JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2005, 53, 1387-1392 1387

Identification and Quantification of Polyphenolic Compounds in
Longan ( Euphoria longana Lam.) Fruit

NUCHANART RANGKADILOK ,T LUKSAMEE WORASUTTAYANGKURN,
RicHARD N. BENNETT,¥ AND JUTAMAAD SATAYAVIVAD *:T.8

Laboratory of Pharmacology, Chulabhorn Research Institute (CRI), Vipavadee-Rangsit Highway,
Laksi, Bangkok 10210, Thailand, Nutrition Division, Institute of Food Research, Norwich Research
Park, Colney, Norwich NR4 7UA, UK, and Department of Pharmacology, Faculty of Science,

Mahidol University, Rama 6 Road, Bangkok 10400, Thailand

Regular consumption of fruit and vegetables is associated with a lower risk of some chronic diseases
including various forms of cancer and cardiovascular diseases. The health-promoting potential of
these foods may be due, in part, to the phytochemical bioactive compounds present in the plants.
Fruit of Euphoria longana Lam. (longan) are consumed throughout Asia and are a major crop in
Thailand. In the present study phytochemicals were extracted with 70% methanol from peel, pulp,
and seed tissues of longan fruit, and the major components were identified as gallic acid, corilagin
(an ellagitannin), and ellagic acid. A high-through-put reversed phase HPLC method was developed
to determine the content of these three compounds in different parts of the longan fruit and among
different cultivars. The analyses showed that there was a large variation in the contents of gallic
acid, corilagin, and ellagic acid in different plant tissues and cultivars. Seed contained the highest
levels of the three phenolics, and pulp contained the lowest. Among commercial cultivars, Biewkiew
and Edor contained the highest levels of gallic and ellagic acid while Srichompoo contained the highest
content of corilagin. These three cultivars may be used in directed breeding and cultivation programs
and to develop concentrated longan seed extracts to promote good health. Utilization of this byproduct
material will support the use of thousands of tons of waste longan seeds after the production of
canned longan pulp.
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INTRODUCTION activities. In Chinese medicine the flesh of the longan is used
Euphoria longanaLam. (longan) is a member of the as a stomachic, febrifuge, vermifuge, and also as an antidote
Sapindaceae family. This family also includes litchit¢hi for poison (2). A decoction of the dried flesh is also used as a

chinensisL.), rambutan Kephelium lappaceurn.), and horse  tonic and for the treatment of insomnia and neurasthenic neurosis
chestnut (Aesculus hippocastanuh Longan is a subtropical ~ (2). There is also limited information on the analysis of the
fruit, which is widely grown in China and South East Asia bioactive compounds in longan fruit. A methanol extract of
including Thailand, Vietnam, and the Philippines. Longan, longan arillus exhibited anxiolytic-like effects; it was shown to
known as ‘Lumyai’ in Thailand, is a major Thai fruit export. contain adenosine, which may also account for the reported
Thailand, China, and Taiwan are the main centers of commercialsedative and analgesic effects (3). The seeds have previously
longan production (1). In Thailand, the matured fruit can be been shown to contain the hydrolyzable tannins (ellagitannins)
harvested from July to September. The fruit peel is brown or corilagin and acetonyl-geraniid(5). Corilagin Figure 1) has
light-brown with white translucent flesh. The seed is round and peen widely studied for its pharmacological activities in extracts
black. v_vith a circular w_hite spot at the base. The flesh is sweet of plants such a®Phyllanthus amarug6) and Acer nikoense
and juicy; therefore, it can be consumed in both fresh and (7y and also as a pure isolated compound. It has been shown to
processed products such as canned longan in syrup or as drieghyer the blood pressure of spontaneously hypertensive rats
fruit. _ _ _ _ (SHR) through blocking noradrenaline release and (or) by direct

Longan frplt are extenswely c.onsumed in Thailand hOW?Veﬁ vasorelaxationd). In addition, corilagin has been shown to have
there is still limited information on the pharmacological antifungal activity againsCandida glabratastrains (8), to

* Corresponding author. Telephone: 66-2-5740622 ext. 1603; Fax: 66- Potently inhibit HIV-1 replication in HeLa CD#cells (6), and
2-5742027; E-mail: jutamaad@tubtim.cri.or.th. ) inhibit tumor necrosis factor-¢TNF-o) release (7). Corilagin

