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Polyphenol-rich extracts from soft fruits were tested for their ability to inhibit R-amylase and
R-glucosidase. All extracts tested caused some inhibition of R-amylase, but there was a 10-fold
difference between the least and most effective extracts. Strawberry and raspberry extracts were
more effective R-amylase inhibitors than blueberry, blackcurrant, or red cabbage. Conversely,
R-glucosidase was more readily inhibited by blueberry and blackcurrant extracts. The extent of
inhibition of R-glucosidase was related to their anthocyanin content. For example, blueberry and
blackcurrant extracts, which have the highest anthocyanin content, were the most effective inhibitors
of R-glucosidase. The extracts most effective in inhibiting R-amylase (strawberry and raspberry) contain
appreciable amounts of soluble tannins. Other tannin-rich extracts (red grape, red wine, and green
tea) were also effective inhibitors of R-amylase. Indeed, removing tannins from strawberry extracts
with gelatin also removed inhibition. Fractionation of raspberry extracts on Sephadex LH-20 produced
an unbound fraction enriched in anthocyanins and a bound fraction enriched in tannin-like polyphenols.
The unbound anthocyanin-enriched fraction was more effective against R-glucosidase than the original
extract, whereas the R-amylase inhibitors were concentrated in the bound fraction. The LH-20 bound
sample was separated by preparative HPLC, and fractions were assayed for inhibition of R-amylase.
The inhibitory components were identified as ellagitannins using LC-MS-MS. This study suggests
that different polyphenolic components of fruits may influence different steps in starch digestion in a
synergistic manner.
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INTRODUCTION

Berry fruits such as raspberries, strawberries, blueberries, and
blackcurrants have high levels of polyphenolic compounds and
are therefore rich sources of dietary antioxidants (1, 2). There
is substantial epidemiological evidence that insufficient intake
of dietary antioxidants may predispose one to a number of
chronic health disorders such as cancers and coronary heart
disease (3-7). Recent Finnish health intervention programs have
had particular success resulting in 60% reduction in heart disease
and strokes (8). These health improvements can be largely
explained by major lifestyle changes including reduced intake
of salt and saturated fats and reduced rates of smoking in men,
but there was also a 2-3-fold increase in the consumption of
fruits and vegetables. In particular, there was a notable increase
in consumption of antioxidant-rich wild and cultivated berries
including cowberries, raspberries, strawberries, blackcurrants,
and cloudberries (9).

The mechanism by which dietary antioxidants exert their
effects is not fully understood, but a consensus has developed

that antioxidants protect against damage to membranes, proteins,
and DNA by scavenging free radicals generated through
oxidative metabolism (see10 for overview). Polyphenols
probably have multiple beneficial effects and may also induce
protective effects by chelating metal ions (11) or activating the
expression of antioxidant enzymes (12).

There is increasing evidence that individual polyphenols or
classes of polyphenols may cause other beneficial effects,
independent of their antioxidant capacities, by directly influenc-
ing the activities of key enzymes. There have been reports that
polyphenolic fractions from plants can cause insulin-like effects
in glucose utilization (see13 for review). Polyphenolic extracts
from a number of plants were found to be effective inhibitors
of intestinalR-glucosidase activity (14) with Ki values in the
same range as synthetic inhibitors (acarbose and voglibose)
already being used therapeutically to control non-insulin-
dependent diabetes mellitus (NIDDM) (15). These extracts also
inhibitedR-amylase activity, which could prove to be synergistic
to their potential therapeutic effect on post-meal blood glucose
levels. The most effective inhibitory agents againstR-glucosi-
dase activity proved to be diacylated anthocyanins (16), which
alone were capable of inducing an anti-hyperglycemic effect
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in rats (17), but no further information on their inhibition of
R-amylase was presented. This paper tests polyphenol-rich
extracts from a range of fruits forR-glucosidase andR-amylase
inhibition to identify compounds that may influence the diges-
tion of starch in vivo.

