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DESCRI PTI ON METHOD FOR ANALYZI NG OLI GOVERI C
PROANTHOCYANI DI N (OPC) TECHNI CAL FI ELD Thi s invention

WO edoaess46 0 a et hod for determ ning ol i gomeri BCT/JP2005/014153

proant hocyani din (generic nane for a m xture of
n-pol ynmers of flavan-3-ol: n2 ) contained in anal ytes
or sanples to be anal yzed, such as naturally occurring

subst ances, foods and drH$§%p f@fﬁ ceuticals and/ or
cosnet | cs . BACKGROUND A roanthocyanidin (OPC) is
sai gy AQfAﬂmN@;‘ ULQ@@MER&CC@%%Mﬁb%ﬂNIbEﬁ (0PC)

Frenc Para X, since it is contained in wne as wel

(ﬂé&ﬁhléinrplﬁibn1 Acta. 235, 207-219). An ant|OX|dant
action, a peripheral circulation inproving action, a

bl ood f imais ApRv@Nti®rededat esatbepamethbdn€birodetermining

1 nmproving effect (2004, Japan Food Sci ence, ‘403,

Jeligome 1 ixs uer ot Hidgyarintire: (Yeateatist reguy efyat isomixture of
suppressing effect (Oficially Published Patent

Gazre 1y 5 261a83n a3 o kndw? Jasari@imedl dimanalytes or
benefits of proanthocyani din. Devel opnent of a nethod

FRAMRERN i PR 2patyied i uGh RS RatITaR K ©QSHHTIRY on

of OPC, which_is
substances, foods and drinks, pharmaceuticals and/or

cosmetics.
BACKGROUND ART

Proanthocyanidin (OPC) is said to be one of the
efficacious components of the French Paradox, since it is
contained in wine as well (1995, Clin. Chim. Acta. 235,
207-219). An antioxidant action, a peripheral circulation
improving action, a blood flow improving effect, a hepatic
function improving effect (2004, Japan Food Science, 403,
January Issue, 40—45); and a platelet aggregation
suppressing effect (Officially Published Patent Gazette
2003-527418) are known as the medicinal benefits of

proanthocyanidin. Development of a method for convenient

- qualitative and quantitative evaluation of OPC, which is

such an active ingredient, is therefore desired.

Known methods for analyzing proanthocyanidin include
reversed phase HPLC by high-performance liquid
chromatography-mass spectrometry (LC-MS) (2003, Biosci.
Biotechnol. Biochem., 67, (5), 1140-1142), and normal phase
HPLC involving gradient elusion by LC-MS (2003, J. Agric.
Food Chem., 51, 7513-7521). However, both of these methods
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such an active ingredient, is therefore desired. Known
nmet hods for anal yzi ng proant hocyani di n i ncl ude

wo0 essnsedo phase HPLC by hi gh- performance | i qui BCT/JP2005/014153

chr omat ography -nmas s spectronetry (LG MS) (2003,

Bi osci. Biotechnol. Biochem , 67, (5), 1140-1142),
and normal phase HPLC invol ving gradi ent el usion by
LC-Ms (2003, J . Agric. Food Chem , 51, 7513-7521).

. memmigie, MSotde tefctomss e angt Reder @éurcmmlvsr@ets@@ﬁortg be

and none of themare said to be convenient.
CONMeRd ARt Blaaahﬁﬁaeyam arﬂapghﬁﬂée%@lasl%epyeﬁaﬂ}'/ as
St er eoi soner s, %gc)the stere0| ner|sm

qof
Megayaﬁa;,nymsbtqmo&ﬁ TS QWADGs ttor the: Stgreoilsomerism of
%%té]g%c_y gssl Sx:{hénhcd{a”:% gutose clzcl:nrgél C)enné ?:':C oﬁ@ggr?ghocyanldln

ances.

Soma e{(taﬁte! 8RR W % aﬁog'z)% %%ﬁqla%leeécée Rt ¥ara

nown conpounds. pr oant hocyani n exists

'éﬁﬂéﬁ%dEﬂé”abhﬁ@r|thnqﬁQﬁEEtBQEGénSn&i?Ei&hﬁaEDBQEEr
flavan-3-ol to a dinmer, a trimer, d further to

ARy s i1l @t &@ﬂmmezattmm @%m-ndEhe B83L¥EES
by reversed phase HPLC has shown that peaks of

fdrmarthiboptar(ifoinorexri)stst Ha dihee hatmotatlhevoirlidrdm forms
overl ap. As described above, no conveni ent nethod has
heaging firom the momengralfileaEnees -2dd tguantdimer,v@ trimer,
eval uati on of OPC
and further to n-mers of a higher polymerization degree.
The analysis by reversed phase HPLC has shown that peaks of
flavan-3-0l1l (monomer), the dimer and the trimer overlap.

‘As described above, no convenient method has been
existent for the qualitative and quantitative evaluation of
OPC.
DISCLOSURE OF THE INVENTION

Under these circumstances, the inventors have
focused attention on the desire for the development of a
novel method of analysis which can determine the abundance
ratios and contents of n-mers contained in naturai
substances, foods and beverages, and pharmaceutical
products, without interference from flavan-3-ol which is
the monomer. It is an object of the present invention,
therefore, to provide a novel method for assaying OPC which
is contained in analytes, such as natural substances, foods
and beverages.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing the results of analysis of
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whi ch can determ ne the abundance ratios and contents

of n-mers contained in natural substances, foods and
beverages, and pharmaceutical products, w thout

|nterference fromflavan-3-;0l which is the nononer.

i §akAchBbpecandf at ﬂemﬁreeléﬁtau RoEReT ot ‘f‘%@v@o?eolt%v normal
provi de _a novel nethod for assaying OPC which is
cBHPﬁFnEB fn anal ytes, such as natural substances,

f oods a ev. es BRIEF E W
FIG 1 rglg e*/;séhowl ng %rh r?‘gsu-gt gf;l-I{:H O%nahpsﬂs of

anal ysi s
B S Sl s

r%ﬁHkEinOfb9nﬁb¥ﬁb§ phasBalipi.es . Wh'Ch have catechin
and proant hocyani din m xed therein, by normal phase

HREEECEEFEETSHEFTTVENTRYENTI ON The i nventors conduct ed
various studies in an attenpt to solve the

af or ementhe Nk ¢xiodat € Meonduist el nemridus dthelidmvim an
el uci dated, fromthe aspects of experinmentation
attempt to solve the aforementioned problems. As a result,
they have elucidated, from the aspects of experimentation
and molecular weight, that (a) the number of anthocyanidins
produced by hydrolysis of oligomeric proanthocyanidin (OPC)
is always n/2, regardless of the magnitude of the
polymerization degree, n, of flavan-3-ol contained in OPC.
This has led them to work out a convenient method of OPC
assay. The inventors have further found the unexpected
fact that (b) the sepération of flavan-3-0l polymers of
different polymerization degrees n, which have hitherto
been difficult to separate by chromatography, can be easily
achieved by high performance ligquid chromatography using a
normal phase column.

