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Anthocyanin content in the black scented rice (Chakhao):
its impact on human health and plant defense
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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

Anthocyanin content in the black scented rice (Chakhao)



(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.

I.D. Asem et al.



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.
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ABSTRACT 
An efficient DNA isolation protocol specifically modified to get pure quality DNA required for the 

purpose of molecular studies has been reported in this paper. The black scented rice cultivar (chakhao 

poireiton) of Manipur, India was undertaken for the study. Black scented rice is reported to have great 
economical value and health benefits. The protocol thus developed will be useful in getting pure DNA.  

Instead of using the commercially available DNA isolation kits, this protocol can be used to get pure 

quality DNA, free from proteins and polysaccharide compounds. The absorbance ratio A260/A280 was 

1.95 and A260/A230 was 1.73 which showed the sample genomic DNA is pure, free from the 
contaminants protein and polyphenolics/polysaccharides compound. The concentration of DNA was 

115.7 ng/μl when measured at 260 nm. When run on agarose gel also, the extracted DNA gave a clear, 

bright band. Thus, the sample DNA does not need any additional purification before proceeding for 
molecular analysis of the isolated DNA samples as well as this protocol is very simple and economical 

which will find wide application in genomic study.  

 
Keywords: DNA, Black Scented Rice, Purity, Quantity 

 

INTRODUCTION 

Rice is one of the most important crops in the world as half of the world’s population depends on rice as a 
staple food (Lafitte et al., 2004). Black rice is popular in asian countries where it mixed with white rice 

prior to cooking enhanced the flavor, color and nutritional value. The black scented rice of Manipur, India 

is scented with dark purple color pericarp. Anthocyanins have been recognized as health promoting food 
ingredients due to their antioxidant activity (Nam et al., 2006; Philpott et al., 2006) and anticancer (Hyun 

and Chung, 2004), hypoglycemic, and anti-inflammatory effects (Tsuda et al., 2003). DNA discrimination 

techniques have been applied to various aspects of plant breeding such as marker-assisted selection using 

DNA markers, cultivar identifications of the cultivars for the protection of the breeding rights and for the 
prevention from the contamination of undesirable cultivars and the examination of the relationships 

between closely-related cultivar lines (Fukami et al., 2008). Molecular marker analysis using PCR based 

markers in genomic studies greatly enhances speed and efficacy of crop improvement through selection of 
desirable traits in a genotype (Pamidimarri et al., 2009; Chuan et al., 2010). Several DNA extraction 

procedures for isolating genomic DNA from various plant sources have been described, including salt 

extraction method, CTAB method and their modifications as reported by Zhu et al., (1993), Liu et al., 
(1995), and Huang et al., (2000). There are several cultivars of the black scented rice (Chakhao) available 

in Manipur, India. Chakhao poireiton, a black scented rice cultivar has been reported in this paper. The 

protocols available in literature sometimes need modification to give quality DNA.  Thus, the current 

study was taken up to gain quality DNA from the black scented rice for molecular biology studies with 
some modifications in the CTAB method.  

 

MATERIALS AND METHODS 
Plant Material 

The black scented rice cultivar chakhao poireiton was collected from the Department of Plant Breeding 

and Genetics, Central Agricultural University, Imphal, India. The samples were germinated on the 
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petriplates and were grown in the pots; the young tender leaves were collected for genomic DNA 

extraction.  

Required Solutions 
CTAB Extraction buffer: 0.1 M Tris-HCl (pH-8.0), 1.4 M NaCl, 20mM EDTA (pH-8.0), 2% CTAB, 1% 

β- Mercaptoethanol (add just before use), 1% Polyvinyl pyrrolydine, PVP (add in powder form while 

grinding), Chloroform: Phenol (24:1), 70% ethanol , 0.1 X TE buffer (pH-8) 
Protocol for DNA isolation from Rice leaves. 

1. 100 mg of young leaves were ground to fine powder in liquid nitrogen using prechilled mortar and 

pestle and the PVP was added in powder form while grinding.  

