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NMRmetabolite comparison of local pigmented rice in Yogyakarta
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ABSTRACT Pigmented rice may have a black or red color due to higher anthocyanin content in its grain. A natural anধoxidant,
many studies on anthocyanin have reported its posiধve effects on human health. This fact has spurred the development of
pigmented rice as a funcধonal food. This study aimed to compare themetabolite profiles of black and red rice. Three black rice
culধvars, namelyMelik, Pari Ireng, and Cempo Ireng Sleman, and two red rice culধvars, Inpari 24 and RC204, were used. Ađer
husk removal, grain samples were ground in liquid nitrogen and dried with a freeze dryer. The dried samples were extracted
using 50% MeOD4 (in a D2O phosphate buffer pH 6 containing 0.01% TSP as an internal standard). Metabolomic analysis
was performed using 500MHz NMR followed by mulধvariate data analysis. An orthogonal parধal least squares-discriminant
analysis (OPLS-DA) model ađer PCA was constructed to discriminate between the five different culধvars. The resulধng
OPLS-DA score plot revealed a clear separaধon between black rice and red rice. The metabolites that could influence the
separaধon of red rice and black rice were valine, threonine, alanine, glutamate, galacধnol, β-glucose, α-glucose, raffinose,
and fumaric acid.
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1. Introducধon

Rice Oryza sativa L. is one of the major nourishing ce-
real crops, and pigmented rice has been consumed for a
long time in Asia, especially in Indonesia (Andoko 2012;
Tananuwong and Tewaruth 2010). The most common rice
consumed by human is white rice (about 85%) and the rest
is pigmented rice. The pigmented rice is mainly black,
red and dark purple rice, which have dark red, dark pur-
ple, dark blue, red-brown, black purple, or dark red-purple
grains (Asamarai et al. 1996). Pigmented rice or colored
rice is distinguished by the rice grain having red-brown
or dark purple color in its covering layers (Yawadio et al.
2007). Anthocyanins, a group of reddish to purple water-
soluble flavonoids are considered as the major functional
components of pigmented rice (Hyun and Chung 2004;
Moreno et al. 2005; Mingwei et al. 2006).

Indonesia has been known to have a wide variety of
local pigmented rice (Slamet-Loedin et al. 1997). The lo-
cal pigmented rice is much developed in Yogyakarta (Kris-
tamtini and Purwaningsih 2009). The black and red rice
have been used as functional food, and their extracts are
also used as a food colorant in bread, ice cream, and liquor
(Yoshinaga et al. 1986). Recent studies demonstrated that
pigmented rice had a wide range of biological activities,

including amelioration of iron deficiency anemia of the
body (Xu and Wang 1989; Chen et al. 2000), antioxidant
(Ichikawa et al. 2001; Ling et al. 2001, 2002), anticar-
cinogenic, antiatherosclerosis, antiallergic activities (Mat-
sumoto et al. 2003; Nam et al. 2006; Wang et al. 2007).
Pigmented rice has also been known to have benefits in
diabetic prevention (Yawadio et al. 2007). It also has
been reported that aside from the color, these two type of
pigmented rice also differ in their resistance to pest and
pathogen (Ginanjar 2016; Wijaya 2017). It means that
the pigmented rice exhibited the metabolites potentially
related to defense mechanism against pathogen.

The benefits of pigmented rice depend on its metabo-
lites. The metabolites in the plant have a high level of
variation, including in pigmented rice. This is caused by
several factors such as a gene, substrate specificity to some
enzymes, subcellular compartment and non-enzymatic re-
actions (Hall et al. 2002). Pramai et al. (2017) reported
there are profile metabolite differentiations between black
rice and red rice cultivars in Thailand. The other research
also showed differentiation of metabolites between black
rice and red rice (Yawadio et al. 2007; Frank et al. 2012;
Na Jom et al. 2016; Huang and Lai 2016). However, there
is no information about metabolite profile differentiation
between black rice and red rice in Indonesia. In Indone-
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sia, Yogyakarta is a region which has a wide variety of
pigmented rice and comparison of local pigmented rice in
Yogyakarta has not been investigated yet. This work aims
to compare metabolite profile between black rice and red
rice from local varieties in Yogyakarta.

