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 gomeri ¢ proant hocyani di n, (generic name for a mxture of n-polyners
of flavan-3-o0l: n>2) contained in analytes or sanples to be anal yzed,
such as naturally occurring substances, foods and drinks,
pharmaceutical s and/ or cosnetics. 10 BACKGROUND ART

Proant hocyani din (OPC) is said to bggener®irdie ef ficacious
conponents of the French Paradox, since |t |s contained in w ne as

wel | (1995, GMETH@?'P@RM@LY% o3 GorERic ﬁﬁomﬁmﬂmﬁn@qw@@ a

peripheral circulation 15 inproving action, a blood flow inproving
effect, a heapatmachonetEDD i nprovi ng ef f ect (2004, Japan Food
Science, 403, January |ssue, 40-45), and a pl atel et aggregation
suppressi ng ef f ect TR firgvel tdorPudeliatiesd tBab emétiiay ef die R2ARIEATAE8)
are known as the nedicinal benefits of 20 proanthocyani din.

Devel opnént odfigemesigodrooantBonyami &in / (pealeirtigt newe afior qaamtx e o
eval uation of OPC, which is such an active ingredient, is therefore
desi r ed. n- P°1Ymﬁ6ﬁn°ﬁefﬁ63§nf%ﬂo%ﬂuﬂﬁﬁﬂiﬁ@ngﬂéaﬁ@hE%y%ﬁﬁ¥N?ﬁﬁrﬂﬂ ude
reversed phase HPLC by_hi erformance |iquid 25_chromat ography- mass
spect r onet r FAPEeREF o(ESO B¢ . SIS RASRTABL B RAEFITTHE (5),

1140-1142), and_nornal ase HP ol vin ra Iu5| by LC M5
(30053 naiiberRcRR. RARAE aha Grih .y Hpa Rttt lba Ty Rl Y LT
net hods (qés%@hgg detectors and none of themare said to be
conveni ent. Furthérnore, proanthocyan|d|n is present as very nany

St er eoi sgNe g CcK@NODEDt @riche St ereoi sonerism of flavan-3-ols which are
the constituents of proanthocyanidin. 5 There are limts on the

conpounds avai | abl présnthedai i suerances. sah@sto ibe dHeats ttaki ve
anal ysi s has been inpossible, except for sonme known conpounds.

Besi des, pr cfifiivecyansdeampengnts | ¢of ttie fatemchl Paoafidxi nsfmcersit is
rangi ng fromthe nononer flavan-3-ol to a diner, a trinmer, 10 and
further to Faptadnel AnhwinerapoVeher | LoR5.051dagr €blmTh%C*é¢1al%/3§-s by

rever sed phase HPL? has shown that1peaks of flavan 3- ol nnnonerl
te on

the dimer arf® 4% ri Ay %R&%qﬁﬁﬂan action, a peripheral circulat

15 improving action, a blood flow iniproving effect, a hepatic
function improving effect (2004, Japan Food Science, 403,
January Issue, 40-45), and a platelet aggregation
suppressing effect (Cfficially 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 liguid

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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As described above, no convenient:nethod has been existent for the
qualitative and quantitative evaluation of 15 OPC. DI SCLOSURE OF THE
| NVENTI ON Under these circunstances, the inventors have
focused attention on the desire for the devel opnent of a novel nethod
of analysis which can determ ne the abundance 20 ratios and contents
of n-nmers contained in natural substances, foods and beverages, and
phar maceuti cal product w t hout interference fromflavan-3-ol which

S

i s the monorE?QUi¥e|MS AptAGTATS oPNELBORE RENtheMARR iTHLE HPePEf or e,

to provide a novel . ne hog fgb assa iq%FOP whi ch éa IS containﬁd in
anal ytes, suBP%EPHET Ur aff "SBSTRREES, UYF Ly A§e BT BRI EFRS
DESCRI PTI ON OF THE. DRAW NCS .F [ [ oW the, I |t s of
anal ysi s of v%ﬁYe%%?%,g%é%?%%%ﬁﬁ%gg'aﬁggggt?¥%€§gz§{§%%§kﬁ$ﬁ§E$SEb§%
normal phase -q- i i oYl LNng¢t in.
anal ysi g of fa%g é:?eas, o%/\%i%%l'ﬁ{a\%ar ege;dth%c%i ﬁgggﬁﬁgﬁﬁn?ﬁoggggﬁﬁﬁéﬁﬁ%‘“

S therein; byn8pERte PPERL 4RI tHeFEBRpSutEs Tl NMENT LN standaralhe

i nventors conducted various studies in an attenpt to solve the

af orenment i ongghpt ghtess. TAnsg HesUgbant eyt ey ameliyeiidahad, beeam t he
aspects of experinmentation 10 and nol ecul ar weight, that (a) the
nunber of anihpeyaibllensexprapmitcid lspmey#dnokyscenpdurnds goBesides,
proant hocyanidin (OPC) |Is always n/2, regardl ess of the magnitude of
t he pol yneri pacanbhdepartdim exifstfs dpafhs- patevat arerkd iin GREMSThi s
has led themto work out a convenient nmethod of OPC 15 assay. The