2. 1 ml of the CTAB extraction buffer was added in the sample and mixed up thoroughly with the mortar 
and pestle and transferred in 1.5-mL microtubes.   

3. The microtubes were then vortexed for 15 s and incubated at 60ºC for 45 min. 

4. 200µL of chloroform-isoamylalcohol (24:1) was added to the solution, which was vortexed for 15 s 
and centrifuged at 10,000 rpm for 10 min. 

5. The supernatant was transferred to a fresh tube and this stage was repeated once. 

6. The total volume of supernatant was collected and ½ the volume of cold isopropanol (-20ºC) was 
added to the supernatant samples and were gently mixed by inversion and centrifuged at 10,000 rpm for 

10 min; the DNA pellet adhered to the tube was then visualized. 

7. The liquid phase was then released and DNA washed twice with 500 µL 70% ethanol; the pellet was 

set to dry for approximately at room temperature. The pellet was resuspended in 200µL TE buffer 
solution with 5µL RNase (10 mg/mL); the solution was then incubated at 37ºC for 1 h, and after stored at 

–20ºC.  

 

RESULT AND DISCUSSION 

 

 
Figure 1:  Extracted DNA on agarose gel. Lane1 - 1 KB ladder: Lane 2 - Rice DNA Sample 

 

Purity of DNA was checked by the absorbance ratio A260/A280 and A260/A230 for protein and 

polyphenolics/polysaccharides compound, respectively using Thermo NanoDrop Spectrophotometer. The 
the absorbance ratio A260/A280 was 1.95 and A260/A230 was 1.73 which showed the sample genomic 

DNA is pure, free from the contaminants protein and polyphenolics/polysaccharides compound. The 

DNA quantification absorbance was measured at 260nm giving a concentration of 115.7 ng/μl. The DNA 
extracted was analyzed on 1% agarose gel and was visualized by staining with ethidium bromide and 

transillumination under short-wave UV light of BioRad gel doc system. Electrophoresis was performed at 

constant power of 100 Watt for 3.5 h including a 1 h pre-run to warm the gel to 50-60 °C. DNA ladder 

used in the electrophoresis was 1 KB ladder (Figure-1). And when run on 1% agarose, a clear bright band 
(Figure 1) which showed again that the DNA quantity and quality is good enough for further usage. There 

are only few modifications from the CTAB method by Doyle & Doyle (1987; 1990) methodology. Here, 



Indian Journal of Plant Sciences ISSN: 2319–3824(Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jps.htm 

2015 Vol.4 (1) January-March, pp.34-37/Asem et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  36 

 

we have added up polyvinyl pyrrolidine (PVP) in the powder form is one main modification. Almost all 

the steps remained same with some few modifications in the incubation period, centrifugation and the 

volume of the reagents taken. This method does not need proteinase in isolation step.  If we are going for 
samples with high polyphenols we can improve by increasing the concentration of β- mercaptoethanol in 

extraction buffer. We can remove the polyphenols by using high levels of β-mercaptoethanol (Suman et 

al., 1990). The absorption ratio (A260/A280) of extracted DNA samples that range in between 1.8-1.9 
shows that the DNA was free from protein and polyphenols. DNA yield is important in molecular studies. 

The results show that the quality and quantity of the DNA extracted from the black scented rice cultivar 

chakhao poireiton in the study was pure and concentration was good enough which can be stored for 

further used in molecular studies like polymerase chain reaction amplification, restriction digestion, etc. 
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ABSTRACT 

 
Rice varieties with colored pericarp (other than white and red) are usually called “black rice”. The black 
scented rice- Chakhao in Manipuri has their importance as  scented and its dark purple color and is used 
for the community feast as well as ceremonial purposes as delicacy. Black rice has high anthocyanin 
content located in the pericarp layers, which gives it a dark purple color and have beneficial health effects 
in humans. The black scented rice cultivar, Chakhao Poireiton was taken under study. PCR analysis with 
the specific primer FP-GGGAGAAGCTCAACGAGATG RP-GGGTGGCAGATTCATCACTT showed that the 
Chakhao Poireiton contains the Ra/Pb gene which is responsible for its attractive dark purple pericrap 
color.  
 
