DESCRI PTI ON  METHOD FOR ANALYZI NG OLI GOVERI C PROANTHOCYANI DI N ( OPC)

TECHNI CAL FI ELD This invention relates to a nethod for determning 5

ol i goneri c proant hocyani di n-(generic name for a mxture of n-polyners of
flavan-3-ol: n2:2) contained in analytes or sanples to be anal yzed, such as
natural ly occurring substances, foods and drinks, pharnmaceuticals and/or
cosnetics. 10 BACKGROUND ART Proant hocyanidin (OPC) is said to be one of the
ef ficaci ous conmponents of the FrencEEEeggg@E since it is contained in wne
as well (1995, din. Chim Acta. 235, - ?B). An antioxi dant action, a

Repatic. funcHEaTamae, ARG SrohopRad Tk R A B e P ey
Ssue, 40" U8 PLELST o aggreqation Tslppressing ef fect (Offf ol ally
of 20, Broan hecyasi s Bl QAT e POk o SPONERL Extps il Lo v
e 1 05 o5l KoM ApLAOSPaf 051800k ae PACT 8981 BOEYETIGLR BT Y
Spect Tl e (2POF1PhSSLon Bhok POLOLay FACHE e Sl by |

(2003, J. " Agiigsr s F9bENEALyBda, 784 722 1Aat HPURYST ocBALRIRG These met hods
of th d to be

1 require M5 detectors, and none em are sai
substances, foods and drinks, pharmaceuticals and/or

cosmetics.

10 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

15 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

20 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

25 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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conveni ent. Furthernore, proanthocyanidin is present as very nmany

stereoi soners, owng to the stereoisonerismof flavan-3-ols which are the
constituents of proanthocyanidin. 5 There are limts on the conpounds
avai l abl e as standard substances. Thus, its quantitative analysis has been
| npossi bl e, except for sonme known conpounds. Besides, proanthocyanidin
exists in the natural world in forns ranging fromthe nononer flavan-3-ol
to a dinmer, atriner, 10 and further to n-nmers of a higher polynerization
degree. TheeawidrgsM§ BpteetersedapRadenpiPpE Khemsaden saigk tsedles of

fl avan-3-ol (nmononer), the diner and the triner overlap. As described above,
no conveni ef@nVieRheBthast pEEREIBOTS | cp¥oaRthegrani@int 46i presadtqaantitati ve
evaluation of 15 OPC. DI SCLOSURE OF THE | NVENTI ON Under t hese

Ci r cunst ancesTYt Ranyn$ERTEP SRAGES . f B¥WABEd tat LAt SERTEP semegdsim ©f or t he
devel opnent _of a novel nethod of analysis which can determ ne the abundance
20 ratios aRHa¥BArdnPdSohdcherTec G s it uetif A REPRRBARE¥aNi@dAs and
bever ages, and pharnaceuticalangroducts, wi_t hout interference from

fl avan- 3- ol TRRFehars liRd tRoRBmtPe FOMPEURHSOBVELL b e B¢ HEEIWIATS nventi on,

t herefore, to provide a novel npethod for assa |ng OPC whj ch 25 is contai ned
in anal yt esSURBEANSESnat THAF - shbSt AMRRELIt2bLYE aRALYBiFePagebeeRRI EF

DESCRI PTI ON, OF THE W NGS FI 1 is a view showing the results of analysis
of 2 catecﬁmﬂ?sﬁﬁaggedFﬁEFP§n§55 PG KNGFD; CRPRAIRAS - pBeRdARElF phase

HPLC. proanthocyanidin exists in the natural world in forms
ranging from the monomer flavan-3-ol to a dimer, a trimer,
10 and further to n-mers of a higher polymerization degree.
The analysis by reversed phase HPLC has shown that peaks of
flavan-3-0l (monomer), the dimer and the trimer overlap.
As described above, no convenient method has been
existent for the gualitative and quantitative evaluation of
15 OoPC.
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
20 ratios and contents of n-mers contained in natural
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
25 1is 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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FIG 2 is a viewshowng the results of analysis of analytes, which have
catechin and proant hocyanidin mxed 5 therein, by normal phase HPLC.
EFFECTS OF THE | NVENTI ON The inventors conducted various studies in an
attenpt to solve the aforenentioned problens. As a result, they have

el ucidated, fromthe aspects of experinmentation 10 and nol ecul ar wei ght,
that (a) the nunber of anthocyanidins produced by hydrolysis of oligoneric
proant hocyanidin (OPC) is always n/2, regardl ess of the magnitude of the
pol yneri zat iCHtefdYree, 2l BfdiNer #03-3| tebpeRi pEdftaverc3-oFnhby Rasmpdd
themto work out a_convenient nethod of OPC 15 assay. The inventors have
further fouﬁﬁ“?ﬁ%lﬂﬂé%pected fact that (b) the separation of flavan-3-ol

pol ymers of different polynerization degrees n, which have hitherto _been
difficult to separgre[g‘b§ &ﬁr@rréﬁlﬁd?miqtgaﬁ Refts o ALY #f gh

performance |iquid chramatography using.a 20 nornal. phase,col um. The

ot hod of ¢ ARG, T T SRe | CECeTRLE R0 PLpaREPEYy SRAGLBr ket act (b)
to analyée t.he ampunt. of oligo ricaﬁéggnthocyanidin (OPC) in natural

subst anc@s, CHFEHL okl fEPah Rhags euticals and/or cosnetics, and 25

cConvent ent - HERETS AR PR ni PBRERAN 200 of “the present i nventi on, |

ol i goneri c proant hq,ﬁ;])éﬁginquerht(o(%gtC)cocn%uc[t{eeéﬂs\%a i_eodus\(/)v: %ﬁ%ﬁ?ﬁ gllll nér?r ference

fromthe flavan-3-0 nomer en cont ai ne In

proant hocyan i g, 89 54 116 "BhECLe Sf Al PESSENDrbBYERL OhSAD RSSE:

they have elucidated, from the aspects of experimentation

10 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-o0l contained in OPC.
This has led them to work out a convenient method of OPC

