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ABSTRACT: Anthocyanins from blackberries are natural dietary pigments. The aim of this study was to investigate the occurrence
of anthocyanins in fruits of wild Norwegian blackberries and three blackberry (Rubus fruticosus L.) cultivars and to report the
complete identification of cyanidin 3-O-3-(6"-(3-hydroxy-3-methylglutaroyl)glucopyranoside), S. This new pigment is most
probably the same pigment that has previously been reported to occur in various blackberry samples as cyanidin 3-dioxalylglucoside.
All of the examined blackberry samples contained in similar relative proportions the 3-glucoside (1), 3-rutinoside (2), 3-xyloside
(3), and 3-0--(6"-malonylglucoside) (4) of cyanidin and 5. The absolute amounts of 1—S5 in the wild Norwegian blackberries were
249, 18, 10, 24, and 22 mg of cyanidin 3-glucoside equivalents/100 g of fresh weight, respectively.
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B INTRODUCTION

In addition to their roles as secondary metabolites in many
flowers, fruits, leaves, etc., anthocyanins have gained attention as
functional pigments for coloring of food. Interests in anthocya-
nins have intensified in recent years because of their possible
health benefits as dietary antioxidants. Over 650 naturally
occurring anthocyanins have hitherto been reported." They
occur primarily as glycosides of their respective aglycones
(anthocyanidins), and more than half of them are acylated with
aromatic and/or aliphatic acyl moieties. The kind of structure
influences the occurrence of each anthocyanin in the various
equilibrium forms, and both structure diversity and differences in
equilibrium form distribution are reflected as differences in terms
of stability, bioavailability, and potential health effects.>> In this
context it is well-known that anthocyanins acylated with aromatic
acyl groups have different properties from their nonacylated
analogues. Compared to flowers, the anthocyanin structures
found in commonly eaten fruits and berries are rather simple
in nature, and just a very few of them are acylated.”

Blackberries are a rich source of anthocyanins and are reported
to have significant antioxidant capacity.*”® Several authors have
characterized individual anthocyanins of various blackberry species
and cultivars.” There seems to be some discrepancy with respect
to the exact nature of the individual anthocyanins, however; one
or more of the 3-glucoside, 3-rutinoside, and 3-xyloside (or
3-arabinoside) of cyanidin have been reported by most authors.”**
In addition, cyanidin 3-(6”-malonylglucoside) and a second
acylated cyanidin derivative have been reported in more recent
studies. Rommel et al. have shown that the acylated cyanidin
derivatives of blackberry wine and juice had greater stability than
nonacylated cyanidin derivatives during fermentation and were
also re51stant to degradation by commercial pectinase enzyme
preparations.'® Sapers et al. showed that the less polar of the two
acylated anthocyanins was the main pigment (51%) in unripe
blackberries of the cultivar Hull Thornless.'® This acylated pigment
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was 1dent1ﬁed by Stintzing et al. to be cyanidin 3-dioxalylglu-
coside." Later, several studies of individual anthocyanins from various
blackberry samples have reported the same anthocyanin;'"'’ '
however, these identifications were mainly based on low-resolution
MS and HPLC data. Our main objective is to report the structure of
cyanidin 3-O-f3-(6"-(3-hydroxy-3-methylglutaroyl) glucopyranoside),
which is a new pigment with an uncommon acyl moiety. This
pigment is most probably the same pigment that has previously
been reported to occur in various blackberry samples as cyanidin
3-dioxalylglucoside.""'>'” ! This study investigates further the
occurrence of individual anthocyanins in fruits of wild Norwe-
gian blackberries and three blackberry (Rubus fruticosus L.)
cultivars.

Bl MATERIALS AND METHODS

Plant Material. Fruits of Norwegian wild blackberry (R. fruticosus
L.) and the cultivar Thornless Evergreen were collected at Foldey
(Rogaland, Norway). Fruits of cultivar Tupi (originally from Mexico)
and cultivar Loch Ness (grown in the United Kingdom) were bought in a
local London (U.K.) food store.

