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ABSTRACT: New red leaf tea cultivar ‘Sunrouge’ (Camellia taliensis X Camellia sinensis), for which an application for registration
was made in 2009, is an anthocyanin-rich tea. The anthocyanin content of ‘Sunrouge’ was the highest among 4 tea cultivars, and was
8.4 times higher than that of “Yabukita’. We purified and isolated 6 anthocyanins from ‘Sunrouge’ by chromatography, and identified
them by LC/MS/MS and NMR analysis. As a result, the four anthocyanins were identified as delphinidin-3-O-3--(6-(E)-p-
coumaroyl)galactopyranoside (2), delphinidin-3-O-f3-p-(6-(E)-p-coumaroyl)glucopyranoside (3), cyanidin-3-O-3-p-(6-(E)-p-
coumaroyl)galactopyranoside (4), and cyanidin-3-O-f3-p-(6-(E)-p-coumaroyl)glucopyranoside (5), and the other two were
estimated as delphinidin-(Z)-p-coumaroylgalactopyranoside (1), petunidin-(E)-p-coumaroylgalactopyranoside (6). Compound
3 was found in tea for the first time. In general, anthocyanins have various bioactivities, including relieving eyestrain and antioxidative
effects, so it is expected that drinking ‘Sunrouge’ tea brings in similar bioactivities.
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B INTRODUCTION

Tea (Camellia sinensis) is consumed all over the world,
especially in Japan and China. It is reported that green tea has
various bioactivities, including antioxidative, antimutagenic and
anticarcinogenic,2 antihypertensive, oral health-promoting, solar
ultraviolet-protective, glucose tolerance and insulin sensitivity-
related, antibacterial, antiviral,®> and body weight-reducing
effects.*

Camellia taliensis is closely related to C. sinensis and is
drunk as ‘Dalicha’ in China. An anthocyanin-rich tea cultivar
‘Cha Chuukanbohon Nou 6’ (Camellia taliensis X Camellia
sinensis) was bred from seedling of Camellia taliensis by the
National Institute of Vegetable and Tea Sciences. Anthocya-
nins have various bioactivities, including antioxidative,” anti-
inflammatory,® and eyestrain-relieving activities.” Drinking
anthocyanin-rich tea enables simultaneous ingestion of cate-
chins, which are functional components of tea, and antho-
cyanins, but it is difficult to cultivate ‘Cha Chuukanbohon
Nou 6’ since it has a small number of buds.

Therefore, breeding easily cultivated and anthocyanin-rich tea
was carried out, and new red leaf tea cultivar ‘Sunrouge’
(Camellia taliensis X Camellia sinensis) was selected from ‘Cha
Chuukanbohon Nou 6’ natural crossing, for which an application
for registration was made in 2009. In this study, we quantified the
total anthocyanin contents of 4 tea cultivars: ‘Sunrouge’, ‘Cha
Chuukanbohon Nou 6, ‘Benibana-cha’ (C. sinensis), the antho-
cyanin-rich tea cultivar, and ‘Yabukita’ (C. sinensis), the common
tea cultivar in Japan. Furthermore, we isolated and identified 6
unknown anthocyanins, which were detected by the HPLC
analysis of ‘Sunrouge’ extract.
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Bl MATERIALS AND METHODS

Chemical and Materials. Solvents were of special grade unless
otherwise stated. Ethanol (EtOH), acetic acid, ethyl acetate, acetonitrile, trifluor-
oacetic acid (TFA), formic acid, hydrochloric acid (HCl aq), and deuterium oxide
were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan),
HPLC-grade acetonitrile and methanol-d, were purchased from Kanto Chemical
Co, Inc. (Tokyo, Japan), and TFA-d was purchased from SIGMA-Aldrich Inc.
(St. Louis, MO, USA). HPLC-grade cyanidin-3-O-3-glucoside was purchased
from Extrasynthese Co. (Lyon, France). Amberlite XAD-7HP was purchased
from Organo Co,, Ltd. (Tokyo, Japan), and Inertsil ODS-3 column (20 x 250
mm, 4 um; 46 X 250 mm, 4 ym; 2.0 X 150 mm, 3 um) and Inertsii PH-3
column (20 X 250 mm, S #m) were from GL Sciences, Inc, Japan (Tokyo,
Japan). ‘Sunrouge’ tea leaves were obtained from the National Institute of
Vegetable and Tea Sciences.