15 assay. The inventors have further found the unexpected
fact that (b) the separation 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 liquid chromatography using a

20 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

25 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
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flavan-3-ol polynmers for respective polyners of oligoneric 5

proant hocyanidin in anal ytes, without requiring a mass spectroneter. Thus,
this method is very suitable for the analysis of oligoneric

proant hocyanidin in natural substances, foods and beverages,
pharmaceuticals and/or cosnetics. 10 MODES FOR CARRYI NG OUT THE | NVENTI ON
The anal ytes targeted by the nethod of the present invention are arbitrary
sanpl es, which are expected to

confain a mxture of n-gol%ners énag& of
fI avan- 3- ol 14EETETRITe T T the ot 1avaR- 119y AR PR 3hhe R ot 9B tRe or 15
OPC), such as natural substance rape. seeds, tamarind, apple, bark, pine
bar k- deri vedHa& %ctQEPTQékéé&a t&5tha, etc., and/or their treatment

products (extract, etp.% , foqﬁ%) n%igivera es, .pharmaceutical s and/ or
cosnetics. 20 OigBhEfic %‘reoéﬁﬁ é@lé’ _ ,Hr%pﬁed’aqoljsﬂvqm%é?’htasﬁaé’ast one
o COMPOUASf SPEPSPTL £ SOy PLL LG GPTFE Soa R4V 87 of 05T L
5 proanthocyanidin in analytes, without requiring a mass
spectrometer. Thus, this method is very suitable for the
analysis of oligomeric proanthocyanidin in natural
substances, foods and beverages, pharmaceuticals and/or
cosmetics.
10 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-ol
(hereinafter referred to as oligomeric proanthocyanidin or
15 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.
20 Oligomeric proanthocyanidin, typically, includes at
least one of compounds represented by the following general
formulas:

[Chemical formulas 1]
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particularly, the

The present invention targets,

above oligomeric proanthocyanidin which is



0) Q NL a .-1CC ItIf Il Il CCCCCx x0 0C 00=20 X X -
OEr00-00 00rozxOMO xx_ 1p0O, O700 O-EOD=TOO

X0 =roO~T U Ul 0U The present invention targets, particularly, the
above oligoneric proanthocyanidin which is 5

proanthocyanidins including at least one of procyanidins BI,

B2, B3 and B4 of the structural formula 1 where n = 0,

procyanidins B5, B6, B7 and B8 of the structural formula 2

where nl = 1 and n2 = 0, and procyanidins Cl, C2 and C4 of

5 the structural formula 1 where n = 1. The above Bl, B2

Cil, Cz2 are stereoisomers of the respective compounds.

The structures of the main procyanidins, OPC and catechin

are illustrated below.

‘ [Chemical formulas la]
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pr oant hocyani di ns including at |east one of procyanidins Bl, B2, B3 and B4
of the structural fornula 1 where n = 0, procyanidins B5 B6, B7 and B8 of
the structural formula 2 where nl =1 and n2 = 0, and procyanidins O, C2
and C4 of 5 the structural fornmula 1 where n = 1. The above Bl, B2 . d, C2
are stereoi soners of the respective conpounds. The structures of the
mai n procyani dins, OPC and catechin are illustrated below [ Chem ca
formulas la] OHOH HO/ 0 al\ OHOH OH OHHO OOH OH OH HO Catechin
PB7(cate-4a.,6-cate) OH ,;)- OH 6 OH OHOHOH ,.P\ HO/ O""., &/ I OH

HO O OH oH
OH

OH
OH

OH
OH"
? PB1 (epi-4B,8-cate) PB2 (epi-48,8-epi)
OH OH
OH OH
! OH .
e
H OH i
OH i OH §
HO~ HO. _A_ _OH
) .
HO™ i © .
PB3 (cate-40,8-cate) PB5 (epi-48,6-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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\ H "TTHOHOHOH OHHO / O..~~\ \' | HOO OHOH OH PB1
(epi-40,8-cate) PB2 (epi-4(3,8-epi) OHOH / OH/ OHHOO "4 1 HO/ O,..na
\' HO™HNN ,,,,,0H HOHOHiIi HOj so\ HOj OH \ OH OH 0 HO ~PB3
(cate-4a,8-cate) PB5 (epi-4(3,6-epi) OH (1) Determ nation of total anount

of OPC According to the present invention, there is no need to consider the
types and pol yneri zati on degrees of flavan- 3-ol polyners contained in

ol i goneri c proanthocyanidin 7 (OPC) in anal ytes and, when ant hocyani din
occurring up@RC)hjarangdvtesf aghc wheassafbecyenadint Qiccammimg &fpodPC can

be determned fromits value. The nethod of the present invention can be
performed ikY@relysisorfngPSecéEene6aysdny dhel Foitalopmopgt of OPC can

be determined from its value. The method of the present
invention can be performed in the following sequence:

