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Chemical Structure of the Major Color Component
from a Korean Pigmented Rice Variety
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Abstract . The major color component of a Korean pigmented rice (Oryza sativa var. Suwon 415) was purified
with Amberlite XAD-7 column and preparative paper chromatography. The purified pigment was determined
as anthocyanin by paper chromatography, UV/Vis and NMR spectroscopy. The Ama of the purified anthocyanin
on UV/Vis spectrum were 529 nm and 281 nm. The Aguo/As value of the purified anthocyanin was 23%
suggesting the presence of 3-glycosidic structure. The aglycone from acid hydrolysis showed bathochromic
shift (18 nm) in the presence of AICl; indicating that the anthocyanidin contained free adjacent hydroxyl
groups such as cyanidin, delphinidin, petunidin or luteolinidin. The sugar moiety obtained from acid hydrolysis
was determined as glucose by paper chromatography. The NMR spectra showed that the aglycone was cyanidin
and the sugar was B-D-glucopyranose. Thus, the chemical structure of the purified anthocyanin was identified
as cyanidin 3-O-f-D-glucopyranoside(Received March 29, 1996; accepted April 29, 1996).

Introduction

Anthocyanins are the most important group of water-
soluble pigments in plant kingdom. They are found in
flower petals, fruits, roots, stems, leaves and bracts.
These pigments are responsible for pink, scarlet, red,
mauve, violet and blue colors of higher plants.” Anthocy-
anins play a definite role in the attraction of animals
as pollination and seed dispersal factors. They are also
important factors in the defence system against UV light
and insect attack.?

Pigmented rice is red or purple colored rice. Anthocy-
anins in pigmented rice were reported as cyanidin 3-glu-
coside, cyanidin 3-rhamnoside, cyanidin 3, 5-diglucoside
and malvidin 3-galactoside. Especially, cyanidin 3-gluco-
side and malvidin 3-galactoside are the major anthocya-
nins in pigmented rice in Japan*® The major color com-
ponents of pigmented rice bred in Korea (Oryza sativa
var. Suwon 415) were also tentatively identified as cyani-
din 3-glucoside and malvidin 3-glucoside.” In connection
of previous study,” we performed experiments to deter-
mine the chemical structure of the purified anthocyanin
from a pigmented rice cultivar in Korea.

Materials and Methods

Materials
’Pigmented rice (Oryza sativa var. Suwon 415) was sup-

plied from Dr. Moon, H.-P., National Crop Experiment
Station, Rural Development Administration, Suwon,
Korea, and stored at room temperature. Chromatography
papers were purchased from Whatman Ltd. Amberlite
XAD-7, dimethyl-ds sulfoxide (DMSO-dg), trifluoroacetic
acidd (TFA-d), acetic acid and monosaccharides were
bought from Sigma Chemical Co.. Other chemicals includ-
ing methanol, n-butanol, amyl alcohol and ammonia solu-
tion were obtained from Hayman Ltd. and Tedia Com-
pany, Inc.

Extraction and purification

The pigmented rice (100 g) was extracted with 500
ml of 0.1% HCI-MeOH at room temperature for 1 hour
with stirring. The filtered extract was concentrated to
a small volume (10 m/). The concentrated extract was
applied to Amberlite XAD-7 column equilibrated with
H;O. The pigment was eluted with H,O-MeOH (4:1)
and the elute was concentrated to a small volume (8
ml). The concentrate was purified by preparative paper
chromatography with BAW (n-BuOH : AcOH : H:0=4:1
:5). The major bands were cut and extracted with 200
m/ of 0.01% HCI-MeOH and the extract was dried in
vacuo. The purified anthocyanin (35 mg) obtained was
used for further studies.

Acid hydrolysis
Acid hydrolysis was carried out according to the stand-
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ard procedure.” The hydrolysate was extracted with
amyl alcohol and used for aglycone analysis, The
aqueous phase after extraction was concentrated and
used for sugar analysis.®

UVAVis and NMR spectroscopy

The UV/Vis spectrum of the purified anthocyanin was
obtained with a Varian DMS 300 spectrophotometer. The
purified anthocyanin dissolved in 0.01% HCl-MeOH was
scanned in the range of 200~700 nm. The 'H and *C
NMR, 'H-H COSY and 'H-¥*C COSY spectra of the an-
thocyanin were measured in 90% DMSO-ds—10%
TFA-d with OXFORD 400 MHz FT-NMR.