MATERIALS AND METHODS

Plant Material and Extraction. Strawberries (Fragaria ananasia,
SCRI breeding variety 932034), blueberries (Vaccinium corymbosum
L. variety Berkley), and blackcurrants (Ribes nigrumL. variety Ben
Lomond) were grown at SCRI, picked when ripe, and handled fresh
or after freezing. Larger amounts of strawberries (variety Elsanta) were
obtained from local growers (Abbey Fruit, Arbroath, U.K.). Raspberries
(Rubus idaeusL. variety Glen Ample) were purchased from local
farmers. Red cabbage, red grape juice, red wine, and green tea were
purchased from supermarkets. Phenolic-rich fractions were obtained
using a previously described method (18). Briefly, 100 g of fresh or
frozen plant material was homogenized in a Waring Blender using 100
mL of 0.5% (v/v) glacial acetic acid in water. The extract was filtered
through a glass sinter. Alcohol was removed from red wine by
evaporation, and red wine and red grape juice were adjusted to 0.5%
acetic acid before chromatography. Initially the extracts were passed
through a 15-mL bed volume column of Polyamide S (Riedel de Haen
Ltd, Seelze, Germany) preconditioned in 0.5% (v/v) acetic acid in
methanol then equilibrated in 0.5% (v/v) acetic acid in water. The
column was then washed with acetic acid/water to remove unbound

material. The bound material, obviously enriched in anthocyanins, was
then eluted with 2× 15 mL of acetic acid/methanol. The bound material
was evaporated to dryness and resuspended in acetic acid/water. To
ensure that no free sugars were present which could interfere with
amylase or glucosidase assays, these samples were applied to 10-mL
bed volume columns of C18 packing material (Sigma Chem. Co. Ltd.),
and the procedure was repeated as above. The C18-bound extracts were
evaporated to dryness with repeated additions of methanol to drive off
acetic acid and resuspended in small volumes of water to give the
polyphenol-rich extracts. Green tea extracts were prepared by placing
one tea bag (50 g) of green tea in 100 mL of freshly boiled water and
brewing for 5 min. The bag was removed and squeezed dry, and the
resulting solution was stored at 4°C before use.

For removal of tannins, an equal volume of 0.5% (w/v) suspension
of porcine skin gelatin (Sigma Chem. Co. Ltd., product G-1890) was
added to the sample and shaken for 5 min at room temperature (adapted
from 19). The gelatin was precipitated by centrifugation at 12 000 rpm
in a microfuge, and the supernatant was decanted into a fresh tube.
The gelatin pellet was extracted with an excess of 0.5% (v/v) acetic
acid in ethanol. The supernatant was recovered by centrifugation as
above and dried by rotary evaporation.

Sorption to Sephadex LH-20 in aqueous ethanol and selective
debinding with aqueous acetone is an established method for separating
tannins from non-tannin phenolics (20). The method was adapted from
the Tannins handbook (kindly made available from the Hagermann
laboratory at www.users.muohio.edu/hagermae/tannin.pdf. Briefly, a
column of Sephadex LH-20 was washed in 80% (v/v) ethanol/water
and then 50% (v/v) acetone/water before being equilibrated with three
volumes of 80% ethanol. The extract in 80% ethanol was applied to
the column, and the run-through material plus three volumes of 80%

Figure 1. Effect of polyphenol extracts on pancreatic R-amylase activity.
The % inhibition of assay is plotted against concentration of phenols/
assay. Each value is the mean of triplicates ± standard error. Each graph
is representative of a number of repeat assays.

Figure 2. Effect of gelatin on inhibition of salivary R-amylase by strawberry
polyphenols. Each assay carried out with 50 µg of phenols/assay. Each
value is the mean of triplicates ± standard error.

Figure 3. Effect of partition of raspberry polyphenols on Sephadex LH-
20 on inhibition of R-amylase and R-glucosidase. Each assay carried
out with 50 µg of phenols/assay. Each value is the mean of triplicates ±
standard error.

Figure 4. Separation of raspberry polyphenols on preparative reverse
phase HPLC. Absorbance at 280 nm is shown. The black arrows mark
the position of the compounds inhibitory to R-amylase.
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ethanol were collected as the unbound fraction. The bound fraction
was eluted with three volumes of 50% acetone. The unbound and bound
fractions were evaporated to near dryness and then stored frozen.