The method of the present invention uses the above
fact (a) and/or the fact (b) to analyze the amount of
oligomeric proanthocyanidin (OPC) in natural substances,
foods and beverages, pharmaceuticals and/or cosmetics, and
also analyze the proportions and/or contents of n-polymers
in OPC in a convenient manner.

According to the method of the present invention,

oligomeric proanthocyanidin (OPC) can be assayed without

3
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t he magni tude of the polynerization degree, n , of
flavan-3-ol contained in OPC. This has led themto

work out a conveni ent nethod of OPC assay. The

i nventors have further found the unexpected fact that
(b?t?ﬁﬁe%}aﬁ?at‘fr% thef fh9%uAR 33 0Pl JBPYPRES @ften contained

different I nerlzatlon degrees n , which have
hFPh@F%SOB dPF??EEP?CYQngéb%rate by chromat ogr aphy,

v AP AR IR g g

nor na se CO

ogé%ggngaegi %?igﬁgg%gggﬁ %égﬁ %ﬂ&#s(@% oligomeric

0bk99ﬂ€ﬁb€y9593ﬂﬁh@ﬁyéﬂhgyﬂeéCﬂﬁith8u93£8&ﬁir1ng a mass
substances, foods and beverages, pharnaceuticals

aBﬂé@tr@ﬁéﬁEkl CSThedd 50 el €1 d Ree1BF GANIMdKIRS for the
and/ or contents of n-polyners in OPC in a convenient

managysidcodr dingomeribepreahbthloocfahhéipr ésenatural

i nvention, oligoneric proanthocyanidin (OPC) can be
asshptdnueshofibpdseahdr baverages t brafhagemtfcals and/or
mononer often contained in oligoneric proanthocyanidin

. cpemgticRe net hod of the present invention can assay

MODES FOR CARRYING OUT THE INVENTION
The analytes targeted by the method of the present
~invention are arbitrary samples, which are expected to
contain a mixture of n-polymers (n=2) of flavan-3-o0l
(hereinafter referred to as oligomeric proanthocyanidin or
OPC), such as natural substances (grape seeds, tamarind,
apple, bark, pine bark-derived polyphenol, tea leaves,
cocoa, etc., and/or their treatment products (extract,
etc.)), foods and beverages, pharmaceuticals and/or
cosmetics.
Oligomeric proanthocyanidin, fypically, includes at
least one of compounds represented by the follbwing general
formulas:

[Chemical formulas 1]



Structural formula 2

flavan-3-ol polynmers for respective polyners of
ol i goneric proanthocyanidin in analytes , wthout

WO e@aioriony a nass spectronmeter. Thus, this netPOOIP2005/014153

—hetudes & 5t d of conpds ndé represent
follow ng g fornmul as : [ Gkem cal fLormB
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very suitable for the analysis of oligoneric

proant hocyanidin in natural substances , foods and
beverages , pharnmaceuticals and/or cosnetics. MODES
FOR CARRYI NG QUT THE | NVENTI ON The anal ytes targeted
by the nethod of the present invention are arbitrary
sanples , which are expected to contain a m xture of Cé
n-polyners (n2 ) of flavan-3-ol (hereinafter referred

to as oligoneric proanthocyanidin or OPC), such as L
natural substances (grgpe seeds, tamarind, apple, -
bar k, pine bark-deriveé& pol yphenol ctea Ieaves O
etc., andfer—therr—treatiment pr—eel-u-et—s (ex&
etc.)), foods and beerages phar maceut i ca
COSITEI cs . droant hocyani din, tyQ

The present invention targets, particularly, the
above oligomeric proanthocyanidin which is
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procyani dins B5, B6, B7 and B8 of the structura

formula 2 where nl =1 and n2 = 0, and procyanidi ns
w@hoo60216amd C4 of the structural fornula 1 wheper/mp200sL014153

.- The above Bl, B2 ... d, C2 ... are stereoisoners of

the respective conpounds. The structures of the main

procyani di ns, OPC and catechin are illustrated bel ow.

[ Chemical fornmulas la] CatechinPBl (epi-4b,8-cate) PB2

(mpardthGecppnid{ds Deckudinatabnleastt ohel ofinpuocyanfidins Bl1,

OPC According t o the present invention, therei.s no

s2d B3 camdi Bérof hthe ypesuatierpbl fomnukatl ovhelegrrees 0.

f flavan- -ol polymers contained in oligoneric

RoeeY #otgins dBh( PE) Bh andl B3 caf atle skepctural formula 2

ant hocyani di n occurring upon_hydrolysis of OPCis

aeredlthel t 3Rl PAnpubt ¥4 PEOCEMN beiRRet @l i fédand C4 of

fromits value, The nethod of the present inventian

cthe Rt PR FeFabaf PR R #oYROER Yy Sehuen®® Ao IBlsi $2 - - -
OPC The hydrol ysi f oli j th i di

R MG B Rt el g

Qﬂ(‘é"%%?&‘%&@? BEG{EérxﬁQixgoﬁ%égggﬁfdiﬁs' UdSe 498 catechin

exanpl €, € Use of "an acid/Towet al cohol m xture as

qgggif%fgggfgkggsbeigﬁ.acid bei ng preferably

hydr oc ric acid, sulfuric acid or
[Chemical formulas la]

OH

OH

OH

HO O

OH

oH

OH

PB7(cate-4a,6-cate)
Catechin

OH



nitric acid, and the | ower al cohol being preferably

propanol , butanol, pentanol and/or isopentanol. The
wWo be@wrmmic4@econposi tion can be perforned, w th PaEIP2005/014153

tenperature being 50 to 1000C , preferably 80 to 1000C
, nmore preferably 85 to 950C , and the reaction tine
being 30 mnutes or nore, preferably 1 hour or nore.
The concentration of the acid can be chosen fromthe
range of 0.1N to 2N, preferably -0 .4Nto IN In
performng hydrolysis, if the analyte is a liguid
sanpl e cont ai ni n@Hol i goneri c proant hocyanidinjin a | ow

%ﬁHO 01 tody% prefergbly)

(0.5 to} / m), @. it can be “fyddol yzed
concrelg d g ‘

sanpl e ?‘ [

di ssol ved a-Glass
test tube, e lution is allowed tlp stand for 2

hours in a va bath at 900C . After céhpletion of
the reaction, the absorption

PB1 (epi-4B,8-cate) PB2 (epi-4p,8-epi)

OH

OH

OH OH

“\‘\\\\

OH v "OH
OH ¢
HO = OH
HOY ™ ° o
PB3 (cate-40.,8-cate) E PB5 (epi-4B,6-epi)
OH
OH

(1) Determination of total amount of OPC

According to the present invention, there is no need
to consider the types and polymerization degrees of flavan-
3-0l polymers contained in oligomeric proanthocyanidin
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spectrumat 700 to 400 nmis nmeasured with UV-265
(Shi madzu Corp.). Measurenent of the absorbance at 551

worosonfeios N5 whet her the hydrol ysis reacti on hpST/DE005/014153

fully carried out to produce anthocyanidin .