Results and Discussion

Purification of anthocyanin

In the previous study,® the colored components ex-
tracted from Korean pigmented rice (Oryza sativa var.
Suwon 415) were anthocyanins identified from characteris-
tic absorption spectrum in UV-visible ranges showing
maximum absorption at 280 and 530 nm. The extract
of the pigmented rice with 0.1% HCI-MeOH showed a
major and a minor spots on paper chromatogram develop-
ed with various solvent systems (data not shown). The
major anthocyanin pigment was purified by Amberlite
XAD-7 column and then preparative paper chromaogra-
phy with BAW solvent system. The major band was cut
and extracted with 0.01% HCI-MeOH. The purified an-
thocyanin was homogeneous with a single spot on paper
chromatogram with various solvent systems. The R; val-
ues of the purified anthocyanin were summarized in Ta-
ble 1. These R; values were similar with those of the
cyanidin 3-glucoside from Chrysanthemum,” Hibiscus sy-
riacus® and Sambucus canadensis.”

UV Vis spectrum of the purified anthocyanin

The purified pigment showed a unique UV/Vis spec-
trum with absorption peaks at 281 nm and 529 nm (Fig.
1), indicating that the purified pigment is a typical antho-
cyanin. Auo/Avisma Values provide a clue to determine
the position of sugar attachment to aglycone in anthocya-
nin pigments.”® ' The Au/Avima values of cyanidin
3-glycoside and cyanidin 3, 5-diglucoside are 22~25%
and 13%, respectively.”!? For delphinidin, the correspond-
ing values are 17~18 and 11%, respectively.”’” The
Auo/Asz value of the purified anthocyanin was 23% sug-
gesting that the sugar attachment site to aglycone of
anthocyanin could be a 3-glycoside. The attachment of
sugar moieties at 3 and/or 5 positions causes various
hypsochromic shift according to attachment patterns.*”
Absorption maximum of the aglycone (540 nm) was shift-
ed -hypsochromically to 529 nm (data not shown) indicat-

Table 1. R; values and spectral properties of the purified antho-
cyanin from Korean pigmented rice

R, values (X100) in Spectral data in 0.01% HClI-MeOH
BAW BuHCl 1% HCl  Amx (om)  Au/Ase () +AICL
37 29 6

281, 529 23 +39 nm

Solvent key : BAW=n-BuOH :AcOH: H,0 {:1:5), BuHCl=n-
BuOH:2M HCl (1:1), 1% HCl=conc. HCl: H,O 3:97).
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Fig. 1. UV/Vis spectra of the purified anthocyanin in 0.01%
HCI-MeOH. 1 is scanned in the absence of AlCl and 2~10 are
scanned in the presence of 11 mM AICl; with 10 min interval.

ing also the presence of 3-glycoside.l’ ™ Anthocyanins
that contain free adjacent hydroxyl groups such as cyani-
din, delphinidin, petunidin or luteolinidin show batho-
chromic shift in the presence of AICL%. The purified
anthocyanin showed 39 nm of bathochromic shift (Fig.
1) in the presence of AlCl;, suggesting that free adjacent
hydroxyl groups exist in the anthocyanin sample mole-
cule

Acid hydrolysis of the purified anthocyanin

Anthocyanins can be cleaved to aglycone and sugar
moieties by acid hydrolysis.” In order to identify the
aglycone and sugar moiety, the purified anthocyanin was
hydrolyzed with 2N-HCI at 100C for 40 min. The hydro-
lysate was extracted with amyl alcohol and used for ag-
lycone analysis. The UV/Vis spectrum of the aglycone
showed 18 nm of bathochromic shift in the presence
of AICl; (data not shown) suggesting that the aglycone
might be cyanidin.®® The sugar fraction liberated from
acid hydrolysis of the purified anthocyanin was analyzed
with paper chromatography (Fig. 2), indicating that the
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Fig. 2. Paper chromatograms of the sugar liberated from acid
hydrolysis of the purified anthocyanin with BAW (A} and BTPW
(n-BuOH : Toluene : Pyridine : H,O=5:1:3:3) (B). S is the sug-
ar liberated from the anthocyanin and reference sugars are arabi-
nose (Ara), galactose (Gal), glucose (Glu), rhamnose {Rhm) and
xylose (Xyl).

