nam et al. 2006; Philpott et al. 2006),
and anticancer (Hyun and Chung 2004), hypoglycemic

Table 1 Chromatographic characteristics of anthocyanins from
Chakhao Poireiton and Chakhao Amubi

Peak no. RT (min) Area (%) (517 nm) Compound

Chakhao Poireiton

1 2.2–2.4 2.9 unidentified

2 2.4–2.7 10.4 unidentified

3 3.0–3.9 37.5 Delphinidin 3-galactoside

4 4.6–5.2 16.1 unidentified

5 5.2–5.7 3.1 Delphinidin 3-arabinoside

6 14.6–16.2 3.4 Cyanidin 3-galactoside

7 16.4–18.4 26.7 Cyanidin 3-glucoside

Chakhao Amubi

1 2.2–2.5 32.0 unidentified

2 3.0–3.9 62.1 Delphinidin 3-galactoside

3 5.2–5.7 3.0 Delphinidin 3-arabinoside

4 14.6–16.2 2.9 Cyanidin 3-galactoside
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(Tsuda et al. 2003), and anti-inflammatory effects (Tsuda et al.
2002). It has been also reported that anthocyanins may reduce
the risks of cardiovascular diseases and cancer with
antiinflammatory, antioxidant and chemoprotective properties
(Park et al. 2008). In mice, the supplementation of black rice
pigment in the diet reduced oxidative stress (Xia et al. 2003)
and its pigment fraction may have antiatherogenic activity
(Xia et al. 2006). The black rice is a good source of fiber,
minerals, and several important amino acids (Zhang et al.
2005), and there is an increased interest in the alternative
sources of anthocyanins due to a rising demand for econom-
ical sources of natural and stable pigments (Hu et al. 2003).
Many new bio-active compounds have been detected in many
source of food with possible antioxidant activity and the in-
creased interest in the relationship between antioxidants and
disease risk mechanisms, there is an urgent need to establish
the antioxidant capacity in different foods, especially the rice
crop which constitutes the main food for populations in dif-
ferent countries (Saenkod et al. 2013).

Despite the use of plant extracts in medicine and food,
recently it has been used in plant protection. Plant secondary
metabolites include phenol, phenolic acids, quinines, fla-
vones, flavonoids, flavonols, tannins and coumarins, many
previous reports showed that these compounds have plant
defensive mechanisms against pathogenic microorganisms.
Gurjar et al. 2012, reported that simple phenols act on the
membrane disruption and deprive the substrate, phenolic acids
and flavonoids bind to adhesions complex with cell wall and
inactivate enzymes, thus, protect from the bacteria, fungus
attacks. In addition to the beneficial effects of anthocyanins,
anthocyanins have also been observed to function in a diverse
array of plant/animal interactions which include the attraction
of pollinators and frugivores and the repellence of herbivores
and parasites (Lev-Yadun and Gould 2009). They suggested
that the optical properties of anthocyanins may serve as visual
signals to potential herbivores, indicating a strong metabolic
investment in toxic or unpalatable chemicals and they have
also been implicated in the camouflage of plant parts against
their backgrounds, in the undermining of insect crypsis and in
the mimicry of defensive structures. Singh and Sharma 1998,
reported the Chkahao in common are resistant to many rice
diseases (sheath rot, foot rot, stem rot, narrow brown spot,
false smut, bacterial leaf blight and bacterial leaf streak) and
rice insect pests (stem borer, case worm, thrips, rice skipper,
green horned caterpillar, green semi looper and rice bug). The
resistance may be due to the present of high phenolic and
anthocyanin contents. Fasahat et al. 2012, also reported that
the colored rice Oryza rufipogon of Malaysia which content
anthocyanin pigment is highly resistant to bacterial leaf blight
and brown plant hopper. Three glycoflavones schaftoside,
isoschaftoside and neo- schaftoside have been identified in
the phloem sap of rice plants, where they act as sucking de-
terrents to the pest insect, the brown plant hopper Niloparvata