Measur enent of anmount of anthocyani din The nmeasurenent

of the anount of anthocyanidin produced by hydrolysis

may be nmade by any publicly known nethod and, for

edeRp) ein cara et e rdrot rethera sin thdey anighi np erdaummEeimge upon

i quid chromat ography or the absorbance nethod. The

asbrobyis el IRC ch arsaad orthel tiediadg ameant of OPC can
zate unchanged and, preferably, neasures the

hydr ol |
A e nad SN oL s VatHer  dhecRekhPAorfafihgi Rresent
shows a maxi num absorption . in the visible absorption
SRR E AaR (RS BRI Hb (e [aRHIes gedtende:
nt otP Pé han ant hocyani di n produced by the
2 +goneri c proant hocyanidin (e.g.,

cat echi s ' Oor [t | .
disrega?ﬁggaéﬁ%%gkgﬁ%lgEoPﬁ?ﬁé%%ﬁﬁg?B?gggggofga?ldin can be
CONCE SRl Wi sdResh asedhp oWt i AN Aidid Tonditions.
assayed using an HPCL col urmm YMC- ODS- A312 (6 nm x 150

MAe PFefedrdd /doia 0 i h a1 M RIAC HIrC eAGinbldBtdNalse of

water = 15:17.5:67.5, and a ,

an acid/lower alcohol mixture as acidic conditions, the
acid being preferably hydrochloric acid, sulfuric acid or
nitric acid, and the lower alcohol being preferably
‘propanol, butanol, pentanol and/or isopentanol. The
thermal decomposition can be performed, with the
temperature being 50 to 100°C, preferably 80 to 100°C, more
preferably 85 to 95°C, and the reaction time being 30
minutes or more, preferably 1 hour or more. The
concentration of the acid can be chosen from the range of
0.1N to 2N, preferably 0.4N to 1N.

In performing hydrolysis, if the analyte is a liquid
sample containing oligomeric proanthocyanidin in a low
concentration, the sample may be concentrated by a suitable
method, for example, lyophilization or drying or
solidification to dryness under reduced pressure.

The analyte (including the concentrate) is dissolved
in the above-mentioned acid/lower alcohol mixture at a |
concentration of 0.01 to 1%, preferably, 0.05 to 0.2%
(0.5 to 2 mg/ml), whefeby it can be hydrolyzed.

A concrete example of the hydrolysis is as follows:
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colum tenperature of 400C, wth an area val ue at
A520 nm bei ng detected. Cyanidin chloride, delphinidin

wahdosnita) and pel argonidin chloride (all avai Pabie2005/014153

from Funakoshi ) can be used as standard substances. The
retention tinmes of these standard substances are all
different, and a m xture of themor any one of them

sel ected can be used as a standard substance. As the

HPLIS@ MR e kP - ﬁwdﬂg)orﬂ%ﬂttﬁél%\%@m@dlm s Wissolved

al so the C8-, C30- ol ymer - based C18 resin _can
ridk & é‘?’?&l%l% &l rﬁqla/rl?‘iﬁp idhG &Lass itest Re.s&pd the

AT The IO 6T HAnbrhs & HROhR HobyhIThaF BFth at
tdBican3A¥%grbg§§ﬁ18F %F oPnPHQtr8£c€f$§ocyﬁ€fec%o%Ptlon

dassaye ove oW ng procedure Is e

) Q#&fﬂﬁ) hasy aii aduced Ji
ity p ynertég'{/ -ﬁ{/d?%fysw 'S n/fmregardlistg{négpt %> (Shimadzu

@ﬂﬁi ydevahstihemelty 8T khat a®Bodeanee BAtobs5ih@m confirms
flavan-3-ol polynmer contained in OPC. Based on this

fwifd thdh e lsipir iy i hesyadlich ey asleseEdlly carried out
hydrolysis is nultiplied by a factor 2 , whereby the

ttd dratmmtarofhddtanidin predet er m ned anount of the

anal yte can be found, for exanple, in ng.

. Meagyrgnend \of enourie ofrantthasfyanidin

The measurement of the amount of anthocyanidin
produced by hydrolysis may be made by any publicly known

method and, for example, can be performed easily by high

performance liguid chromatography or the absorbance method.

The absorbance method can be performed using the
hydrolyzate unchanged and, preferably, measures the
absorbance at 550 to 552 nm at which anthocyanidih shows a
maximum absorption in the visible absorption spectrum. At
this wavelength, the influence of components other than
anthocyanidin'produced by the hydfolysis of oligomeric
proanthocyanidin (e.g., catechin: maximum absorption

270 nm) can be disregarded.

An example of the HPLC process is concretely
described as follows: Anthocyanidin is assayed using an
HPCL column YMC-ODS-A312 (6 mm x 150 mm, YMC), 1 ml/min of
a mixture acetic acid:methanol:water = 15:17.5:67.5, and a
column temperature of 40°C, with an area value at A520 nm
being detected. Cyanidin chloride, delphinidin chloride,
and pelargonidin chloride (all available from Funakoshi)
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ant hocyani di n produced by hydrolysis of OPCis in
proportion to the total anount of OPC, regardl ess of

Wo b@oegni t ude of the pol ynerization degree n BET/PEO05/014153

fl avan- 3-ol polynmer contained in OPC. Based on this
fact, the anount of anthocyani din produced by
hydrolysis is conpared with the anmount of
ant hocyani di n produced by hydrolysis of a known anount
o:faxarbemcses;i eﬁrﬁjaﬁrtﬁm avbstanees-heThet aptenbinp times of
(e g., of OPC in the analyte and/or the

tﬁ*{ﬁfp aem} HIORDGEF ARe A Wi fesiende and a mixture

detern1ned bya cal i bration curve or_the follow
AN O ALY OPh Ore "Ugél(er‘th)ed— BEPA A&

45155 FHEE B Conggxhg

f c to0
PRt . T e of% bgﬂt@%e o esHgE Beoea
@ E &b AR APIRD TR Bys 9 WINANREYEAT He ﬁngaracé jrise

procyani din B2 (both avail abl e from Funakoshi)