Anthocyanin and Phenol Assays.The total anthocyanin concentra-
tion was estimated by a pH differential method (1). The absorbance
value was related to anthocyanin content using the molar extinction
coefficient calculated in-house for cyanidin-3-glucoside (CyG). Phenol
content was measured using a modified Folin-Ciocalteau method (1).
Phenol contents were estimated from a standard curve of gallic acid.

Amylase Assay.Stock starch solution was prepared by suspending
1% (w/v) soluble potato starch (Sigma Chem. Co. Ltd., product S-2360)
in synthetic saliva buffer (21) and gelatinizing the mixture for 15 min
at 100°C. Artificial saliva was made by dissolving porcine pancreatic
R-amylase (Sigma Chem. Co. Ltd., product A-3176) in synthetic saliva
buffer at 380 mg/L. Human saliva was diluted 1:20 with synthetic saliva
buffer prior to assay. The control assay contained 900µL of synthetic
saliva buffer and 100µL of R-amylase, and the reaction was started
by addition of 500µL of starch solution. The+ extract assays contained
various amounts of extracts in the same volume. To estimateKi values
(the amount of phenols that gave 50% inhibition of amylase) assays
were carried out with phenol contents ranging from 10 to 1500µg.

Assay for Reducing Termini Using PAHBAH. A 5% (w/v) stock
solution ofp-hydroxybenzoic acid hydrazide (PAHBAH) in 0.5 M HCl
was diluted 1:4 with 0.5 M NaOH to give the working PAHBAH
reagent. Triplicate samples (50µL) of assays were taken at fixed times
and added to 1 mL of PAHBAH reagent in a 1.5 mL tube. After heating
for 10 min at 100°C, the absorbance at 410 nm was measured. Controls
lacking enzyme were used as blanks. An assay time of 5 min was taken
as the standard as the rate of production of reducing termini was linear

up to this point. Percent inhibition of amylase activity was calculated
as the difference between the control and the+ extract reactions divided
by the control reaction.

Assay for R-Glucosidase.The assay method was taken from14.
Acetone powder from rat intestine (Sigma Chem Co. Ltd., product
I1360) was extracted as a source ofR-glucosidase. The rate of release
of p-nitrophenol fromp-nitrophenylR-D-glucopyranoside (Sigma Chem.
Co Ltd., product N1377) was measured at 30°C. To estimateKi values
(the amount of phenols that gave 50% inhibition of amylase), assays
were carried out with phenol contents ranging from 5 to 150µg.

Preparative Reverse-Phase HPLC.Samples of raspberry extracts
were diluted 1:1 in 5% (v/v) acetonitrile in 1% formic acid and 5 mL
aliquots separated using a Gilson 305 liquid chromatography system
with a 250 mm× 21.2 mm octadecyl silica (C-18) column (Phenom-
enex Ltd., Macclesfield, U.K.). A linear gradient of 5-25% (v/v)
acetonitrile in 1% formic acid was applied over 60 min at a flow rate
of 5 mL/min followed by a wash at 80% acetonitrile. The elution was
monitored at 280 and 510 nm using a Gilson 170 diode array detector,
and fractions (5 mL) were collected every minute. Each fraction was
assayed for phenol content.

Liquid Chromatography -Mass Spectroscopy (LC-MS).Samples
were analyzed on a LCQ-Deca system comprised of a Surveyor
autosampler, pump, and photodiode array detector (PDAD) and a
ThermoFinnigan mass spectrometer ion trap. The PDAD scanned two
discrete channels at 280 and 365 nm. The column (Synergi Hydro C18
with polar end capping, 2 mm× 150 mm, Phenomonex Ltd.) was
heated to 40°C, and the autosampler tray was cooled to 4°C. Samples
were eluted over a gradient from 5% (0.5% formic acid) to 40%
acetonitrile (0.5% formic acid) over 60 min at a rate of 200µL/min.