lugens (Harborne and Williams 2000). In the resistant culti-
vars of rice, high levels of these glycoflavones are present and
when tested at these concentrations on plant hoppers, they
exhibited an ingestion inhibiting activity (Grayer and
Harborne 1994). The stem nematode, Ditylenchus angustus
is another pest of the rice plant, a flavonoid and a related
phenylpropanoid in the leaves have been recognised as pro-
viding resistance to nematode attack. The concentrations of
flavanone sakuranetin increased, after 5 days of inoculation
with the nematode in the resistant cultivar whereas no changes
in secondary chemistry occurred in a susceptible cultivar of
rice (Plowright et al. 1996). SimilarIy, Dillon et al. 1997, ob-
served that the same flavanone, sakuranetin, is formed in rice
in response to UV-irradiation or to fungal infection and hence
is also involved, in part, in protecting rice plants from plant
diseases. The accumulation of flavonoids, carotenoids and
betalains caused the coloration of plant organs, such as leaves,
flowers and fruits (Joseph et al. 1998). In the development of
the plant, in protection against UV radiation, attraction of in-
sects for pollination and plant defense responses, both the
flavonoids and flavonoid derivatives play important roles
(Harborne and Williams 2000; Winkel-Shirley 1996).
Flavonoids make some contribution to disease resistance, ei-
ther as constitutive antifungal agents or as phytoalexins and
the simple phenolic constituents or the polymeric favolans or
proanthocyanidins, provide defense against herbivory
(Harborne and Williams 2000). Flavonoids are also important
in UV-B protection which has been shown in the experiment
on Arabidopsis thaliana, where mutants which lack the epi-
dermal flavonoids of the wild type plant become very sensi-
tive to artificial UV-B radiation (Ormrod et al. 1995).
Arabidopsis mutants which are blocked in the biosynthesis
of related phenylpropanoids based on sinapic acid, are less
affected by UV-B radiation (Chapple et al. 1992). A mutant
of barley, Hordeum vulgare has been producedwhich contains
only 7 % of the flavonoids of the wild type when treated with
UV-B there is a decreased in the quantum yield of photosyn-
thesis in the plant from that of the wild type plant. The exis-
tence of phenolic compounds in free form are toxic and less
common but detoxified, when bound at least in part, hence,
phenolic compounds play a role of protection against insects
and other animals to the plants (Harborne andWilliams 2000).
Certain phenolic compounds and flavonoid such as the antho-
cyanin has been demonstrated to act as antifeedants, toxins,
warning signals or precursors to physical defense systems
(Harborne 1997). Recently, plant extracts which are rich in
phenolic compounds are being used as phytochemicals to pro-
tect against several plant diseases like bacterial blight, stem
rot, brown rot, root rot and brown spot (Enyiukwu et al. 2013).
Thus, there is no wrong to suggest that the high phenolic and
the antioxidant of the black scented rice act as a plant defen-
sive mechanism which protect themselves from certain dis-
ease and pests which destroy the crop production.
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In conclusion, we characterized the anthocyanins profile of
black scented rice (Chakhao Poireiton and Chakhao Amubi).
The present study documented the presence of four main an-
thocyanins including delphinidin 3-galactoside, delphinidin 3-
arabinoside, cyanidin 3-galactoside and cyanidin 3-glucoside
in the extract of black scented rice grains. Among the four
anthocyanins, delphinidin 3-galactoside reported the most
abundant. Both the cultivars (Oryza sativa cv. Chakhao
Poireiton and Chakhao Amubi) in the study showed high an-
thocyanins, phenolic content and strong antioxidant activity.
Therefore, the black scented rice extracts can be a potential
source of antioxidative phytochemicals and useful ingredient
for nutraceutical or functional food products. The supplemen-
tation of the black scented rice (Chakhao) in the diet will have
a great impact on human health. In addition, it can be con-
cluded that the black scented rice (Chakhao) has a defensive
mechanism which can protect it against some of the diseases
and pests as a result of the high anthocyanins and phenolic
content. The anthocyanin pigment benefit the human health
and are involved in the plant’s defensive mechanisms. The
current research on the importance of these cultivars should
encourage the agricultural scientists to include them in the
crop improvement programmes, research could increase pro-
ductivity without losing grain quality characteristics and result
in pharmaceutical applications as well as increasing our
knowledge of plant defense mechanisms.