Assrersda Of r&s130) yners constituting OPC In

particularly preferred enbodi mrents of the present

| CaEi 1 Dthi.on noAdtlbtabranieourdy cfe@P@tely fromthe

determnation of the total weight of OPCin the
To determine the amount of oligomeric

proanthocyanidin in the analyte based on the amount of
anthocyanidin assayed above, the following procedure is
effected: a) The amount of anthocyanidin produced from one

n-polymer by hydrolysis is n/2, regardless of the magnitude

~of the polymerization degree n of the flavan-3-ol polymer

contained in OPC. Based on this fact, the amount of
anthocyanidin produced by hydrolysis is multiplied by a
factor 2, whereby the total amount of OPC in a
predetermined amount of the analyte can be found, for
example, in mg. Alternatively, b) the amount of
anthocyanidin produced by hydrolysis of OPC ié in
proportion to the total amount of OPC, regardless of the
magnitude of the polymerization degree n of the flavan-3-ol
polymer contained in OPC. Based on this fact, the amount
of anthocyanidin produced by hydrolysis is compared with
the‘amount of anthocyanidin produced by hydrolysis of a
known amount of an OPC standard substance, and the total
amount (e.g., in mg) of OPC in the analyte and/or the
proportion (a%) of OPC in the analyte can be determined by
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predeterm ned wei ght of the analyte in (1) above, the
proportions of various flavan-3-ol polyners in OPC are

wa@ba@awioiicae by hi gh performance |iquid chromat oBCEpPRYOS/014153

(HPLC) . By so doing, there is also provided a novel
met hod of OPC assay which determ nes the weights of
respective polyners of different polynerization
degrees, n , contained in the predeterm ned wei ght of
tdu?d%%h%ﬁ&;onﬂﬂynﬂﬂtﬂﬁ1ﬁkﬁqu¥iQW%99MQﬂvqiiqnm*wance
liquid chronatography Is preferably a normal phase
col um, SﬁélpémP“@GIQﬁIQ E éF@?aBIﬁm&aﬁHFﬁﬁlVEH&§e°f

| k th St ud
by the PAETEARERsFESS HaHIoL RE: SHABAREAICaAREIAL (ng) of
h di ff d t hi ,
09, s, F’E’aﬁ%?“cin be separated into
const BeQLe ALY, Sa)SLRCEREI L BNt BEaT QQERRhY afBunt

a nornm ase co udgi n om t act 't hat

fIavan-Qm |Soﬁab@d7bﬁBuBQlQE'EﬁalyEebai 190 b@ﬁ&uatlon 2)
considered so far that they can be separated by a

normal RS @ tepldaFra shvsthaceoueedt anmpehed1ektels as
present invention enables neasurenent with the use of

adppidpmiatod etficai qetoryamidind®Is axol prspydae Ginrs (both
spectronetric detector. The conditions for high
perd dratekes ef Fony U whakoshi) .
(2) Assay of each of n-polymers constituting OPC

In particularly preferred embodiments of the present
invention, in addition to or separately from the
determination of the total weight of OPC in the
predetefmined'weight of the analyte in (1) above, the
proportions of various flavén-3-ol polymers in OPC are
clarified by high performance ligquid chromatography (HPLC).

By so doing, there is also provided a novel method of OPC

assay which determines the weights of respective polymers

. of different polymerization degrees, n, contained in the

predetermined weight of the analyte.

The column used in the high performance liquid
chromatography is preferably a normal phase column, and
particularly preferably a normal phase column packed with a
silica gel-based resin. Studies by the inventors have
shown that proanthocyanidin having different polymerization
degrees (in this case, n = 1 is also included) can be
separated into constituents very satisfactorily by
chromatography on a normal phase column. Judging from the

11



chromat ogr aphy may be determined as desired. If they
are concretely illustrated, Inertsil SIL (4.6 mf Xx

wda®@eome4ds. Sci ences Inc.), for exanple, is usedr/amooinE4153
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colum, the eluant is, for exanple, a m xture of

hexane, nethanol, tetrahydrofuran, and form c acid.
Preferably, isocratic elution (about 1 m/mn) wth

hexane : MeCH : THF : HCOOH = 45:40:14:1 is perforned.
Aﬁacystbataﬁlb@anaanESeha%@ high ce larbey t yibfha@s 3nep been
1.5mM/mnwth the use of hexane: MeOH THF. HCOOH =

40089idered: 30- Parothat they €3 uhH TRPErERArYid nermal
t o 600C referabl 400C the .detector is
pP‘éP%?aﬁP PO TR AIGE g i (BN S B St

e, coll ect P of s ectru dat aé 240 to_ 400 nm
rkdfeith ek eﬁc"ﬁa%uaefﬁ%& R TR W

h
T e MR AT SRR Bl
w@ggb@gghg§rgghggtgg@ngSO nm constitute the maxi mum

absorption, thus making it possible to distinguish the

ot her  poknyed hested st £ o1 £33C raingh Pt futenddamidumyer

in an environnment where only a detector of a single
welkebsagbrapnybraysed, dabaryshedcas desipel@®. orlfy tidyh are
the absorption at A280 nm The total peak area of al
pobporetedgpaltanetirbyefr otmevysaph§ILk al 4. pohydrer 150 mm, GL
including a dinmer or polyners
Sciences Inc.), for example, is used as the column, the
eluant is, for examplé, a mixture of hexane, methanol,
tetrahydrofuran, and formic acid. Preferably, isocratic
elution (about 1 ml/min) with hexane:MeOH:THF:HCOOH =
45:40:14:1 is performed. Analysis can be made even at a
flow velocity of 0.3 to 1.5 ml/min with the use of
hexane:MeOH: THF :HCOOH = 40-60:30-50:10-20:0.1-5. The
column temperature is 10 to 60°C, preferably 40°C, and the
detector is preferably a photodiode array detector, which
is used in the collection of spectrum data at 240 to 400 nm.
This is because OPC has a maximum absorption at 280 nm, but
in the case of a sample incorporating other polyphenols in
mixed form, different peaks at wavelengths other than
280 nm constitute the maximum absorption, thus making it
possible to distinguish the other polyphenolsAfrom OPC and
exclude them. However, in an environment where only a
detector of a single wavelength can be used, analysis can
be made only with the absorption at A280 nm.
The total peak area of all polymers separated by
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of hi gher degrees of polynerization) is the sumof the
area val ues at A280 nm of peaks having the nmaxi mum

wab®enptékon at 280 nm The col um may be Shi npRCRIP2005/014153

PREP-SIL(H) (4.6 mmf x 300 mm Shi madzu Corp.) or
Supersher Si60 (4.5 mmf x 100 mm Merck & Co.) as well
as Ilnertsil SIL (4.6 mf x 150 nm G. Sciences Inc.).