Figure 5. Analysis of R-amylase inhibitory fractions 55 and 52 by LC-MS. (a) Total ion count for fraction 55, (b) full MS spectrum across the main peak,
and (c) MS2 spectrum of the m/z ion at 1869.0. (d) Total ion count for fraction 52, and (e) full MS spectrum across the main peak.
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The LCQ-Deca LC-MS was fitted with an ESI (electrospray ionization)
interface and analyzed the samples in negative-ion mode. There were
three scan events; full scan analysis, followed by MS/MS of the most
intense ions, and then MS3 of selected ions. The data-dependent MS/
MS used collision energies (source voltage) of 35% and MS3 at 50%.
The capillary temperature was set at 250°C with sheath gas at 60 psi
and auxiliary gas at 10 psi.

RESULTS

Strawberry and raspberry extracts were the most effective
inhibitors of R-amylase followed by blueberry, blackcurrant,
and then red cabbage with estimatedKi values of 120, 150, 300,
400, and 1100µg of phenols/assay, respectively (Figure 1).
The inhibition by strawberry extracts (Ki ≈ 120 µg/assay)
approached that of green tea (Ki ) 60 µg/assay), a known
inhibitor of salivary amylase (19).

The order of inhibition of salivaryR-amylase by extracts was
the same as that of artificial saliva. However, the extracts were
more effective on salivary amylase, withKi values of 50µg/
assay for the strawberry extract, probably due to dilution of the
amylase. Phenolic-rich extracts from red grape juice and red
wine were also effective inhibitors of salivaryR-amylase with
Ki values of∼20 µg/assay (results not shown). Neither gallic
acid nor ellagic acid inhibitedR-amylase at concentrations
ranging from 50 to 500µg/assay (results not shown).

The extracts also inhibited rat intestinalR-glucosidase activity,
but the order of effectiveness was different than withR-amylase.
Blueberry and blackcurrant were the most effective followed
by strawberry, raspberry, and red cabbage with apparentKi

values of 18, 22.5, 42, 87, and 145µg of phenols/assay,
respectively. TheKi values were influenced by the assay
conditions (notably by variation in the protein content of the
R-glucosidase preparation), but the order of effectiveness was
always the same.

Treating strawberry extracts with gelatin prior to assay
effectively removed the inhibitory effect againstR-amylase
(Figure 2) even when the extracts were assayed at the same
level of phenols/assay. The inhibitory compounds could be
recovered from the gelatin pellet by repeated washing with
acidified ethanol. Gelatin “fining” has been traditionally used
to remove tannins from plant extracts (22).

The raspberry extract was fractionated by sorption onto
Sephadex LH-20. The LH-20 unbound material eluted from the
column in 80% ethanol was bright red and contained the
majority of anthocyanins. The LH bound material was eluted
in 50% (v/v) acetone/water and very slightly pink. The LH
unbound material had a much reduced ability to inhibit
R-amylase compared to the original extract, and the inhibitory
activity was recovered in the LH bound fraction (Figure 3).
Sorption to Sephadex LH20 is a well-documented means of
enriching plant tannins (22). Conversely, the inhibitory activity
againstR-glucosidase was recovered in the LH-20 unbound
fraction with no apparent inhibitory activity in the LH-20 bound
fraction (Figure 3). This strongly suggests that inhibition of
R-amylase andR-glucosidase is caused by different polyphenolic
components.

The LH-20 bound fraction was separated into distinct peaks
by reverse-phase HPLC on a preparative C18 column (Figure
4). Only the late eluting peaks (Figure 4, see arrows) caused
significant inhibition ofR-amylase at 25 or 50µg of phenols/
assay (results not shown). To identify the inhibitory compounds,
fractions 52 and 55 were analyzed by LC-MS (Figure 6).
Fraction 55 gave one main peak (retention time 13.35) which
gave one dominant ion atm/z1869.0 (Figure 5aandb). The
m/z1869 ion gave MS2 ions at 1869, 1567, 1266, 933, and 631
(m/z) (Figure 5c). The mass ion and the fragment ions were
essentially identical to the pattern obtained (23) for Sanguiin
H6 (Chart 1; structure 1). The other mass ions present in the

