DESCRI PTI ON METHOD FOR ANALYZI NG COLI 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 din. (generic name for a mxture of n-polynmers of
flavan-3-ol: n2-2) contained in analytes or sanples to be analyzed, such as
natural |y occurring substances, foods and drinks, pharnmaceuticals and/or
cosnetics. 10 BACKGROUND ART ProamppsormmdmMm (OPC) is said to be one of the
ef ficaci ous conponents of the French Paradox, since it is contained in w ne
as wel | (199=THdD FORNARALAZING GB5GOMERIC2PAPANAHOGHRNARINaRDPE¢ti on, a
peri pheral circulation 15 inproving action, a blood flow inproving effect, a
hepati ¢ TBOHNICALI EfEDDI ng ef fect (2004, Japan Food Science, 403, January
| ssue, 40-45), and a platel et aggregati on suppressing effect (Oficially
Publ i shed Pat entTlihg etheenR063- 58Y4185 hoeakmewhodsfohedridirmindhgbenefits
of 20 proant hocyani din. Devel opnent of a nethod for convenient qualitative
and gdéant plagomerdcapustnthocyabRGinviigeherdc swate foract imisktugr edi ent, i s
t herefore desired. Known nmethods for anal yzi ng proant hocyani di n i ncl ude
reversed phpedymMRIE bf Hilghapeisf-odnamneé )| conitaid®dc Hmo maadgrigshwrimass
spectronmetry (LC-MsS) (2003, Biosci. Biotechnol. Biochem, 67, (5),

1140- 11425amphgsnéenmile phady zedpl Suichy gisvingd unaddive meaaluysingn by LG MBS
(2003, J. Agric. Food Chem, 51, 7513-7521). However, both of these nethods
1 requi r eSHBsteneesor $0048d apdh dirdnkishe Phar@massut iic@ e 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 imp:oving 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

St

20 proanthocyanidin. Development of a method for convenient
gqualitative 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 | 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 di nemeauitre NS , ddechelrs uram@rnere nofretkenfanehsghér tpobgneri zati on
degree. The analysis by reversed phase HPLC has shown that peaks of
f | avan- 3- donreovicemet ) , Furdhdinmereanpuden thdgpanisider | 8. pyesaefes @as bed above,
no conveni ent nmethod has been existent for the qualitative and quantitative
eval uat i ovesfy mMEYORT e GGIABURE, GWIHE tO\VENT| Shetadésomaeism of
circunstances, the inventors have focused attention on the desire for the
devel opriedil &sfare 3 reve| vivkehodref thaarpsstikkhesiscaf datoantihesyand &Gibbundance
20 ratios and contents of n-mers contained in natural substances, foods and
bever ages Thene pree nhbelt$ co the oclompeunds t fvailabier Asr ehapdarém
flavan-3-ol which is the nononer. It is an object of the present invention,
t her ef or e, subs e gle Thvdsell e e fidra tHssn @RI YGRG WL PO i s cont ai ned
in anal ytes, such as natural substances, foods and _beverages. BRI EF
DESCRI PTI Grers sSHHEL ORI GESE Hexr gome knqyvenCeRBAMRgst hBeskigds of anal ysis
of 2 catechin, and a diner and a triner of flavan-3-ol by normal phase
HPLC. proanthocyanidin exists in the natural world in forms
.\ ranging from the monomer flavan-3-o0l 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—ol (monomer), the dimer and the trimer overlap.
As described above, no convenient method has been
existent for the qualitative and quantitative evaluation of
15 QOPC.
DISCLOSURE OF THE INVENTION
Under these circumstances, the inventors have
focused attention on the desire for the development of a
7} 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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FIG 2 is a view showing 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 experinentation ) 10 and nol ecul ar wei ght,
that (a) the nunber of anth ani di ns roduced b drolys s, of oligoneric
pr oant hocy & GG iTopEnd & r@@‘a@sﬁ‘?ﬁ? BT 6 Jo‘? e nd i;n'PYuH‘ér‘B 1t he
pol yneri zation degree, n, of flavan-3-ol contained in OPC. This has |ed
them to woPRas® B¥ifonveni ent method of OPC 15 assay. The inventors have