i nvent or s ha¥@ngipe hErom ot MHeMeTe f3aVART3 1ALt TQ it AY™AT + ife TTimer,

Sper | ol a0 ok ROLMIEL 3,01y GULbSLoDl BOLYIELIER! (e
chrort o0 a0k SFRAPELETY YeRAU e, DEEP RESTHIHWAY Yk ox
flavan-3-ol {(monomer), the dimer and the trimer overlap.
As described above, no convenient method has been
existent for the gualitative and quantitative evaluation of
15 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
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 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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The nethod of the present invention uses the above fact (a) and/or
the fact (b) to analyze the anount of oligoneric proanthocyanidin
(OPC) in natural substances, foods and beverages, pharmaceuticals
and/ or cosnetics, and 25 al so anal yze the proportions and/or contents
of n-polymers in OPC in a convenient manner. According to the
met hod of the present invention, oligoneric proanthocyanidin (OPC

of e cont a REFERLBY | GBROP| BBFOhdbyiitenoF Fiovanag gl I qoma

met hod of th LESERt.ci nvention can assay flavan-3-ol polyners for
respective p Pyners of "ol igoneric 5 proanthocyanidin in anal ytes,

W thout requiring apf@ss, SREC RARS ShowlRYSthd NS IBINYE 15 M) s iaf

suitable for the analysis of oligoneric proanthocyanidin in natura

subst ances, famdateac,i RBYER WEFe HIRSIMGE WhiaC Blrd afbRb8Fa s DB GRg 10
MODES FOR CARRYI NG QUT THE | NVENTI ON The anal ytes targeted by the

met hod of 5t hehpiesant bknNKefhaDNpldse HEZid.rary sanpl es, which are
expected to contain a m xture of n-polyners (n2) of flavan-3-ol

(her ei naf t er EFFEETSe0Ft THRSIBVERDIMN | ¢ pr oant hocyanidin or 15 OPQ),
such as natural substances (grape seeds, tamarind, apple, bark, pine
bar k- deri ved pol yphBpe| investtdesnenducedayvarieus siflisms timeian
treatnment products (extract, etc.)), foods and beverages,

phar maceut i cAtSeARY/ &P EB%ﬁ%tF%%.a%RR9W%ﬂﬁﬁ9ﬁﬁé BroRAeRBcy A% & Fesult,

yproal Y, | IGaR shEEshaBAE O GOIRVALS L0 SRoD S Bt Ut on

190 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 QOPC

15 assay. The inventors have further found the unexpected
fact that (b) the separation of flavan-3-ol 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

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 alsc 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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The present invention targets, particularly, the above oligoneric
proant hocyani din which is 5 proanthocyanidins including at |east one
of procyanidins Bl, B2, 83 and 84 of the structural formula 1 where n
= 0, procyanidins 85, 86, 87 and 88 of the structural formula 2 where
nl =1 and n2 = 0, and procyanidins C, C2 and C4 of 5 the structural
formula 1 where n = 1. The above El, 82 ... 4, C ... are _
ot ocyani di ns ISR RGTER! BERI CaF & TS e Hopemdt, SFEfanreita "
forml as la]fgqoliggﬁergg proanthocyanidin,
Also, the method of the present invention can assay
flavan-3-ol polymers for respective polymers of oligomeric
5 proanthocyanidin in analytes, without requiring a mass
spectrometexr. 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 INVENT ION
The analytes targeted by the method of the present
invention are arbitrary samples, which are expected to
contain a mixture of n-polymers (nz2) of flavan-3-ol
(hereinafter referred to as oligomeric proanthocyanidin or
15 OPC), such as ﬁatural 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]



OH OH (1)Determ nation of totat amount of OPC According to the
present invention, there is no need to consider the types and

pol ynmeri zati on degrees of flavan3-ol polyners contained in oligoneric
proant hocyanidin (OPC) in anal ytes and, when anthocyani din occurring
upon hydrolysis of OPC is assayed, the total amount of OPC can be
determned fromits value. The nethod of the present invention can be
performed in the follow ng sequence: 5 Hydrolysis of OPC The
hydrol ysis of oligomeric proanthocyanidin can be perforned by thernal
deconposition under acidic conditions. The preferred conditions
include, for exanple, the use of an acid/lower alcghol mxture_as
acidic conditions, the 10 acid being preferably hyHrochIorlc acid, !
sul furic acid or nitric acid, andat he | ower alcohol being prefF?aQJy
propanol, butanol, pentanol and/oF i sopent anol= The therna

100C, preferably-80 to 100C, m) e :-15 preferably 85 tq ¢ He
reaction time beFng 30 minute DI €,
The concentTation' of 8Qe~geid-eah be cho _ ange of 0.1N to

for exarrpl opgl IJ_,zat on of drying @ soldAdnfi ' ess
under regdyced ¥k ./ The an% yte (i fica N
di ssolveds 25 i

@ iLyoned acid/ | oy
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Structural formuta 1
Structural formula 3

The present invention targets, particularly, the
above oligomeric proanthocyanidin which is
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A concrete exanple of the hydrolysis is as fotlows: A sanple (0.5

nmg) containi ng proanthocyanidin is dissolved in 1 m of 0.6N '

HC1/ butanol in a glass test tube, and the solution is allowed to
stand for 2 hours in a water bath at 90C. After conpletion of the
reaction, the absorption 5 spectrumat 700 to 400 nmis neasured with
UV- 265 (Shi madzu Corp.). Measurenent of the absorbance at 551 nm
confirnms whet her the hydronS|s reacti on has been fully carried_out

to produce EPRRNRGHFERAHLAIAS, dRcdMEiRdoprtakBant BPeaﬂﬁhBE9§ﬁ?H%?ﬂn5 Bl,
10The measurenent of t he anDunt of anthocganldln r.odyced