Figure 6. Analysis of fractions 55 and 52 at specific m/z values. The chromatographs show the abundance of specific m/z values. The putative structures
are given in Chart 1.
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full mass spectrum of the peak (Figure 5b) at 1567, 1235, 933,
and 633m/z also appear in the MS2 spectrum ofm/z 1869
(Figure 5c), suggesting that they are breakdown products of
Sanguiin H6. Indeed, them/z ion at 1567 can be assigned to
Sanguiin H6 lacking one HHDP structure (loss of 302), whereas
1235, 933, and 633 can be assigned to further breakdown
products of Sanguiin H6. Scanning the spectrum atm/zvalues
characteristic of ellagitannins previously identified in raspberry
extracts (37) suggested the presence of other coeluting ellagi-
tannins in minor amounts (Figure 6). Them/z) 859 has been
assigned to Nobatanin/Malabathrin B-like ellagitannins (structure
2), m/z) 783 to Sanguiin H10 (structure 3), andm/z) 301 to
ellagic acid (structure 4).

Fraction 52 gave one major peak on total ion scan (retention
time 12.40 min) and gave full MS peaks atm/z values
characteristic of all the compounds found in fraction 55 (Figure
5d ande). In addition, there was an appreciable peak atm/z)
1401 which has been assigned to Lambertianin C (structure 5)
(23). A similar “mining” exercise at the relevant base peakm/z
values confirmed the presence of a number of coeluting
ellagitannins (Figure 6b). In summary, fractions 52 and 55
contain a mixture of ellagitannins and ellagic acid. However,
from the relative abundances it is clear that fraction 55 is
predominantly Sanguiin H6 and fraction 52 contains more equal
amounts of Lambertianin C, Sanguiin H10, and Sanguiin H6
and its breakdown products.

DISCUSSION

The inhibitory effectiveness of extracts againstR-glucosidase
was related to their anthocyanin content. The raspberry LH-20
bound fraction, which was effectively anthocyanin free, showed
no detectable inhibition ofR-glucosidase at 100µg/assay.
However, the raspberry LH-20 unbound sample, which was

enriched in anthocyanins, gave a lowerKi for R-glucosidase
than the original raspberry extract (47 versus 87µg/assay). This
agrees with previous findings (14) that polyphenolic extracts
of extracts from sweet potato (Ipomoea batatasL.) roots and
Morning glory (Pharbitis nil cv. Scarlett O’Hara) flowers
enriched in anthocyanins were effective inhibitors of rat
intestinalR-glucosidaseand humanR-amylase. Subsequently,
they showed that diacylated anthocyanins from these sources
were most effective againstR-glucosidase (16) and capable of
inducing an anti-hyperglycemic effect in rats (17). However,
no further information on the ability of these compounds to
inhibit R-amylase was given. Therefore, it is possible the initial
report of inhibition of R-amylase (14) was caused by other
components of the original extracts.

It has long been claimed that polyphenolic fractions from
plants can alter glucose utilization in mammals, causing insulin-
like effects (13). The active constituents in green and black teas
have been identified as tannins (19). Inhibition ofR-amylase
by phenolic extracts of pears, cocoa, and lentils has been noted
(24), and these authors also found that commercially available
tannic acids and condensed tannins were also inhibitory. Indeed,
the condensed tannin content of seeds is well known to be an
antinutritional factor due to their inhibition of amylase and other
digestive enzymes (25). The inhibition of salivary amylase by
green tea extracts was attributed to tannin components (19).
There have also been reports that tannins and ellagic acid
derivatives from Banaba (Lagerstroemia speciosaL.) leaves are
potent inhibitors ofR-amylase (26). Therefore, it is perhaps not
surprising that extracts that contain tannins (red grape, red wine,
green tea, raspberry, and strawberry) were more effective
R-amylase inhibitors than other extracts. The removal of
inhibition by gelatin treatment and binding of the inhibitory
components from extracts by sorption on Sephadex LH-20

Chart 1. Structures of Ellagitannin Derivatives
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strongly suggest that the amylase inhibitors are soluble,
hydrolyzable tannins (20,22).