further found the egted fact that e se ratl of fl avan-3-ol

pol ymers of diffgﬁgnt%p&l FeriifLt SH9 d%6?§®? e 4%1 \ﬂ94ﬁ¥§kﬁt been
difficult to separate b romat o ca achi eved by high
per f o manc@MALIHF cif Ehﬁ 3/9%% 78 Preshiroprantath Hied e

nmet hod f t e reseﬁ% |nvent iw%ﬁg above fact (a) and/or the fact (b)
to anal ant hocyanidin (OPC) in natural

substances égyg har maceuti cal s and/ or cosnetics, and 25
al so anﬂalyfi:é':'lzr propgpﬁféﬁiﬁgﬁgﬁ contents of n-polymers in OPCin a
conveni ent manner t |nve tion,

ol i goneri c proant hocyg‘gﬁ%%nr%% G)OQ‘ réq:t?tehog’fgé"yoé%w Ho %ns Jéll Hterference

fromthe flg é?hé%(¥org%iwﬁﬂtﬁgté%bféﬁ%ﬁ%f@ﬁ%d 8r8$i&8g9“éé a result,

pr oant hocyani
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-ol polymers of

different polymerization degrees n, which have hitherto

been difficult to separate by chromatography, can be easily

S

achieved by high performance liguid 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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Al so, the nethod of the present invention can assay flavan-3-ol polyners
for respective polyners of oligoneric 5 proanthocyanidin in analytes,

Wi thout requiring a mass spectroneter. Thus, this nethod is very suitable
for the analysis of oligoneric proanthocyanidin in natural substances,

f oods and beverages, pharmaceuticals and/or cosnetics. 10 MODES FOR
CARRYI NG OUT THE | NVENTI ON The anal tes targeted by the nethod of the
present i APEREEGTERSE HUa™ rfj’fey Uhimanoner SRR ePrRinemtain a
m xture of .n-p ymars nzZ%) of flavan-3 oI (hereinafter referred to as

ol i goneric? r8§ & neeygsdding ch as natural substances (grape

ds, t d bar k bar k-d | yph I, t
cocon. eter and 6?BBhe.’cpe?¥nsspﬁsnef oPhBEEESEB RBLFRT ISR PP ae5eds and
bever ages, harrra t.ical.s and/ o cosneti,c, 20 digonerjic .. .
pr\c/)ant ﬁoiyﬁﬁ?&'ﬂﬁ ;1961' é’é1]1$3§5“ Fﬁwcﬁr%é:sessﬁecqlé’fstpoc;ﬁ@l‘eg‘? W?’é’ﬁ? esent ed

by the §O| | O\M n%h%ener :|>g‘11r§c 0:i.rnrmanas.Ly e%h’em %%ogtorrrguciuaisrilng a gnas ccceco cr

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, pihe 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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The present invention targets, particularly, the

above oligomeric proanthocyanidin which is



7w= 11Y'r  VJ 0O V] The present invention targets, particularly, the
above ol i goneric proanthocyanidin which is 5 proanthocyani dins including at
| east one of procyanidins Bl, B2, B3 and B4 of the structural fornmula 1
where n = 0, procyanidins B5 B6, B7 and B8 of the structural fornula 2
where nl =1 and n2 = 0, and procyanidins C, C2 and C4 of 5 the structural
formula 1 where n = 1. The above Bl, B2 ... d, C2 ... are stereoisoners of
t he respegtiosn Cugyantdins Thectedingupts lepstheneaiof mregwan tiiss BPC and
catechin are illustrated below [Chemical fornmulas la) OH OH HO 0O OH OH
OH OH HO B2~~-B3 |amD B4 pf ke L HO-PBYRéafernaule- davepreCat ecti,n OH OH

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 ﬁl, B2

Cl, C2 ... are stereoisomers of the respective compounds.