Isolation of Pigments. About 875 g of Norwegian wild blackberry
fruits was extracted with acidified (0.5% trifluoroacetic acid (TFA),
Merck, Darmstadt, Germany) methanol. The filtered extract was con-
centrated under reduced pressure at 27 °C and applied to an Amberlite
XAD-7 column (70 X S cm, Sigma-Aldrich, Steinheim, Germany). The
anthocyanins adsorbed to the column were washed with water and
eluted from the column with methanol containing 0.5% TFA. The
concentrated anthocyanin extract was applied to a Sephadex LH-20
column (10 X 80 cm, Amersham Biosciences, Uppsala, Sweden) using
H,0/MeOH/TFA (79.5:20:0.5, v/v/v) as eluent. For further isolation
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Table 1. Retentions Times (HPLC), High-Resolution Electrospray MS, and Quantitative Data for Anthocyanins Identified in

Wild Norwegian Blackberries

[M]" obsd
anthocyanin tr (min) (m/z)
1 cyanidin 3-glucoside” 232 449.1084"
2 cyanidin 3-rutinoside 24.1 559.1673
3 cyanidin 3-xyloside 29.2 419.0987
4 cyanidin 3-(6”-malonylglucoside) 29.8 535.1106
S cyanidin 3-(6"-(3-hydroxy-3- 30.4 593.1518

methylglutaroyl)glucoside)

[F]" obsd IM]" caled molecular quantitative
(m/z) (m/z) formula amount”
287 449.1084 CyH,,01, " 249.0 + 8.0
287 595.1663 CyyH3, 055" 183402
287 419.0978 CyoH19010" 10.140.3
287 535.1088 CyHy301, " 243£02
287 593.1507 CyyHy50,5" 21.64+0.4

“mg cyanidin 3-glucoside equivalents/100 g FW. b Cyanidin 3-glucoside (m/z 449.1084, calculated) was used as internal reference for MS data.

by preparative HPLC, Sephadex LH-20 fractions with similar qualitative
anthocyanin contents (revealed by analytical HPLC) were combined.

Preparative HPLC System. The preparative HPLC system used a
Gilson 321 pump equipped with an Ultimate 3000 variable wavelength
detector, a 25 X 2.2 cm (10 um) Econosphere C18 column (Grace,
Deerfield, IL), and the solvents (A) water (0.5% TFA) and (B)
acetonitrile (0.5% TFA). The elution profile for HPLC consisted of
initial conditions with 90% A and 10% B followed by linear gradient
elution for the next 10 min to 14% B, isocratic elution (10— 14 min), and
the subsequent linear gradient conditions: 14—18 min (to 16% B),
18—22 min (to 18% B), 22—26 min (to 23% B), 26-31 min (to 28% B),
and 31—32 min (to 40% B), with isocratic elution at 32—40 min
(40% B) and a final linear gradient elution at 43—46 min (to 10% B).
The flow rate was 15 mL/min, and aliquots of 250 #L were injected.

Analytical HPLC System. The Agilent 1100 HPLC system was
equipped with a HP 1050 diode array detector and a 200 X 4.6 mm
inside diameter, S um ODS Hypersil column (Supelco, Bellefonte, PA).
Two solvents, (A) water (0.5% TFA) and (B) acetonitrile (0.5% TFA),
were used for elution. The elution profile for HPLC consisted of initial
conditions with 90% A and 10% B followed by a linear gradient elution
for the next 10 min to 14% B, isocratic elution (10—14 min), and the
subsequent linear gradient conditions: 14—18 min (to 16% B), 18—22
min (to 18% B), 22—26 min (to 23% B), 26—31 min (to 28% B), and
31—32 min (to 40% B), with isocratic elution at 32—40 min (40% B)
and a final linear gradient elution at 43—46 min (to 10% B). The flow
rate was 1.0 mL/min, and aliquots of 15 4L were injected with an Agilent
1100 series microautosampler. The UV—vis absorption spectra were
recorded online during HPLC analysis over the wavelength range of
240—600 nm in steps of 2 nm.