The proportion of each n-polymner constltutlng OPC (b%

A e tegraphat daldy @olimenso |l inGdived ndg a dilse h &Fe podiymers
t he peak area obtai ned upon high perfornance liquid

G P{Odé@l@ra?ﬁg’&

AR eeHt= n Y61 Piver of) ghe area
toaé:t aﬂlﬁé %1 ptai?g)a!{&]al | p%%&aﬁ Ijtgxﬁ g é‘l&jﬁl tbsorp:%::l.on at
S%C‘?‘orenen? Mle. 45 in Py b SiABRek0E E%”%%F?ﬁé (4.6 mn x
CHY e S Thdd¥u %&%ﬁtﬁr&% Y %isd €4 aé‘fnjfu%{ o 00 mn,

can be ‘determ ned, for ‘exanpl €, the f

MR QNicAMPWY wf1 1N-R0I @It DS T, {(Qt. %I nﬁiqsostnhs@f mm, GL
OPC (ng) x proportion of n-polyner (b%/1

(deneaidem ¥ha. )Next, the present invention MA|| be
descri bed nore concretely by Exanples. However, the
pr esent Thevembpomtisn of each n-polymer constituting OPC
(b%) can be calculated from the following equation based on
the peak area obtained upon high performance liquid
chromatography: |

= {peak area (each n-polymer)}/{total peak area

(all polymers)} x 100 ... (Equation 3)

Based on the so obtained proportion of each n-
polymer and the weight of OPC obtained in the
aforementioned (1), the weight of each n-polymer contained
in the predetermined weight of the analyte can be
determined, for example, in mg by the following equation:

Amount of n-polymer (mg) = total amount‘of OPC (mg)

X proportion of n-polymer (b%)/100 ... (Equation 4)

Next, the present invention will be described more

concretely by Examples. However, the present invention is

.not limited to these Examples.

Example 1 Investigation of acid hydrolysis conditions

The decomposition of flavangenol by acid was
observed over time. Flavangenol (1 mg) was dissolved in
1 ml of 0.6N HC1/BuOH, and the solution was heated in a hot
water bath at 90°C. After a lapse of 20 minutes until

13
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not limted to these Exanples . Exanple 1
I nvestigation of acid hydrolysis conditions The

waoewenpwdo ti on of flavangenol by acid was obsepPeEwP20vR014153

time. Flavangenol (1 ng) was dissolved in 1 m of 0.6N
HC / BuOH, and the solution was heated in a hot water
bath at 900C . After a |lapse of 20 m nutes until 140

m nutes later, sanpling was done at intervals of 20
H4fumdnutise ladep, e seapdd ngayagi dgnedat: ioteirvals of 20
but anol, and nmeasured for the visible_absorption
sHastesm alheosampleobakan Wae ﬁ%%?ﬁ%ﬁw%b%%r%%?%nbe%n°1

present at 551 nmfor all sanples. e results of the

dox §H§WNHS&b+§bP€SfrPt Qﬂlépfcéﬁ&Wgé§ 400 to
L - fl
A 15%”& i A e P L e L
: 0,830 in_ 0.
35 3R OrREOCLE L Nof, BRE AZ0oHOn0n B Tadd00Hbn 1n

out cone absorbance 1 ncrease

%dﬂﬂé{l.
Table 1 Changes over time in acid-decomposed flavangenol

Time Absorbance (551 nm)

20 min 0.732

40 min 0.796

60 min 0.819

80 min 0.830

100 min 0.867

120 min 0.877

140 min 0.823

The outcome was that the absorbance increased slowly
with the passage of time during acid decomposition, and
reached its ﬁeak in 120 minutes. Based on this outcome,
the period of hydrolysis wés set at 120 min (2 hours) in
subsequent experiments.

Example 2 Production and assay of anthocyanidin upon acid
hydrolysis

A sample (0.5 mg) containing proanthocyanidin was
dissolved in 1 ml of 0.6N HCl/butanol in a glass test tube,
and the solution was aliowed to stand for 2 hours in a
water bath at 90°C. After completion of the reaction, the
absorption spectrum at 700 to 400 nm was measured with UV-
-265 (Shimadzu Corp.), and the absorbance at 551 nm was

14



10

15

20

with the passage of tine during acid deconposition,
and reached its peak in 120 m nutes. Based on this

\V@MMENHEAOthe peri od of hydrolysis was set at RCDIPEOS/014153

(2 hours) in subsequent experinents. Exanple 2

Producti on and assay of anthocyani din upon acid

hydrolysis A sanple (0.5 ng) containing

proant hocyani din was dissolved in 1 m of 0 .6N

e tegmiags - | Ahg gpé%1P§st1ff-96e°°1813|%|e¥h@ns©f uthgnreastion
allowed to stand for 2 hours in a water bath at 900C

MaSeSYBIRAES e SPLH & deZc tHhen f°thré’W&6’§oPﬁﬂdéﬁl°nS to

ectrum 700 to 400 nm was nmeasured with UV- 265
ééﬁ }EEWFPP 1044 the absorbance at 551 nm

wasdet epahned. Ihe ?Bé'ébgapLEfﬁﬁ ch?%gt n of the

reacti on was subj ec O||OMAng

condi ti i SHhen,
Ve ODS 91%%1%% iBgé@)é aEhf@@dﬁméb .}fzg 5&2?2 17 g; .5

: MeOH U@@bct15n17A§267n5 @ﬁbsghrea ae52@0nﬁb(ﬁﬁﬁsﬁheﬂy
at 400 to 600 nm by PDA) As standard substances for

agpa)y, del phinidin, cyanidin and pel argonidin were
purchased from Funakoshi . The standard substance,

del phi nAdi stawdardl shbdtencés2for assay, delphinidin,
cyanidin and pelargonidin were purchased from Funakoshi.
The standard substance, delphinidin, was eluted in 4.2
minutes, with Amax of 535 nm, cyanidin was eluted in 5.5
minutes, with Amax of 525 nm, and pelargonidin was eluted
in 8.0 minutes, with Amax of 515 nm. The components from
the acid hydrolyzate of the sample, corresponding to these
conditions, were assayed as delphinidin, cyanidin and
pelargonidin.

The samples analyzed were flavanéenol, grape seed
polyphenol, tea polyphenol, apple polyphenol, and tamarind,
and procyanidin Bl (Funakoshi) was used as the standard
substance for OPC.

The results are shown in Tables 2 and 3.

Table 2 OPC content by absorbance method

A550 nm OPC content
Procyanidin Bl 1.6905 100.0%
Flavangenol 0.8897 52.6%
Apple 0.3804 22.5%
Grape seeds - 0.7523 44 .5%
Tamarind 0.7641 45.2%

15



mnutes, with Imax of 535 nm cyanidin was eluted in 5
.5 mnutes, with I max of 525 nm and pel argoni di n was
webkwbmdikn 8.0 m nutes, with | max of 515 nm TheTr/JP2005/014153

conmponents fromthe acid hydrol yzate of the sanple,
corresponding to these conditions, were assayed as

del phi nidin, cyanidin and pelargonidin . The sanpl es
anal yzed were flavangenol, grape seed pol yphenol, tea.
pol yphefaPleagp| ORI SPHeaRS PHAPIGRETIRA and
procyani din Bl (Funakoshi)_ was used as the standard
substSARLS or OPC.  THeY? s are sho®F¢ Fomians 2

and 3 . Table 2{0OPC cont?nh by abgor bance nethod* :
mm_dj_u_‘l__asl_n%/uﬂ + H$8VPRi nidin{1 98 ny/nm Exanple
al ysi s f teéchin, and tr|i mer | phase
@&q&l ﬁnrd Qllhcgg:i s for gatechi nlﬁﬁd% P
%roant hoc ainl din were aglal gzed by |nor mal &@Sﬁ HPLC

