JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2008, 56, 661-669 661

Ellagitannin Composition of Blackberry As
Determined by HPLC-ESI-MS and MALDI-TOF-MS

TiFFANY J. HAGER,™® LUKE R. HOWARD,*" ROHANA LIYANAGE,”
JacksoN O. Lay,* AxD RoNaLD L. Prior®"

Department of Food Science, University of Arkansas, 2650 North Young Avenue,
Fayetteville, Arkansas 72704; Arkansas Children’s Nutrition Center and Agricultural Research Service,
U.S. Department of Agriculture, 1212 Marshall Street, Little Rock, Arkansas 72202; and
University of Arkansas Statewide Mass Spectrometry Facility, 1260 West Maple Street,
Fayetteville, Arkansas 72701

Blackberries (Rubus sp.) were evaluated by high-performance liquid chromatography—electrospray
ionization—mass spectrometry (HPLC-ESI-MS) and matrix-assisted laser desorption/ionization—time-
of-flight mass spectrometry (MALDI-TOF-MS) to identify the ellagitannins present in flesh, torus
(receptacle tissue), and seeds. Most ellagitannins were present (or detectable) only in seed tissues.
Ellagitannins identified by HPLC-ESI-MS in the seeds included pedunculagin, casuarictin/potentillin,
castalagin/vescalagin, lambertianin A/sanguiin H-6, lambertianin C, and lambertianin D. For several
of the ellagitannins, isomeric separation was also obtained. The MALDI-TOF-MS analysis was primarily
utilized to evaluate and identify high molecular mass (> 1000 Da) ellagitannins. The MALDI analysis
verified the presence of the ellagitannins identified by HPLC-ESI-MS including lambertianin A/sanguiin
H-6, lambertianin C, and lambertianin D, but the analysis also indicated the presence of several
other compounds that were most likely ellagitannins based on the patterns observed in the masses
(i.e., loss or addition of a gallic acid moiety to a known ellagitannin). This study determined the
presence of several possible isomeric forms of ellagitannins previously unidentified in fruit and presents
a possible analytical HPLC method for the analysis of the major ellagitannins present in the fruit.
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INTRODUCTION

Over the past decade, there have been numerous epidemio-
logical studies indicating that fruit and vegetable consumption
may play a role in reducing the risks of various chronic diseases,
including cardiovascular disease and cancer (/, 2). These health
benefits have been widely attributed to the phenolic content of
plant foods. Tannins are one group of phenolics that have been
considered a potential source of significant health benefits (3, 4).

Tannins are oligomeric and polymeric forms of phenolics.
They are divided into two classes: condensed and hydrolyzable
tannins. Much research has been conducted on the structural
classifications of condensed tannins or proanthocyanidins in
fruits, but there has been limited work on hydrolyzable tannins,
also known as gallotannins and ellagitannins. Gallotannins are
composed of gallic acid (Figure 1A), whereas ellagitannins are
polymers of hexahydroxydiphenic (HHDP) acid (Figure 1B),
which is a dimeric form of gallic acid that can spontaneously
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lactonize to form ellagic acid (Figure 1C). For both
gallotannins and ellagitannins, the gallic or HHDP acids are
esterified to one or multiple glucopyranoses to form diversi-
fied polymers (5).

Ellagitannins are a very important class of phenolics that have
received attention recently due to the purported health benefits
of pomegranate fruit and juices (6). This has included bioavail-
ability and metabolism studies of punicalagin, an ellagitannin
found in pomegranate fruit (7, §). However, in addition to
pomegranate (9) there are other fruits that contain appreciable
levels of ellagitannins, including strawberries (10, 11), rasp-
berries (10, 12—14), and Muscadine grapes (15).

In Rubus (family Rosaceae) the primary unit of an ellagitannin
is the bis-HHDP glucopyranose, which is commonly known as
pedunculagin (Figure 1E), and the galloylated form, galloyl-
bis-HHDP glucopyranose, or casuarictin/potentillin, which refers
to specific isomeric forms [Figure 1F (16, 17)]. To complicate
the matter structurally, these can be observed as o- or S-glu-
copyranosides (/6) with the HHDP units in R or S configurations
relative to the C4 and C1 of the glucose (/8). Most of the
ellagitannin structures that have been observed in Rubus fruit
and leaves are polymerized forms of the galloyl-bis-HHDP. The
names and structures of these can be observed in Figure 2. It
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Figure 1. Structures of gallic acid (A), hexahydroxydiphenic acid (B), ellagic acid (C), and the basic monomeric units for the larger molecular mass
ellagitannins: galloyl-HHDP glucose (D), pedunculagin (E), and galloyl-bis-HHDP glucose (F). Structures were adapted from refs 9, 15, 16, and 32.
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Figure 2. Common ellagitannin structures in Rubus formed from dimers (sanguiin H-6/lambertianin A) (A), trimers (lambertianin C) (B), and tetramers
(lambertianin D) (C) of galloyl-bis-HHDP glucopyranose. Structures were adapted from ref 16.

is important to note that many of the structures have multiple
isomers that have not been evaluated in previous studies on
Rubus fruit.