5 Hydrolysis of OPC

The hydrolysis of oligomeric proanthocyanidin can be
performed by thermal decomposition under acidic conditions.
The preferred conditions include, for example, the use of
an acid/lower alcohol mixture asbacidic conditions, the
10 acid bheing preferably hydrochloric acid, sulfuric acid or
nitric acid, and the lower alcohol being preferably
propancol, 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
15 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
20 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
25 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), whereby it can be hydrolyzed.
A concrete example of the hydrolysis is as follows:

8



The hydrolysis of oligoneric proanthocyanidin can be performed by thernal
deconposi tion under acidic conditions. The preferred conditions include,
for exanple, the use of an acid/lower alcohol mxture as acidic conditions,
the 10 acid being preferably hydrochloric acid, sulfuric acid or nitric
acid, and the | ower al cohol being preferably propanol, butanol, pentanol
and/ or isopentanol. The thermal deconposition can be perfornmed, with the
tenperature_being_50 to 1005% referably 80 to 100C, npre 15 preferably 85
to 95C, and®t RgMPdgcfPon M9 4&99%}@5@ RIRGIEDOGY ARy Ein preretetpived hour
or nore. The con entratigp of %ﬁf aci.d .can be chosen fromthe range of
0.1N to 2N, 1Pr &f BlaBiy Oo SANECS /PuTane o dir G GilAG Shyfrth yidiRe - i34 He&nal yt e

concent Pat | 6RESERES iy PRl el P BRI kit
reiited pr ol Wik ol et A ot AR PRI e oo
oo To T RFEPer i, Woo i MY eArs iAol WD R
ﬁgj?bg?;ngfﬁfﬁPnin?e%?3§HF%§§93nngﬁ s §F8§§T28?0:FP flnrzagzﬁféﬁ:f nd for
D ronrs o whBsfed 1% bEdrigits HMGdiGn BALHL, 'ty Wik 48

absorption §°S§§%%F%%'%?ﬁ Q é%%#y% nmis measured with UV-265 (Shimadzu
ment  of ]

Corp.). Measur e absorbance at 551 nm confirns
Measurement of amount of anthocyanidin

10 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 liquid chromatography or the absorbance method.
The absorbance method can be performed using the

15 hydrolyzate unchanged and, preferably, measures the
absorbance at 550 to 552 nm at which anthocyanidin shows a
maximum absorption in the visible absorption spectrum. At
this wavelength, the influence of components other than

) anthocyanidin produced by the hydrolysis of oligomeric

20 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

25 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)

9



whet her the hydrolysis reaction has been fully carried out to produce

ant hocyani di n. Measurenent of anount of anthocyanidin 10 The neasurenent of
t he amount of anthocyanidin produced by hydrolysis nay be nade by any
publicly known nethod and, for exanple, can be perfornmed easily by high
performance |iquid chromatography or the absorbance nethod. The absorbance
nmet hod can be perfornmed using the 15 hydrol yzate unchanged and, preferably,
nmeasures the absorbance at 550 to 552 nm at which ant hocyani din shows a
maxi num abseapt Penusgadt s \Fisinslar i issdsiansesspedheume tantion &imggelodngt h,
the influence of conponents other than anthocyanidin produced by the
hydrol ysi s bhegpi §éapdid D FURandtsc P& dild G iferadd ecitth:a M tirs
absorption 270 nm can be disregarded. An exanple of the HPLC process is
concretely oHesBpMheF AW (ﬂq%\ﬁstg emhseiet@h a» e HaRA @F Ry an  HPCL
col um YMC- ODS- A312 (6 _nmm x 150 nm YNC% 1 mM/mnof 25 a_m xture_ acetic
aci d: met hanskapdpgf substpnap 5725 thRJHRLC EPEHAN: e RE&r SDIYe the 2bevewi t h
an area value at A520 nm. bein detected.cgzanidin chl oride, del phinidin
chioride, &h8-persfy&Sisdit &quﬁléé e Gai 1B e FPoRPIMEOHRALD can be
used as standard substances. The retention tines of these standard

subst ances St8 ZPFiF AT ke AT LY s 1aft iR hétfi orOlthy2Sne %S them

sel ected can be used as a standard substance. As the HPLC colum, not only
t he above §e§E§§8§%@ F5&5ihPSHt al so the C8-, C30-, or pol ymer-based Cl8

resin can nag c%ﬂ%¥§§636¥'¥A€2133m5§34(3¥gd¥%it Is a reversed phase resin.

To determine the amount of oligomeric

10 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-3-0l polymer

15 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

20 anthocyanidin produced by hydrolysis of OPC is 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

25 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

10



Cal cul ation of total anmount of OPC To determ ne the anpbunt of oligoneric 10
proant hocyanidin in the anal yte based on the anount of anthocyanidin
assayed above, the follow ng procedure is effected: a) The anmount of
ant hocyani di n produced fromone n-polynmer by hydrolysis is n/2, regardl ess
of the magnitude of the polynerization degree n of the flavan-3-ol polyner
15 contained in OPC. Based on this fact, the anmount of anthocyanidin

rount of - rCorhShE ST oneclitnends Bhsuo 0 S SEH3EB LN be Tound. for
i
cont ai ned ?p orc. HATR eéﬁefﬁF§ega¥??uFhB%gﬁgﬁﬁgargﬁ En TSN n#&ﬁﬁ.ﬁpgduzed
Py ol ysi 5 of & KAORRCEhBUN BB SHepD ot andar d subst ance, and the t ot al