TheR-amylase inhibitors in the LH-20 bound sample eluted
late in the gradient (fractions 52/53 and 55/56) on RP-HPLC,
and ellagitannins are known to elute late in similar HPLC
conditions (27). The inhibitory fractions contained a mixture
of ellagitannins and ellagic acid as shown by LC-MS; the second
eluting peak (fraction 55) was predominantly composed of
Sanguiin H6, which was previously found to be the major
ellagitannin in raspberries (27, 28). Fraction 52 contained a more
equal mixture of Lambertianin C, Sanguiin H10, and Sanguiin
H6 and its breakdown products.

Dietary ellagitannins are the main dietary source of ellagic
acid, which has been reported to have antiviral (29) and
anticarcinogenic (30,31) properties. Ellagitannins from rasp-
berry have also been found to exert potent vasodilatory
properties (27). Raspberries and strawberries are a good source
of dietary ellagitannins, and there is interest in utilizing natural
variation in ellagitannin content to select new soft fruit varieties
(32, 33).

Although the tannin-rich raspberry and strawberry extracts
were effective against both salivary and pancreatic amylase, it
is unclear whether they would be effective against pancreatic
R-amylase in situ. Work on the bioavailability of dietary tannins
has been limited (34), but gallo- or ellagitannins may not be
stable in the neutral to mildly alkaline conditions of the small
intestine (35). In addition, binding of tannins to proteins (22)
(e.g., from food or digestive enzymes) in the small intestine
would also reduce their effective concentration. Nevertheless,
tannic acid and the tannin-rich nonalcoholic components of red
wine have been shown to reduce serum glucose levels after
starch-rich meals in a study of patients with non-insulin-
dependent diabetes mellitus (36). As the mechanism involved
in this anti-hyperglycemic effect is unknown, it is possible that
the tannins are inhibitingR-amylase activity in situ. However,
tannins have also been reported to be effective inhibitors of
intestinalR-glucosidase activity (37), and it is becoming clear
that a range of polyphenols also inhibit glucose uptake in
intestinal cells (38).

The low Ki values against salivaryR-amylase suggest that
strawberry and raspberry extracts could influence the breakdown
of starch in the oral cavity and perhaps influence the levels of
fermentable sugars available to cariogenic bacteria. Indeed,
tannins in green tea extracts have been shown to reduce the
oral breakdown of starch (19), and tannins in strawberry and
raspberry extracts may provide a similar effect.

ACKNOWLEDGMENT

We thank Howard Davies for his support.

LITERATURE CITED

(1) Deighton, N.; Brennan, R.; Finn, C.; Davies, H. V. Antioxidant
properties of domesticated and wildRubusspecies.J. Sci. Food
Agric. 2000,80, 1307-1313.

(2) Kahkonen, M. P.; Heinamaki, J.; Ollilainen, V.; Heinonen, M.
Berry anthocyanins: isolation, identification and antioxidant
properties.J. Sci. Food Agric.2003,83, 1403-1411.

(3) Willet, C. W. Micronutrients and cancer.Am. J. Clin. Nutr.1994,
59, 162-165.

(4) Hertog, M. G. L.; Bas Bueno-de-Mesquita, H.; Fehily, A. M.;
Sweetnam, P. M.; Elwood, P. C.; Kromhout, D. Fruit and
vegetable consumption and cancer mortality in the Caerphilly
study. Cancer Epidemiology Biomarkers PreVention 1996, 5,
673-677.

(5) Hertog, M. G. L.; Feskens, E. J. M.; Hollman, P. C. H.; Katan,
M. B.; Kromhout, D. Dietary antioxidant flavonoids and risk of
coronary heart disease: The Zutphen Elderly study.Lancet1993,
342, 1007-1011.

(6) Block, G.; Patterson, B.; Subar, A. Fruit, vegetables and cancer
prevention: a review of epidemiological evidence.Nutr. Cancer
1992,2, 1-29.

(7) Steinmetz, K. A.; Potter, J. D. Vegetables, fruit and cancer. I.
Epidemiology.Cancer Causes Control1991,3, 325-357.

(8) Knekt, P.; Jarvinen, R.; Reunanen, A.; Maatela, J. Flavonoid
intake and coronary mortality in Finland: a cohort study.Br.
Med. J.1996,312, 478-481.

(9) In The North Karelia Project, 20 year results and experiences;
Puska, P., Tuomilehto, J., Nisinen, A., Vartiaanen, E., Eds.;
Helsinki University Press: Helsinki, Finland, 1995.