Quantifications of Anthocyanins. Anthocyanins of ‘Sunrouge’,
‘Cha Chuukanbohon Nou 6, ‘Benibana-cha’, and ‘Yabukita’ were
quantified equivalent to cyanidin-3-O-f3-glucoside concentration by
the following method. Absorbance of 15% acetic acid solutions, prepared
in the range of 0.781—50 uM of cyanidin-3-O-f3-glucoside, was mea-
sured, and a calibration curve was created. Then, absorbance of 15%
acetic acid extracts of four tea cultivar leaves (n = 18, except for
‘Benibana-cha’, n = 12) was measured, and anthocyanin contents were
calculated from this calibration curve.

Extraction and Isolation of Anthocyanin from ‘Sunrouge’.
‘Sunrouge’ tea leaves (87.2 g) were extracted with 15% acetic acid
(600 mL x 3), and additionally extracted with 15% acetic acid-containing
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Figure 1. HPLC chromatogram of an extract of ‘Sunrouge’. Anthocya-
nins a—d were identified by HPLC analysis; a, delphinidin-3-O-f-p-
galactopyranoside; b, delphinidin-3-O-f3-p-glucopyranoside; c, cyanidin-
3-O-f3-p-galactopyranoside; d, cyanidin-3-O-f3-p-glucopyranoside.

50% EtOH (600 mL x 4). The combined extract was evaporated and
freeze-dried. The freeze-dried solid extract was washed with ethyl acetate
(400 mL x 2) and then evaporated to remove the ethyl acetate. This
extracted solid was dissolved in 1% acetic acid and subjected to XAD-7HP
column (45 x 400 mm) chromatography by stepwise elution with 1%
acetic acid (2500 mL), 1% acetic acid-containing 30% EtOH (2500 mL),
1% acetic acid-containing S0% EtOH (2500 mL), and 1% acetic acid-
containing 70% EtOH (2500 mL). HPLC analysis of each fraction
showed that 1% acetic acid-containing 50% EtOH fraction had 6 unknown
anthocyanins (compound 1—6, Figure 1). This fraction was subjected to
preparative HPLC using an Inertsil ODS-3 column (20 x 250 mm, 4
um). The mobile phase A was 0.1% TFA, and the mobile phase B was
0.1% TFA-containing 50% acetonitrile. 38% B isocratic elution gave 6
anthocyanin fractions. Then, each fraction was repeatedly subjected to
reverse-phase HPLC using Inertsil ODS-3 column (20 X 250 mm, 4 ym)
and Inertsil PH-3 column (20 X 250 mm, S um) to obtain the 6
anthocyanins. The mobile phase A was 0.1% TFA, and the mobile phase
B was 0.1% TFA-containing 50% acetonitrile; or the mobile phase A was
0.1% HCl aq, and the mobile phase B was 0.1% HCI ag-containing 50%
acetonitrile. The detection wavelength was 520 nm and flow rate was
18.9 mL/min in all these analyses.

HPLC. The measuring of the ‘Sunrouge’ extract was carried out with
the HPLC system, with an L-2130 pump, an L-2300 column oven, an
L-2200 autosampler, and an L-2450 DAD detector (Hitachi Ltd., Tokyo,
Japan). The ‘Sunrouge’ extract was subjected to reverse-phase HPLC
using an Inertsil ODS-3 column (4.6 X 250 mm, 4 um). The flow rate
was 1.0 mL/min. The mobile phase A was 0.1% TFA, and the mobile
phase B was 0.1% TFA-containing 50% acetonitrile. The gradient
conditions were as follows: 0—60 min, 5—60% B; 60—70 min,
60—100% B. The purification and isolation of compounds were con-
ducted using the HPLC system, with an L-7150 pump, an L-7420
UV—vis detector (Hitachi, Ltd., Tokyo, Japan), a column oven 505
(Tokyo Rikakikai Co., Ltd., Tokyo, Japan), and a manual sample injector
Rheodyne 7725i (Rheodyne, Cotati, CA, USA). The flow rate was
18.9 mL/min. The LC/MS/MS measuring of the ‘Sunrouge’ anthocya-
nins was carried out using the HPLC system, with an L-2100 pump, an
L-2300 column oven, an L-2200 autosampler, and an L-2400 UV
detector (Hitachi Ltd., Tokyo, Japan). Each anthocyanin was subjected
to reverse-phase HPLC using an Inertsil ODS-3 column (2.0 x 150 mm,
3 um). The flow rate was 0.2 mL/min. The mobile phase A was 0.1%
formic acid, and the mobile phase B was 0.1% formic acid-containing
50% acetonitrile. The gradient conditions were as follows: 0—60 min,

Table 1. Anthocyanin Contents of 4 Tea Cultivars®

tea cultivar anthocyanin content (%) SD
‘Sunrouge’ 0.211 0.047
‘Cha Chuukanbohon Nou 6’ 0.149 0.032
‘Benibana-cha’ 0.135 0.011
“Yabukita’ 0.025 0.008

“ Data represent the mean of n = 18, except for Benibana-cha, n = 12.