KEYWORDS 
Black scented rice, Ra/Pb gene, PCR analysis 

 
 
Introduction 

Rice cultivars have a variety of seed pericarp colors owing 

to black, brown, green, and red pigment deposition 

(Furukawa et al., 2006; Kang et al., 2006; Sweeney et al., 

2006). Flavonoid compounds, such as anthocyanins, 

flavonols and proanthocyanidins, are major secondary 

metabolites in plants and are red, purple and brown in 

color. The coloration of plant organs, such as leaves, 

flowers and fruits, is a result of the accumulation of 

flavonoids, carotenoids and betalains. Both flavonoids and 

flavonoid derivatives play important roles in plant 

development, in protection against UV radiation, attraction 

of insects for pollination and plant defense responses 

(Harborne and Williams, 2000). They also give flavor to 

tea and wine and have beneficial health effects in humans. 

Mutants with novel anthocyanin and proanthocyanidin 

expression patterns are readily identifiable by genetic 

analysis. The biosynthetic pathway of anthocyanins is one 

of the most extensively studied pathways of plant 

secondary metabolism, and most of the genes that encode 

the enzymes of this biosynthetic pathway have been 

isolated (Xie and Dixon, 2005). Activity of the genes 

involved in anthocyanin biosynthesis is largely regulated 

and specified at the transcriptional level, resulting in organ-

specific accumulation of compounds. The R and B genes of 

maize comprise a very small gene family that regulates 

anthocyanin biosynthesis by activating transcription of 

some of the structural genes in the pathway. In maize, R/B 

genes comprise a very small gene family whose 

organization reflect the unique evolutionary history and 

genome architecture of maize. Despite being a true diploid, 

0. sativa has at least two R genes. The rice Pb gene 

controlling purple pericarp character is known to be on 

chromosome 4 and the purple color is dominant over white 

color. Determination of allelic differences in Pb genes 

among the progeny of black pericarp rice and white 

pericarp rice crosses was performed based on PCR-based 

polymorphism of the Ra gene, which is a homologue of the 

Pb gene (Hu et al., 1996; Wang and Shu 2007). The present 

study is to find out the presence of the Ra/Pb gene in the 

black scented rice of Manipur, India. 

 

Materials & Methods 

The black scented rice cultivar, Chakhao Poireiton was 

collected from the Department of Plant Breeding and 

Genetics, Central Agricultural University, Imphal, India. 

The samples were germinated on the petriplates and were 

grown in the pots; the young tender leaves were collected 

for genomic DNA extraction.  

 

Genomic DNA extraction 

Using a modified CTAB DNA extraction method, the 

genomic DNA was isolated from the young tender rice leaf 

samples. Quantification of the isolated DNA was done 

using Nanodrop spectrophotometer. 

 

PCR analysis and gel electrophoresis 

The PCR reaction was carried out using G9Taq PCR 

master mix in 25 μl reaction volume containing 1X PCR 

buffer incorporates 1x PCR buffer, 200 μM dNTPs, 0.4 μM 

of each primer, 1.2 mM MgCl2, 1 unit Taq DNA 

polymerase, 1 mM of forward and reverse primers and 10 

ng template DNA. Profile was used as follows: an initial 

hot start and denaturing step at 94°C for 5 min followed by 

35 cycles at 94°C for 30 sec, appropriate annealing 

temperature 56°C for 30 sec and primer elongation at 72°C 

for 1 min. Final extension step at 72°C for 10 min was 

performed.  