The structures of the main procyanidins, OPC and catechin

are illustrated below.

j [Chemical formulas 1la]
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OH OH
OH OH
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y |
r o™ 0] |
PB3 (cate-4a,8-cate) H 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-
3-01 polymers contained in oligomeric proanthocyanidin
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(1) Determ nation of total anmount of OPC According to the present invention,
there is no need to consider the types and pol ynerizati on degrees of
flavan- 3-ol polyners contained in oligoneric proanthocyanidin 7 (OPC) in
anal ytes and, when ant hocyani din occurring upon hydrolysis of OPCis
assayed, the total amount of OPC can be determned fromits value. The

nmet hod of the present _inventiqQn can be perforned.in the fall ow ng sequence:

5 Hydr ol ysi%P® EPC?WH%YE?ErBP93|§h8P 8PFBBH¥PP&dﬂP08ﬁFW6€%%$(ﬂgﬁncan be

per f or med ;’thernal ngosltlon unger cidic conditigns. The preferred

condi t i onPYSEPLBELIST BF €% nﬁFe?SFﬁge setBf takakc PHPVMe CTaCESh &M xt ur e

as acidic con I ons 10 aci I ng efer h chloric acid,

sul furic é%?dg%%erﬂ?P?h §58Wdl%§naaﬁﬁg Io ? %?ﬁ%%@|gge R Breferbply

propanol , butan pen |so F 3 The thermal deconposition
n

L
can be pertdffB 1bﬂn?ﬁn 3 p?ﬁ%ﬁ@?ﬁ?u? o34 oFF 8o FEANS S dr abl y 80 t o
100C gn ef erab Yq é to 95C, and the reaction tinme being 30 m nutes
§ﬁ€i5££¥£%~&rkeﬁ+— "more. The concentration of the acid can be
h f th IN.to. 2 f bl to IN..|
ﬁyﬁfﬁi‘ysfim.fet%@?@ ey el B b s8bB LG e eta Re kP AP hg LBl PRBEr ¢
proant hocyan) fhlnbl Byl Qwerfaggc,a@% Abh@icsbhe Radn! &I PeaGeRpal od by

a suitabl exanple i on or drying or Soli°di°f'i cati on

to dry”esST%QdggekﬁﬁgﬁgdggﬁﬁiﬁﬂBﬂs.IQ% %B%'y%ﬁo(EQ%%@H'”gt%QF ganggntrate).

is dissolv ove-nentlone aci'd Wer a coHoI ure at a
3 an acid/lower alcohol mixture as acidic conditions, the

10 acid being preferably hydrochloric acid, sulfuric acid or
nitric acid, and the lower alcohol being preferably
propancl, 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:
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concentration of 0.01 to 1% preferably, 0.05 to 0.2% (0.5 to 2 ng/m ),
whereby it can be hydrolyzed. A concrete exanple of the hydrolysis is as
follows: 8 A sanmple (0.5 ng) containing proanthocyanidin is dissolved in 1
m of 0.6N HCl/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,

h b 70 400 Shi d
or o SO e POE LS R e dRPabRiad op s En BB R e i aadRa Ve T

%S%‘Jléiéfaér ot 0 Qeﬁ{v’%ﬁﬁ%ﬁla?rﬁéSdTﬁgaﬁsagﬁ?%ﬁgﬁﬁeo?g%lﬁ"%* punt | of
ant hocyani di

et hod and® %Qﬁf"EQngglfng¥d£8'¥%§§d”§ P2 H?S%S aQKwB%QE'% Ypkgewn

exd can beé perforned easl perfornance l'iquid

chronatoggﬁpgy O?ﬁ%gﬁsé?E§&QQQ%% %%tQ%haﬁgé%%1%§§oq$%?era can be

per f or med u5|ng rolyzat € unc neasures t he

absorbgnce, §$§5t8t52§e”g%aho&hhﬁh Q”h@?&%f@hgyﬁtﬁhﬂvszﬁs Y%ﬁ&ﬁ%ﬁ&

absorp |on i VI Si sorptlon spectrum hi's wavel eng

i nfluence of,. cﬁogpproan i Wrﬁh@%m%n L Pregyced b nfﬂgmgydr oI ysi s

of ol igoneri e.g., cate max1 num absorption 270

nm can b r?é %ﬂé%yéﬁofﬂ?é%' £elb+iBR H'E’LCDQEBC%%ilthcQS}Q‘i%Qt Bl

descri bed as oms Ant hocyanidin i s assayed using an col um

YMC- ODS- A2 éﬁomé 4§9h333,a}(5@n 1 mM/mnof 25 am xture acetlc
aci d: net hanol: water = 15:17.5:67.5, and a columm tenperature of 40C, wth

an _area valaes@teon B£1amount 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



bei ng detected. Cyanidin chloride, del phinidin chloride, and pelargonidin
chloride (all available from Funakoshi) 9 can be used as standard
substances. The retention times of these standard substances are al
different, and a m xture of themor any one of them sel ected can be used as
a standard substance. As the HPLC columm, not only the above 5 C18-based

resin, but c%lns%et Q:ese?ﬁs %pa:andﬂd pﬁlﬂsﬁ%@e%s.ed Thg'%:ez%%ct[}lrog}a%i eke afnal ysis

simlarly, 7as I'ong a reverse ase resin.