NMR Spectroscopy. One-dimensional 'H, compensated attached
proton test (CAPT), 2D heteronuclear single quantum coherence
(*H—"3C HSQC), heteronuclear multiple bond correlation (‘H—"*C
HMBC), 2D correlation spectroscopy (‘H—'H COSY), and 2D total
correlation spectroscopy (‘H—"H TOCSY) were obtained on a Bruker
600 MHz instrument equipped with a cryogenic probe. Sample tempera-
tures were stabilized at 298 K. The deuteriomethyl '*C signal and the
residual 'H signal of the solvent (CF;COOD—CD;0D; 5:95, v/v) were
used as secondary references (0 49.0 and 3.40 from TMS, respectively).

LC-MS. High-resolution LC-MS (ESI"/TOF) spectra were re-
corded using a JMS-T100LC instrument with an AcuTOF LP mass
separator. The gradient used was identical to the one described for the
analytical HPLC system with one exception; TFA was replaced with
0.5% formic acid (HCOOH) in both solvents A (water) and B
(acetonitrile). A 100 mm X 2.0 mm internal diameter, 3.0 #m Develosil
C18 column (Phenomenex, Torrance, CA) was used for separation.
Cyanidin 3-glucoside (1/z 449.1084, calculated) was used as internal
reference.

Quantitative Determination. Five grams of the wild blackberries
was weighed and placed into a 15 mL screw-cap glass and extracted with
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Figure 1. HPLC chromatogram of anthocyanins 1—S$ in an extract of
Norwegian wild blackberries detected at 520 & 20 nm.

S mL of acidified methanol (0.5% TFA) for 40 min in a refrigerator
(4 °C). The extract was removed and stored in a sealed glass tube in a
refrigerator. Extraction was repeated twice, and the combined extracts
were transferred into a volumetric flask to determine the total volume
followed by HPLC analysis. Five replicate samples were made. Prior to
injection, the solutions were filtered through a 0.45 um Millipore
membrane filter.

The quantitative amounts of 1—$ were determined from a HPLC
calibration curve of pure (>95%, determined by HPLC-DAD/NMR
standardization) cyanidin 3-glucoside isolated from wild Norwegian
blackberries,** without taking into account the variation of molar
absorption coefficients for individual pigments. The results are pre-
sented as milligrams of cyanidin 3-glucoside equivalents per 100 g of
fresh weight (FW) (Table 1). The relative quantitative amounts of
anthocyanin 1—5 (Table 3), found in the three different blackberry
cultivars were based on peak areas in analytical HPLC profiles. Five
replicates of each cultivar were analyzed.

Il RESULTS AND DISCUSSION

Anthocyanins in Wild Norwegian Blackberries. The HPLC
profile (Figure 1) of the acidified methanolic extract of the wild
blackberries detected at 520 = 20 nm revealed one major (1) and
four minor anthocyanins, 2—5 (Figure 2). The individual
anthocyanins were isolated by Sephadex LH-20 chromatography
and preparative HPLC after purification of the concentrated
extract by Amberlite XAD-7 chromatography. The structures of
the known pigments 1—4 were elucidated to be cyanidin
3-glucoside (1), cyanidin 3-rutinoside (2), cyanidin 3-xyloside
(3), and cyanidin 3-O-$-(6"-malonylglucoside) (4), respec-
tively, on the basis of high-resolution MS data (Table 1), NMR
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Figure 2. Structure of pigments 1, 2, 4, and S. Pigment 3 is also a
cyanidin monoglycoside, but with a xylosyl in the 3-OH position of the
anthocyanidin.

spectroscopy, and online HPLC. The absolute amounts of 1—35
in the wild blackberries were found to be 249, 18, 10, 24, and 22
mg/100 g fresh weight, respectively (Table 1).