2. Materials and methods
2.1. Chemicals
KH2PO4, 3-(trimethylsilyl)propionic-2,2,3,3-d4 acid
sodium salt (TSP), methanol-d4 (CD3OD) 99.8%, sodium
deuteroxide (NaOD) 99.5%, liquid nitrogen.

2.2. Plant materials
Rice cultivars of Melik, Pari Ireng, and Cempo Ireng Sle-
man were used as black rice group and Inpari 24 and RC
204 were used as red rice group. All of the cultivars were
grown in screen house under natural condition and the
grains were collected at 4–5 months after transplanting.
The sample was ground in liquid nitrogen and dried with
freeze dryer. The dried samples were stored at 4°C.

2.3. Extracࣅon of plant materials
The 50 mg dried samples were used for NMR
metabolomics. The dried samples were extracted
using 50% MeOD4 (in D2O phosphate buffer pH 6
containing 0.01% TSP as an internal standard). The
mixture was mixed by vortex at room temperature for
2 min and ultrasonicated for 15 min. Subsequently, the
mixture was centrifuged for 15 min at 13.000 rpm. An
aliquot of 800 µL of the supernatant was transferred to a
5 mm NMR tube.

2.4. 1H-NMR analysis
The 1H-NMR spectra were recorded at 25°C on a 500
MHz JEOL NMR Spectrometer (JEOL Inc., USA) oper-
ating at a proton NMR frequency of 500.13 MHz. Deuter-
ated methanol was used as the internal lock. Each 1H-
NMR spectra consisted of 128 scans requiring 10 min and
26 s acquisition. For each sample, a relaxation delay of
1.5 s was recorded. The preparation procedure was per-
formed following the reported method (Kim et al. 2010)
with somemodifications. The TSPwas used as a reference
at δ 0.00. The metabolites were identified based on the
1H-NMR spectra and comparisons with the NMR spectra
of the reference compounds and published literatures (Fan
1996; Dai et al. 2010; Kim et al. 2010; Jones et al. 2011;
Nuringtyas et al. 2012; Nam et al. 2015; Uawisetwathana
et al. 2015; Liu et al. 2017; Pramai et al. 2017).

2.5. The buckeࣅng of 1H-NMR spectra and mulࣅvari-
ate staࣅsࣅcal analysis

Phasing and baseline corrections were performed manu-
ally for all spectra usingMestrenova software version 11.0
(Escondido. CA, USA). The 1H-NMR spectra were re-
duced to text files. All spectral intensities were binned
using a spectral width (δ 0.04) and forming a region of δ
-0.50–10.0. The regions of δ 4.70–4.90 and δ 3.23–3.36,
were excluded from the analysis due to the residual sig-
nals of water and methanol. In order to cluster the sam-
ples, Orthogonal Partial Least Square-Discriminant Anal-
ysis (OPLS-DA) was performed with SIMCA software
(version 14.0, Umetrics, Umea, Sweden). Scaling was
based on the Pareto method. OPLS-DA method was vali-
dated with CV-ANOVA method (p value < 0.05).

FIGURE 1 Score plot of OPLS-DA based on 1H NMR signals of extracts from pigmented rice.
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TABLE 1 1H chemical shiđs (δ) in metabolites of grains of black rice and red rice idenধfied by 1D NMR spectra in MeOD4.

Group Metabolite Characterisধc Signals in NMR

Amino acid Alanine δ 1.46 (d, J=7.0 Hz)

Glutamate δ 2.10–2.16 (m), δ 1.98–2.06 (m)

Threonine δ 1.34 (d, J=7.0 Hz), δ 4.22 (m)

Valine δ 1.02 (d, J=7.0 Hz), δ 1.06 (d, J=7.0 Hz), δ 1.00 (d, J=6.8 Hz)

Organic acid Hydroxy-L-proline δ 4.33–4.38 (m)

Acetate δ 1.90 (s)

Succinic acid δ 2.54 (s)

Formic acid δ 8.46 (s)

Fumaric acid δ 6.53 (s)

Sugar α-Glucose δ 5.18 (d, J=3.8 Hz)

β-Glucose δ 4.58 (d, J=7.8 Hz)

Galacধnol δ 3.97 (m)

Raffinose δ 5.42 (d, J=3.93 Hz)

Others Adenosine δ 8.33 (s), δ 8.20 (s)