i onof Yot al

! Kl séd Phiase & Fota
The. anal yt SPESEos T S arey et UL MR £ordl, DARATR RENERLE " 1

foll ow i f ted: T t t

from one. Bipat b by T dv s y o 1T 5 A el B8 eec
th | L i f the ihl.a 3-.q| |
Based on tRIETFERr RIS, B e ot s B S
nU|t'plSGQCQ§J%a§€H“fgS%m,Wﬁﬁf%ﬁk&'ﬁhé(&éﬂ gt of SPEvh

pr edet er mi ned anmount of e anal yte can be found, for ‘exanp

Alternati Vel sl ke nafy S48 hotuani:di, Rigdsed By

OPCis in proportion to the total anount of regardless

magni t ude glevidhiesd®IpHEyd zadd pn. degree n of the flavan-3-0
contained in OPC. Based on this fact, the anount of anthocy

by hydrol y9a3 du sadmgraresl vétdn 2and et agpwyc of ant hocyani di
hydrol ysi s™0of a knowi anmpunt of an OPC standard substance,
ann}unt (e.g., in mg) defte@Gren thize afvainitt @ fawd/iQjonidid c

Ldin produced
magni t ude of

' in OPC.
qﬁg%?%ﬁ?§$s i's
?rabased

e, In ny.
hydiglysis of
of the

pol ymer
ani di n produced
n produced by
and the total

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

15 contained in OPC. Based on this fact, the amount

magnitude

polymer
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,

S’

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

for

of the

magnitude of the polymerization degree n of the flavan-3-o0l

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



proportion (a% of OPCin the analyte can be determ ned by 10 a calibration
curve or the follow ng equation: Total anobunt of OPC (ng) = (neasured val ue
of sanpl e/ measured val ue of standard) x amount (ng) of standard (Equation
1) 5 Proportion (a% of OPCin analyte = (total amount (ng) of OPC anount

of analyte) x 100 (Equation 2) The standard substance used can be sel ected,

as appropr a LOp () [proTatVEcYa) Aboth available from
Funakoshl)h gle%) A§§g§ eac ﬁ%ln po ynefg?ég%stfggtlng OPC In

particularly prefgpigd SHB%'t”%@t opel (hB§ Rr qaRAlsurdd &N o N addition to
or separately fromthe determnation of the total weight of OPCin the

predeterm ned wei QHanQE/hQ%s%E@hykﬁlha ¥ s%%@l\&%rdt)h%c LhoRn@P Qg )o¥ Of
various flavan-3-ol polynmers in OPC are clarified by high perfornance

| i qui d chromat ogrgggﬁdgHanE udYi&® flping, there is also provided a novel
met hod of OPC assay which cfx'erm nes the wei ghts of respective polyners of

different pol yrrerpzabbwl@ﬁgr(a%s off, opential Redilivtd he (3Q tanedgiond ned
wei ght of the analyte. The colum used in the high performance |iquid

chromat ogr aphy i s (fgef erablpy /ameantebrphasa yae usn,10ond (Egaatiedl anly
preferably a normal phase colum packed with a silica gel-based resin.

Studi es by the inyaat etandard 2hbshanset hate droeantweyarictied ,hag ng ‘
different polynerization degrees (in this case, n = 1 is also included) can
be separ ategriopkd s titane o asen/idciat Bl aamidrprycyynidin @mnt Qgseaphy on a
nor mal phase colum. Judging fromthe

N available from Funakoshi).