T Laboratory of Pharmacology, Chulabhorn Research Institute (CRI). also remarkably reduced thislactam antibiotic resistance in
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8 Department of Pharmacology, Faculty of Science, Mahidol University methacillin-resistanStaphylococcus aurey®RSA) (9). Ac-
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The residues were then re-extracted with 4.0 mL 70% methanol. All
extracts were combined and filtered through a 13 mm, @m3?VDF
membrane (Orange Scientific, Belgium) prior to HPLC analysis.
HPLC—UV/Vis Detection Analyses. The HPLC analyses were
performed using an HP1100 HPLC system with a thermostatically
controlled column oven, a binary pump, and a diode-array detector
(Hewlett-Packard, Palo Alto, CA). A 12% 4 mm i.d., 5um reversed
phase column, LiChrospher RP-18 was connected to>a 4 mm
LiChrospher RP-18 guard column (Macherey-Nagel, Germany). The
compounds were eluted with a gradient system of 0.4% formic acid
(solvent A): methanol (solvent B) at a flow rate of 1.0 mL/min. The
HO OH HO OH temperature of the column was 28 with the UV detection at 270

nm. The injection volume was 1. The gradient system started from
Ho O O oH 0 min (100%A) to 2 min (95%A), 5 min (70%A), 8 min (66%A), 11

HO,

HO COOH

HO

Gallic acid Ellagic acid

min (45%A), 14 min (45%A), 17 min (100%A) and maintained at this
ratio until 20 min.

co co OH Calibration Curves. All standards (gallic acid, ellagic acid, and

céo/ o corilagin) were dissolved in methanol to produce five concentrations

p o-¢ OH of gallic acid (0.008, 0.03, 0.06, 0.1, 0.14 mg/mL), five concentrations

I o of ellagic acid (0.005, 0.01, 0.03, 0.06, 0.1 mg/mL), and five

OH concentrations of corilagin (0.006, 0.012, 0.063, 0.125, 0.63 mg/mL).
OH OH The detection limit of each compound was determined at the concentra-

tion where S/N ratio was 3.
Corilagin Recovery. Crude samples were spiked with known amounts of

) . ) . ) o reference standard solutions (each concentratier?), gallic acid (at
Figure 1. The structures of gallic acid, ellagic acid, and corilagin. the concentrations 0.05 and 0.08 mg/mL), ellagic acid (at the concentra-
tions 0.02 and 0.04 mg/mL), and corilagin (at the concentrations 0.03
etonyl-geraniin has been shown to reverse the orthostaticand 0.06 mg/mL) and then extracted following the method previously
hypotension in SHRs that were awake through an effect on the described (each concentratiar= 2).

noradrenergic nerve and subsequent release of noradrenaline HPLC —UV/Vis Detection with Electrospray Mass Spectrometry.
(5). Selected samples were separated on ax280%G mm, 5um Phenomenex

For all these reasons, it is important to study the active !_Sl;ma r(t:ls Grevzsed Ip:gseﬂc}:olumn”lrglwithha Pher:]omtendefouria tC "
compounds in longan fruit, especially the potentially beneficial ecunty-tbuard_column. “he moblle phase consisted of a wate

voh i ds. Si his bl b d tetrahydrofuran/TFA (98:2:0.1) (solvent A) and acetonitrile (solvent
polyphenolic compounds, since this plant may be used as a newB). A linear gradient was started from 0 min (83%A), to 7 min (75%A),

naFurQI source of these bioactive compounds. Therefore, the 15 min (65%A), 20 min (50%A), 25 min (100% B), 30 min (100%B),
objectives of the present study were to develop suitable methodszs min (83%A) and maintained at this ratio until 45 min. All mass
for extraction, purification, and identification of the major active spectra were obtained using a Micromass Quattro Il triple quadrupole
compounds from the fruit oE. longanaand also to determine  mass spectrometer (Micromass, Manchester, UK) coupled to a Jasco
the concentration of these active compounds in different plant PU-1585 triple pump HPLC equipped with an AS-1559 cooled
tissues and commercial cultivars for the selection of the best autoinjector, CO-1560 column oven and UV-1575 UV detector

cultivars containing high levels of these bioactive compounds (Jasco[UK] Ltd., Great Dunmow, UK). The detector was set at 270
for further studies. nm, and the HPLC column temperature was maintained 4C29he

1.0 mL/min mobile phase flow exiting the HPLC column was split
using an ASI 600 fixed ratio splitter valve (Presearch, Hitchin, UK) so
MATERIALS AND METHODS that approximately 20@L/min entered the mass spectrometer. Mass