 

Forward Primer-GGGAGAAGCTCAACGAGATG 

Reverse Primer-GGGTGGCAGATTCATCACTT 

 

The PCR product was analyzed on 1.8% agarose gel and 

was visualized by staining with ethidium bromide and 
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transillumination under short-wave UV light of BioRad gel 

doc system. Electrophoresis was performed at constant 

power of 100 Watt for 3.5 h including a 1 h pre-run to 

warm the gel to 50-60 °C. DNA ladder used in the 

electrophoresis was 1 KB (Figure-1). 

 

Results 

The genomic DNA was isolated using a modified CTAB 

method and the concentration of the isolated DNA was 

measured using Nanodrop spectrophotometer which gave a 

value of 115.7 ng/μl. The PCR was performed with the 

primer FP-GGGAGAAGCTCAACGAGATG RP-

GGGTGGCAGATTCATCACTT which is specific for 

Ra/Pb gene responsible for the purple pericarp color of the 

rice. The photograph (Figure 1) of the gel showed, there is 

presence of the Ra/Pb gene in the black scented rice of 

Manipur, India. 

 

 
  

Figure 1. Lane 1; Ra/Pb PCR; Lane 2 - 1 KB ladder 

 

Discussion 

Rice, one of the most economically important cereal crops 

in the world, is a significant staple for feeding much of the 

world's population. Although white rice is most commonly 

consumed, several rice cultivars contain color pigments, 

such as black and red rice. Black rice has a high 

anthocyanin content located in the pericarp layers, which 

gives it a dark purple color. Black rice is popular in asian 

countries where it mixed with white rice prior to cooking to 

enhance the flavor, color and nutritional value. The black 

scented rice- Chakhao in Manipuri has their importance as  

scented and its dark purple color and is used for the 

community feast as well as ceremonial purposes as 

delicacy. Chak means rice and ahaoba means delicious, 

therefore, Chakhao means delicious rice. These are one of 

the high rated dish serve as desserts, flakes, bread, cakes, 

important in community rituals ceremony. Recently, 

anthocyanins have been recognized as health promoting 

food ingredients due to their antioxidant activity (Nam et 

al., 2006; Philpott et al., 2006), and anticancer (Hyun and 

Chung 2004), hypoglycemic, and anti-inflammatory effects 

(Tsuda et al., 2003). Considering the importance of the 

black scented rice economically as well as health benefits, 

the persent study is a preliminary study at the molecular 

level of this cultivar. The present study showed that there is 

presence of the Ra/Pb gene which is responsible for its 

pericarp color. Determination of allelic differences in Pb 

genes among the progeny of black pericarp rice and white 

pericarp rice crosses was performed based on PCR-based 

polymorphism of the Ra gene, which is a homologue of the 

Pb gene (Hu et al., 1996; Wang and Shu 2007). Hu et al., 

1996, have identified the Ra gene as a rice homologue of 

the maize R/B genes based upon the following criteria: the 

putative amino acid sequence of Ra shows extensive 

homology with maize R and B genes, the positions of 

introns are precisely conserved within the coding regions of 

Ra and the maize R (LC) gene, the location of Ra on 

chromosome 4 is in synteny with the regions of maize 

chromosomes 2 and containing the B and R loci, 

respectively, and Ra can complement maize R gene 

function in a bombardment assay. The results of this study 

will augment our knowledge and help fill the gaps in our 

understanding of the levels and distribution of the gene. 

The results will also provide guidance for effective control 

programs and assist in the exploration of the black scented 

rice which may be useful in the crop improvement 

program. 
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ABSTRACT 

 
 
 

Rice varieties with colored pericarp (other than white and red) are usually called “black rice”. The black 
scented rice (Chakhao) of Manipur, India has their importance as scented and its dark purple color is used 
for the community feast as well as ceremonial purposes as delicacy. A candidate gene (fgr/BADH2) 
homologous to betaine aldehyde dehydrogenase is responsible for aroma metabolism in fragrant rice 
varieties. However, the presence of a dominant BADH2 allele encoding betaine aldehyde dehydrogenase 
inhibits the synthesis of 2-acetyl-1-pyrroline (2AP), a potent flavor component in rice fragrance. But the 
presence of its recessive alleles, badh2, induce 2AP formation. The present study was carried out to 
determine whether the recessive allele of the fragrance gene is also responsible for the fragrance in the 
black scented rice (Chakhao Poireiton) of Manipur, India. In the study, the marker specific for badh2 was 
used and found the presence of fgr gene in Chakhao Poireiton.  This finding will provide guidance for 
effective control programs and assist in the exploration of the black scented rice which may be useful in 
developing a breeding program. 
 