E;gr glaySIeff (ﬁr;ed eas % %h?; ltlrrfg?UEﬁc\mele ddlcﬁ?geni; CHY E)?ﬁrrpl)(ra,
t he absgr barR:’éo‘ﬁ?é?%‘%jl’yﬁ'E%S dr dggphfﬁﬁ tlg?] Fq]%ﬁ]ngfrﬁg‘ﬁ%
the 15 hydréﬂxzate f”ChEQQF Iﬁpq,opr§53r§§ §gagféﬁﬁgqﬁ_tQ§%0rp C%a%%e

at 550 to 5 whi ch anthocyari a maxi nim nn

the visibl e ARSOLPHIONPPLEIMIAL LWhkso aVEl endlie LRGENEhUCBSe, of

conmponent’s o ocyanidi n produced by the hydrolysis o

ol i goreric Zglepr @ant hocy. 'ﬂé}e(cﬁis%mer%abﬁcbhé ré@%éé@%@% i@ .

270 nm can di sr egar d An exarrp e of HPLC process is
concretely degersbpeeaerdsldowiie Malihopyan hﬂdiﬁs ARy ethdlSdd¥echin
HPCL col um YMC- ODS- A312 (6 mm x 150 mm 1 m/nin of 25 a

m xture acetafeatitusetdoad|vefadwer = 15:17. 5 67.5, and a col um
tenperature of 40C, with an area value at A520 nm bei ng detected.
Cyani ql n chl oChemicadt| powrmikas lahl ori de, and pel argoni din chloride
(all avail able 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 selected cagn be used as a
standard substance. As the HPLC columm, not only thg above 5
Cl18-based resin, but also the C8-, C30-, or poly
can nmake analysis simlarly, as long as it is a «- sed phase resin.

Cal cul ation of total anobunt of OPC H@
OH
(o].]
HO 0. W
. (9]

CH

e

PB7(cate-40,6-cate)
Catechin

OH



To determ ne the amount of oligonmerit 10 proanthocyanidin in the
anal yte based on the anmount of anthocyanidin assayed above, the
follow ng procedure is effected: a) The anobunt of anthocyanidin
produced from one n-polymer by hydrolysis is n/2, regardl ess of the
magni t ude of the polynerization degree n of the flavan-3-ol polyner
15 contained in OPC. Based on this fact, the ampbunt of anthocyanidin
produced by hydrolysis is multiplied by a factor 2, whereby the total
amount of OPC in a predeterm ned anbunt of the anal yte can be found,
for example, in nmy. Alternatively, b) the anpunt of 20 aunthocyanidin
produced by hydrolysis of ORC is in proportion to the tlotal amount of
OPC, regardl ess of the magnilt udg, of the pol ynerizatio %e n of
the flavan-3-ol polymer coAtayfied in OPC. Based on th act, t he
anount of antfjocyani dif Pk @n ed by hydr o#a ~_S ‘ i
t he amount of ar yan dln oroggced by hydr 41 s of a kndmm anount
bst@nce, a the total axpUN
OPC i n the anal yt éy7and or %athe priopogd-i on (a% lof @PC in tphe~s
can be determ ned & b cal i bre& pn curve or tHe follomnno duat i on:
Total anount of ORE ( ) - patihed
of standard) x anopunt
of OPC in analyte = 2 Rpunt (ng) of OPC anoBet e {étcmal yte) x
100 (Equation 2) The st@ndard substance used, can be sel ect ed,
as appropriate, from ppPdcyanidin Bl and procyanldln B2 (both

avallable from Funakoshi). 10 (2)Assay of eaChfﬂ%QZ%ﬁnl Egrs.
o 'ﬁPQ of the

consti'tuting OPC PB1 (epi-ABphcatejul arly prefer
present invention, in addition to or separately fromthe

deternination of the total wei ght of OPC in the predeterm ned wei ght
of the analyte in (1) above, the

OH

OH
OH OH

OH 5

OH 7 OH

OH ¢
o HO.__A._ _OH
OH
) OH i
Hov E .
PB3 (cate-4o,8-cate) PBS (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-pl polymers contained in oligomeric proanthocyanidin
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15 proportions of various flavan-3-ol polyners in OPC are clarified
by high performance |iquid chromat ography (HPLC). By so doing, there
is also provided a novel nethod of OPC assay which determ nes the
wei ghts of respective polyners lof different polynerization degrees,
n, contained in the 20 predeterm ned wei ght of the anal yte.

The col umm used in the high performance |iquid chromatography is
preferably a normal phase columm, and particularly preferably a

nor mal phasel @RF Lk FRAdgdeRi ERda ?PPPC%FE%@QXEE&§;W(SﬁQFrrSP@dPBQHby

the inventors have 25 shown that proanthogcyanj din having different
ol yhor st | DYRERGFER o Fhchis aBeaven —eie Mot shart GepRtaRane
separated into consti ts. very satisfactoril chr.o ography. on
a nor nal phg?% 6%gﬁﬁ%Fﬂ%ﬁé%Fﬁb1¥F0%F?ﬁé' F%b “%ﬁ§¥dfpgvgﬁ%385€§e‘%ve
hi gh pol arit ' e i.deted J‘ﬁﬁ.; ts@?ﬁ .be
separ at ed byjy%vé\%#rr%r (%ﬁ{asb% ?C%FEE%%IE u%it?hﬁ(?méglt e et 03%% “t he
present i5nve_ng&&p@l%$@_§)lﬁs gmasurenment with the use of an 5