Plant Materials. Euphoria longandruit (nine cultivars) were freshly ~ SPectra were obtained in both positive ion and negative ion electrospray
harvested from the field in August (Faculty of Agricultural Production, Modes using a Micromass Z-spray ion source. The electrospray probe
Maejo University, Chiang Mai) and transported to the Laboratory of Was operated at 3.5 kV with a cone voltage 24 V. The source and
Pharmacology (Chulabhorn Research Institute), Bangkok. Al fruit were desolvation temperatures were 13D and 350°C, respectively. The
washed and separated into two groups for analyses, i.e., fresh and driedtitrogen nebulizing and drying gas flow rates were optimized at 15
fruit. For the dried fruit, all fresh fruit (whole) were placed in the oven L/h and 500 L/h, respectively. Spectra were recorded (in centroid mode)
at 80°C for 48 h (following the conventional method to produce dried betweenm/z 50—1500 with a scan duration of 1.5 s/scan and an
longan for export). Fresh and dried fruit were then separated into three intérscan time of 0.1 s. MS1 was set to unit mass resolution or better
different parts (peel, pulp, and seed) and crushed into small pieces using(-M and HM resolution parameters both set to 15.0). Spectra were
a pestle and mortar or a blender. Ten fruit of each cultivar (same size) Processed using MassLynx 3.4 software (Micromass, Manchester, UK).
were combined for chemical analysis.

Chemicals. Gallic acid, ellagic acid, tetrahydrofuran, and trifluo- RESULTS AND DISCUSSION
roacetic acid (TFA) were purchased from Sigma-Aldrich Chemicals ~ The initial studies on comparisons of the extraction of the
(St. Louis, MO). Standard corilagin was a gift from Prof. Tomofusa longan phytochemicals compared hot water (as in the preparation
Tsuchiya and Dr. Sumiko Shiota, Shuijitsu University, Japan. HPLC used for Chinese herbal medicines) and 70% methanol. It was
grade methanol and acetonitrile, and formic acid, were obtained from found that 70% methanol was the most suitable solvent for
Merck (Darmstadt, FR Germany). Milli-Q deionized water (Branstead, reproducible and effective extraction of the active compounds
Ne;"ton’lMé‘) Was.useg thrzougho:ft ;h'? e.Xp]?”mhem'd dried under investigation(gallic acid, ellagic acid, and corilagin) (data

ample Extraction. Each part of the fruit (fresh and dried tissues) not shown). Some phenolic compounds such as ellagic acid are

was accurately weighed, 400 mg, into 15 mL plastic tubes (two liahtl luble i ter theref . lcohol mixt
replicates per sample). Methanol (70%) (5.0 mL) was added and very slightly soluble in water, therelore, using an alcohol mixture

vigorously shaken for 20 s. The samples were then left at room- Solvent would improve the solubility of these compounds. The
temperature overnight, with occasional shaking to ensure effective Structures of these three phenolics are showrFigure 1.

extraction. The next day, samples were centrifuged (§080min, 25 Formic acid (0.4% aqueous) in combination with a methanol
°C), and the supernatants were transferred into 10 mL volumetric flasks. gradient was found to be an effective mobile phase for HPLC
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Figure 2. Example HPLC chromatograms of different parts of E. longana dried fruit: A, peel; B, pulp; C, seed. Retention time (tz) gallic acid = 5.07
min, &z corilagin = 8.37 min, and tz ellagic acid = 13.09 min.

" min

separation (good separation with short running time). The and ellagic acid were major compounds, while pufig(re
percentage recoveries for gallic acid, ellagic acid, and corilagin 2B) contained small amounts of these three phenolic compounds.
were 94—96%, 97%, and 98.01%, respectively. The combi- However, pulp contained higher levels of unidentified com-
nation of the extraction and HPLC methods was consistent for pounds at RT 4.83, 5.67, and 7.29 min (Figure 2B). The data
the separation of these three compounds from different tissuesfrom LC-MS analyses, in negative ion mode, confirmed the
of E. longanafruit (Figure 2). Calibration curves were linear identities of gallic acid, corilagin, and ellagic acid in the samples.
with R2 = 0.9996 (gallic acid), 0.9993 (ellagic acid), and 0.9995 In pulp, the peak at 5.67 min had a [M H]~ at m/z 254
(corilagin). The detection limit of gallic acid, ellagic acid, and indicative of a nitrogenous compoundfx = 285 nm), and
corilagin were 0.31, 0.10, and 0.24)/mL, respectively. that at 7.29 min produced a [M H]~ atm/z477 indicative of