Structure Elucidation of Pigment 5. The 'H NMR spectrum
of § showed six main proton signals in the aromatic region. The
signals at 0 8.36 (dd, J=2.3,8.7 Hz, H-6), 6 8.12 (d, ] = 2.3 Hg,
H-2'), and 6 7.11 (d, ] = 8.7 Hz, H-S’) coupled in a AMX spin
system and at 0 9.05 (d, J = 0.8 Hz, H-4), 4 6.99 (dd, J = 0.8, 2.0
Hz, H-8), and 0 6.76 (d, ] = 2.0 Hz, H-6) in another AMX spin
system were in accordance with the aglycone cyanidin (Table 2).
The sugar region indicated the presence of one sugar unit
including the anomeric proton (H-1") at ¢ 5.38. The chemical
shift values of the other sugar protons were identified from the
cross-peaks at 0 5.38/3.76 (H-1"/H-2"), 6 3.76/3.63 (H-2"/
H-3"), 6 3.63/3.53 (H-3"/H-4"), 6 3.53/3.86 (H-4"/HS"),
8 3.86/4.60 (H-5"/H-62"), and & 3.86/4.29 (H-5" /H-6b") in the
DQEF-COSY spectrum. The corresponding sugar 13C resonances
were identified from the cross-peaks in the HSQC spectrum, in
accordance with 3-glucopyranosyl (Table 2). The HMBC spec-
trum of S showed a cross-peak at 0 5.38/145.53 (H1”/C3),
which confirmed the linkage between the aglycone and sugar unit
to be at the cyanidin 3-hydroxyl.

The 'H and "C signals of the acyl unit were assigned
by interpretation of '"H NMR, DQF-COSY, TOCSY, HSQC,
HMBC, and CAPT NMR spectra of 5 (Table 2; Figures 3 and 4)
combined with high-resolution MS data (Table 1). The down-
field NMR shifts of H-6a"” (0 4.60) and H-6b” (O 4.29) of the
glucosyl indicated the presence of acyl substitution, and both
protons showed in the HMBC spectrum long-range cross-peaks
with a carbonyl carbon at 6 172.45 (C-1"""). This carbonyl carbon
showed in the same spectrum couplings with two proton signals
at 0 2.80 and 2.71 belonging to a CH, group (H-2"") (Figure 3).
Another carbonyl carbon (C-5"") showed similar long-range
couplings to two proton signals at 0 2.68 and 2.62 belonging to a
second CH, group (H-4"") (Figure 3). The protons of these two
methylene groups showed cross-peaks to the same methyl
carbon (C-6""") at 0 27.19 and a quaternary carbon (C-3'") at
0 70.71. The relative downfield shift of this quaternary carbon
indicated the attachment of an electronegative group such as a
hydroxyl group. NMR correlations in the HMBC spectrum
important for identification of the acyl moiety (3-hydroxy-3-
methylglutaroyl) are presented in Figure 4. The high-resolu-
tion MS data (Table 1) were in accordance with cyanidin 3-O-
B-(6"-(3-hydroxy-3-methylglutaroyl)glucopyranoside), which is a
new pigment. The acyl moiety of S, 3-hydroxy-3-methylglutaroyl,
has previously been found as part of an anthocyanin only in
malvidin 3-O-f3-(6"-(3-hydroxy-3-methylglutaroyl)glucoside) iso-

lated from flowers of Impatiens textori Miq. (Balsaminaceae).*®

Table 2. 'H (600.13 MHz) and "*C (150.90 MHz) NMR
Data for Cyanidin-3-0-£3-(6"-(3-Hydroxy-3-
methylglutaroyl)glucopyranoside) (5)*

'H 8, J (Hz) Bco
2 164.71
3 145.53
4 9.05d,0.8 136.92
S 159.07
6 6.76 d, 2.0 103.46
7 170.31
8 6.99 dd, 0.8, 2.0 95.27
9 157.86
10 113.07
iy 121.75
2 8.12d,2.3 118.47
3 147.31
4 155.93
s 7.11d, 8.7 117.41
6 8.36 dd, 2.3, 8.7 128.46
1” 5.38d,7.8 103.64
2" 3.76 dd, 7.8,9.7 74.68
3’ 3.63t9.7 73.69
4" 3.53dd, 92,97 71.28
s’ 3.86 ddd, 2.1, 6.9, 9.2 75.98
6" 4.60 dd, 2.1, 12.1 64.51
6b” 429 dd, 6.9, 12.1
1" 172.45
22" 2.80 d, 14.7 46.08
26" 2714, 14.7
3" 70.71
4" 2.68d,15.3 4543
4" 2.62d,15.3
s 174.39
6" (Me) 1.37 27.19

“13C NMR data are obtained from the *C CAPT NMR spectra. s,
singlet; d, doublet; dd, double doublet; ddd, double doublet of doublets;
t, triplet; m, multiplet. Data were recorded in CF;CO,D—CD;0D
(5:95, v/v) at 2§ °C.