Choline δ 3.24 (s)

d = doublet; m = mulধplet; s = singlet

3. Results and discussion

1HNMRmeasurements of both red and black rice extracts
allowed the identification of a number of different types
of metabolites including amino acids, organic acids, sug-
ars and others metabolites (Table 1). The identification of
metabolites in pigmented rice was based on NMR spectra
of known compounds acquired in previous studies on var-
ious plants (Fan 1996; Dai et al. 2010; Kim et al. 2010;
Jones et al. 2011; Nuringtyas et al. 2012; Nam et al. 2015;
Uawisetwathana et al. 2015; Liu et al. 2017; Pramai et al.
2017). The most intense signals within each 1H NMR
spectrumwere primary metabolites that are detected in the
δ 5.5–δ 0.5 ppm. There were amino acids appear around δ
2.0–δ 0.5 ppm, organic acids at δ 3.0–δ 2.0 ppm and sugars
at δ 5.0–δ 3.0 ppm.

The successfully identified metabolites were primary
metabolites. This result was presumably due to the age of
the collected rice grains. The rice grains were collected
at the milky stage, an early stage of grain ripening during
which the grain produces more primary metabolites used
for growth development (Heldt and Heldt 2004).

Pigmented rice has been established as a functional
food and its health benefits rely on a powerful method
of obtaining high concentrations of bioactive compounds.
Orthogonal partial least square regression-discriminant
analysis (OPLS-DA) was introduced as an improvement
over the partial least square discriminant analysis (PLS-
DA) in the discrimination of two or more classes using
multivariate data (Bylesjö et al. 2006). The advantage of
OPLS-DA compared with PLS-DA is that a single com-
ponent is used as a predictor for the class, while the other
components describe the variation orthogonal to the first

predictive component (Westerhuis et al. 2010). To distin-
guish between metabolites from red rice and black rice in
this study, PLS-DA analysis was extended to OPLS-DA.

The OPLS-DA analysis showed a clear separation be-
tween red rice and black rice (Figure 1). The model re-
sulted in a variance R2 of 0.756 and a predictive ability
Q2 of 0.731. The cross-validation of the model using CV-
ANOVA gave highly significant results (F = 6.78, P =
0.007). The loading plot of the OPLS-DA showed that sig-
nals of alanine, glutamate, threonine, valine, acetate, suc-
cinic acid, formic acid, fumaric acid, α-glucose, β-glucose,
galactinol, raffinose, and choline were present in the nega-
tive quadrant of PC1, which present red rice, and hydroxyl-
L-proline and adenosine were present in the positive quad-
rant representing black rice (Figure 2).

The concentration of each metabolite was analyzed by
one way ANOVA test to ensure the loading plot of OPLS-
DA. Based on one way ANOVA test, the metabolites that
could influence the separation of red rice and black rice are
valine ( p < 0.05), threonine (p < 0.05), alanine (p < 0.05),
glutamate (p < 0.05), galactinol (p < 0.05), β-glucose (p <
0.01), α-glucose (p < 0.01), raffinose (p < 0.018), and fu-
maric acid (p < 0.012). The significance of themetabolites
can be seen more clearly in Figure 3.

The loading plot showed that red rice was separated
due the higher content of some amino acids (alanine,
glutamate, threonine, and valine), organic acids (acetate,
succinic acid, formic acid and fumaric acid), sugars (α-
glucose, β-glucose, galactinol, and raffinose) and choline
than those in black rice. Primary metabolites such as
amino acids and sugars besides being used for growth, is
also known as a precursor of secondary metabolites (Heldt
and Heldt 2004).
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FIGURE 2 Loading plot of PLS-DA based on 1H NMR signals of extracts from pigmented rice: 1, valine; 2, threonine; 3, alanine; 4, acetate;
5, glutamate; 6, succininc acid; 7, choline; 8, galacধnol; 9, hydroxy-l-proline; 10, β-glucose; 11, α-glucose; 12, raffinose; 13, fumaric acid; 14,
adenosine; 15, formic acid.