The HPLC fingerprint ofE. longanapeel (Figure 2A) was a non-nitrogenous compoundfk = 297 nm). For peel and
similar to that of seedHigure 2C), where gallic acid, corilagin, = seed, the peak at 9.70 min had diode array spectra similar to
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Figure 3. The contents of gallic acid in different fresh and dried tissues:

peel, pulp, and seed in nine cultivars of E. longana fruit. Values represent

mean of two replicates with standard error of means. All data were

calculated on a DW basis. 1 = Baiyok, 2 = Edor, 3 = Biewkiew, 4 =

Pungtong, 5 = Petsakorn, 6 = Srichompoo, 7 = Dangklom, 8 = Baidam,
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Figure 4. The contents of ellagic acid in different fresh and dried
tissues: peel, pulp, and seed in nine cultivars of E. longana fruit. Values
represent mean of two replicates with standard error of means. All data
were calculated on a DW basis. 1 = Baiyok, 2 = Edor, 3 = Biewkiew,
4 = Pungtong, 5 = Petsakorn, 6 = Srichompoo, 7 = Dangklom, 8 =

9 = Haew. Baidam, 9 = Haew.

that of corilagin (4ax= 226, 266 nm); this compound may be (Figure 4). A possible reason for an increase of gallic acid and
another ellagitannin present in this fruit. The peak at 11.02 min ellagic acid in dried peel tissues may be due to degradation of
can be assigned to a flavonéngx = 276, 355 nm) and the  other ellagitannins or gallotannins by nonenzymatic or enzymatic
peaks at 12.65 and 13.76 min may be some ellagic acid hydrolysis, releasing free forms of gallic acid and ellagic acid.
derivatives (hax = 254, 365 nm). In addition, longan fruit also  Unpublished data obtained in our study also found that corilagin
contained small amounts of epicatechin (peak at 8.70 min). This standard solution was hydrolyzed to release gallic acid and
is the first report identifying these three beneficial compounds ellagic acid after storage at20 °C for a period of time (more

in different tissues of longan fruit. Lin et allQ) and Hsu etal.  than 6 months). Free forms of ferulic acid and total phenolics
(5) found that longan seed contained the ellagitannins corilagin jn corn were shown to increase by 550% and 54%, respectively,
and acetonyl-geraniin as the active compounds. Neither acetojth thermal processing at 11% for 25 min (L1). However,
nyl-geraniin (MW = 992) nor its precursor geraniin (MW 5 decrease in ellagic acid, in the same time, in dried seed may
934) were found in any of the longan samples analyzed in this pe gue to an enzymatic browning (polyphenoloxidase) reaction
study, either by LC—UV/vis detection or by LC-MS (both  \yhen plant cell is broken during drying process (all parts of
positive ion and negative ion data evaluated). However, under it turned brown). The greater losses of ellagic acid observed
these conditions a 70% methanol extraciG¥ranium rober- iy ragpherries during frozen storage were also found to be related
tianumL. leaves was found to contain high levels of geraniin, 4 5 severe cellular disruption in these fruit, which was produced
showing that the extraction and LC-MS conditions were . o yajease of the enzyme polyphenoloxidase linked to the cell
appropriate for detecting these other ellagitannins if present (datawalls (12). The dehydration process (8C, 48 h) before

not shown). o . _inactivation of this enzyme in the present study may have
There was a 'af_ge variation in the contents of the t_hree active damaged plant cell walls, which led to a decrease of ellagic
28Ir:;\?;rintiss’te%al:I:(;egﬁl(zja,ndeliﬁr?elfj aﬁ:d’ ?lgd coglggln among 4cid. Other reasons may be due to the distribution of ellagic
: pulp and seet.abngana acid from the inner part (seed) to other parts of the fruit (pulp

contained gallic acid while peel contained gallic acid only in and peel) or ellagic acid may bind with some polysaccharides
dried tissuesKigure 3). The contents of gallic acid were higher P 9 ayt polysace
(e.g. pentose etc.) or proteins in longan seed to form insoluble

in dried tissues (peel and seed) than fresh tissues. |_|Owever’derivatives that are then lost by precipitation or cannot be
fresh pulp contained higher levels of gallic acid than dried pulp detected at the wavelength (270 nm) used in this method.