KEYWORDS: 
Black Scented Rice cultivar Chakhao Poireiton, Fragrance, fgr/BADH Gene 

 
Introduction 

Fragrant rice (Oryza sativa) is gaining widespread 

popularity among consumers worldwide (Bhattacharjee et 

al., 2002); thus, its market price is much higher than that of 

nonfragrant rice (Qiu and Zhang, 2003). A mixture of 114 

different volatile compounds was detected in the flavor of 

cooked rice (Yajima et al., 1978). One of them, 2-acetyl-1-

pyrroline (2AP), is a potent flavor component with a lower 

odor threshold that gives both basmati and jasmine rice 

their distinctive fragrance (Buttery et al., 1982). 2AP is 

found in all parts of plants of fragrant rice varieties except 

for the roots (Buttery et al., 1983). The 2AP level is 

relatively higher in the aerial parts of plants than in milled 

rice grains (Yoshihashi et al., 1999). In contrast with 

aromatic double haploid lines, no 2AP is detected in non-

scented double haploid lines (Lorieux et al., 1996). In 

nature, 2AP is also detected in panda leaves (Pandunus 

amaryllifolius) (Buttery et al., 1983) and is formed both in 

baking wheat breads (Schieberle and Grosch, 1991) and in 

cocoa fermentation (Romanczyk et al., 1995). Genetic 

analysis shows that a single recessive gene (fgr) on 

chromosome 8 is associated with rice fragrance and that the 

dominant Fgr allele is associated with lack of fragrance 

(Sood and Siddiq, 1978; Huang et al., 1994; Jin et al., 

2003). A number of markers were identified that are closely 

linked to fgr (Ahn et al., 1992; Causse et al., 1994; Chen et 

al., 1997; Cho et al., 1998; Jin et al., 2003). Two restriction 

fragment length polymorphism markers, RG1 and RG28, 

were identified that flank fgr, with the estimates of genetic 

distances ranging from 10 centimorgan (cM) (Causse et al., 

1994) to 12 cM (Lorieux et al., 1996) to 25.5 cM (Cho et 

al., 1998). After genetic mapping and sequence analysis of 

17 genes in the fgr region, Bradbury et al., (2005) 

suggested that a gene encoding putative betaine aldehyde 

dehydrogenase (BADH2) is most likely to be the fgr gene, 

due to its sequence divergence between fragrant and non 

fragrant rice varieties. A candidate gene (fgr/BADH2) 

homologous to betaine aldehyde dehydrogenase is 

responsible for aroma metabolism in fragrant rice varieties. 

The presence of a dominant BADH2 allele encoding betaine 

aldehyde dehydrogenase inhibits the synthesis of 2-acetyl-

1-pyrroline (2AP), a potent flavor component in rice 

fragrance. By contrast, its two recessive alleles, badh2-E2 

and badh2-E7, induce 2AP formation (Chen et al., 2008). 

The present study was carried out to determine the presence 

of the recessive allele of the fragrance gene in the black 

scented rice cv. Chakhao Poireiton of Manipur, India.  

 

Material and methods 

The black scented rice sample (Chakhao Poireiton) was 

kindly provided by the Department of Plant Breeding and 

Genetics, Central Agricultural University, Imphal, India. 

The seeds were germinated on the petriplate and the young 

tender leaves were collected for DNA extraction. 