\
J

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-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

N -
N

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



11 fact that flavan-3-ols have high polarity, it has not been considered so
far that they can be separated by a normal phase colum. Furthernore, the
nmet hod of the present invention enables nmeasurenent with the use of an 5
ultravi ol et detector, and does not require a mass spectronetric detector.
The conditions for high performance quui d chromat ography may be determ ned

m G 10 €Al rkfavarr S vk HEhCRETaciPL 2 un nbRBeB uant
5 4T Or X UBR 0 g X4 o 21 B ¥g§ghaﬂ§' A e A

acid. Pref socrati c out

hexane: Me X S f e made even
at a 15 floéw veﬁ %%T g%%%g%%%ém /%1% 15 cg%he ?S%es(ﬁr&%h@

hexane: MeCH: ﬂ(ﬁ}é - 30 0 T, lygn tenperature is
10 to 60C, p%era y Ihab%P qgggié e%%t]gc‘tﬂgﬁi gh%rggergﬁl yHQ phot odi ode
array dete | n e o ect data at 240 to
400 %ﬁ]g 8H$L|s |gﬁ%%d%iggg%%%fh%ggaﬁﬁgélﬁgﬁ1g g%%%?.%nﬁggkzso nm but in

the case ofgp cs@,_tmll,gtfﬂfoaggéé%f:g ot her pol yphenols in mxed form
di fferent peaks at wavel engt hs other than 280 nm constitute the maxi num

absorption, thus mald g ddlt%'éﬂﬁﬁfbﬂ'ﬁéf%éi’béh&c?jmr pol yphenol s
from OPC and 25 exclude them However, in an environment where only a

f'ﬁt ect or ofcra:oiﬁangég ﬁr'%tlﬁbcéi@t@ﬁnﬂﬁéi adnakysreacan s bendpderonly with
e absorption at 80 nm e total peak area of all polynmers 'separated by
12\\) 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



chromat ography (all polynmers including a diner or polyners of higher
degrees of polynerization) is the sumof the area values at A280 nm of
peaks havi ng the maxi mum absorption at 280 nm The colum may be Shi npack
PREP-SIL(H) (4.6 m x 5 300 mm Shimadzu Corp.) or Supersher Si60 (4.5 nmi
x 100 mm Merck & Co.) as well as Inertsil SIL (4.6 m4 x 150 mm G
Sciences Inc.). The proportign of each n-paql ynmer constituting QPC (b% can
be cal cul afBYOPASRSERONYoI(Pdvi RS IIREHS o D HHINGTH P RALEIHS
obt ai ned upgn_hi hrp r f or manc quyid .chraomat.ography: b% = (peak area (each
PE( BB 9

n- pol yner) P¥{ Pd8 T&ESa OF( ROLYBRLHRATEOR )k Lodhe symfRhi T a5e%Based
bt i ned | NAUHES. 2itoAdhin oo f5d PEARS HHY A e SRt (EERASHETOR G af ned
1 1 by« ABOr B ondRE ERAEPRREY ARBuaPbpeRRoERER:FIETET 165 Meafount o
o ssent i ng0 Bl et f b PR PR e, 450 bR ohiiPet 10Bubber
| nvent | gar MERCE Bacth s i &% dRgathane S5 UhE a8l bl vl

fl avangeno id]ﬁ%§ observed over tine. Flavangenol (1 ng) was
di ssol ved Fﬁgfn%%so ng HC1/ BuOH, and the solution was heated in a hot

water bath at 90Gg,af F%t[:gértc?gﬁe?@‘;ségh”h%%%m%t coni?i MMy yprs | ater,

sanpling was done at rvals o
N (b%2) 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 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:

yj : : 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

13



m nutes. The sanple taken was diluted 1:10 with butanol, and neasured for
the visible absorption spectrumat 400 to 700 nm The maxi num absor ption
was present at 551 nmfor 5 all sanples. The results of the nmeasurenents are
shown in Table 1. Table 1 Changes over time in acid-deconposed flavangenol
Ti me Absorbance (551 nm 20 min 0.732 40 mn 0 796 60 mn 0.819 80 mn
0.830 100 mn 0.867 120 mn 0.877 140 nmin 823 The outcone was that the
absor bancé4PnBiBases dpdwTy SEPRAIMY MfS r?é’é’s%g’"’é‘- o ke tRirehg? i d
decorrp05|t| on, and reached its peak in m nut es Bas%d on thi,s outcone,

t he peri oBippt Fr;?dr o'Ir?%l §a(RB%esE? &t Y?ﬁ ﬁllg“@?dh&uﬁg) ki nt
experlnents ction | say of. ant hoc anldln upon acid 15
hydr ol ysi 8P& ?& e(d(z)fgrna: € oS %pﬁ‘y 1??1“%% LsPved in 1
m of 06NHCl/but a Iastettube andthe ol |on sallowed
to stand 789 anou? & et 1fiugh 3B3piBR1gn B6E pARCERL, 5%) % he