GPC i the anal yt o baRCBELan: Leki ned BotiGna M atvieas dFetah anginte
sanpl of measur od val T8 opEcPRERARTRY SECahAlleey 3108 Shadfatfofiation 1)
analyte) x 100 (Equiei SeeafaRhy boopah kbl AL e R et W et od, as
appropri at €L QR -REGGY A b A R AN A FodPifhin B2 (botn
available from Funakoshi).
10 (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
predetermined weight of the analyte in (1) above, the

15 proportions of various flavan-3-ol polymers in OPC are
clarified by high performance liquid 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
20 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

25 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



avai |l abl e from Funakoshi). 10 (2) Assay of each of n-polyners constituting
OPC In particularly preferred enbodi nents of the present invention, in
addition to or separately fromthe determ nation of the total weight of OPC
in the predeterm ned weight of the analyte in (1) above, the 15 proportions
of various flavan-3-ol polynmers in OPC are «clarified by high performance

| i quid chromat ography (HPLC). By so doing, there is also provided a novel
nmet hod of OPC assay which determ nes the weights of respective polynmers of
di fferent pdidmlerthatibhavadrdselsnha¥snhasReROLATLRY - 26 tphafe PO tHibsER

wei ght of the analyte, The_col um used in the higg Berfqrnance l'i quid
chronatognﬂﬂﬂpﬁ%ﬁ%#%@e?%bf?ratHBFnﬁpe¥h8§B bg| SFAATEREY bar & SeTHAly
preferably a normal phase colu acked with a _ sjlica gel-based resin.

St udi es by TRATONEATERR- nRF DILORS (HAE T HhAR hOEy HE GPRORSDENG

di fferent po)ynerjzation ge%rees %in thks cgﬁe n =1 i% al so i ncluded) can
be separat e YT B eRnERRPLERt BREPTCOEPEsFAEROFPPYUSS ©8hPBmat ogr aphy on a
nor mal ppase_col unn. . Judgi romth 1 fact that flavan-3-ols have high
polarity: itu#ﬁﬁﬁYﬁﬁlﬁgeﬁeg%S&?Fde?Bﬁ é8eFaP°Fh5FqPﬁ§§ 8alle5& separated by a

normal phase co umm. Fu&tﬁe&gn&g t he met hod of the present invention
enabl es meastRERERTMGFFHC ASEESECSr an 5 ultravi ol et detector, and does not

o e 8T oS ol UL B AP B P BEBRRAROE 1 B oL o Tnce
illUStratEd’cﬂ£5ﬁ£§$§r§%hy(ﬁa9 gg*dété?%iggh g& desired. If they are

concretely illustrated, Inertsil SIL (4.6 mm¢ x 150 mm, GL

10 Sciences Inc.), for example, is used as the column, the
eluant is, for example, 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

15 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.

20 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 polyphenols from OPC and

25 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

12



10 Sciences Inc.), for exanple, is used as the colum, the eluant is, for
exanple, a m xture of hexane, nethanol, tetrahydrofuran, and form c acid.
Preferably, isocratic elution (about 1 m/mn) with hexane: MeOH THF: HOOOH =
45:40: 14:1 is perfornmed. Analysis can be nmade even at a 15 fl ow velocity of
0.3to 1.5 mM/mn with the use of hexane: MeOH: THF: HOOCH =

40- 60: 30-50: 10-20: 0. 1-5. The colum tenperature is 10 to 60C, preferably

40C, d the detect [ I hot Qdi_qd det ect or, which i
Used | n t heCBBPTBEOBoAPEY pad: PAAVISES dDCINGING FoGIART 3o PAWGES |

b OPC has. [ b ti t .280Q. Qut _.in th f I
"ncor por at 1 5. BLABFEpdRUBREROPE. PRLTRBESG HIRR) Qi AR oot avea "
wavel engt hs oﬁher tQa% é%o nm constitute the xinunLabsoEﬁ}ion 1 hus_maki ng
it possibl 32t8%Gi &t AGIVsR™ RE BERES BEMYPfetdSs "RRIMUEPERHAF P A% ude

et enotn 249 bB- SO0 SR EPGE he o “SAThURRCERSELRERThAC Bt 1 o
A280 T
(ar? portror O hi BFRDAEAF il B IR g B8 200 0T

pol ymeri zat ,0n).. | e S the _ar. valu at@%B m_of. .neaks Vi ng
t he naxinun#%ﬁégrﬁtkgﬁ)a%gl%&&lnﬁf %ﬁ%rggﬁﬂhﬁﬁﬁhé e |nﬁh§§%P§EP- (H
(4.6 nmt X j madzu Corp.) or Supersher Si60 (4.5 mMm¥d x 100 nm
Merck & Co. cgggﬁgg}lggLﬁﬁertsil SIL (4.6 nmo x 150 mm G- Sciences Inc.).

fhe proportion of gAENHRBBLYIBH 89nés'§gumgs%g§gr cBik £ 3207 s Rpeul al ed

fromthe foll ow ng equ n based on th area obtained upon high
perfprnance(b%qubgn be calculated from the following equation based on

| 10 the peak area obtained upon high performance ligquid
chromatography:
b% = {peak area (each n-polymer)}/{total peak area
(all polymers)} x 100 ... (Equation 3)
Based on the so obtained proportion of each n-

15 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)