Sanguiin H-6, lambertianin C, and various ellagic acid
derivatives (acylated and/or glycosylated ellagic acid moieties)
have been identified in Rubus fruit, but in most of the studies
there are still unidentified ellagitannins due to the diverse and

complex nature of the structures. In addition, there is still very
limited information on the ellagitannin composition of blackber-
ries. In earlier studies, the ellagitannins were quantified by acid
hydrolysis to form ellagic acid (19, 20), but the separation of
individual ellagitannins was not conducted, and the structures
were not determined. In later studies, the presence of multiple
ellagitannins in their native state by HPLC analysis was
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Table 1. Ellagitannin Identification in Apache Flesh, Torus, and Seed
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peak RT (min) compound identification MS data (fragments) seeds torus  flesh
1 8.0 pedunculagin isomer 783.2 (481.1, 301.0) X X ND?
2 10.3 castalagin/vescalagin isomer 933.1 (783.1, 631.1, 451.1, 301.0) X ND ND
3 10.8 castalagin/vescalagin isomer 933.1 (783.2, 631.0, 451.1, 301.0) X ND ND
4 12.4 pedunculagin isomer 783.2 (481.1, 301.0) X X ND
5 18.3 galloyl-HHDP glucose isomer 633.1 (300.8) X X ND
6 22.5 lambertianin C isomer [1401.5] 2 (1567.4, 1235.0, 933.1, 783.2, 633.1, 301.0) X ND ND
7 24.3 sanguiin H-6/lambertianin A 1870.0 (1567.2, 1235.1, 935.0, 633.2, 301.0) X X X
8 26.6 lambertianin D isomer [1868.9] 2 (1235.1, 933.2, 633.2, 301.0) X X ND
9 27.4 lambertianin C isomer [1401.5]2 (1235.1, 935.2, 763.3, 633.1, 301.0) X X X
10 29.3 sanguiin H-6/lambertianin A 1869.1 (1567.1, 1235.0, 935.0, 633.1, 301.0) X X X
11 34.2 galloyl-bis-HHDP glucose isomer 935.2 (783.1, 433.1, 301.0) X X ND
12 35.2 ellagic acid 301.0 X ND ND
A 9.4,14.2,16.5,17.8 unknown compounds (m/z 951.0) 951.0 (907, 783, 633, 301) xe xe ND
B 14.6,17.8,23.7,25.6 unknown compounds (m/z 1718.1) 1718.1 (783, 631, 301) xb xe ND

@ND, not detected. ® At least one unknown was observed.

demonstrated, but again the structural composition was not
reported (27, 22). In this study HPLC-ESI-MS and MALDI-
TOF-MS were utilized to separate and elucidate the structural
composition of several native ellagitannins in Apache blackberries.

MATERIALS AND METHODS

Reagents and Standards. Ellagic acid was purchased from Sigma
Aldrich (St. Louis, MO). All solvents used in this study were of HPLC
grade from EMD Biosciences (Madison, WI).

Materials. Blackberries (cv. Apache) were obtained from the
University of Arkansas Agriculture Experiment Station (Clarksville,
AR). Blackberries were frozen and stored at —20 °C until analysis.

Sample Preparation for HPLC-ESI-MS. Frozen blackberries were
thawed to allow berries to be separated into fractions. The middle
section, known as the torus (receptacle tissue), was removed from
individual blackberries and prepared for freeze-drying. The remaining
tissue (and seeds) was smashed by hand to ensure minimal seed
disruption on a freeze-drying tray. The torus and blackberry mash
samples were frozen overnight and subsequently lyophilized for 2 days
in a Virtis model Genesis SQ freeze-dryer (Gardiner, NY). After
complete drying, the mash was carefully broken and pressed through
a fine mesh screen to separate the flesh from the seeds. The flesh, seeds,
and torus were extracted according to the protocol below.