ul travi ol et ; S not require a nmass spectronetric

det ector. TheeCORdirbL9Bssf 8 HiDForRFiOpFRRGRhbeGhddin can be
chromat ography may be determned as desired. It they are concretely
il lustrated, pérestséd 1S lthednmimdédonpbs50tdon WHAh) dcidrcesndieipns.
for exanple, is used as the colum, the eluant is, for exanple, a

m xture of hExarerefmttethgiondidiioalsydnofludan, fand¥ammiec ddieduse of

Preferably, isocratic elution (about 1 m/mn) wth .
hexane: MeCH: FHRFHEDG Peeny igphpd: pipguger por petliamanditdonsgn Bbemade

even dt a 15 flow velocity of .Q.3.tq 1.5.m/min with the use of
hoane: Mo 47 | PEERS PIREGTRIY. BRESCB0DLq. do b SR actd or
tenperature s, 10 t C, fer 4 n [
prgPerany anﬁ 0 %d%%gg'é?ﬁ%ﬁjle?g%%grgggﬁﬁ%g %%ﬁﬂgg%ﬁﬁ%ﬁFﬁgi

col lecti on ofhrsperdi il fedaho140Rapey 2bdiiiada begguse OPC
has a maxi mum absorption at 280 nm but in the case of a sanple

i ncor por at i nghe+hel @etomiialion cal vedpborsimelt f feinttneeaks at
wavel engt hs other than 280 nm constitute the nmaxi mum absorption, thus
maki ng it posempéeatardisting it ta e 00€ harr efEnaMlan 8los thr da0TWRC ranre:
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:
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25 exclude them However, in an environnment where only a detector of
a single wavel ength can be used, analysis can be nmade only with the
absorption at A280 nm The total peak area of all polyners separated
by chromatography (all polymers including a diner or polyners of

hi gher degrees of polynerization) is the sumof the area val ues at
A280 rim of peaks having the maxi mum absorption at 280 nm The col um

may be Shi npack PREP-S| L 4.6 mt . x 5 300 Shi mpdzuy Cor.p.) .or
Samershor S BOSPEES ity S Mgy SRRt aNEIE B Gh hay AR T s ki ea
SIL (4.6 m ngl 50, Cj Inc.). The proportion qQf .each
n-pofyner coﬁ%%}?Ték?ﬁ;qgﬂéiﬁg%jﬁ§§%g % %%l%Lﬁ%ﬁiﬁfﬁ%%ﬁn34R§'fEPFoﬁﬁﬁg
equati on bas : t &ﬁﬂ% t Al | rf e
I?quid chrongg%g?%%%iggﬁggg (pea g?ggg(gggﬁgn-po;ygggy3/ Fﬁ%gﬁgggaﬁt
area (all pobymer Sh‘ftérlQQmpl?]tz(cﬁﬂl@é it9d 3kaction, the an the

so obtai ned proportion of each nl5 polyner and the MBIQ%? of” OPC
obt ai ned § n tpecefaheqentd®rasd 4ob) nmt 1 Mei ShtedfwBac U288 Y BBEmadzu
contained in the predeternm ned wei ght of the analyte can be

determ ned, €otpexanpleasurementbyft tiee faddobang eca@talsisannmlAeRADtmof

n-polymer (ng) = total anobunt of OPC (ng) 20x proportion of n-polyner
(bt)/100 ...whéthetritre flydrolysisNeepction Ipaedwman ifnddyt icemrniell obe

descri bed nore concretely by Exqules. However, the present invention
is not |inté&8 PHodneR apthagyaidipcanpl e 1 I nvestigation of acid

hydrol ysi s conditions .
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 abscorption in the wvisible absorption spectrum. At
this wavelength, the influence of components other than

) anthocyanidin produced by the hydrolysis of cligomeric

20 proanthocyanidin (e.g., catechin: maximum absorption
270 nm) can be disregarded.

An example of the HPLC process 1s 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:methancol: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



25The deconposition of flavangenol by acid was observed over tine.
Fl avangenol (1 ng) was dissolved in 1 m of 0.6N HCl/BuCH, and the
solution was heated in a hot water bath at 90C. After a | apse of 20
m nutes until 140 minutes later, sanpling was done at intervals of
20 mi nutes. The sanple taken was diluted 1:10 with butanol, and '
measured for the visible absorption spectrumat 400 to 700 nm The
maxi mum absor ption was_present at 551 nmfor 5 all sanples. The

results of tFA8RnR&sEFeMedt St RyPrhaRgsfe IhRordn e énangnesvet
BI r7r§2i ZOafn! gi: ggggggsg lfﬁ gggt? eag'%erﬁT:?r{%Agigr Qaa_gggr I? ,1ann a2(i)nir;]{1t?1re
of them or any one of them selected can be used as a
standard substance. As the HPLC column, not only the above
5 Cl8-based resin, but also the C8-, C30-, or polymér-based
Cl8 resin can make analysis similarly, as long as it is a

reversed phase resin.