Fig. 3. '"H NMR spectrum of the purified anthocyanin in 90%
DMSO-0s-10% TFA-d. Inset represents the chemical structure of
cyanidin 3-O-B-D-glucopyranoside.

sugar molecule attached to anthocyanin is glucose.

NMR spectra of the purified anthocyanin

The 'H NMR spectrum (Fig. 3) showed that the molar
ratio of anthocyanidin to sugar is one. From the chemical
shift and coupling pattern of six aglycone proton peaks
in the 'H NMR spectrum (Fig. 3), the aglycone of the
purified anthocyanin was determined as cyanidin 39121419
The proton peaks of aglycone were assigned by analysis
of the 1D and 2D NMR spectra (Table 2). Analyzing
the 'H-'H COSY spectrum (Fig. 4), H-5' appeared at &
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Fig. 4. 'H-"H COSY spectrum of the purified anthocyanin in 90%
DMSO-ds-10% TFA-d.
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Fig. 6. '"H-'3C COSY spectrum of the purified anthocyanin in
90% DMSO-ds-10% TFA-d.

Lol

7.06 is coupled with H-6'(5 8.19). The proton peaks of
the sugar moiety appeared in the range of 8§ 3.23~5.33
(Fig. 3). The assignments of the sugar proton peaks
(Table 2) were achieved on the basis of 'H-'H (Fig. 4)
and 'H-C COSY spectra (Fig. 5). The coupling constant
(76 Hz) of the anomeric proton at & 5.33 and the large
coupling constants (8.8~10.5 Hz) of other sugar protons
indicate that the sugar is the B-D-glucopyranose814-17
The BC peaks were assigned by comparing with refere-
nce data®? and 'H-BC COSY spectrum (Fig. 5). The
BC NMR spectrum showed fifteen aglycone carbon sig-
nals and six sugar carbon signals (Table 2), confirming
that the isolated anthocyanin contains one glucose mole-
cule attached to cyanidin.

In summary, the major anthocyanin of a Korean pig-
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Table 2. 'H and ®C NMR data of the purified anthocyanin from

Korean pigmented rice (in 90% DMSO-ds-10% TFA-d, chemical
shifts in ppm)

'H NMR BC NMR
Cyanidin
2 161.51
3 144.20
4 886 s 134.82
5 157.77
6 684 s 102.59
7 168.68
8 695 s 94.13
9 155.84
10 111.94
Iy 119.64
2 803 s 11748
3 146.29
4 154.44
5 706 d (8.6) 116.93
6 8.19 d (86) 126.82
Glucose
1” 533 d (7.6) 101.98
2" 348 m 73.14
3" 337 dd (88, 88) 76.52
4" 323 dd 838, 898 69.64
5" 346 m 7765
6" 367 d (105) 60.75
351 m

coupling contants (/ in Hz) in parentheses

mented rice cultivar (Suwon 415) was purified by chro-
matographic techniques and identified by chemical and
spectroscopical methods. Analyzing experimental results
and reference data, we identified the chemical structure
of the purified anthocyanin as cyanidin 3-O-f-D-glucopy-
ranoside.
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BEA RADIOIA) 2218t PHEAOKS) BHERE
205, MY, S, FUAET (ARG HAITH R S, SIS AFG

EE : g4k FA0|(Onvza sativa var. Suwon 415)9] F QM4 2 Amberlite XAD-7 2 o] A2rtETYHAE o] &3t
FElstgel #elE YAE Fo] ARutEH T, UV/Vis © NMR 23843 A7 tEAlofd oz wajgrt. #eld
GEAlOP-E UV/NVis 2~HERA 520nme} 28lnmoll Al Hdl FREE HAN Au/Aat 23%Ath whebd o
QGFEAjobd o= 3-glycoside?t EAMEE & = vk A RS =RE AL aglyconed AlCL EA3tolA] 18 nme
bathochromic shiftE 2§t} o] Axls Rald tEA ol cyanidin, delphinidin, petunidin £+ luteolinidin®} 2o}
& ©]49) hydroxyl groupo] 58t EAgS w3ty Fo] ARnfEHIE o] &3 EAF AH, UEAoPIY
AP 7t RdERE dad e ¥xdog #EHelEdth NMR B3R 23 aglyconed cyanidino]™ L= B-
D-configurations- zt= Ao g AZteth oj4te] Atz Eold ¢tEAobd e 38T FE cyanidin 3-0-4 D-gluco-
pyranoside 2. 2 A =]t}
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