Extraction Protocol. Whole frozen blackberries and freeze-dried
flesh, seeds, and torus were extracted. Frozen blackberry samples were
blended to a puree, and 10 g samples were extracted with a small
amount of acetone/water/acetic (70:29.5:0.5 v/v/v) with a Euro Turrax
T18 Tissuemizer (Tekmar-Dohrman Corp., Mason, OH) to homogenize
the tissue and seeds. The samples were filtered through Miracloth
(CalBiochem, La Jolla, CA), and the filtrate was homogenized with
additional extraction solvent. The samples were taken up to a final
volume of 100 mL with extraction solvent and stored at —70 °C until
further analysis. The same extraction protocol was utilized on the freeze-
dried flesh, seeds, and torus with 2 g of seeds in a 50 mL final volume
of extraction solvent and 1.5 g of flesh or 0.5 g of torus in a 25 mL
final volume.

Sephadex LH-20 Sample Preparation. Preliminary analysis of the
extracts indicated that there was significant interference with the matrix-
assisted laser desorption/ionization analysis of the blackberry extract;
therefore, a cleanup step was included to remove surfactants and other
phenolics. The frozen extract of the whole berry was subjected to a
Sephadex LH-20 cleanup (Sigma-Aldrich, St. Louis, MO) according
to the methods for procyanidin cleanup in Gu et al. (23). Sephadex
LH-20 (3 g) was equilibrated in water for 4 h, and the slurry was added
toa 6 x 1.5 cm column. The column was attached to a Waters Sep-
Pak vacuum manifold (Milford, MA) and a vacuum pump to facilitate
the cleanup. The sample was prepared from 40 mL of the extract. The
acetone was dried using a Thermo Savant SPD 1010 Speed Vac System
(Holbrook, NY), and the sample was applied to the column. After
loading, the sample was washed with 40 mL of 30% MeOH. The

tannins were removed from the column with 80 mL of 70% acetone,
and the recovered sample was dried by Speed Vac and resuspended in
5 mL of extraction solvent.

High-Performance Liquid Chromatography—Electrospray Ion-
ization—Mass Spectrometry (HPLC-ESI-MS). The ellagitannins were
evaluated by HPLC-ESI-MS using an HP 1000 series HPLC and a
Bruker Esquire 2000 quadrapole ion trap mass spectrometer. The
ellagitannins were separated using a Phenomenex (Torrance, CA) Aqua
Sum Cis (250 x 4.6 mm) column and a binary gradient (24) of 2%
acetic acid for mobile phase A and 0.5% acetic acid in water/acetonitrile
(1:1 v/v) for mobile phase B at a flow rate of 1.0 mL/min. The linear
gradient was from 10 to 55% B from 0 to 50 min, from 55 to 100% B
from 50 to 60 min, and from 100 to 10% B from 60 to 65 min. The
mass spectrometry analysis was performed in negative ion mode under
the following conditions: capillary voltage at +3 kV, nebulizer gas
pressure at 32 psi, dry gas flow at 12 L/min, and skim voltage at
—53.7.

Matrix-Assisted Laser Desorption Ionization Time-of-Flight
Mass Spectrometry (MALDI-TOF-MS). After Sephadex LH-20
cleanup, the ellagitannin extract was mixed with a 1 M solution of
dihydroxybenzoic acid (DHB) in 90% methanol in a 1:1 ratio, and 1
uL of the mixture was spotted onto a ground stainless steel MALDI
target for MALDI analysis using the dry droplet method. A Bruker
Reflex III MALDI-TOF-MS (Billerica, MA) equipped with a N, laser
(337 nm) was used in the MALDI analysis, and all the data were
obtained in positive ion reflectron TOF mode.

RESULTS

Identification of Ellagitannins by HPLC-ESI-MS. Eleven
ellagitannins were identified in the blackberry flesh, seeds, and
torus; however, most were present only in the seeds with only
a few present in all three regions of the fruit (Table 1 and Figure
3). Using this method of separation, we also observed several
other ellagitannins, based on mass spectral data, that remain
unidentified, but they were minor contributors (<10%) to the
level of ellagitannins (on an ellagic acid equivalent basis) present
in the whole fruit (Figure 3).

Peaks 1 and 4 (Pedunculagin). Peaks 1 and 4 in Figure 3A
displayed a parent peak at m/z 783.2, which was determined to
be singly charged on the basis of observed isotopic pattern of
the peak (1 m/z unit separation between isotopic peaks). For
both peaks 1 and 4, a small signal was observed at m/z 1567.1,
but this was presumed to be an artifact of the measurement due
to the formation of gas phase non-covalent dimers. This is
typically due to the use of a relatively low skimmer voltage.
The peak at m/z 783.2 was determined to correspond to
pedunculagin on the basis of the pattern of ellagitannins
observed in a study on strawberries (/ /) with an actual molecular
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Figure 3. Apache seed chromatograms (A) including extracted ion chromatogram at m/z 301 (1) and UV detection at 255 nm (2) with the major
ellagitannins indicated numerically corresponding to Table 1. Other possible ellagitannins (unidentified) are indicated by a or b. (B) Overlaid chromatogram

of Apache seeds, flesh, and torus.

mass 784.56 (as observed in Figure 1E). Note that the observed
m/z value is 1 unit less than the calculated molecular mass for
the parent neutral molecule as expected. The observed mi/z value
in ESI-MS negative ion mode corresponds to the m/z value of
the deprotonated [M — H] ™ ion, where M is the neutral parent
molecule.