.%ﬁ¥3499 nlln\nnn con tlnnc : anhlac / rg—each)

atechi n (Nacabai cjesque : -e chin
?&g 9§§§Q Chu..."gI m§°?}'cg, )cnd(p)ccggﬁgﬁfn =
( oshi) were each qhsgglved in 1 m of,s g@bile
n O And o d M r P~ I N
prhase—aft—t e solution—was—ttered [SLLLIR®A%)® LLIES!
Grape seeds 27.81 42.0%
‘Green tea 1.84+1.98% 5.8%

*: cyanidin 1.84 pg/ml + delphinidin 1.98 pg/ml

Example 3 Analysis of catechin, dimer and trimer by
normal phase HPLC

The standard substances for catechin and
proanthocyanidin were analyzed by normal phase HPLC under
the following conditions:

| Samples (0.1 mg each) of (+)-catechin (Nacalai

Tesque), (-)-epicatechin (Wako Pure Chemical Industries),
and procyanidin Bl (Funakoshi) were each dissolved in 1 ml
of a mobile phase, and the solution was filtered through a
0.45 pum filter, and then subjected to HPLC under the
conditions shown below.

The trimer was synthesized by the method described
in Example 5 to be offered below.
| Column: Inertsil SIL, 4.6 mm¢ x 150 mm

Mobile phase: hexane:MeOH:THF:HCOOH = 45:40:14:1

Detection: A280 nm (measured at 240 to 400 nm by
PDA)
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0.45 mmfilter, and then subjected to HPLC under the
condi ti ons shown bel ow. The triner was synthesi zed by

wo beonetcod descri bed in Exanple 5 to be of f eredr/beoami41s3

Colum: Inertsil SIL, 4.6 nmmf x 150 nm Mobil e phase:

hexane : MeCH : THF : HCOOH = 45:40: 14:1 Detection: A280

nm (nmeasured at 240 to 400 nm by PDA) Under these

condi tions, the nononers ((+ )-catechin and

(-) - epi ¥mdeghithesgercer@iiions.n the gopomerss ( (tecatechin
diner in 3,6 mnutes , and the trinmer in 4.3 mnutes _.
.andief 1) eRIFRETRERE YRR shtked N4 0 minysesp| they dimer
Anal SIS by normal phase HPLC Sanpl es. cont ai ni ng

o 308 MIARE S 0afRBoESRRT EES i doti FOPHRSRr o

Z‘ﬂi'm%zﬁﬁfh%br”%%%‘%#a%}%ﬁ%oc%”%r g Etling
REa LeTl ol nilllxHa, Sy BHE, PRate MRPGugn 5 0. 4

and t ere rough a 0.45 mm

‘f'lter D et ot 8BRS dat ldBliE %BQ?%IBE%ﬁ%@JﬁQMﬂ&ln in

conditions . The sanples ‘used were appl e pol yphenol

Gf2REd SEEE PR YO @RSl yz &4 AANTSAR] ik AIPLE Nshder the
conditions shown below.

The sample (1 to 2 mg) containing proanthocyanidin
was dissolved in 1 ml of a mobile phase, and the solution
was filtered through a 0.45 um filter, and then subjected
to HPLC under the following conditions. '

The samples used were apple polyphenol, grape seed
polyphenol, flavangenol, and tamarind.

Column: Inertsil SIL, 4.6 mm$ x 150 mm

Mobile phase: hexane:MeOH:THF:HCOOH = 45:40:14:1

Detection: A280 nm (measured at 240 to 400 nm by
PDA)

The chromatograms as analytic patterns are shown in
FIG. 2. In these patterns, the symbol X represents
polyphenols.having no maximum absorption at 280 nm and
different from OPC.

The concentrations of the dimer and the trimer in
each sample were determined by the equation c% = a% x b¥%.

The results are shown in Table 4.

17
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Colum: Inertsil SIL, 4.6 nmmf x 150 nm Mobil e phase:
hexane : MeOH : THF : HCOOH = 45:40: 14: 1 Detection: A280

woeoogoemssur ed at 240 to 400 nm by PDA) The PCT/JP2005/014153

chromat ograns as analytic patterns are shown in FIG 2
In these patterns, the synbol X represents
pol yphenol s havi ng no maxi num absorption at 280 nm and

different from OPC. The concentrati ons of the dinmer
and t heTePlgef i FConksptnRf diRa% ahd Sminesd bv t he

equation c% 3 a% x b% The results arem T BlLfdance
4 . Exanpl e 5 |HFE RAYEtHf OPC The synt hesits E@%lo
herfornmed in thp fjﬂl owi ng manner |nl accaor anrp
paper (1981, § Perkin | . 1235 124; . (%) %
iTaxifolin ( nn nﬂ§ was dissolved in of pfhnnnl?
a fl Na s added n, 1
‘?' a% 91 ehod addZianﬂ di ssoP‘mEg Th g ﬁ"‘t(ma-s—addéé,'ﬁ——
and the m xtur yas irned M X eadtio
(Jrcduct WaS "L:f. ed—by 'e‘v'cf.:rgcc?]rp.. a5 e %—?r._v%go cb%a?r‘%'Z%
a triappleCLAI VS metrod or detey a taqtal
Nvep by plognal ni xt of n- pol S (np rHo]f gﬁ avdn- 3-%14%
Sairo—nxtur
20.4% Trimer 23.5% 4.8%
Grape seed s
polyphenol 42.0% Dimer 12.5% 5.3%
42.0% Trimer 5.8% 2.4%
Tamarind 43.3% Dimer 22.8% 9.9%
43.3% Trimer 23.2% 10.0%

Example 5 Synthesis of OPC

The synthesis of OPC was performed in the following
manner in accordance with a paper (1981, J.C.S. Perkin I.
1235-1245).