20 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

25 The decomposition of flavangenol by acid was
observed over time. Flavangenol (1 mg) was dissolved in
1 ml of 0.6N HC1l/BuOH, and the solution was heated in a hot

water bath at 90°C. After a lapse of 20 minutes until
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chromat ography: b% = (peak area (each n-polyner))/(total peak area (al
polynmers)) x 100 ... (Equation 3) Based on the so obtained proportion of
each n- 15 polynmer and the wei ght of OPC obtained in the aforenentioned
(1), the weight of each n-polynmer contained in the predeterm ned wei ght of
t he anal yte can be determned, for exanple, in ng by the follow ng
equation: Anount of n-polyner (ng) = total anount of OPC (ng) 20 Xx

e o oFls ARALEE D SERR et ch O et SN
1.1 i i
of eZﬁ.”% L%r‘?"ag%ﬁ%‘g'iowﬂé’h% fiele ke 468 ﬂ%ﬁg??iﬁi slﬁxwgﬁba BERBE Loy Si‘? a
lﬁf?;i/ Bﬁqieré%%d?ﬁéésékg?a sﬁﬁé@”ﬁﬁfg%@ i sw“’%suve’gf%%%c T }Bﬂe@m or a
20 3440
iﬁgzsvgls 0¥8§nH%es % Aa%%e&%a%%%gyﬁgien was 8§€HF“3 %tm%§ %ﬁﬁgﬁ%ano
and easur eg {of 116 Y151l PLSQIPL! 82 SRECHEUD.BLndRY! Qre QRN 4F1e

nMaxi mum-absor pt I on~Was "presen it s of
t he neasureggg% ?re shown in Table 1. Table 1 Changes over time in

aci d- deconpose avangenol Tine Absorbance (551 nm 20 min 0.732 40 nmin
0.796 60 n%2b9e819 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
10 with the passage of time during acid decomposition, and
reached its peak in 120 minutes. Based on this outcome,
J the period of hydrolysis was set at 120 min (2 hours) in
subsequent experiments.
Example 2 Production and assay of anthocyanidin upon acid
15 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 allowed to stand for 2 hours in a
water bath at 90°C. After completion of the reaction, the
20 absorption spectrum at 700 to 400 nm was measured with UV-
265 (Shimadzu Corp.), and the absorbance at 551 nm was
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80 mn 0.830 100 min 0.867 120 mn 0.877 140 mn 0.823 The outcone was
that the absorbance increased slowwy 10 with the passage of tinme during
acid deconposition, and reached its peak in 120 m nutes. Based on this
outcone, the period of hydrolysis was set at 120 mn (2 hours) in
subsequent experinments. Exanple 2 Production and assay of anthocyani din upon
acid 15 hydrolysis A sanple (0.5 ng) containing proanthocyani din was
dissolved in 1 m of 0.6N HCl/butanol in a glass test tube, and the

sol ution wadeherBhRgdr o Thaneo}Btion atker fomplokier pht khat regetignt er
conpletion of the reaction, the 20 absorptign_spectrum at_ 700 to 400 nm was
neasur ed mﬁVﬁsUVPbQBStthFﬁaﬁ?&CCHPE?f,tgﬁdfPﬂéoﬁ&ﬁﬂﬂiﬂﬂﬂ}9&0Q§1FQWnwas 14
determ ned. The solution after conpletion of the reaction was subjected to
HPLC under ®R8a¥oRPORPAY2BIAAPEi ons to assay anthocyanidin: Col umm:

YMC- ODS- A312, 6 150 ym. 5 bi L e_phase: CH3000H MeOH: H20 = 15:17.5:67.5
Det ecti on: A520 m?ﬁ‘gﬁ%hr%%cé?gg063f%'6 oAt by SBOR! As standard

substances for assay, . del phinidi N} di d pel argoni din were purchased
fr om FurPakoshi . 1@3/%32‘3 s&éﬁﬁﬁr d@%@@%*ﬂ&@?}pm ﬁi5di]1gl,-g\/\i§sﬂeﬁ uted in 4.2
m nutes, with Amax_ of 535 nm nidin was eluted in 5.5 inutes, wth Amax
of 525 nm and per%?é%ﬁﬁﬁ?ﬂ:mﬁg¥glB?egmeasure& &€ 4B0°t3 6ok By

PDA)

As standard substances for assay, delphinidin,

cyanidin and pelargonidin were purchased from Funakoshi.

10 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

15 conditions, were assayed as delphinidin, cyanidin and
pelargonidin.

The samples analyzed were flavangenol, grape seed
polyphenol, tea polyphenol, apple polyphenol, and tamarind,
j and procyanidin Bl (Funakoshi) was used as the standard
20 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



in 8 0 mnutes,

hydr ol yzat

assayed as del phi ni din,
wer e flavangenol,

e of the sanple,

gr ape seed

with Amax of 515 nm The conponents from

pol yphenol

t ea pol yphenol ,

the acid
corresponding to these 15 conditi ons,
cyani din and pel argonidin.