There also appeared to be a coeluting compound at 12.4 min,
according to different temporal response of the mass spectral
data on the front end of the peak. This was most likely an
ellagitannin, but it had an unusual parent ion [M — H] ™ at m/z
951, but it seems to have fragments characteristic to ellagitannins
(m/z 783 and 631) in addition to a fragment with a m/z of 907.

Peaks 2 and 3 (Castalagin/Vescalagin). On the basis of
previous studies, compounds corresponding to peaks 2 and 3
were most likely isomeric forms of the structure commonly
called castalagin/vescalagin (Table 1; Figure 3A). On the basis
of observed similar mass spectra, both compounds were
presumed be deprotonated ions with m/z 933.1. According to
studies on hydrolyzable tannins in wood, pedunculagin or
galloyl-bis-HHDP glucose may undergo enzymatic alterations
that open the ring structure of the glucoside (and undergo other

reactions) to form the compound castalagin or its isomer
vescalagin (Figure 4A) having a molecular mass of 934
Da (25, 26).

The fragmentation patterns observed for compounds corre-
sponding to peaks 2 and 3 were consistent with the loss of gallic
acid units and, for the lower mass fragments, the loss of a
glucosyl moiety. The observed fragments for both compounds
were 783, 631.1,451.1, and 301.0. Fragments at m/z 783.2 and
631.1 were attributed to the sequential loss of galloyl units from
the parent molecule and the m/z of 301.1 to ellagic acid. The
fragment consistent with the trigallic acid moiety of the castalagin/
vescalagin structure was also consistent with the observed fragment
at m/z 451.1 (Figure 5). The loss of the trigalloyl unit from the
parent structure, if it undergoes lactonization, would result in a
structure with a molecular mass of 452.3, consistent with the
proposed structure for m/z 451.1.

Peak 5 (Galloyl-HHDP Glucose Isomer). The compound
corresponding to peak 5 (Table 1; Figure 3A), with an m/z of
633.1, was presumed to be an isomer of galloyl-HHDP glucose.
It is similar in structure to the galloyl-bis-HHDP glucose with
only one hexahydroxydiphenolic group attached to the glucose
moiety (Figure 1D). There was only one fragment ion observed
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Figure 4. Structures of other ellagitannins: castalagin/vescalagin (A), nobotanin A (B), sanguiin H-10 (C) and lambertianin B (D). Structures were

adapted from refs 14-16, 32, and 33.

at m/z 300.8, but it supports the proposed structure. This
corresponded to the HHDP unit after lactonization (ellagic acid).
This compound was difficult to identify due to the close
proximity to anthocyanins in the chromatogram. The anthocya-
nins eluted between 18 and 20 min, resulting in interference in
the mass spectral data and the UV trace at 255 nm. The
compound was observed only in the seeds and torus, but we
were unable to determine whether it was present in the flesh
due to the interference of anthocyanins.

Peaks 6 and 9 (Lambertianin C Isomers). Lambertianin C
(Table 1; Figure 3A) was one of the high-mass compounds
identified in blackberry fruit. The molecular mass of this
compound was 2805.9 Da, which is out of the normal m/z range
of the Bruker-Esqire HPLC-ESI-MS; however, the doubly
deprotonated ion observed (half of the m/z value for the parent
deprotonated ion) allowed it to be detected in the normal m/z
range of the instrument. The isotopic distribution (0.5 m/z unit
separation between peaks) at m/z 1401.5 indicated that the actual
mass was twice the observed m/z value, thereby confirming the
molecular mass of this compound to be 2805 Da (Figure 6).
This compound has been observed in other studies on
raspberries (/2—14) and Rubus leaves (16), but there was no
evidence of multiple isomeric forms in the fruit. The observed
fragmentation pattern, m/z 935.2, 783.2, 633.1, and 301.0, which
is consistent with characteristic ellagitannins oberved in this and
other studies on Rubus ellagitannins (10, 12—14), further supports
the assignment. The structure of lambertianin C is shown in
Figure 2B.