5—60% B; 60—70 min, 60—100% B. The detection wavelength was
520 nm in all these analyses.

MS/MS. The LC/MS/MS measuring of the tea leaf anthocyanins
was carried out with a QSTAR system (Applied Biosystems Inc,
California, USA). The measuring was carried out by the following
method: electro ion spray mode; ion spray voltage, SS00 V; temperature,
450 °C; curtain gas, 30 (arbitrary units); ion source gas, SO (arbitrary
units); automatic collision energy mode.

NMR. 'H NMR (600 MHz), '*C NMR (150 MHz), heteronuclear
single-quantum coherence (HSQC), correlation spectroscopy (COSY),
and heteronuclear multiple-bond connectivity (HMBC) spectra were
recorded in MeOH-d,—TFA-d (9:1) with a Bruker AV600 (Bruker
Biospin GmbH, Rheinstetten, Germany).

B RESULTS AND DISCUSSION

Anthocyanin Contents. The anthocyanin contents of 4 tea
cultivars (first crop) are shown in Table 1. The anthocyanin
content of ‘Sunrouge’ was the highest in 4 tea cultivars, and 1.4,
1.7, and 8.4 times higher than those of ‘Cha Chuukanbohon Nou
6, ‘Benibana-cha’, which is anthocyanin-rich, and ‘Yabukita’.
Therefore, ‘Sunrouge’ is a remarkably anthocyanin-rich tea
cultivar.

Identification. The MS/MS analysis of compounds 1,2, and 3
showed a molecular ion at m/z 611.1409, 611.1444, and
611.1451 (the exact mass calculated for C3oH,,0,4" was m/z
611.13953), and a major fragment ion at m/z 303.053S,
303.0555, and 303.0557, respectively, corresponding to the
aglycon delphinidin (the exact mass calculated for CysH,; 0,7
was m/z 303.0505). Compounds 1 and 2 were (E)—(Z) isomers
because they were not separated completely from each other.®
Therefore, compound 1 was estimated as delphinidin-(Z)-p-
coumaroylgalactopyranoside. 'H NMR analysis showed that
compounds 2 and 3 had a (E)-p-coumaroyl moiety (Jo_p =
15.9 Hz), compound 2 had a S-galactose moiety (J = 7.8 Hz)’
and compound 3 had a 8-glucose moiety (J = 7.6 Hz),'® and the
positions of linkage between delphinidin and hexose, and be-
tween hexose and coumaroyl, were determined by HMBC
(Table 2). Therefore compound 2 was identified as delphini-
din-3-O-f3-0-(6-(E)-coumaroyl)galactopyranoside and com-
pound 3 was identified as delphinidin-3-O-3-p-(6-(E)-
coumaroyl)glucopyranoside (Figure 2).

The MS/MS analysis of compounds 4 and S5 showed a
molecular ion at m/z 595.1411, 595.1489 (the exact mass
calculated for C3oH,7,013" was m/z 595.14462), and a major
fragment ion at m/z 287.0612, 287.0608 corresponding to the
aglycon cyanidin (the exact mass calculated for C, <H;,04" was
m/z287.0556). "H NMR analysis showed that they had an (E)-p-
coumaroyl moiety (Jo—p = 15.9 Hz), compound 4 had a
B-galactose moiety (J = 7.6 Hz) " and compound § had a P-glucose
moiety (J = 7.7 Hz),"> and the positions of linkage between
delphinidin and hexose, and between hexose and coumaroyl,
were determined by HMBC (Table 2). So compound 4 was
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Table 2. "H NMR Data for Compounds 2, 3, 4, and § (in 9:1 CD;0D/TFA-d)