Acknowledgments We are thankful for the financial support provided by
the Department of Science and Technology, Ministry of Science & Technol-
ogy, Government of India, New Delhi (Women Scientist Scheme -A). The
technical assistance provided by Anand Thangjam and Surchandra
Thangjam is greatly appreciated.

References

Abdel-Aal E-S, Hucl P (1999) A rapid method for quantifiying total
anthocyanins in blue aleurone and purple pericarp wheats. Cereal
Chem 76:350–354

Chapple CCS, Vogt T, Ellis BE, Somerville CR (1992) An Arabidopsis
mutant defective in the general phenylpropanoid pathway. Plant Cell
4:1413–1424

Choia Y, Jeonga H, Lee J (2007) Antioxidant activity of methanolic
extracts from some grains consumed in Korea. Food Chem 103:
130–138

Das KR, Medhabati K, Nongalleima K, Sunitibala DH (2014) The po-
tential of dark purple scented rice- from staple food to nutraceutical.
Curr World Environ 9(3):867–876

Devi HP, Mazumder PB, Devi LP (2015) Antioxidant and antimutagenic
activity of Curcuma caesia Roxb. rhizome extracts. Toxic Rep 2:
423–428

Dillon VM, Overton J, Grayer RJ, Harborne JB (1997) Differences in
phytoalexin response among rice cultivars of different resistance to
blast. Phytochemistry 44:599–603

Diplock AT, Charleux JL, Crozier-Willi G, Kok FJ, Rice-Evans C,
Roberfroid M, Stahl W, VinaRibes J (1998) Functional food science
and defence against reactive oxidative species. Brit J Nutr 80:
77–112

Enyiukwu DN, Awurum AN, Ononuju CC, Nwaneri JA (2014)
Significance of characterization of secondary metabolites from ex-
tracts of higher plants in plant disease management. Int J Adv Agric
Res 2:8–28

Fasahat P, Muhammad K, Abdullah A, Ratnam W (2012) Proximate
nutritional composition and antioxidant properties of Oryza
rufipogon, a wild rice collected from Malaysia compared to culti-
vated rice, MR219. Aust J Crop Sci 6(11):1502–1507

Gholivand MB, Piryaei M (2014) Total phenols, flavonoids, anthocya-
nins, ascorbic acid contents and antioxidant activity of Rhamnus
kurdica Boiss for flower and leaves in flowering and pre-flowering
stages. Afr J Biotechnol 13(10):1131–1135

Giusti MM, Wrolstad RE (2001) In: Wrolstad RE (ed) Current protocols
in food analytical chemistry. Wiley, New York, pp 1–13

Grayer RJ, Harborne JB (1994) A survey of antifungal compounds from
higher plants 1982–1993. Phytochemistry 37:19–42

Gurjar MS, Ali S, Akhtar M, Singh KH (2012) Efficacy of plant extracts
in plant disease management. Agric Sci 3(3):425–433

Harborne JB (1997) Recent advances in chemical ecology. Nat Prod Rep
14:83–97

Harborne JB, Williams CA (2000) Advances in flavonoid research since
1992. Phytochemistry 55:481–504

Hosseinian FS, Li W, Beta T (2008) Measurement of anthocyanins and
other phytochemicals in purple wheat. Food Chem 109:916–924

Hu C, Zawistowski J, Ling WH, Kitts DD (2003) Black rice (Oryza
sativaL. indica) pigmented fraction suppresses both reactive oxygen
species and nitric oxide in chemical and biological model systems. J.
Agric. Food Chem 51:5271–5277

Huang Z, Wang B, Williams P, Pace RD (2009) Identification of antho-
cyanins in muscadine grapes with HPLC-ESI-MS. LWT Food Sci
Technol 42:819–824

Hyun JW, Chung HS (2004) Cyanidin and malvidin from Oryza sativa
cv. Heugjinjubyeo mediate cytotoxicity against human monocytic
leukemia cells by arrest of G2/M phase and induction of apoptosis.
J Agric Food Chem 52:2213–2217

Jia N, Shu QY, Wang DH, Wang LS, Liu ZA, Ren HX (2008)
Identification and characterization of anthocyanins by high-
performance liquid chromatography–electrospray ionization–mass
spectrometry in herbaceous peony species. J Amer Soc Hort Sci
133(3):418–426