Peaks 7 and 10 (Lambertianin A/Sanguiin H-6 Isomers).
Compounds corresponding to peaks 7 and 10 (Table 1; Figure
3A) were the predominant ellagitannins in the seeds. Lamber-
tianin A and sanguiin H-6 are isomeric at C1 of one of the
glucose moieties [(/6); structure shown in Figure 2A]. In
previous studies on Rubus fruits, only one isomer of lambertianin
A/sanguiin H-6 was reported (/2—14), but in our study we
observed more than one isomer, and both contributed signifi-
cantly to the ellagitannin composition of the whole fruit. These
were identified on the basis of the relationship between the
presumed parent deprotonated ion at m/z 1870 and fragments
having m/z values corresponding to the losses of galloyl units,
glucosyl units, and HHDP units. Whereas the fragment at m/z
1567.4 was attributed to the loss of an HHDP unit, the fragment
at m/z 1235.0 was likely the result of the loss of galloylated
glucose with an HHDP. The fact that subsequent spontaneous
lactonization of the ellagic acid still bound to the gallic acid
moiety of the other sugar results in a structure like that of
deprotonated lambertianin B (see Figure 4D for structure)
further supports this proposed structure. The fragment at m/z
935 was likely the result of the loss of the galloyl-bis-HHDP
glucose moiety from the parent compound. The other fragments
observed for lambertianin A/sanguiin H-6 were the same as the
other compounds discussed previously.

Peak 8 (Lambertianin D Isomer). The compound correspond-
ing to peak 8 (Table 1; Figure 3A) was a unique compound found
in this study because it has not been previously reported in
blackberry fruit, and it is the largest ellagitannin that has been
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Figure 6. HPLC-ESI-MS data of a lambertianin C isomer (RT = 27.4 min) (A) and the enlarged view of the m/z 1401.7 (B), demonstrating the doubly
charged peak, which verifies the presence of the large molecular mass compound at 2804.

identified in the fruit. On the basis of its mass spectrum (Figure Peak 11 (Galloyl-bis-HHDP Glucose Isomer). On the basis
7), the parent peak at m/z 1868.9 has isotopic distribution consistent of previous studies, the compound corresponding to peak 11
with a doubly deprotonated ion (0.5 m/z unit separation between (Table 1; Figure 3A) was most likely an isomer of the structure
isotopic peaks) and thus can be assigned to compound C in Figure commonly called galloyl-bis-HHDP glucose or casuarictin/

2, with a molecular mass of 3740 Da. potentillin (Figure 1F). The fragmentation pattern, including
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m/z 783.1 and 301.0, was likely due to the loss of HHDP
moieties from the glucosyl unit, which was the typical frag-
mentation pattern observed in this study. This compound
appeared to coelute with a flavonol, quercetin-3-rutinoside, with
m/z 609.0, and an aglycone fragment of m/z 301.

Peak 12 (Ellagic Acid). On the basis of a pure standard and
the m/z 301 ion observed at this retention time, compound 12
was identified as ellagic acid (Table 1; Figure 3A).

Other Peaks (Unknown Ellagitannins). The other com-
pounds observed in the fruit (denoted by “a” or “b” in Figure
3A) were identified as ellagitannins due to the characteristic
fragmentation patterns observed, but they had also demonstrated
unique mass profiles that were difficult to discern due to
interference or unknown parent ion masses. The unknown
ellagitannins were identified as ellagitannins on the basis of
several characteristic fragments that were consistently present
in the profiles (i.e., m/z 783, 633, and 301). Several of the
unknown ellagitannins remain unidentified because the parent
masses were not discernible from fragments, but a few of the
unknown compounds had deprotonated ions of 951.0 (denoted
by “a” in Figure 3A). When fragmented by MS/MS (data not
shown), the fragmentation pattern included m/z 907, 783, 633,
and 301. Thus, several of the unknown ellagitannins may be
isomers of this unique compound with a presumed molecular
mass of 952, but further work is needed to verify the structure
of this compound.

The compounds labeled “b” (Figure 3A) were also difficult
to evaluate, but they were most likely degalloylated sanguiin
H-6/lambertianin A isomers with presumed deprotonated mol-
ecules of 1718.1 or they may be structures similar to nobotanin
A (Figure 4B) or malabathrin B. Nobotanin A/malabathrin
B-like compounds were tentatively identified in a previous study
with raspberries on the basis of a doubly deprotonated molecule
of (m/z 859) and a fragmentation pattern indicative of an
ellagitannin (/3). Overall, the low molecular mass fragments

observed in this study and in the previous study were similar
(m/z 783, 631, and 301), but m/z 1567.0 was also observed in
this study. The retention time at which this compound was
observed is indicated by “b” in Figure 3A.