2 3 4 S
aglycon
delphinidin delphinidin cyanidin cyanidin
4 8.89 s 8.88 s 89Ss 8925
6 6.54s 6.52s 6.85s 6.83s
8 6.76 s 6.76 s 6.55s 6.55s
2 777 s 772 8.08 d (2.3) 8.03d (2.3)
s 7.05d (8.8) 7.03d (8.6)
6 777 s 772 s 826 dd (8.7,2.2) 824 dd (8.7,2.3)
sugar
galactosyl glucosyl galactosyl glucosyl
1 5304d (7.8) 5334d (7.6) 530d (7.6) 5334d(7.7)
2 4.01brd (32) 376t (8.3) 4,01 brd (2.6) 373t (83)
3 375 dd (9.7, 3.3) 3.60 t (9.0) 374 dd (9.6, 3.4) 3.59 (9.0)
4 4.06 dd (9.6, 7.8) 348t (9.1) 4.05 dd (9.5,7.8) 3481 (9.4)
5 412 dd (8.8, 4.1) 3.85td (8.5,22) 4.13 dd (8.8, 3.0) 3.85td (8.5,22)
6a 430 dd (11.9, 3.9) 438 dd (119, 7.6) 431dd (11.9,3.6) 438 dd (119, 2.2)
6b 459 dd (11.6, 8.9) 4.52.dd (119, 2.3) 4.59 dd (117, 9.0) 453 dd (119, 7.7)
p-coumaroyl
2,6 728 d (8.5) 729 d (8.6) 726 d (8.5) 7.30d (8.5)
3,8 6.77d (8.5) 6.77 d (8.6) 6.80d (8.5) 6.80d (8.5)
a 623 d (15.9) 622 d (16.0) 625d (15.9) 623 d (15.9)
B 7.44 d (15.9) 742 d (16.0) 7.45d (15.9) 7.44 d (15.9)
Ry and both have galactose as a hexose, which suggested that delphinidin
OH = R R R or cyanidin mainly bound to galactose not glucose in the biosynthesis
HO N O ! 20 4 pathway of Sunrouge. It was reported that biosynthesis of anthocya-
O D OH 2 OH OH H (E}p-coumaroy nin-glucoside or -galactoside differed between plant species; for
Z >0 8 OH H OH (E}p-coumaroyl example, glucoside was larger in black soybean (Glycine max) and
OH OH 4 H o OH H - (E)p-coumaroyl galactoside was larger in apple (Malus domestica). The anthocyanin
R,0 5 H H OH (E)-p-coumaroyl biosynthesis depends on the major anthocyanin biosynthesis en-
Ry—OH zymes, UDP-glucose:flavonoid ~ 3-O-glucosyl-transferase,"*">  or
Rs UDP-galactose:flavonoid 3-O-galactosyltransferase and UDP-glucose

Figure 2. Structures of anthocyanins isolated from ‘Sunrouge’.

identified as cyanidin-3-O-f3-p-(6-(E)-coumaroyl)galactopyran-
oside and compound $ was identified as cyanidin-3-O-f3-p-(6-
(E)-coumaroyl)glucopyranoside.

The MS/MS analysis of compound 6 showed a molecular ion
at m/z 625.1624 (the exact mass calculated for C3;H,50,," was
m/z 625.1557) and a major fragment ion at m/z 317.0713. The
"H NMR data was completely assigned, but HMBC correlation
between 3'-C and -OMe protons corresponded to the aglycon
petunidin (the exact mass calculated for C,¢H;30," was m/z
317.0661)." "H NMR analysis showed that 6 has an (E)-
coumaroyl moiety and a galactose moiety.” Then, compound 6
was estimated as petunidin-(E)-p-coumaroylgalactopyranoside.

Compound 3 was found in tea for the first time, although
compounds 2, 4 and § were previously reported for the genus
Camellia.”"""* Similarly, compound 6 with a petunidin moiety
was found in tea for the first time. Moreover, four known
anthocyanins a—d, identified respectively as delphinidin-3-O-f3-
p-galactopyranoside, delphinidin-3-O--p-glucopyranoside, cya-
nidin-3-0-f3-D-galactopyranoside, and cyanidin-3-O-f3-p- gluco-
pyranoside, were observed in Figure 1. Additionally, Figure 1
shows that the peak intensities of compounds 2 and 4 were large

4-epimerase,'® and it is predicted that the major enzyme of ‘Sunrouge’
is the latter. Furthermore, anthocyanin with petunidin-bound glucose
was not detected in this study, but there is a possibility that ‘Sunrouge’
has a minor compound with glucose substituted for galactose in the
structure of compound 6.

In general, anthocyanins have various bioactivities, including
relieving eyestrain and antioxidative effects, so it is expected that
drinking ‘Sunrouge’ tea brings in similar bioactivities.
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