wer e
The sanpl es anal yzed
appl e pol yphenol ,

and tamarind, and procyanidin Bl (Funakoshi) was used as the standard 20
substance for OPC. The results are shown in Tables 2 and 3. Table 2 OPC
content by absorbanc ho 550 .nm .ORC rocyanidin Bi 1.6905
100. 0% FI vannpn ﬁlﬁRé gg’(f Q$ﬁﬂE=qV g(?anp seeds_0. 7523
44.5% Tanprind 0. 7641 45.9% 15, Tab 3 OoPC contea£ b LC nmet hgd Sanple
Cyani di n OPC_ca € glm | Procy iRl 66 10 108°R0 ¢gE459£nnpn | 29. 45
44.5% Tanprind 28.64 43. 3% Apple }3 48 20.4% G ape seeds 27.81 |42. 0%
G een tea [ 84+1 Q8* 5. 8%¢ van|d|H AA g/ |+ delphinidin 1 98 g/im
Exanpl e 3 Si_S. hin, di and tri|mer by r.mal phase HPLC The
st andard sﬁE XFR& %pn1prhin ggg59 190" Y4

Flavangenol 29.45 44.5%

Tamarind 28.64 43.3%

Apple 13.48 20.4%

Grape seeds 27.81 42.0%

Green tea 1.84+1.98% 5.8%

10

15

20

*

Example 3

normal phase HPLC

Analysis of catechin,

cyanidin 1.84 pg/ml + delphinidin 1.98 pg/ml

dimer and trimer by

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,

0.45 ym filter,

conditions shown below.

and then subjected to HPLC under the

and the solution was filtered through a

The trimer was synthesized by the method described

in Example 5 to b

Column:

Mobile phase:

Detection:

PDA)

Inertsil SIL,

e offered below.

hexane :MeOH : THF : HCOOH

4.6 mmp x 150 mm

45:40:14:1

A280 nm (measured at 240 to 400 nm by

16



proant hocyani din were anal yzed by normal phase HPLC under the follow ng
conditions; Sanples (0.1 ng each) of (+)-catechin (Nacalai 10 Tesque),
(-)-epicatechin (Wako Pure Chem cal Industries), and procyanidin Bl
(Funakoshi) were each dissolved in 1 m of a nobile phase, and the solution
was filtered through a 0.45 pmfilter, and then subjected to HPLC under the
condi ti ons shown below. 15 The trinmer was synthesized by the nethod
described in Exanple 5 to be offered below, Colum: Inertsil SIL, 4.6 mMm# x
150 nm Mbbi | e phars@.ldﬁéxEH@?%éﬂ??ﬁ#%ﬂmtheﬁ‘?mmﬂﬂ( (Mt-&atiestina280 nm
(rmeasured at 240 to 400 nm by 20 PDA) 16 Under these conditions, _the
monomers ( ( #PAcAr Cﬁipﬁcaél‘?(?q{l-‘))- GRS Mere LM STy 2the iHIRRs, the
diner in 3.6 ni%utes, and the trimer in 4.3 mnutes. Their chromatograns
are shown i MPFPGE PINULEs., AG heatH ST Y 4rot MANHHERe HPLC Sanpl es
cont ai ni ng catechip and oant hocyanidin in_ m xed rmwere anal yzed by
normal phase HPLC'ﬁHEéF Eh5°m8588¥995n§r§hﬁﬁﬁwﬁeP E&fhe anple (1 to 2 ng)

Che. aol U1 oR SMRASr 11 { cPEALYRIBuBR 805745 HAAPF BPLCand then subj eoted fo
_ rol . ) jected to
ot ape seed pol yphBABPLOPI SoRtaeRaro SARERAR PRG DIt GRTEn A o oI L,
4.6 m$ x 1%9x@@ form were analyzed by normal phase HPLC under the
conditions shown below.
The sample (1 to 2 mg) containing proanthocyanidin
10 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.
15 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
20 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%.

25 The results are shown in Table 4.
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Mobi | e phase: hexane: MeOH THF: HCOOH = 45:40: 14:1 Detection: A280 nm
(nmeasured at 240 to 400 nm by PDA) The chromatograns as anal ytic patterns
are shown in 20 FIG 2. In these patterns, the synbol X represents

pol yphenol s havi ng no maxi mum absorption at 280 nmand different from OPC.
The concentrations of the diner and the trimer in each sanple were
det er mi ned by the equation c% = at x b% 25 The results are shown in Table
4. 17 Table 4 b s of dlﬁE% agd truger OPC purity A280 nm Abundance
ratio ratio_a%h &1ty athiBRABR R4 OFodpM 108700 44 5% Tr
32.0% 14. 2% Appl e 20.4% D ner 31.6% 6. 4% pol yiph | - 4% b %0
4.8% Grape seed 42.0% PPREr PRZiSY 5. 3% poIyphengagggigbb1r§%§§%52§§ . 4%
Tamarind 43. 3% Diner 22/ 8% 9 9% 43| 3% Trimer 23 2% 10. 0% Exannle 5
Synt hesis of OPC The sypthesig of OQPC was perfqgrned |£ the [fol I o ng b5

™V

(¥

manner in accordance with a faner (1981 1 C S| Perk? 1235-9245)
+) - Taxi f ol i 500 nas S oIved inn50 m df
(+) ] g el ﬂ 5% 'biter 55.4% 24.7%
44.5% Trimer 32.0% 14.2%
Apple .
polyphenol 20.4% Dimer 31.6% 6.4%
20.4% Trimer 23.5% 4.8%
Grape seed .
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
5 manner in accordance with a paper (1981, J.C.S. Perkin 1I.
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