(10) Halliwell, B. Antioxidants in human health and disease.Annu.
ReV. Nutr.1996,16, 33-50.

(11) Brown, J. E.; Khodr, H.; Hider, R. C.; Rice-Evans, C. A.
Structural dependence of flavonoid interactions with Cu2+ ions:
implications for their antioxidant properties.Biochem. J.1998,
330, 1173-1178.

(12) Carlsen, H.; Myhrstad, M. C. W.; Thoreson, M.; Moskaug, J.
O.; Blomhoff, R. Berry intake increases the activity of the
gamma-glutamyl cysteine synthetase promoter in transgenic
reporter mice.J. Nutr. 2003,133, 2137-2140.

(13) Broadhurst, C. L.; Polansky, M. M.; Anderson, R. A. Insulin-
like activity of culinary and medicinal plant aqueous extractsin
Vitro. J. Agric. Food Chem.2000,48, 849-852.

(14) Matsui, T.; Ueda, T.; Oki, T.; Sugita, K.; Terahara, N.;
Matsumoto, K. R-Glucosidase inhibitory action of natural
acylated anthocyanins. 1. Survey of natural pigments with potent
inhibitory activity. J. Agric. Food Chem.2001,49, 1948-51.

(15) Toeller, M. R-Glucosidase inhibitors in diabetes: efficacy in
NIDDM subjects.Eur. J. Clin. InVest.1994,24, 31-35.

(16) Matsui, T.; Ueda, T.; Oki, T.; Sugita, K.; Terahara N.; Matsu-
moto, K. R-Glucosidase inhibitory action of natural acylated
anthocyanins. 2.R-Glucosidase inhibition by isolated acylated
anthocyanins.J. Agric. Food Chem.2001,49, 1952-1956.

(17) Matsui, T.; Ebuchi, S.; Kobayashi, M.; Fukui, K.; Sugita, K.;
Terahara, N.; Matsumoto, K. Anti-hyper-glycemic effect of
diacylated anthocyanin fromIpomea batatascultivar Ayamu-
rasaki can be achieved by through theR-glucosidase inhibitory
action.J. Agric. Food Chem.2002,50, 7244-7248.

(18) Rommel, A.; Wrolstad, R. E. Composition of flavanols in red
raspberry juice as influenced by cultivar, processing and
environmental factors.J. Agric. Food Chem.1993,41, 1941-
1950.

(19) Zhang, J.; Kashket, S. Inhibition of salivary amylase by black
and green teas and their effects on the intra-oral hydrolysis of
starch.Caries Res.1997,32, 233-238.

(20) Strumeyer, D. H.; Malin, M. Condensed tannins in grain
sorghum: Isolation, fractionation, and characterization.J. Agric.
Food Chem.1975,23, 909-914.

(21) Gal, J. Y.; Fovet, Y. Adib-Yadzi, M. About a synthetic saliva
for in vitro studies.Talanta2001,53, 1103-1115.

(22) Porter, L. J. Tannins. InMethods in Plant Biochemistry;
Harborne, J. B., Ed.; 1993; Vol. 1 (Plant Phenolics).

(23) Mullen, W.; Yokota, T.; Lean, M. E. J.; Crozier, A. Analysis of
ellagitannins and conjugates of ellagic acid and quercetin in
raspberry fruits by LC-MSn.Phytochemistry2003, 64, 617-
624.

(24) Queseda, C.; Bartolome, B.; Nieto, O.; Gomez-Cordoves, C.;
Hernandez, T.; Estrella, I. Phenolic inhibitors ofR-amylase and
trypsin enzymes by extracts from pears, lentils and cocoa.J.
Food Protection1995,59, 185-192.

(25) Santos-Buelga, C.; Scalbert, A. Proanthocyandins and tannin-
like compounds-nature, occurrence, dietary intake and effects
on nutrition and health.J. Sci. Food Agric.2000,80, 10944-
1117.