(+)-Taxifolin (500 mg) was dissolved in 50 ml of
ethanol, and 200 mg of NaBH; was added. Then, 1 g of (+)-
catechin was added and dissolved. Then, HCl was added, and
the mixture was étirred for 1 hour. The reaction product

was purified by reversed phase HPLC to obtain a trimer.
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hereinafter referred to as oligoneric proanthocyanidin
or OPC) contained in a predeterm ned wei ght of an

wa@anpabpi g sai d met hod conprising neasuring a weCTmm0es014153

ant hocyani di n produced by hydrolysis of OPC in the

anal yte, and multiplying the neasured wei ght of

ant hocyanidin by a factor 2 to find the total weight

of OPC in the analyte, based on a fact that an anount

of anthocyani di n produced f&®HI8% n-pol yner by

hydrolysis is n/2, regardless of a magnitude of n . 2
A nethod for determning a total weight of

o LI9SR RS0 UL URThR B o mexture
SBEM b IEE 19 8 LGl - RO e 10
FEDRE B £F Ve FEASEL F1AEH b DU 1 ¥m DI 1dHdbyanidin or

produced by hydrolysis of a known wei ght of an C
Pyl a¢sh sasé NG, a Apice Aot &F e Grd itth tt B Rlaiiityte,

of OPCin the analyte and/or a weight ratio of OPC
(a% i n siaiel areedhide doynpa iGdlnigb inelaistur iogr \ae weti ghlte of
foll owi ng equati on
anthocyanidin produced by hydrolysis of OPC in the analyte,
and

multiplying the measured weight of anthocyanidin by
a factor 2 to £ind the total weight of OPC in the analyte,

based on a fact that an amount of anthocyanidin
produced from one n-polymer by hydrolysis is n/2,
regardless of a magnitude of n.
2. A method for determining a total weight of
oligomeric proanthocyanidin (OPC) contained in é
predetermined weight of an analyte,

said method comprising measuring a weight of
anthocyanidin produced by hydrolysis of OPC in the analyte,

separately measuring an amount of anthocyanidin
produced by hydrolysis of a known weight of an OPC standard
substance, and

determining the total weight of OPC in the analyte
and/or a weight ratio of OPC (a%) in the analyte by a
calibration curve or the following equation

5ased on a fact that an émount of anthocyanidin
produced by hydrolysis of OPC is in proportion to the total

amount of OPC, regardless of an amount ratio of n-polymers
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based on a fact that an anpbunt of anthocyanidin
produced by hydrolysis of OPCis in proportion to the

wo odoaloimsaount of OPC, regardl ess of an anount pet/imeeoas014153

n- pol ymer scontained in OPC and different in a
magni tude of a polynerization degree n : Total weight
of OPC = (neasured val ue of sanpl e/ neasured val ue of

standard)_x wei ght of standard substance (Equation 1 )
Waained i (91’%0@6( htferealin & Maaditaidenaig  of

oP i gh f | 100 (E ' 2 3 . Th
r?&z%'lfm'rg'c%t tslcﬂrﬁgiaet%}% aﬂx‘m 2, (V\ﬂg?te: gnt he) st andarg
bst [ i di | . . _Th t hod di
T any 085edr YeRgRo of Peli= tnrarlRstr kaTisdpe ye: o
. . | ST D
R DR T O

Whereins&%%d%%hdhﬁb%Qﬁﬂhbi$@§u§&§oﬁ gyxture of an acid
and a lower alcohol . 6 . The nethod according to

d ai m 4yeright, rekebeor bPe qaisd ke Audngebl arieoraldweight
sul furic acid, or nitric acid. 7 . The nethod

accor di o DPCZwaighht of Gnalwiteneixnlbbe (Byest b obhpl

i s propanol, butanol, pentanol and/or isopentanol.

3. The method according to Claim 2, wherein the
standard substance is procyanidin Bl.

4. The method according to any one of Claims 1 to 3,
wherein the hydrolysis is performed by thermal
decomposition under acidic conditions.

5. The method according to Claim 4, wherein the acidic
conditions are a mixture of an acid and a lower aicohol.
6. The method according to Claim 4 or 5, wherein the
4acid is hydrochlbric acid, sulfuric acid, or nitric acid.
7. The method according to Claim 5 or 6, wherein the
lower alcohol is propanol, butahol, pentanol and/or
isopentanol.

8. The method according to any one of Claims 4 to 7,

wherein the thermal decomposition is performed at a

temperature of 50 to 100°C, preferably 80 to 100°C, more

. preferably 85 to 95°C, for a reaction time of 30 minutes or

more, preferably.l hour or more.

9. The method according to any one of Claims 1 to 8,
wherein the measurement of the amount of anthocyanidin is
made by high performance liquid chromatography and/or an

absorbance method.
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8 . The nethod according to any one of Clains 4 to 7 ,
wherein the thermal deconposition is perforned at a

wo eovpetwur e of 50 to 1000C , preferably 80 toPdDDER5/014153
nore preferably 85 to 95C, for a reaction tine of 30
m nutes or nore, preferably 1 hour or nore. 9 . The
nmet hod according to any one of Clains 1 to 8 , wherein
t he neasurenent of the anount of anthocyanidin is nade
B .hi ghTher mhethmAcacktpygdingche ofbadyr Aphyhenelin othen
absor bance net hod. 10. The nethod according to Claim9
abgeabance e thesh disa Rea feamedd biys me@sugingd apgorbance at

neasurlg% absor bance at 550 to 552 nm at which
i atowd ieh@rtheGyapdaip: S§RvEn 2a MerdMEme

%Sloffp B AP (O Atsorabar™, SBsntaed i n an
pgayyr}e °p, hRERBAPOLYTELS 0o h 3Y80orisr L BLELELEALAAML Ain

(?%et LAY 1He A 1trlota{i‘4 ARI1Pe OffOQDG-p‘B‘i?h@I%e@f' @l@van 3-
pre

t'erm ned wei ght of the~analyte, by t net hod of
Y A e A bd1gmbiii 2 th oneRiRiged! ¥1,f BAd Cofprising

step a ), -analyzing the analyte by high perfornance
lthuist ey @t ogr aphy (HPLC) to

a) determining a total weight of OPC, contained in a
predetermined weight of the analyte, by the method of any
one of Claims 1 to 10;

b) separately from the step a), analyzing the
analyte byAhigh performance liquid chromatography (HPLC) to
separate respective n-polymers of different polymexrization
degrees, n, contained in OPC, and determining quantitative
proportions of the respective n-polymers to an amount of
all n-polymers, namely, OPC; and

_c) . determining a weight of each n-polymer in the
analyte by results of a) and b).

12. The method according to Claim 11, wherein a column'
used in the high performance liquid chromatography is a
normal phase column.