(calculated on DW basis) except for cultivar Edor. Pulp of ) .
cultivar Petsakorn and fresh peel of all cultivars contained very Moroeover, total phenolic contents of oven-dried (40, 60, and
80 °C) blanched apple peel have been also shown to be

small amounts of gallic acid (:3ug/mL) or none. Gallic acid o
content was highest in dried seed (683 mg/g DW) Figure significantly lower than that of the fresh pedl3). The results
from the present study indicated that in dried seed, cultivar

3). The contents in dried seed were H) times higher than . . ) . .
fresh seed. Baidam had the highest contents of both gallic acid and ellagic

In contrast to gallic acid content, fresh and dried peel and acid followed by Edor, Dangklom, and Haewigures 3, 4).
seed contained ellagic acid at high levels whereas dried pulp Gallic acid and ellagic acid are widely studied for their
contained less ellagic acid (the amounts in fresh pulp were alsopharmacological activities such as antiplasmodial, antimicrobial,
lower than 0.1ug/mL) (Figure 4). Dried peel contained higher  antioxidant, and cancer-preventing compourigs-{23). Recent
ellagic acid than fresh peel (calculated on DW basis) as was research studies have been more specific on the mechanism in
the case for gallic acid contents. Ellagic acid in dried peel was cancer prevention of these two phenolic acitis,( 7—18,20).
1-1.5 times higher than fresh peel except for cultivar Dangk- Grape seeds, a byproduct of wine production, contain high
lom. However, fresh seed contained higher levels of ellagic acid concentrations of gallic acid, whereas the waste grape skins had
(1.4-4.5 mg/g DW) than dried seed (+2.5 mg/g DW) a much lower gallic acid conten28). Good dietary sources of
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peel and seed in nine cultivars of E. longana fruit. Values represent mean 7 = Dangklom, 8 = Baidam, 9 = Haew.
of two replicates with standard error of means. All data were calculated
on a DW basis. 1 = Baiyok, 2 = Edor, 3 = Biewkiew, 4 = Pungtong, ~ through-put HPLC methods were developed in this study to
5 = Petsakorn, 6 = Srichompoo, 7 = Dangklom, 8 = Baidam, 9 = determine the three major phenolics, gallic acid, ellagic acid,
Haew. and corilagin, in different tissues of longaB.fonganaLam.)

fruit. The major compound in seed was corilagin followed by

ellagic acid are strawberry and red raspberry, as both free ellagicellagic acid and gallic acid. In contrast to the other parts, pulp

acid and more complex ellagitannir&k-25). The concentration  contained high levels of unidentified compounds with low levels

of gallic acid found in longan seed in the present study{0.8 these three phenolic compounds. Longan seed and peel are
2.3 mg/g DW) was higher than that reported in grape seed (10-prqqucts of canned longan manufacture, and they clearly have
99 mg per 100 g DW) by Yilmaz and Toled2). In addition, the potential for development as extracts or pure compounds to

ellagic acid concentration in dried longan seed {1246 mg/g promote good health, for example, as sources of dietary
DW) was also higher than ellagic acid concentration in berries, antioxidants, antihypertensive drugs, and cancer-preventing
especially red raspberry>(l60 mg per 100 g DW) and  ompounds. However their utilization and toxicity should be

strawberry (>40 mg per 100 g DW24). further studied. At present these investigations are also being

Peel and seed also contained corilagin at high levels while ¢5rrieq out in our laboratory. Therefore, there is much scope
pulp contained low levels (0.680.15 mg/g DW in dried pulp;  ¢or the utilization of longan seed and peel for creating new

data not shown in figure)figure 5). Corilagin contentin dried  peneficial health products for nutraceutical markets.
tissues was also 2—10 times higher than fresh tissues. The

highest corilagin content was found in dried seed<{3.6 mg/g
DW). An increase of corilagin in dried seed may be due to the ACKNOWLEDGMENT
same reasons as in the case of the increases of ellagic acid an

gallic acid in dried peel (hydrolysis of other ellagitannins, larger . . - . . .
molecules). To understand the degradation or hydrolysis processDr' Surmkq Shiota, Shujitsu University, Japan, for providing
- . s the corilagin standard. We also gratefully acknowledge Assoc.
standards ellagic acid and corilagin should be treated under the . . d )
Prof. Pawin Manochai, Faculty of Agricultural Production,

same conditions for both drying process (80 for 48 h), Maeio Universitv. for supplving lonaan fruit
extraction method, and then analyzed for the contents of gallic ! Y pplying fong ’

acid, ellagic acid, and corilagin. Seed of cultivars Dangklom
and Baidam contained the highest content of corilagigyre LITERATURE CITED
5). Among the commercial cultivars, Bewkaew and Srichompoo
contained high levels of this compound. The results in the
present study also indicated that corilagin was present as the
major phenolic compound in longan seecb(%) followed by