Calculation of total amount of QOPC

To determine the amount of oligomeric

10 proanthocyanidin in the analyte based on the amount of
anthecyanidin 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

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 analyvte 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 flawvan-3-0l
polymer contained in OPC. Based on thils 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



0.830 100 min 0.867 120 mn 0.877 140 mn 0.823 = The outcone was t hat
t he absorbance increased slowy 10 wth the passage of tine during
aci d deconposition, and reached its peak in 120 m nutes. Based on
this outcone, the period of hydrolysis was set at 120 mn (2 hours)

i n subsequent experinments. Exanpl e 2 Production and assay of

ant hocyani di n upon acid 15 hydrolysis A sanple (0.5 nm)

cont ai ni ng proan hocvani din e 1 m_of 6N HC1/ but ano
in a glass t%s?aﬂ\?) Lﬁlon Ve §5I %?‘ % glow’a’l"?o%\%"é?ttjoo%'t and for 2

h t b t A t f th
28ugﬁsgpp?|3ﬁ ggecﬁ%ﬁh?at%gggt bE S %@Ogﬁig.io éghf&% EEEEN89265 ©
( Shi madzu Corp.), %%ptl@?m@la%&@anesl@é PP L {HNABS) %e%ﬁsﬁheeﬁngﬂ@f

solution after conpletion of the reaction
standard (Equation 1)

5 Proportion (a%) of OPC in analyte = (total amount

(mg) of OPC/amount of analyte) x 100 (Equation 2)

The standard substance used can be selected, as
appropriate, from procyanidin Bl and procyanidin B2 (both
available from Funakoshi).

10 (2) Assay of each of n-polymers constituting OPC

In particularly preferred embodiments of the present
invention, in addition fo 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-o0l polymers in OPC are
clarified by high performance liguid 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 ligquid
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



was subjected to HPLC under the follow ng conditions to assay *

ant hocyani di n: Col um: YMC- ODS- A312, 6 mmctl: x 150 nm 5Mbbil e phase:
CH3COOH: MeOH: H20 = 15:17.5:67.5 Detection: A520 rim (nmeasured at 400
to 600 nm by PDA) As standard substances for assay,

del phinidin, cyanidin and pel argoni din were purchased from Funakoshi .
10 The standard substance, del phinidin, was eluted in 4.2 m nutes,

ith X f 53 I di ln 5. 1.nut it h_% f
526 nm and GG QO AL ANEE a) QrEan P e b Bh R e ot e nGr Bedn
nm The co_rrpo&er[g]ﬁ]érrecgnftghefaq_.c LY 8oL V2@ &, @1 Prasc%gplbg, a ngrmal
correspondi ng"to these conditions, re assayeéd as del phinidin,

cyani di n and pelas goiiiid). FhgcReARe RS, Al Wlfiowebe thavprasort.
grape seed pol yphenol, tea pol yphenol, apple pol yphenol, and

tamari nd, 3n Ak B0 G I1ds mBAs(Fun8koShith ase UmRd oS alhhe
standard 20 substance for OPC. The results are shown in Tables 2 and

3. Tabl e 3 OR{liomntiite hydetzedioranaad @b as dno A= yuimeOBCmagst ent
Procyani di n Bl
spectrometric detector.

The conditions for high performance liguid
chromatography may be determined as desired. If they are
concretely illustrated, Inertsil SIL (4.6 mmd 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:TH¥: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

i is used in the collection of spectrum data at 240 to 400 nm.

20 This is because OPC has a maximum absorptién 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 wavelenath can be used, analysis can
be made only with the absorption at A280 nm.

The total peak area of all polymers separated by

12



1. 6905 100. 0% Fl avangenol 0.8897 52. 6% Appl e 0. 3804 22. 5% G ape seeds
0. 7523 44.5% Tamarind 0. 7641 45.2% Table 3 OPC content by HPLC
nmet hod Sanpl e

chromatography (all polymers including a dimer or polymers
of higher degrees of polymerization) is the sum of the area
values at A280 nm of peaks having the maximum absorption at
280 nm. The column may be Shimpack PREP-SIL(H)} (4.6 mm¢ x
5 300 mm, Shimadzu Corp.} or Supersher Si60 (4.5 mm$ x 100 mm,
Merck & Co.) as well as Inertsil SIL (4.6 mmp x 150 mm, GL
Sciences Inc.).
The proportion of each n-polymer constituting OPC

(b%) can be calculated from the following equation based on

10 the peak area obtained upon high performance liquid
chromatography:

b% = {peak area (each n-polymer}}/{total peak area
(all polymexrs)} 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 eguation:

] . 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 ¢.6N HCl/BuOH, and the solution was heated in a hot

water bath at 90°C. After a lapse of 20 minutes until

13



Cyanidin OPC content p.g/ml Procyanidin 31 66.19 100. 0% Fl avangenol:
29.45 44.5% Tamari nd 28.64 43. 31 Apple 13.48 20.4%

10

15

20

140 minutes later, sampling was done at intexrvals of 20

minutes. The sample taken was diluted 1:10 with butanol,

and measured for the visible absorption spectrum at 400 to

700 nm. The maximum absorption was present at 551 nm for
all samples. The results of the measurements are shown in

Table 1.