Sugars such as glucose are recognized as signal-
ing molecules in plants (Rolland et al. 2006; Bolouri-
Moghaddam et al. 2010), in addition to their typical roles
as carbon and energy sources (Koch 2004). Sugar sig-
naling might also be of great importance in plant (de-
fense) responses under biotic and abiotic stresses. There-
fore, sugars from plant (Herbers et al. 1996) origin might
play critical roles in host-pathogen interactions (Morku-
nas et al. 2005). Another sugar, galactinol is a precursor
for the synthesis of raffinose (catalyzed by raffinose syn-
thase). Evidence shows that galactinol and likely raffinose
as well are involved as signals to stimulate plant immu-
nity under pathogen attack. Indeed, external application
of galactinol resulted in the activation of PR1a, PR1b, and
NtACS1, which are well-known defense-related genes in
tobacco (Kim et al. 2008). Raffinose is also known has
functioned on induction of resistance against nematode in-
fection (Hofmann et al. 2010). Galactinol and raffinose
may have contributed to the resistance of pigmented rice
against pathogen, although this study was limited to the
measurements of metabolites with pathogen treatment.

Amino acids also have been considered to have an
important role in defense response (Steinbrenner et al.
2011). Glutamate is a precursor for arginine, spermine,
and γ-amino-butyric acid which were related to plant de-
fense (Gill and Tuteja 2010; Huang et al. 2011; Kusano
et al. 2015). Threonine has been conferred as the amino
acid that resistant toHyaloperonospora arabidopsilis, pre-
sumably by altering the pathogen’s ability to grow under
that condition (Stuttmann et al. 2011). Meanwhile, valine
is important amino acids for nitrogen balance in plants
(Binder et al. 2007).

Besides sugars and amino acids, red rice also con-
tains the amount of organic acid like succinic acid and
fumaric acid and choline. Succinic acid is known as a me-
diator for energy production through TCA cycle (Satya-
narayana and Radhakrishnan 1962). Meanwhile, fumaric
together with glycerols, malate, citrate, succinate, mal-
onate, and stearate will be accumulated during the oxida-
tive burst process for producing H2O2 (Halliwell 1977).
Subsequently, choline is known as a precursor of glycine
betaine, metabolite which responsible for protecting plants
from environmental stress (Sakamoto and Murata 2002).

Based on Figure 2, black rice has a much higher con-
centration of hydroxyl-L-proline and adenosine. Hydroxy-
L-proline is important constituents of the plant cell, hav-
ing a structural role in the primary cell wall (Ashford and
Neuberger 1980) and adenosine is widely found in nature
and plays an important role in biochemical processes, such
as energy transfer (as adenosine triphosphate (ATP) and
adenosine diphosphate (ADP)) (Heldt and Heldt 2005).

In fact, no study reported about metabolite profile dif-
ferentiation between black rice and red rice cultivars in
Yogyakarta. However, a similar study which had been
done by Pramai et al. (2017) can be used as comparison.
They used germinated pigmented rice from local cultivars
in Thailand. Totally, they identified 34 metabolites using
1H NMR. This difference in the number of metabolites is
probably caused by some factors. First, the age of grain
used was different. In this research, young grain (at the
milky stage) was used as sample material. In this stage,
probably the grains have less metabolites compare with
ripening stage. Second, they used germinated pigmented
rice and we did not. During the germination process, en-
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FIGURE 3 Quanধtaধve expression of metabolites of each culধvars: (a) valine; (b) hydroxy-L-proline; (c) alanine; (d) glutamate; (e) threonine;
(f) acetate; (g) succinate; (h) formate; (i) fumarate; (j) α-glucose; (k) β-glucose; (l) galacধnol; (m) raffinose; (n) adenosine; (o) choline.

dogenous hydrolytic enzymes are activated to break down
starch, fibers, and proteins (Kim et al. 2012; Komatsuzaki
et al. 2007). This process made much more metabolites
could be read by NMR. The last, we believe that our re-
sults still have so many unidentified signals because of
limitations of references. Some previous studies reported
that there are metabolite differentiations between black
rice and red rice (Yawadio et al. 2007; Frank et al. 2012;
Na Jom et al. 2016; Huang and Lai 2016; Pramai et al.
2017), and our data show similar results with the previous
studies mentioned.

4. Conclusions
Metabolomics using 1H-NMR analysis enabled the identi-
fication of metabolites responsible for variations between
red rice and black rice, with 15 metabolites identified.
There is a significant difference in metabolites concen-

tration between red rice and black rice. The metabolites
responsible for the separation of red rice and black rice
are valine, threonine, alanine, glutamate, galactinol, β-
glucose, α-glucose, raffinose and fumaric acid.
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