Qhe authors would like to thank Prof. Tomofusa Tsuchiya and

(1) Menzel, C.; Watson, B.; Simpson, D. Long&uphoria longai.
In The Australia New Crops Newslette8chool of Land and
Food Sciences (Dr. Rob Fletcher), The University of Queensland
Gatton College: Brisbane, 1995; Issue No. 4 July.

ellagic acid and gallic acidgure 6). Corilagin has been shown (2) Mortin, J. F. Longan. IfFruits of warm climatesJulia F. Morton:

to possess several important pharmacological activities espe- Miami, FL, 1987; pp 259—262.

cially in relation to lowering blood pressure. Therefore, these  (3) Okuyama, E.; Ebihara, H.; Takeuchi, H.; Yamazaki, M. Ad-
dried longan seed may be a useful alternative source for enosine, the anxiolytic-like principle of the arillus Bfiphoria
extraction of the three beneficial compounds, gallic acid, ellagic longana.Planta Med.1999,65, 115—-119.

acid, and corilagin. However, the analyses of some other (4) Cheng, J. T, Lin, T. C.; Hsu, F. L. Antihypertensive effect of
polyphenols or bioactive compounds present in longan pulp need igg‘ggi” in the ratCan. J. Physiol. Pharmacal995 73, 1425~

to be studied further in detail by collecting and purifying these
compounds frqm HF.)LC and then using NMR (nuclear magnetic a hydrolyzable tannin frontEuphoria longanaon orthostatic
resonance) to identify the structures. From the present data, the hypotension in a rat modePlanta Med.1994, 60, 297—300.
peak at 7.29 min ([M— H]~ at m/z477) may suppose to be a (6) Notka, F.; Meier, G. R.; Wagner, R. Inhibition of wild-type
quercetin glucoroniden(/z 477), which was also found in human immunodeficiency virus and reverse transcriptase inhibi-

raspberry fruit (26). tor-resistant variants byhyllanthus amarusAntiviral Res 2003
In conclusion, simple and reproducible extraction and high 58, 175—186.

(5) Hsu, F. L.; Lu, F. H.; Cheng, J. T. Influence of acetonylgeraniin,



1392 J. Agric. Food Chem., Vol. 53, No. 5, 2005 Rangkadilok et al.

(7) Okabe, S.; Suganuma, M.; Imayoshi, Y.; Taniguchi, S.; Yoshida, (19) Mahoney, N.; Molyneux, R. J. Phytochemical inhibition of
T.; Fujiki, H. New TNF-a releasing inhibitors, geraniin and aflatoxigenicity inAspergillus flasusby constituents of walnut
corilagin, in leaves ofAcer nikoense Megusurino-ki. Biol. (Juglans regia).J. Agric. Food Chem2004,52, 1882—18809.

Pharm. Bull.2001,24, 1145-1148. (20) Kawada, M.; Ohno, Y.; Ri, Y.; Ikoma, T.; Yuugetu, H.; Asai,
(8) Latte, K. P.; Kolodziej, H. Antifungal effects of hydrolyzable T. Watanabe, M. Yasuda, N.. Akao, S.. Takemura, G.:

tannins and related compounds on dermatophytes, mould fungi

and yeastsZ. Naturforsch.2000,55¢, 467—472. Minatoguchi, S.; Gotoh, K.; Fujiwara, H.; Fukuda, K. Anti-tumor
(9) Shiota, S.; Shimizu, M.; Sugiyama, J.; Morita, Y.: Mizushima, ef_fect of gallic acid on LL-2 lung cancer cells transplanted in
T.; Tsuchiya, T. Mechanisms of action of corilagin and tellima- mice. Anticancer Drugs2001,12, 847—852.
grandin | that remarkably potentiate the activity of beta-lactams ~ (21) Saleem, A.; Husheem, M.; Harkonen, P.; Pihlaja, K. Inhibition
against methicillin-resistarBtaphylococcus aureudlicrobiol. of cancer cell growth by crude extract and the phenolics of
Immunol.2004,48, 67-73. Terminalia chebulaRetz. fruit. J. Ethnopharmacol2002, 81,
(10) Lin, T. C.; Hsu, F. L.; Cheng, J. T. Antihypertensive activity of 327-336.
corilagin and chebulinic acid, tannins frdcmmnitzera racemosa (22) Panizzi, L.; Caponi, C.; Catalano, S.; Cioni, P. L.; Morelli, I. In