Jing P, Noriega V, Schwartz SJ, Guisti MM (2007) Effects of growing
conditions on purple corncob (Zea mays L.) anthocyanins. J Agric
Food Chem 55:8625–8629

Joseph M, Grotewold E, Koes R (1998) How genes paint flowers and
seeds. Trends Plant Sci 3:212–217

Kim M, Kim H, Koh K, Kim H, Lee YS, Kim YH (2008) Identification
and quantification of anthocyanin pigments in colored rice. Nutr Res
Pract 2(1):46–49

Kong JM, Chia LS, Goh NK, Chia TF, Brouillard R (2003) Analysis and
biological activities of anthocyanins. Phytochemistry 64:923–933

Lee JH (2010) Identification and quantification of anthocyanins from the
grains of black rice (Oryza sativa L.) Varieties. Food Sci. Food Sci
Biotechnol 19(2):391–397

Lee JH, Kang NS, Shin SO, Shin SH, Lim SG, Suh DY, Baek IY, Park
KY, Ha TJ (2009) Characterisation of anthocyanins in the black
soybean (Glycine max L.) by HPLC-DAD-ESI/MS analysis. Food
Chem 112:226–231

Lev-Yadun S, Gould KS (2009) Role of Anthocyanins in Plant Defence.
Anthocyanins pp. 21–48

LingWH,Wang LL, Ma J (2002) Supplementation of the black rice outer
layer fraction to rabbits decreases atherosclerotic plaque formation
and increases antioxidant status. J Nutr 132:20–26

Manach C, Scalbert A, Morand C, Remesy C, Jimenez L (2004)
Polyphenols: Food sources and bioavailability. Am J Clin Nutr 79:
727–747

Anthocyanin content in the black scented rice (Chakhao) 53



Manach C, Mazur A, Scalbert A (2005) Polyphenols and prevention of
cardiovascular diseases. Curr Opin Lipidol 16(1):77–84

Mazza G, Cacace JE, Kay CD (2004) Methods of analysis for anthocy-
anins in plants and biological fluids. J Assoc off Analyt Chem Int
87(1):129–145

Moko EM, Purnomo H, Kusnadi J, Ijong FG (2014) Phytochemical con-
tent and antioxidant properties of colored and non colored varieties
of rice bran from Minahasa, North Sulawesi, Indonesia. Int Food
Res J 21(3):1053–1059

Naczk M, Shahidi F (2006) Phenolics in cereals, fruits and vegetables:
Occurrence, extraction and analysis. J Pharmaceut Biomed Anal 41:
1523–1542

Nam SH, Choi SP, Kang MY, Koh HJ, Kozukue N, Friedman M (2006)
Antioxidative activities of bran extracts from twenty one pigmented
rice cultivars. Food Chem 94:613–620

Ormrod DP, Landry LG, Conklin PL (1995) Short term UV-B radiation
and ozone exposure effects on aromatic secondary metabolite accu-
mulation of flavonoid-defficient Arabidopsismutants. Physiol Plant
93:602–610

Park SY, Kim SJ, Chang HI (2008) Isolation of anthocyanin from black
rice (Heugjinjubyeo) and screening of its antioxidant activities. Kor
J Microbiol Biotechnol 36(1):55–60

Philpott M, Gould KS, Lim C, Ferguson LR (2006) In situ and in vitro
antioxidant activity of sweet potato anthocyanins. J Agric Food
Chem 54:1710–1715

Plowright RA, Grayer RJ, Gill JR, RahmanML, Harborne JB (1996) The
induction of phenolic compounds in rice after infection by the stem
nematode Ditylenchus angustus. Nematologica 42:564–578

Prior RL, Wu X (2006) Anthocyanins: Structural characteristics that re-
sult in unique metabolic patterns and biological activities. Free
Radical Res 40:1014–1028

Roy S, Banerjee A, Pattanayak A, Roy SS, Rathi RS,Misra AK, Ngachan
SV, Bansal K (2014) Chakhao (delicious) rice landraces (Oryza
sativa L.) of North-east India: collection, conservation and charac-
terization of genetic diversity. Plant Genetic Resour Characterization
Util 12(3):264–272