Table 1 Changes over time in acid-decomposed flavangenol

Time Absorbance (551 nm)
20 min 0.732

40 min 0.79¢6

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 peak in 120 minutes. Based on this outcome,
the period of hydrolysis was 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 allowed 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



G ape seeds 27.81 42.0* Geen tea 1.84+1.98* 5.8% *: cyanidin 1.84
fig/mdel phinidin 1.98 fig/nm Exanpl e 3 Anal ysis of catechin,
dinmer and trimer by 5 normal phase HPLC The standard
substances for catechin and proant hocyani din were anal yzed by nor nal
phase HPLC under the follow ng conditions: Sanples (0.1 ng each) of
(+)-catechin (Nacalai 10 Tesque), (-)-epicatechin (Wako Pure Chem cal
I ndustries), and roct%/anl din gi‘&(' Funakoshi) were each dissolved in

m of a nobifet andehe TR I Weds SPPLEL 28Dt RF 0GR ’ée"l‘FttPﬁmpm
" 21 T AR S oMLl SO 03I DEL O
be of fered b%w I I’ntSI| SIL 4 6 m nO x 150 nmm Mobil e
phase: hexane: 45: 40: 14: 1 Detection: A280 nm
(measured at 240 t@c4Q@n?MyRY¥-80sEDN2, 6 mmp x 150 mm
5 Mobile phase: CH;COOH:MeQH:H,0 = 15:17.5:67.5
Detecticn: A520 nm (measured at 400 to 600 nm by
PD2a) |
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 polyphencl, and tamaring,
i 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



Under t hese
(-)-epicatec
m nut es,

condi ti ons,

“

t he nononers ((+)-catechin and

hin) were eluted in 2.9 mnutes, the dinmer in 3.6
and the trimer in 4.3 mnutes. Their chromatograns are shown
in FIG 1. 5 Exanple 4 Analysis by normal phase HPLC Sanpl es

containing c
by normal ph
to 2 ng) con

atechin and proanthocyanidin in m xed formwere anal yzed
ase HPLC under the conditions shown bel ow. The sample (1

tai ni noparAay Nogyenidigd wpsedloahyed in L of a

nobi | e phase; Soluti-oR—was 0-45—ym-fitter,
and then su Ject%gmeeHPLC undercigﬁaéfy_lomnng CO@@btbgﬂﬁent
The sanpl es rused—wefe—appta—potyphenot—grape—seed—poebyphenol
fl avangenol ! and tamari nd. 15C2Lgﬁﬁ/mhnert5|l SIL, 4.6 nrnp x 150 mm
Mobi | e phasg—hexareMeoH-THF-HEOSH—=—4540—14-1Deteectt+or—A286-{nm
(measured af p2d@yhAid@R Bm|by PDAke.19 The pdy @t ograng as
anal yti c patternms—areshowl T 20 FG—2—inTthese patterns,—the
synmbol X repreagangepollyphenol s hawi.ag no ma |nun1abaqr5e|on at 280
nm and di f f grent—fTom OPC. The concentTations of the dijner
and the trimPamamriedch sanpl e wer @sdéter mi ned by the4eqgeation ct |= at
X bt. 25 The¢ Tesults aré snown in lable 4. abl'e 4 Contents of di mer
and triner {Apple 13.48 20.4%
Grape seeds 27.81 42.0%
| Green tea 1.84+1.98% 5.8%

10

15

20

*; 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 underxr
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 pm 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:HCOQH 45:40:14:1

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

1o



OPC purity
44. 5% Di ner

10

15

20

25

A280 nmratio Abundance ratio a% b% c% Fl avangenol
55.4% 24. 7%

Under these conditions, the monomers ((+)-catechin
and (-)-epicatechin) were eluted in 2.9 minutes, the dimer
in 3.6 minutes, and the trimer in 4.3 minutes.

Their chromatograms are shown in FIG. 1.

Example 4 Analysis by normal phase HPLC

Samples containing catechin and proanthocyanidin in
mixed form were analyzed by normal phase HPLC under the
conditions shown below.

The sample (1 to 2 mg) containing preoanthocyanidin
was dissolved in 1 ml of a moblle phase, and the sclution
was filtered through a 0.45 uym f£ilter, and then subjected
to HPLC under the following conditions.

The samples used were apple polyphenol, grape seed
polyphencl, 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



44.5% Trimer 32.0% 14. 2% Appl e pol yphenol 20.4% Di ner 31.6% 6. 4%
20. 4% Trimer 23.5% 4. 8% G ape seed

Table 4 Contents of dimer and trimer

s200.mm | oundance
a% . b3 c¥
Flavangenol 44.5% Dimer 55.4% 24.7%
44.5% Trimer 32.0% 14.2%
0o f‘;’pphl:no N 20.4% Dimer 31.6% 6.4%
20.4% Trimer 23.5% 4.8%
gg?gghzﬁﬁg 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 acceordance 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.

18



pol yphenol 42.0% Di mer 12.5%5.3% 42.0% Triner 5.8% 2.4% Tanmari nd
43.3% Di mer 22.8% 9. 9% 43. 3%

Claims
L. A method for determining a total weight of oligomeric proanthocyanidin (OPC)
contained in a 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

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 is procyanidin
B1.

3. The method according to any one of Claims 1 to 2, wherein the hydrolysis is

performed by thermal decomposition under acidic conditions.

4, The method according to Claim 3, wherein the acidic conditions are a mixture of

an acid and a lower alcohol.

5. The method according to Claim 3 or 4, wherein the acid is hydrochloric acid,

sulfuric acid, or nitric acid.

6. Themethod ;'z;ccording to Claim 4 or 5, wherein the lower alcohol is propanol,

butanol, pentanol and/or isopentanol.

19



Trimer 23.2% 10.0% Exanple 5 Synthesis of OPC The

synthesis of OPC was perforned in the following 5 manner in

accordance with a paper (1981, J.C. S. Perkin |. 1235-1245).