10 the mixture was stirred for 1 hour. The reaction product

was purified by reversed phase HPLC to obtain a trimer.
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et hanol, and 200 ng of NaBH4 was added. Then, 1 g of (+)- catechin was added
and di ssolved. Then, HO was added, and 10 the m xture was stirred for 1
hour. The reaction product was purified by reversed phase HPLC to obtain a
trimer. 18 CLAIMS 1. A nmethod for determining a total weight of oligoneric
proant hocyanidin (OPC) contained in a predeterm ned weight of an anal yte,
sai d nethod conprising neasuring a weight of anthocyanidin produced by
hydrol ysis of OPC in the analyte, separately neasuring an anmount of

ant hocyani di n produced by hydrolysis of a known wei ght of an OPC standard
subst ance,Clgyisisdet erm ning 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
fol | owm ng equation based on a fact that an amount of anthocyanidin produced

by hydrol ysis of rfdRGdds fiok pe@pemt h@Agt® theal kel ghrardunl iforfdRGe
regardl ess of an anount ratio of n yners contalned in OPC and different

in a nagnlﬁﬁﬁﬁﬁﬁﬂoqyﬁﬁﬂﬁ}@erpf&t|6ﬁngégﬁ@@ R FRegdets ghinest WwePCht (neasured
val ue of qgé %red val ue of standard) x weight of standard substance
(Equati on %f' |éht ratio of OPC (a% in analyte = (total weight of
OPC/ wei ght  of anakyme%hpd1@©mqueahbome2$uﬁindTmaw&ﬂdhmiamcording to Caim

iccgw:g: ﬁlgnetri[) S St lélf pélo %%%ngyo g%?%fsmg% nO?C’L 1n3 th-lﬁ_ehean tyr‘]coecf

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

based on a fact that an amount of anthocyanidin
produced by hydrolysis of OPC is in proportion to the total
amount of OPC, regardless of an amount ratio of n-polymers
contained in OPC and different in a magnitude of a
polymerization degree n:

Total weight of OPC = (measured value of

sample/measured value of standard) x weight of

standard substance (Equation 1)

Weight ratio of OPC (a%) in analyte = (total weight

of OPC/weight of analyte) x 100 (Equation 2)

2. The method according to Claim 1, wherein the standard

substance 1is procyanidin Bl.
3. The method according to any one of Claims 1 to 2,

wherein the hydrolysis is performed by thermal

decomposition under acidic conditions.
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wherein the hydrolysis is performed by thermal deconposition under acidic
conditions. 19 4. The nmethod according to Claim3, wherein the acidic
conditions are a mxture of an acid and a | ower al cohol. 5. The nethod
according to Caim3 or 4, wherein the acid is hydrochloric acid, sulfuric
acid, or nitric acid. 6. The nmethod according to Claim4 or 5, wherein the

| ower al cohol is propanol, butanol, pentanol and/or isopentanol. 7. The

nmet hod according to any one of Clains 3 to 6, wherein the thernal
deconposition is perforned at a tenperature of 50 to 100C, preferably 80 to
100C, nore preferably 85 to 95C, for a reaction tine of 30 m nutes or

nore, preferably 1 hqur or nore. 8. The. nethod according to any. one of
Caims 1 th 7, Thhdlened RECHEadaFeiEnt o™t e ANDUY o arHabyani din is
made by highhderifarsranee d nquwitd rehbemahoge aghyn@angd/ nswan a ehsasbance net hod.

9. The nethod according to Claim38, wherein the absorbance nethod is
performed by neasuring absorbance at 550 to 552 nm at which anthocyani din

shows a mexi mumy, abhsqrpti an ok qdn i%ﬁbbt@a@%ggfipﬁ Spect rumy, 10, ;A met hod

for assaying oligonmeric proanthocyanidin contained in an anal yte,
for n-pol ynerlsydfoddlavdr 3cial, duflferéntacnda polyiterizaidioh. degree n, and
conprising the steps of: 20 a) determning a total weight of OPC, contained
in a predeterm ned weight of the analyte, by the nmethod of any

6. The method according to Claim 4 or 5, wherein the
lower alcohol is propanol, butanol, pentanol and/or

isopentanol.

7. The method according to any one of Claims 3 to 6,
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 1 hour or more.

8. The method according to any one of Claims 1 to 7,
wherein the measurement of the amount of anthocyanidin is
made by high performance liquid chromatography and/or an

absorbance method.

9. The method according to Claim 8, wherein the
absorbance method is performed by measuring absorbance at
550 to 552 nm at which anthocyanidin shows a maximum

absorption in a visible absorption spectrum.

10. A method for assaying oligomeric proanthocyanidin
(OPC), contained in an analyte, for n-polymers of flavan-3-
ol different in a polymerization degree n, and comprising

the steps of:
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one of Clains 1 to 9; b) separately fromthe step a), analyzing the analyte
by high performance |iquid chronmatography (HPLC) to separate respective
n-pol ymers of different polynerization degrees, n, contained in OPC, and
determ ning quantitative proportions of the respective n-polyners to an
amount of all n-polynmers, nanely, OPC, and c) determning a weight of each
n-polyner in the analyte by results of a) and b). 11. The nmethod accordi ng
to Claim10, wherein a colum wused in the high performance liquid

chromat ography is a normal phase colum. 12. The nethod according to Caim
11, wherein a radsidetepadkedgi A theahoredghphas oo wmtsirediin ga gel - based

resin. 13. The nethod accar to, Cd ai 11 or, 12, wherein, i t he hi gh
per f or mand¥ 4G hiCo et Fagﬁy,thﬁnaa BhEr iRy th%%ﬁ?%d &Pi‘?&é’ane °