Several groups have reported cyanidin 3-dioxalylglucoside to
occur in various blackberry species and cultivars.'"'>"7 !
The most comprehensive study among these with respect to
structure elucidation of this pigment'” has reported the structure
of cyanidin 3-dioxalylglucoside to be tentative, without any
detection of the intact dioxalyl moiety. When the various groups
have included more experimental data than HPLC profiles as
background for the characterization of cyanidin 3-dioxalylgluco-
side in blackberry samples, low-resolution MS data have been
reported, which showed a molecular mass of m/z 593, seemingly
in agreement with cyanidin 3-dioxalylglucoside. The MS data on
pigment $ in the present study also give a molecular mass of m/z
593. However, the high-resolution MS data for § (m/z 593.1518)
as well as the NMR data (Table 2) were in accordance with
those of cyanidin 3-O-(6"-(3-hydroxy-3-methylglutaroyl) glucoside)
(caled m/z 593.1507) and not in accordance with those of cyanidin
3-dioxalylglucoside (caled m/z $93.0779). Although we cannot
disclose the possible coexistence of cyanidin 3-dioxalylglucoside
and cyanidin 3-O-(6"-(3-hydroxy-3-methylglutaroyl)glucoside)
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Figure 3. Expanded region of the HMBC spectrum of cyanidin
3-0-f3-(6"-(3-hydroxy-3-methylglutaroyl)glucopyranoside) (S) in
CF;CO,D—CD;0D (5:95, v/v) showing cross-peaks indicating the
linkage between the acyl moiety and the sugar (H-6b"/C-1" Clen))
and neighborship between the two methylene groups and the carbon
atoms of the two acyl groups of the 3-hydroxy-3-methylglutaroyl unit
(H-2a’”/C-1’” (ZJCH); H-2b""/C-1"" (ZJCH)z H-4a"" /C-5" (ZICH); and
H_4b////c_51// (ZJCH))

Cy—0O_ HO

— 2Jey or 3Jcy HMBC correlation

Figure 4. Highlighted NMR correlations observed in the 'H—
HMBC spectrum of S used for identification of the acyl m01ety as
3-hydroxy-3-methylglutaroyl.

Table 3. Relative Amounts of Anthocyanins 1—5% in Wild
Norwegian Blackberries and Three Blackberry Cultivars

1 2 3 4 s

wild Norwegian ~ 789+02 48+01 30" 70401 63402

Thornless 82.6+0.1 31 st 4.5 41"
Evergreen

Lock Ness 900+01 55401 34° 1.2° tr

Tupi 877402 59402  tr 24+01 3.9

“See Figure 2 for structures of 1—S§. b Standard deviations <0.1.
“tr = trace amounts.

(5) in the genus of blackberries, we think, on the basis of HPLC
profiles and spectroscopic data (high-resolution MS and NMR),
that $§ most probably is the same pigment that has previously
been reported to occur in various blackberry samples as cyanidin
3-dioxalylglucoside.

Relative Amounts of Anthocyanins (1—5) in Wild Norwe-
gian Blackberries and Three Blackberry Cultivars. HPLC

profiles showed that the anthocyanin content of the Norwegian
wild blackberries and the cultivars Thornless Evergreen, Loch
Ness, and Tupi were rather similar, with respect to both the kind
of anthocyanins in the berries (1—5) and their relative amounts
(Table 3). All five anthocyanins, 1—S5, were detected in all
samples, and cyanidin 3-glucoside (1) was the major pigment,
constituting 79—90% of the anthocyanin content. Cyanidin
3-(6"-(3-hydroxy-3-methylglutaroyl)glucoside) (5) constitutes
—6% in the wild blackberries, Thornless Evergreen, and Tupi,
whereas it was found only in trace amounts in Loch Ness.
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