Identification of Ellagitannins by MALDI-TOF-MS. For
the ellagitannins with higher molecular mass (>2000 Da),
HPLC-ESI-MS has limited application because it is out of the
regular instrument working range. Typically, analysis of high
molecular mass compounds by HPLC-ESI-MS involves the
analysis of a series of multiply charged compounds that enables
the determination of the actual molecular mass. In our HPLC-
ESI-MS analyses, we were able to identify several doubly
charged compounds; however, to verify the presence of these
higher molecular mass compounds that would correspond to
the doubly charged m/z ratios observed by HPLC-ESI-MS,
MALDI-TOF-MS analysis was performed on the blackberry
fruit.

The MALDI-TOF-MS spectrum (Figure 8) verified the
presence of several large molecular mass compounds that were
observed by HPLC-ESI-MS analysis and indicated the presence
of several ellagitannins that were not identified in the LC
chromatogram. Compound B ([1741.5]+) appeared to be a
sodium adduct of a degalloylated sanguiin H-6/lambertianin A
with a molecular mass of 1719.2. Compounds C, F, and G
([1893.5]+, [2827.6]+, and [3763.8]+, respectively) were the
sodium adduct peaks for the sanguiin H-6/lambertianin A,
lambertianin C, and lambertianin D isomers, respectively. Thus,
the MALDI-TOF-MS analysis verified the presence of the three
major large molecular mass compounds identified in the LC
chromatogram.

Compound A ([1591.5]+) was a sodium adduct of the
ellagitannin sanguiin H-10 (sanguiin H-6 with one less HHDP
moiety) with a molecular mass of 1569.1 (see Figure 4C for
structure). Although this compound was not identified in the
LC trace, it was present in many cases as a fragment of the
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Figure 8. MALDI-TOF-MS spectrum (>1000 Da) of blackberry extract with Na™ and K* adducts for each compound.

larger molecular mass compounds. In the MALDI-TOF-MS
analysis, however, it is very unlikely that this was a fragment
of a larger molecular mass compound; therefore, native sanguiin
H-10 must also be present in the fruit (albeit unidentified in the
LC trace). Compounds D and E were also not identified in the
HPLC-ESI-MS analysis. Compound D ([2061.6]4) may be a
sodium adduct of a galloylated lambertianin A with a molecular
mass of 2039.4, whereas compound E ([2192.6]+) may be a
sodium adduct of lambertianin A with an ellagic acid moiety
attached that would result in a molecular mass of 2171.5.
Although the addition of an ellagic acid to lambertianin A is
speculative, the attachment of an ellagic acid moiety has been
observed in previous ellagitannin research on Rubus by the
presence of lambertianin B (Figure 4D) (15).

DISCUSSION

Characterization of ellagitannins in Rubus has been challeng-
ing due to the complexity, diversity, and large size of the
compounds. There have been several papers published that have
quantitatively evaluated ellagitannins in Rubus fruit, but they
have not indicated the presence of isomeric forms in the
chromatographic analyses. Furthermore, there has been much
work on the structural characterization of ellagitannins (i.e., by
NMR), but the studies on ellagitannin composition in specific
fruits has been limited because the data are still primarily
qualitative (16, 17, 27). This study showed that there are multiple
isomers of most ellagitannins present in the fruit which can
be separated by chromatography; however, each peak will
require further evaluation by NMR of HPLC isolates to
determine the elution order and structure of each isomer.

Verification of the chromatographic data by MALDI-TOF-
MS was an invaluable tool, but it also proved to present
additional information that was not available through HPLC-
ESI-MS. We were able to determine that sanguiin H-10 was
probably present in the fruit, despite not observing the compound
in the HPLC-ESI-MS evaluation. Furthermore, the MALDI-
TOF-MS data indicated that there were possibly distinct patterns
that have not been observed in previous studies on Rubus fruit
regarding the possible presence of compounds with additional
gallic and ellagic acid moieties from the known dimeric and
trimeric sanguisorbyl ellagitannins. Similar patterns in ellagi-

tannin composition, based on MALDI-TOF-MS analysis, have
been observed for chestnut ellagitannins (28) and pomegranate
ellagitannins (29, 30), although with differing compounds and
complexities.

Although ellagitannins are present in all parts of the fruit
(seeds, torus, and flesh), the most abundant number of ellagi-
tannins is located in the seeds. Siriwoharn and Wrolstad (20)
observed more than a 50% loss in hydrolyzed ellagitannins (as
ellagic acid) in fruit without seeds as compared to the seeded
fruit. Interestingly, the fruit ellagitannins are the larger molecular
mass ellagitannins, particularly sanguiin H-6/lambertianin A and
lambertianin C. There do appear to be several ellagitannins in
the middle region of the fruit, known as the torus, which would
likely be consumed in processed jams and jellies, despite the
exclusion of the seeds from these products.