met hanol , 40t rahydrafddr anccand formc acid, a mX| ng ratio of the m xture
IS hexane/ met hanol / t et rahydrofuran/form c acid = 40-60: 30- 50: 10-20: 0. 1-5,
preferably, a ratisererasslyofremithy stepca bt i @nalvdinh, tf@ c%ﬂéllmi'-e

t enper at ur@llﬁlﬁ]rp e(}f%(%gﬁnggr el\flg{lggl thffgr%tc%'{ja H@pﬂ at 280 nmis

measur ed according to any al s 10to 13,
wher ei n t heemuattd tr&tslpeetpmpmpbd)gmef:seaﬁhdnf@@i@/mterpc(meeruzsataaimul at ed

fromthe foll owi ng equati on based gn _a g area. opt ai ned upon the high
per f or manc&Ji G d "ehrGPeedgeaphy: © b n‘?p% Sk HP R T R H- AT ) 1/ {t ot al

peak area 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).

11. The method according to Claim 10, wherein a column
used in the high performance liquid chromatography is a

normal phase column.

12. The method according to Claim 11, wherein a resin
packed in the normal phase column is a silica gel-based

resin.

13. The method according to Claim 11 or 12, 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,

preferably 40°C, and an absorbance at 280 nm is measured.
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(all polyners)} x 100 ... (Equation 3) 15. The claimaccording to Caim 10,
wherein the weight of each n-polyner in the step (c) is determned by the
foll ow ng equati on based on the wei ght of OPC determ ned by (a) and the
proportion of each n-polyner determ ned by (b): Anount of n-polyner(nmg) =
total weight of OPC(ng) x proportion of n-polymer (b% /100 ... (Equation 4)
16. The nmethod according to any one of Clains 1 to 15, wherein the
ol i goneri c proanthocyanidin to be assayed contains at |east one of
conpounds represented by the follow ng general formulas: 22 [Chem cal
formul as 14.N TBe NethpdCabcordirgCto Y dnd & Clhine 400 Q30 2 - _ a x
0 NO -'@é%rggﬁ-t%eoguangﬁgativgopfopgkfﬁék‘of each n-polymer (b$%)

is calculated 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)

15. The claim according to Claim 10, 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 ... (Eqguation 4)

16. The method according to any one of Claims 1 to 15,
wherein the oligomeric proanthocyanidin to be assayed
contains at least one of compounds represented by the

following general formulas:
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herein the

The method according to Claim 16,

17.

oligomeric proanthocyanidin is proanthocyanidins containing
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EOO=L/ O0331 LroL OLL Y*Y VI N 17. The nethod according to
Claim 16, herein the oligoneric proanthocyanidin is proanthocyani dins
containing 23 at |east one of procyanidins Bl, B2, B3 and B4 of Structural
Formula 1 where n = 0, procyanidins B5, B6, B7 and B8 of Structural Formula
2 where nl =1 and n2 = 0, and procyanidins O, C2 and C4 of Structural
Formula 1 where n = 1. 18. The nethod according to any one of Clains 1 to
17, wherein the analyte is a natural substance (grape seeds, tamarind,
appl e, bark, pine bark-derived polyphenol, tea |eaves, cocoa, or the liKke,
and/or a treatnent product thereof (extract or the like)), a food or a

b , h tical and/or, tic..19. A nethod for deternini
o7 opor U1 o6 JPSREpORgrier S BTCVAR {4 dh i pory mEi 2861 BA. 8egr ces of ol | goner ¢

pr oant hocyaridiGr & OPE) rmE DAt Aivtegk d M an BNYrWcgankiRisgRs, peef osmance | quid
chronatographg (HPLC). 20. The nethod according to Claim 19, wherein a
colum used PR PheShryntyper ! oferamekr 14 gqliedechlomatloghaphy FsCa apdr nal

phase col um.21:qThe FBthed aceardidg &9 @i 19.9hudQ 1WhgEeLN,a
= 1,

18. The method according to any one of Claims 1 to 17,
wherein the analyte is a natural substance (grape seeds,
tamarind, apple, bark, pine bark-derived polyphenol, tea
leaves, cocoa, or the like, and/or a treatment product
thereof (extract or the like)), a food or a beverage, a

pharmaceutical and/or a cosmetic.

19. 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).

20. The method according to Claim 19, wherein a column
used in the high performance liquid chromatography is a

normal phase column.
21. The method according to Claim 19 or 20, wherein a

resin packed in the normal phase column is a silica gel-

based resin.
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resin packed in the normal phase colum is a silica gel- based resin. 24 22.
The met hod according to any one of Clains 19 to 21, wherein, in the high
performance |iquid chromatography, an eluant is a m xture of hexane,

met hanol , tetrahydrofuran, and formc acid, a mxing ratio of the mxture

i s hexane/ met hanol /tetrahydrofuran/formc acid = 40-60: 30- 50: 10-20: 0. 1-5,
preferably, a ratio of 45:40:14:1 in isocratic elution, a colum
tenperature is 10 to 60C, preferably 40C, and an absorbance at 280 nmis
measured. 23. The method according to any one of Clains 19 to 22, wherein
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powdering, if the anal i S i quid including a soft drink or a
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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,

preferably 40°C, and an absorbance at 280 nm is measured.

23. The method according to any one of Claims 19 to 22,
wherein the proportion of each n-polymer (b%) is calculated
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)

24. The method according to any one of Claims 1 to 23,
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 liguid including
a soft drink or a refreshing drink, a tea beverage, or an

alcoholic beverage.
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