(+)-Taxifolin (500 ng) was dissolved in 50 mM of ethanol, and 200 ngy

of NaBH4 was added. Then, 1 g of (+)- catechin was added and

di ssol ved. Then, HCl1 was added, and 10 the m xture was stirred for 1

hour. The reaction product was purified by reversed phase HPLC to

obtain a tri 1. A nethod_f.or deter in to wei ght

of ol i gorke r.%&&%ﬁﬁ%w&ma?@@) HEi ﬁ@éweramﬁ%e% mned

vei ght  of ge8fin R ohli€ performed aﬁﬁeﬁp%ﬂ?@gf SPEALSE 1 2TERASHA LG o ORI 9ht

of ant hocyanidin produced by hydrolysis of OPC in the analyte,

separ at el 3 misniss id I mimutespunt of ant hocyani di n produced by

hydrol ysis of a known wei ght of an OPC standard substance, and

determning the total weight of OPC in the anal yte and/or a weight

rati o of §OPC (lal%ndthbddteoﬁﬁglwmnﬂnw, whein the ek dewmlﬁ)sﬁfontme

fol |l ow ng equat based Jact that an a

ant hocyarfiedfPAn %&d%ﬂerwrerfgféﬁé@ 9@9 §a%¥a@@@“?“smp?ﬂg%¥%dqﬂlbﬁ‘? ¥8 the

total amyphee@f OPC, regardl ess of an ampunt ratio of n-polyners

contained in OPC and different in a magnitude of a pol ynerization

degree n: Tot al vvel ght of OPC = (rreasured val ue of

?Egﬁlate{ gﬁ&iij r P.ﬁil \ﬁ%tlliloed accor n%qg g‘n)sj gne o ¥Ghil] 1t8 &fhg'glgqulfg m%éjsl%}?etn%%?gf
the amount of anthocyanidin is made by high performance liquid chromatography and/or

an absorbance method.

10.  The method according to Claim 9, 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.

11. 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’

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 by high performance liquid
chromatography (HPLC) to separate respective n-polymers of different polymerization
degrees, n, contained in OPC, and determining quantitative proportions of the respective
n-polymers to an amount of all n-polymers, namely, OPC; and

¢) 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 a2 normal phase column.

20



Weight ratio of OPC (a% in analyte = (total weight of OPC/ wei ght of
analyte) x 100 (Equation 2) 2. The nethod according to Claim1,
wherein the standard substance is procyanidin Bl. 3. The nethod
according to any one of Clainms 1 to 2, wherein the hydrolysis is
performed by thermal deconposition under acidic conditions. 4. The
met hod according to Caim3, wherein the acidic conditions are a

m xt ur e dB. Hre racthdd andrdingd oWlainal L; ofbetein a fesinfjaekedeh ledhomaelgthdseng t o
Claim3 or 4, wherein the aci.d is hydrochloric acid, sulfuric acid,
or nitri &HpIgsas If’aﬁ'ebas‘?f@iﬂ%d according to aim4 or 5, wherein
the | ower al cohol is propanol, butanol, pentanol and/or isopentanol.
7. The met hod according to any one of Clains 3 to 6, wherein the

t her mal déconpbsmeiled aceorfiag oty 1aor 43.rvdmpenda diedigh paprmancedg@id or
Scoer o ngeiafly HPLRT ARSE o R A Sl R e

accordi ng erelin e ons rformed
at a t enpexlat miangfati8wftle MRAOC: fsdrexamelreabinobetthydeofmfanffoonic dcidewd0-t o

140 m nutes. 9. Th thod according ta of . C ai l1to
aher oi - oRS0rRaRnR s S6pRhade RSt s 10k EhGe it o encrate iy
hi gh per fiompRged. | i qui d chr omat ogr aphy and/ or an absorbance net hod.

10. The nethod according to Claim9, wherein the absorbance nethod is
performed by measuring absorbance at 550 to 552 nm at which

ant hocyani:di n ' Rt 1N a . Vi8] bsor ption
spectr umrls'll. p?ngaﬁtgﬁigg #orhigggaag?a%g 131 ‘?"g%?r‘%?f“? %%%gg%tﬁoo%yani din (OPQ),
cont ai nedekancametizanal/setrehydrafioran/fpmhiy peid s 454F 1AV anis@eratic dutfdneaeaid n a

pol ymer i zcgulm%n[eggggg&gmgﬁd conprising the steps of:

16. The method according to any one of Claims 11 to 15, wherein the quantitative
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)} ... (Equation 3)

17.  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 (2) and the proportion of each n-polymer determined by (b):

Amount of n-polymer = total weight of OPC x proportion of n-polymer (b} ...
(Equation 4)

18.  The method according to any one of Claims 1 to 17, wherein the oligomeric
proanthocyanidin to be assayed contains at least one of compounds represented by the
following general formulas:

{Chemical formulas 1]
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a) determ ning aﬁt t al ht of OPC, contained in a predet er m ned
wei ght of the ana [%eg'm%g &uhBt Hdd of any one of Clains 1 to 10;
b) separately fromthe step a), analyzing the analyte by high
performance |iquid chromatography (HPLC) to separate respectlvec

n- pol ymers of different polynerization degrees, n, C,
and determ ning quantitative proporfjions of the respective n-polyners

to an amount of all n-polyners, nanmgly, OPC, agd c) deterrgning
a wei ght of each n-pol ymer—iTTmthezamal yt e~by—+esultg of a ).
12. The nethod according to Caim 1,I wherein a col umy ed-T h-The

hi gh performance |ifuid ghr omato i
13. The net hod accor di ng~0~G

normal phase colum is a S
according to d 3
chr omat ogr aphg-{an
t et rahydr of
hexane/ met hanol / t
60: 30- 50: 1020: 0.
absorbance @ 280