Most quantitative evaluation of ellagitannins in Rubus fruit
has been on the hydrolyzed ellagitannins as ellagic acid
equivalents (/9, 20). This has significant problems in terms of
relating data to possible health effects, because there is
significant evidence that larger molecular mass tannins (> 1000
Da), including ellagitannins and procyanidins, are not absorbed
to any appreciable extent in their native state (8, 9, 3I).
Knowledge of ellagitannin molecular structure, composition, and
quantity is needed to understand their role in determining
potential health effects. Using the HPLC method described in
this paper, we will be able to further quantitatively evaluate
blackberry ellagitannins on the basis of their native structures.

LITERATURE CITED

(1) Riboli, E.; Norat, T. Epidemiological evidence of the protective
effect of fruit and vegetables on cancer risk. .
2003, 78, 5595-569S.

(2) Block, G.; Patterson, B.; Subar, A. Fruit, vegetables, and cancer
prevention: Aa review of the epidemiological evidence. Nuir,
Caueer 1992, 18, 1-29.

(3) Yokozawa, T.; Chen, C. P.; Dong, E.; Tanaka, T.; Nonaka, G.;
Nishioka, I. Study on the inhibitory effect of tannins and
flavonoids against the 1,1-diphenyl-2-picrylhydrazyl radical. Bio-
I 1998, 56, 213-222.

(4) Hatano, T.; Yasuhara, T.; Yoshihara, R.; Agata, 1.; Noro, T.;
Okuda, T. Effects of interaction of tannins with co-existing
substances. VII. Inhibitory effects of tannins and related polyphe-



Berry Health Benefits Symposium

nols on xanthine oxidase. | 1990, 38, 1224—
1229.

(5) Haslam, E. Plant Polyphenols: Vegetable Tannins Revisited,
Cambridge University Press: Cambridge, U.K., 1989; 230 pp.

(6) Seeram, N. P.; Adams, L. S.; Henning, S. M.; Nui, Y.; Zhang,

Y.; Nair, M.; Heber, D. In vitro antiproliferative, apoptotic and

antioxidant activities of punicalagin, ellagic acid and a total

pomegranate tannin extract are enhanced in combination with other

polyphenols as found in pomegranate juice. i

2005, /6, 360-367.

Cerda, B.; Llorach, R.; Ceron, J. J.; Espin, J. C.; Tomas-Barberan,

F. A. Evaluation of the bioavailability and metabolism in the rat

of punicalagin, an antioxidant polyphenol from pomegranate juice.

i, 2003, 42, 18-28.

(8) Cerda, B.; Espin, J. C.; Parra, S.; Martinez, P.; Tomas-Barberan,
F. A. The potent in vitro antioxidant ellagitannins from pomegran-
ate juice are metabolised into bioavailable but poor antioxidant
hydroxy-6H-dibenzopyran-6-one derivatives by the colonic mi-
croflora of healthy humans. fimbbbggi 2004, 43, 205-220.

(9) Clifford, M. N.; Scalbert, A. Ellagitannins — nature, occurrence
and dietary burden. SN 2000, S0, 1118-1125.

(10) Maatta-Riihinen, K. R.; Kamal-Eldin, A.; Torronen, A. R.
Identification and quantification of phenolic compounds in berries
of Fragaria and Rubus species (family Rosaceae). juiutais
Chew. 2004, 52, 6178-6187.

(11) Seeram, N. P.; Lee, R.; Scheuller, S.; Heber, D. Identification of
phenolic compounds in strawberries by liquid chromatography
electrospray ionization mass spectroscopy. ftasniakgi 2006, 97,
1-11.

(12) Beekwilder, J.; Jonker, H.; Meesters, P.; Hall, R. D.; van der Meer,
I. M.; Ric de Vos, C. H. Antioxidants in raspberry: on-line analysis
links antioxidant activity to a diversity of individual metabolites.
. 2005, 53, 3313-3320.

(13) Mullen, W.; McGinn, J.; Lean, M. E.; MacLean, M. R.; Gardner,
P.; Duthie, G. G.; Yokota, T.; Crozier, A. Ellagitannins, flavonoids,
and other phenolics in red raspberries and their contribution to
antioxidant capacity and vasorelaxation properties. gty
Chew. 2002, 50, 5191-5196.

(14) Mullen, W.; Yokota, T.; Lean, M. E.; Crozier, A. Analysis of
ellagitannins and conjugates of ellagic acid and quercetin in
raspberry fruits by LC-MS". Sinssiniatm 2003, 64, 617-624.

(15) Lee, J.; Johnson, J. V.; Talcott, S. T. Identification of ellagic acid
conjugates and other polyphenolics in Muscadine grapes by
HPLC-ESI-MS. I 2005, 53, 6003-6010.