Roya K, Fatemeh G (2013) Screening of total phenol and flavonoid
content, antioxidant and antibacterial activities of the methanolic
extracts of three silene species from Iran. Intl J Agri Crop Sci 5(3):
305–312

Saenkod C, Liu Z, Huang J, Gong Y (2013) Anti-oxidative biochemical
properties of extracts from some Chinese and Thai rice varieties. Afr
J Food Sci 7(9):300–305

Shipp J, Abdel-Aal EM (2010) Food applications and physiological ef-
fects of anthocyanins as functional food ingredients. Open Food Sci
J 4:7–22

Singh MR, Sharma PP (1998) Rice germplasms of Manipur:
varietal description and cataloguing. Plant breeding technical
report No. 1. Central Agricultural University, Imphal, pp 75–
88

Stoclet JC, Chataigneau T, Ndiaye M, Oak MH, El BJ, Chataigneau M,
Schini-Kerth VB (2004) Vascular protection by dietary polyphenols.
Eur J Pharmacol 500:299–313

Sultana B, Anwar F, Ashraf M (2009) Effect of extraction solvent tech-
nique on the antioxidant activity of selectedmedicinal plant extracts.
Molecules 14:2167–2180

Takashi I, Bing X, Yoichi Y, Masaharu N, Tetsuya K (2001) Antioxidant
activity of anthocyanin extract from purple black rice. JMed Food 4:
211–218

Tsuda T, Horio F, Osawa T (2002) Cyanidin 3-O-β-glucoside suppresses
nitric oxide production during a zymosan treatment in rats. J Nutr
Sci Vitaminol 48:305–310

Tsuda T, Horio F, Uchida K, Aoki H, Osawa T (2003) Dietary cyanidin 3-
O-β-D-glucoside-rich purple corn color prevents obesity and ame-
liorates hyperglycemia. J Nutr 133:2125–2130

Wang H (2014) Rapid quantitative analysis of individual anthocyanin
content based on high-performance liquid chromatography with di-
ode array detection with the pH differential method. J Sep Sci 37:
2535–2544

Waterhouse AL (2001) Determination of total phenolics. In:
Wrolstad RE, Acree TE, An H, Decker EA, Penner MH, Reid
DS, Schwartz SJ, Shoemaker CF, Sporns P (eds) Current pro-
tocols in food analytical chemistry, 1st edn. Wiley, New York,
pp I1.1.1–11.1.2

Winkel-Shirley B (1996) Flavonoid biosybthesis: ‘new’ functions for an
‘old’ pathway. Trends Plant Sci 1:377–382

Xia M, LingWH,Ma J, Kitts DD, Zawistowsk J (2003) Supplementation
of diets with black rice pigment fraction attenuates atherosclerotic
plaque formation in apolipoprotein E-deficient mice. J Nutr 133:
744–751

Xia M, Ling WH, Ma J, Xia M, Hou M, Wang Q, Zhu H, Tang Z (2006)
An anthocyanin-rich extract from black rice enhances atherosclerot-
ic plaque stabilization in apolipoprotein E-deficient mice. J Nutr
136:2220–2225

Yang DS, Lee KS, Jeong OY, Kim KJ, Kays SJ (2003) Characterization
of volatile aroma compounds in cooked black rice. J Agric Food
Chem 56:235–240

Zhang MW, Guo BJ, Peng ZM (2005) Genetic effects on grain charac-
teristics of indica black rice and their uses on indirect selections for
some mineral element contents in grains. Genetic Resour Crop Evol
52:1121–1128

54 I.D. Asem et al.


	Anthocyanin content in the black scented rice (Chakhao): its impact on human health and plant defense
	Abstract
	Introduction
	Material and methods
	Two black scented rice cultivars
	Chemicals
	Extraction and purification
	Total phenolics
	Total monomeric anthocyanin was measured using the pH differential method
	DPPH radical scavenging activity
	Statistical analysis

	Result
	Discussion
	Peak identification and assignment
	Total phenolics, total anthocyanin content and the DPPH assay

	References