G aim 14, wgerei n,_.sald mX| n@ ratio ISo
hexane/ math oI/tetrahydrofuran/formc:aQ|d 45:40:14:1 in is_o‘?_:ratic

el ution, said-col utm tenperature i § 40C. 17. The net hod:‘

accordi ng t@ any one of Clains 11 to 15, wherein the quanti b&?l-ﬂ/e
proportion of each n-polyner (b) is calculated fromthe foId:@mEng
equati on based on a peak area obtai ned upon the high perfoera-po :
l'iquid chromatography: B = {peak area (each n-polyner)}/ {tat@g‘@eak
area (all polyners)} ... (Equation 3) 18. The claim accorc@mgc@
Claim 11, wherein the weight of each n-polynmer in the step{¢)"is
determ ned by the foll owi ng equati on based on the wei q:ht ofe o
determi ned by (a) and the pFoportion of each n-polyner- determ ned by
(b): Amount of n-pol ynér r.= total weight of OPC x pgoportion of
n-pol ymer (b) (Equation 4) 19% The method according to an¥ one of
Claims 1 to 17, whereinghe & i/ D
contains at |east_one Qf !
general formul as®| [ Che?
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19.  The method according to Claim 18, wherein the oligomeric proanthocyanidin is

proanthocyanidins containing at least one of procyanidins B1, B2, B3 and B4 of
Structural Formula 1 where n = 0, procyanidins B5, B6, B7 and B8 of Structural Formula
2 wherenl = 1 and n2 = 0, and procyanidins C1, C2 and C4 of Structural Formula 1

where n =1.
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[ Chem cal fornulas 1] ac 19. The nmet hod*according to C aim 18, wherein
t he ol igoneric proanthocyanidin is proanthocyani dins containing 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 C, C2 and C4 of Structural
Formula 1 where n =1. 20. The nethod according to any one of C ains
1 to 19, 20her Ghanict®dabadrying to snyeomeatf (@ins $ wdh $9.arieesin dredhalyteds a

treat nent product ther&pf, a food, %&P§¥erﬁ %,%? Qparnaceutical

and/ or aPRYEASgsance, sd/omp BEHRERHYOLE BiEtFo 3 P @Y HE02 wherein the
natural phadietudcs) MUARE 88Rd7. tanmarind, apple, bark, pine

bar k-derived pol yphenol, tea | eaves, or cocoa. 22. The nethod
according to Claim20 or 21, wherein said treatnent product is an
extract. ,,23. ne . psleY [ - of

G 1 or en?pol e FRIRE s Hiing P ST ek aRer A aity iy RS,
(OPC), caahaindeabple) bark, pinalbyikederivyd polghepel fealemes er tocgal d

chromat ography (HPLC), using a nornal phase colum and a m xture of
hexane, methanol, tetrahydrofuran, and form c acid, as an eluent.

24. The mBt hodrirGR&hH wo;cmllg%a‘smr% oMNEGaERifsal Eidafin @A pkdct ifad he

nonnal phase colum is a silica gel-based resin. 25. The nethod
accor di ngxttegetany one of Clainms 23 to 24, wherein a mxing ratio of
the m xture of hexane, nethanol, tetrahydrofuran, and formc acid is
hexane/ met hanol /tetrahydrofuran/formc acid =

40- 60: 30-230: 10(x 28th0d Torleteaminid g ymp dréoymesfat-pol gmers ofl Giffecen6 plymenichtian

e har SR EEsopligPRErs AR Rpyegidin (OPC) BB 1R BRAGE MG © G2 M

hexane/ myfeffaRInkt BlkiaMdnatdsany(aPTs, u@ﬁ%q ronfial phseldblulnn shd SaRiati C
elution, "and said colum tenperature is 40C. 27. The nethod

accor di n@fhexaapymethanobfteighyfrpduran ang fagic ydrasap BB pr oporti on of
each n-polynmer (b) is calculated fromthe foll ow ng equation based on
a peak area obtained upon the high performance |iquid chromatography:
b = {peak4ar ealTl{eachohagotdmgerQlhim 23, otleteipe edsingpaeked(ialthe monghmass }
... (Equatjon 3) .28.Th|%efl t hod according to any one of Clainms 1 to
27, furt ﬁ@l“%‘ﬁﬁr‘-‘l@?ﬁ@l' Sg;f"eeﬁmof | yophi | i zi ng the anal yte, or
solidifying the analyte to dryness under reduced pressure, followed
by powdering, if the analyte is a liquid including a soft drink or a
ref reshi #§- dr i ‘A methpdacagidjeg Wy ose ohnlaimedhisl 3% Whergwr aggixing ratio of

the mixture of hexane, methanol, tetrahydrofuran, and formic acid is

hexane/methanol/tetrahydrofuran/formic acid = 40-60:30-50:10-20:0.1-5, a column

temperature is 10 to 60°C, and an absorbance at 280 nm is measured.

26. The method according to Claim 25, wherein said mixing ratio is
hexane/methanol/tetrahydrofuran/formic acid = 45:40:14:1 in isocratic elution, and said

column temperature is 40°C.

217. The method according to any one of Claims 23 to 26, 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)} ... (Equation 3)
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28.  The method according to any one of Claims 1 to 27, 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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