13. The method according to Claim 12, wherein a resin
packed in the normal phase column is a silica gel-based
resin.

14. The method according to Claim 12 or 13, wherein, in
the high performance liquid chromatography, an eluant is a

mixture of hexane, methanol, tetrahydrofuran, and formic
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separate respective n-polyners of different
pol yneri zati on degrees, n , contained in OPC, and

wa@ledwosnmoend Ng quantitative proportions of the repCpERWIVE4153

n-polynmers to an anount of all n-polyners, nanely,
OPC, and c ) determ ning a weight of each n-polyner in
the anal yte by results of a ) and b). 12. The net hod
according to Caim11l, wherein a colum used in the
Ricdi pér Mg Fatiquidf dheoMitddSp® i s a nor nal

oy %Co"k?l lliqp?é'b}ésfg%:}%d’yi#h‘ﬁﬁ‘e“d %&iﬁ’%mﬂ Y g’{ %%ios' 39-
ili - in. 14. T (gi i .
gola’:l %‘ e:oor‘ ll'gr’,s’e\ﬂF Iee&}:%bll]yrf h g%hq%t I?)per d%cbrna'%lc‘lg:q 4%

liis%Lgr%ﬁntHet ant(‘)hl%ﬁp'y’c@% Yo dratdil %iding Ao so°c,

hexane, tetrahydrofuran, and form cacid, a

Hrdfg-draly ad¥c,t Baamakt Bbgokrbance at 280 nm is measured.
hexane/ nmet"hanol /'t et rahydrofuran/f ormc acid =

405 .60: 38nedRetBod0alcbrdingr ebeaakl Yneaofatiaidt 11 to 14,
45:40:14:1 in isocratic elution, a colum tenperature
iwhebfeitro () Guarprieferiald WYprpa@E t ieandfareadis or-parigmeat (b%)
280 nmis neasured. 15. The nmethod according to any
aree aFflcilatred Hfiram the feidrawing legupkdinn thsed on a peak
proportion of each n-polyner (b9 :
area obtained upon the high performance liquid
chromatography:
b% = {peak area (each n-polymer)}/{total peak area
(all polymers))} x 100 ... (Equation 3)
16. The claim according to Claim 11, wherein the weight
of each n-polymer in the step (c) is determined by the
following equation based on the weight of OPC determined by
(a) and the proportion of each n-polymer determined by (b):
Amount of n-polymer(mg) = total weight of OPC(mg) x
proportion of n-polymer (b%)/100 ... (Equation 4)
17. The method according to any one of Claims 1 to 16,
lwherein the oligomeric proanthocyanidin to be assayed

contains at least one of compounds represented by the

following general formulas:
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Structural formula 2

is calculated fromthe foll ow ng equati on based on a
peak area obtai ned upon the high performance |iquid

wochneomasogr aphy: b% = {peak area (each n-pol ymET)IP2005/014153

—Structur

}/{total peak area (all polyners)} x 100 ... (Equation
3 ) 16. The claimaccording to Caim 11, wherein the
wei ght of each n-polyner in the step (c) is determ ned
by the foll owi ng equation based on the wei ght of OPC
élépéi“ﬁf:ﬁédfﬁfm(‘lg)a dd the proportion of each n-pol ymer
determi ned by (b): Amount of n-polynmer (ng) = total ol
wei ght of OPC (ng) x proportion of n-polyner (b%/100 <
(Equation 4 ) 17. The nethod accorq.i_n1_:;_J_o_a.n;z__aue__I
of Clainms 1 to 16, wherein the oligoneric ‘
proant hocyanidin to bel assayed cortai ns at | east on
of conpounds repr esent®d by the foFl ow ng gener al
formul ag Structural: formul a—2at Teast dne Qf o
progyani dins Bl, B2] B3 and B4 of Structu
whefe n = Fant di

my as2’where nIR= g
procyani di 0 ,| C2 and C4 of /S ; 1
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18. The method according to Claim 17, wherein the

oligomeric proanthocyanidin is proanthocyanidins containing
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tamarind, apple, bark, pine bark- derived pol yphenol,
tea | eaves, cocoa, or the like, and/or a treatnent

weemducis4t her eof (extract or the like)), a fooRCDIP2005/014153
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beverage, a pharnmaceutical and/or a cosnetic. 20. A
met hod for determ ning proportions of n-polyners of
di fferent polynerization degrees of oligoneric

R ORL DR F (oRnRE PRaGT e POt bor by o LG B4 01
Iﬁﬁﬁg?%@?%laﬁ@ﬂ%(ﬂ? L‘?hn%%‘le“] F ot PERTEMTaiPacRy: (s 57

2fﬂ§r h§g§ugghygﬁ Fgéhuibeznﬁﬁgﬁgdﬁfcgrﬂ Qﬂdtﬁz = 0, and

alm OOI‘ ereln resin pac I n the nornal

Ph2s8y&Ri 8iRsi 812 8bl hsd O£ bASEErhEEhRal Zﬁorﬁmga 1 where n
nmet hod according to any one of Cains 20 2,

waerein, in the high performance liquid

chromat ogr aphy, an eluant is a m xture of hexane,

nep hanolThe ete tydlradcomiingand farynanea@fil,Claimxilngo 18,
ratio of the mxture is hexane /nethanol 7

| veerabnpdtbéuanalyter ié caasatiurall0sG0sBance (grape seeds,
50:10-20:0.1-5, preferably, a ratio of 45:40:14:1 in

i Semaning. ePBP#én barEoIBhﬁet%ﬁﬁ%r@?E%%eﬁsPQQYPheBQDC:tea

referablx 4OC and an_absorbance at 280 nmis
ERYf8 ¢ cOco or the like, and/or a treatment product

thereof (extract or the like)), a food or a beverage, a
pharmaceutical and/or a cosmetic.

20. A method for determining proportions of n-polymers
of different polymerization degrees of oligomeric
proanthocyanidin (OPC), contained in an analyte, by high
performance liquid chromatography (HPLC).

21. The method according to‘Claim 20, wherein a column
used in the high performance liquid chromatography is a
normal phase column.

22. The method according to Claim 20 or 21, wherein a
resin packed in the normal phase column is a silica gel-
based resin.

23. The method according to any one of Claims 20 to 22,
wherein, in the high performance liquid chromatography, an
eluant is a mixture of hexane, methanol, tetrahydrofuran,
and formic acid, a mixing ratio of the mixture is
hexane/methanol/tetrahydrofuran/formic acid = 40-60:30-
50:10-20:0.1-5, preferably, a ratio of 45:40:14:1 in
isocratic elution, a column temperature is‘10 to 60°C,
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24. The nethod according to any one of Clains 20 to
23, wherein the proportion of each n-polynmer (b% is

wazlocoiiateed fromthe foll ow ng equati on based mIT/EP2peEsai4153

10

area obt ai ned upon the high performance |iquid
chromat ogr aphy: b% = {peak area (each n-polyner) }/{

total peak area (all polyners)} x 100... (Equation 3 )

25. The nethod according to any one of Clainms 1 to 24,

f BFeherako¥ptP l{ﬁdmﬂ 1% iR e ihaeasaired.

FaRSKpAP S npnd A RRsOY
08421 A oAl BB & SoERs LGP Ladint 1 o,
e bEBoB bR ) B8y SEELAEE 89 L M Bnacea
from the following equation based on a peak area obtained
upon the high performance liquid chromatography:
b%¥ = {peak area (each n-polymer)}/{total peak area
(all polymers)} x 100... (Equation 3)
25. The method according to any one of Claims 1 to 24,
further comprising a step of lyophilizing the analyte, or
solidifying the analyte to dryness under reduced pressure,.
followed by powdering, if the analyte is a liquid including

a soft drink or a refreshing drink, a tea beverage, or an

alcoholic beverage.
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