(16) Tanaka, T.; Tachibana, H.; Nonaka, G.; Nishioka, I.; Hsu, F.;
Kohda, H.; Tanaka, O. Tannins and related compounds. CXXII.
New dimeric, trimeric, and tetrameric ellagitannins, lambertianins
A—D, from Rubus lambertianus SERINGE. | NG
1993, 41, 1214-1220.

(17) Okuda, T.; Yoshida, T.; Hatano, T.; Iwasaki, M.; Kubo, M.; Orime,
T.; Yoshizaki, M.; Naruhashi, N. Hydrolysable tannins as chemo-
taxonomic markers in the rosaceae. innmmm 1992, 3/,
3091-3096.

(18) Khanbabaee, K.; van Ree, T. Tannins: classification and definition.

iy 2001, /8, 641-649.

(7

~

J. Agric. Food Chem., Vol. 56, No. 3, 2008 669

(19) Wada, L.; Ou, B. Antioxidant activity and phenolic content of
Oregon caneberries. |G 2002, 50, 3495-3500.

(20) Siriwoharn, T.; Wrolstad, R. E. Polyphenolic composition of
Marion and Evergreen blackberries. J. Food Sci. 2004, 69, 233—
240.

(21) Siriwoharn, T.; Wrolstad, R. E.; Durst, R. W. Identification of
ellagic acid in blackberry juice sediment. J. Food Sci. 2005, 70,
189-197.

(22) Siriwoharn, T.; Wrolstad, R. E.; Finn, C. E.; Pereira, C. B.
Influence of cultivar, maturity, and sampling on blackberry (Rubus
L. hybrids) anthocyanins, polyphenolics, and antioxidant proper-
ties. | NG 2004, 52, 8021-8030.

(23) Gu, L.; Kelm, M. A.; Hammerstone, J. F.; Beecher, G.; Holden,
J.; Haytowitz, D.; Gebhardt, S.; Prior, R. L. Concentrations of
proanthocyanidins in common foods and estimations of normal
consumption. LAt 2004, /134, 613-617.

(24) Schieber, A.; Keller, P.; Carle, R. Determination of phenolic acids
and flavonoids of apple and pear by high-performance liquid

chromatography. | 2001, 9710, 265-273.
(25) Helm, R. F.; Ranatunga, T. D.; Chandra, M. Lignin—hydrolyzable

tannin interactions in wood. [ . 1997. 45, 3100—
3106.

(26) Nonier, M.; Vivas, N.; Vivas De Gaulejac, N.; Absalon, C.; Vitry,
C.; Fouquet, E. Global fractionation of oak heartwood extractable
polymers (lignins, polysaccharides and ellagitannins) by selective
precipitations. RN 2005, 85, 343-353.

(27) Vrhovsek, U.; Palchetti, A.; Reniero, F.; Guillou, C.; Masuero,
D.; Mattivi, F. Concentration and mean degree of polymerization
of Rubus ellagitannins evaluated by optimized acid methanolysis.
I 2006, 54, 4469-4475.

(28) Pasch, H.; Pizzi, A. Considerations on the macromolecular
structure of chestnut ellagitannins by matrix-assisted laser de-
sorption/ionization-time-of-flight mass spectrometry. Lomdddl
ek 2002, 85, 429-437.

(29) Afaq, F.; Saleem, M.; Krueger, C. G.; Reed, J. D.; Mukhatar, H.
Anthocyanin- and hydrolyzable tannin-rich pomegranate fruit
extract modulates MAPK and NF-kB pathways and inhibits skin
tumorigenesis in CD-1 mice. jntimissesny 2005, /13, 423-433.

(30) Reed, J. D.; Krueger, C. G.; Vestling, M. M. MALDI-TOF
spectrometry of oligomeric food polyphenols. i ——
2005, 66, 2248-2263.

(31) Scalbert, A.; Morand, C.; Manach, C.; Remesy, C. Absorption
and metabolism of polyphenols in the gut and impact on health.
I 2002, 56, 276-282.

(32) Haslam, E.; Cai, Y. Plant polyphenols (vegetable tannins): gallic
acid metabolism. immimia 1994, //, 41-66.

(33) Okuda, T.; Yoshida, T.; Hatano, T. Classification of oligomeric
hydrolysable tannins and specificity of their occurrence in plants.

i 1993, 32, 507-521.

Received for review July 3, 2007. Revised manuscript received October
2, 2007. Accepted November 27, 2007. Mention of a trade name,
proprietary product, or specific equipment does not constitute a
guarantee by the U.S. Department of Agriculture and does not imply
its approval to the exclusion of other products that may be suitable.

JF071990B