 

Genomic DNA isolation from rice plant leaf 

Genomic DNA was extracted from the leaves samples 

using a modified CTAB (cethyltrimetyl ammonium 

bromide) protocol of Doyle and Doyle, 1987.  

The primers for the genotypes Badh2 was used (Chen et 

al., 2008): 

Forward: 5’-GCAAGTGACGGAGTACGCCT-3’ 

Reverse: 5’-GCTAACTTCCGCTCACGCAA-3’ 

 

PCR analysis and gel electrophoresis 

The PCR reaction was carried out using PCR master mix in 

25 µl reaction volume containing 1X PCR buffer 

incorporates 1x PCR buffer, 200 μM dNTPs, 0.4 μM of 
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each primer, 1.2 mM MgCl2, 1 unit Taq DNA polymerase 

(Sigma), 1 mM of forward and reverse primers and 10 ng 

template DNA. Profile was used as follows: an initial hot 

start and denaturing step at 94°C for 5 min followed by 35 

cycles at 94°C for 30 sec, appropriate annealing 

temperature 58°C for 30 sec, and primer elongation at 72°C 

for 1 min. Final extension step at 72°C for 10 min was 

performed. The PCR product was analyzed on 1.8% 

agarose gel and was visualized by staining with ethidium 

bromide and transillumination under short-wave UV light 

of BioRad gel doc system. Electrophoresis was performed 

at constant power of 100 Watt for 3.5 h including a 1 h pre-

run to warm the gel to 50-60 °C. 100 bp DNA ladder was 

used. 

 

Result & Discussion 

Genomic DNA was extracted from the leaves samples 

using a modified CTAB (cethyltrimetyl ammonium 

bromide) protocol of Doyle and Doyle (1987). 

Quantification of the DNA was done using Thermo 

Nanodrop, the quality of the DNA was fine enough for 

further PCR work giving A260/A280 ratio of 1.95. After 

running the required PCR reaction with primer  specific for 

badh2, the products were run on the agarose gel. 

Photograph of the agarose gel by gel documentation system 

gave clear band with the primer specific to badh -2, giving 

the result that the gene responsible for the scent/fragrance 

in the black scented rice (Chakhao Poireiton) may also be 

the recessive allele badh-2. Similar result has been obtained 

in the work of Chen et al., 2008 and Prathepa, 2009, in rice 

(Oryza sativa), the presence of a dominant badh2 allele 

encoding betaine aldehyde dehydrogenase (BADH2) 

inhibits the synthesis of 2-acetyl-1-pyrroline but its two 

recessive alleles, badh2-E2 and badh2-E7, induce 2AP 

formation. Single recessive fragrance gene (fgr) was linked 

to the RFLP clone RG28 on chromosome 8, at a genetic 

distance of 4.5 cM (Ahn et al., 1992). Lorieux et al., (1996) 

reviewed the genetics of aromatic fragrance and concluded 

that a single recessive gene was responsible for the 

production of fragrant rice plants. Lorieux et al. (1996) 

concluded that fragrance in all varieties of aromatic rice, 

both jasmine and basmati style is determined by alleles of 

the single recessive gene, fgr. However, they indicated that 

contradictory results were common in the literature, with 

the genetic model for fragrance reported as monogenic to 

polygenic with a dominant or recessive character. Lorieux 

et al. (1996) suggested that the contradictory results were 

due to incorrect assessment of the endospermic character in 

F2 populations and problems associated with segregation 

distortion in double-haploid or backcross populations.  An 

allele-specific perfect marker was developed with which 

both BADH 2 and badh 2 alleles could be simultaneously 

detected in a single PCR amplification (Bradbury et al., 

2005). The results of this study will augment our 

knowledge and help fill the gaps in our understanding of 

the levels and distribution of the badh 2 allele. The results 

will also provide guidance for effective control programs 

and assist in the exploration of the black scented rice which 

may be useful in the crop improvement program. Further 

studies are needed to confirm the gene for scent in the 

black scented rice of Manipur. 
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