Polyphenolic Components of Soft Fruits J. Agric. Food Chem., Vol. 53, No. 7, 2005 2765



(26) Hosoyama, H.; Sugimoto, A.; Suzuki, Y.; Sakane, I.; Kakuda
T. Isolation and qualitative analysis of theR-amylase inhibitor
in Lagerstroemia speciosa(L.) Pers. (Banaba).Yakugushiu
Zasshi2003,123, 599-605.

(27) Mullen, W.; McGinn, J.; Lean, M. J.; MacLean, M. R.; Gardiner,
P.; Duthie, G. G.; Yokota, T.; Crozier, A. Ellagitannins,
flavanoids, and other phenolics in red raspberries and their
contribution to antioxidant capacity and vasorelaxation properties.
J. Agric. Food Chem.2002,50, 5191-5196.

(28) Haddock, E. A.; Gupta, R. K.; Al-Shafi, S. M. K.; Layden, K.;
Haslam, E.; Magnolato, D. The metabolism of gallic acid and
hexahydroxydiphenic acid in plants: Biogenetic and molecular
taxonomic considerations.Phytochemistry1982, 5, 1049-1062.

(29) Corthout, J.; Peiters, L. A.; Claeys, M.; Van den Berghe. D. A.;
Vleitinck, A. J. Antiviral ellagitannins fromSpondia mombin.
Phytochemistry1991,30, 1129-1130.

(30) Rao, C. V.; Tokumo, K.; Rigoty, J.; Zang, E.; Kelloff, G.; Reddy,
B. S. Chemoprevention of colon carcinogenesis by dietary
administration of piroxicam, difluromethlornithin, 16-â-fluor-
5-androsteron-17-one and ellagic acid individually and in
combination.Cancer Res.1991,51, 4528-4534.

(31) Mertens-Talcott, S. U.; Talcott, S. T.; Percival, S. S. Low
concentrations of quercetin and ellagic acid synergistically
influence proliferation, cytotoxicity and apoptosis in MOLT-4
human leukaemia cells.J. Nutr. 2003,133, 2669-2674.

(32) Wrolstad, A.; Rommel, R. E. Ellagic acid content of red raspberry
juice as influenced by cultivar, processing and environmental
factors.J. Agric. Food Chem.1993,41, 1951-1960.

(33) Williner, M. R.; Pirovanni, M. E.; Guemes, D. R. Ellagic acid
content of strawberries of different cultivars and ripening stages.
J. Sci. Food Agric.2003,83, 842-845.

(34) Clifford, M. N.; Scalbert, A. Ellagitannins-nature, occurrence
and dietary burden.J. Sci. Food Agric.2000,80, 1118-1125.

(35) Daniel, E. M.; Ratanayake, S.; Kinstle, T.; Stoner, G. D. The
effects of pH and rat intestinal contents on the liberation of ellagic
acid from purified and crude ellagitannins.J. Nat. Prod.1991,
54, 946-952.

(36) Gin, H.; Rigalleau, V.; Caubet, O.; Aubertin, J. Effects of red
wine, tannic acid, or ethanol on glucose tolerance in non-insulin
dependent diabetic patients and on starch digestibilityin Vitro.
Metabolism1999,48, 1179-1183.

(37) Toda, M.; Kawabata, J.; Kasai, T. Inhibitory effects of ellagi-
and gallotannins on rat intestinalR-glucosidase complexes.
Biosci. Biotechnol. Biochem.2001,65, 542-7.

(38) Song, J.; Kwon, O.; Chen, S.; Daruwala, R.; Eck, P.; Park, J.
B.; Levine, M. Flavonoid inhibition of sodium dependent Vitamin
C transporter 1 (SVCT1) and glucose transporter isoform 2
(GLUT2), Intestinal transporters for vitamin C and glucose.J.
Biol. Chem.2002,277, 15252-15260.

Received for review June 22, 2004. Revised manuscript received
December 10, 2004. Accepted January 13, 2005. We thank the Nuffield
Foundation for a science bursary awarded to Faina Shpiro, and Harris
Academy for allowing Faina to work at SCRI. We thank the Scottish
Executive Environment and Rural Affairs Department for grant-in-
aid to SCRI.

JF0489926

2766 J. Agric. Food Chem., Vol. 53, No. 7, 2005 McDougall et al.