) \IJD Nat. tPrc\>/d.1\;)/93,X56l,__629R—g3l23. J . s hih vitro antimicrobial activity of extracts and isolated constituents
ewanto, V., VU, A.; LIu, K. H. Frocessea sweet corn has higher of Rubus ulmifoliusJ. Ethnopharmacol2002,79, 165—168.

antioxidant activity.J. Agric. Food Chem2002,50, 4959-4964. . . p o

(12) Ancos de, B.; Gonzalez, E. M.; Cano, M. P. Ellagic acid, vitamin (23) Yilmaz, Y.; Toledo, R. T. Major flavonoids in grape seeds and

C, and total phenalic contents and radical scavenging capacity ski.ns: antigxidant capacity of catechin, epicatechin, and gallic
affected by freezing and frozen storage in raspberry fdit. acid.J. Agric. Food Chem2004,52, 255—260.

Agric. Food Chem2000,48, 4565—4570. (24) Hakkinen, S.; Heinonen, M.; Karenlampi, S.; Mykkanen, H.;
(13) Wolfe, K. L.; Liu, R. H. Apple peels as a value-added food Ruuskanen, J.; Torronen, R. Screening of selected flavonoids
ingredient.J. Agric. Food Chem2003,51, 1676—1683. and phenolic acids in 19 berrigSood Res. Int1999,32, 345—

(14) Banzouzi, J. T.; Prado, R.; Menan, H.; Valentin, A.; Roumestan, 353.

C.; Mallie, M.; Pelissier, Y.; Blache, Y. In vitro antiplasmodial ~ (25) Hakkinen, S. H.; Torronen, A. R. Content of flavonols and
aCtiVity of extracts ofAlchornea cordifoliaand identification of selected phenolic acids in strawberries mciniumspecies:
58‘2 %‘33’64%01”3'“9“ ellagic acid. Ethnopharmacol2002, Influence of cultivar, cultivation site and technigieood Res.

. ) . Int. 2000, 33, 517—-524.

(15) W.h'tleY’ A. C.; Stoner, G D.; Darby, M. V., Wallez T. Intestinal (26) Mullen, W.; Yokota, T.; Lean, M. E. J.; Crozier, A. Analysis of
epithelial cell accumulation of the cancer preventive polyphenol : . ) . ; L
ellagic acid— extensive binding to protein and DNBiochem. eIIagltannlns.and conjugates of eIIa'glc acid and quercetin in
Pharmacol.2003,66, 907—915. raspberry fruits by LC-MSPhytochemistr2003,64, 617-624.

(16) Mullen, W.; McGinn, J.; Lean, M. E. J.; MacLean, M. R,;
Gardner, P.; Duthie, G. G.; Yokota, T.; Crozier, A. Ellagitannins,
flavonoids, and other phenolics in red raspberries and their Received for review August 2, 2004. Revised manuscript received
contribution to antioxidant capacity and vasorelaxation properties. November 2, 2004. Accepted November 5, 2004. This study was
J. Agric. Food Chem2002,50, 5191—5196. supported by a grant from the Chulabhorn Research Institute (N.R.,

(17) Narayanan, B. A.; Geoffroy, O.; Willingham, M. C.; Re, G. G.; L.W., J.S.) and the Biotechnology and Biological Sciences Research
Nixon, D. W. p53/p21 (WAF1/CIP1) expression and its possible Council, UK (R.N.B.). Some results from this work were also applied

role in G1 arrest and apoptosis in ellagic acid treated cancer g, petty patent in Thailand (No. 0403000801, Jul 30, 2004; pending).
cells. Cancer Lett.1999,136, 215—221.

(18) Sakaguchi, N.; Inoue, M.; Isuzugawa, K.; Ogihara, Y.; Hosaka,
K. Cell death-inducing activity by gallic acid derivativeBiol.
Pharm. Bull.1999,22, 471—-475. JF0403484