265 (S ndhuSCBERS: - SRRt FECHIEE: bAnbBcar BB i AMRAE AF G S“?ne?}@é“ The

sol ution ;i; %’ﬁ' onpl etion of the reaction was subjected to HPLC under the
fol |l ow ng & 5’ i'ons to

Table 1 Changes over time in acid-decomposed flavangenol

Time Absorbance (551 nm)
. 20 min 0.732
/ 40 min 0.796

60 min 0.819

80 min 0.830

100 min 0.867

120 min 0.877

140 min 0.823

The outcome was that the absorbance increased slowly
10 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
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

14



assay ant hocyani din: Col um: YMC-0ODS-A312, 6 nmt x 150 mm 5 Mobil e phase:
CH3COOH: MeOH: H20 = 15:17.5:67.5 Detection: A520 nm (neasured 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 mnutes, wth Amax of 535 nm cyanidin was
eluted in 5.5 mnutes, with Amax of 525 nm and pelargonidin was eluted in
8. 0 mi nut edetermbngdnx Bie 596Gl wpdomhef tenpeosrpietienneft hheacedchydnol yzat e
of the sanple, corresponding to these 15 conditions, were assayed as

del phi ni diwas cyabiechednto HBL&r yodedi theTheldawpngs congliyien swdoe

fl avangenol , grape seed polyphenol, tea polyphenol, apple polyphenol, and
tamari nd, asgdyperbEYasYanadpR:( Funakoshi) was used as the standard 20
substance for OPC. The results are shown in Tables 2 and 3. Table 2 OPC
content by absor HeheEet Hie- ORB5h3 htn PERd -t e 0 PRBcyani din Bl 1. 6905
100. 0%_Fl avangenol 0.8897 52. 6% | e 0.3804 22.5% G ape seeds 0.7523
44.5% STanarind G1ofsishe N384 1GHLUNE MeAEpE Lot dmt: Wy SHB’CSmet hod  Sanpl e

Cyani din OPC cont ent g/n1
Detection: A520 nm (measured at 400 to 600 nm 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,
,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



Procyani din Bl 66.19 100.0% Fl avangenol 29.45 44.5% Tamarind 28.64 43. 3%
Appl e 13.48 20.4% G ape seeds 27.81 42.0% Geen tea 1.84+1.98* 5.8% *:
cyanidin 1.84 Vg/m + delphinidin 1.98 g/m Exanple 3 Analysis of catechin,
dinmer and trinmer by 5 normal phase HPLC The standard substances for catechin
and proanthocyanidin were anal yzed by normal phase HPLC under the

fol |l ow ng condltl Sanpl ( techin (Nacal ai 10
Tesque) nnl r\ﬁgﬁ?’iﬁ g 4 ﬁc %I)II"Q Eﬁé rﬁlne 8&ne - —ahd- B+ Ocyar” di n
B1 (Funakoshl) each li ssol n1 of a e, and the

sol ution Was flgﬁ{gnﬂ fbreugh—éﬁf qifgjgﬁ}fi!ter, BPQ j‘:Eng.gﬁﬁh-ﬂm‘ed to HPLC
under the|conditions shown bel ow iﬁlThe trijmer was syntheS|zed by the

met hod deberi-bed—inExanple—5tBIA8 o f or ed-—bel-ow—Column—tnertlsi | SIL,
4.6 My X §g¥ i) nase: hexa MeCOH: THF: HOOOH 47 ; 40: 14: 1

Det ecti on ﬁiggv ﬂ%ﬁ?‘miclﬁ ea{&t Sﬁfﬁ?ic 400 ¢ mb\L ’)ﬁ%ﬁjﬂ llnrl dear these
condi tiong (+)-catgchien and (- ) epi cape an) mere eluted in
2.9 m nut Flgp%?ggggl. —3--6 n?géggs, and-{the *rkﬁg&~§ﬂfﬁ Rut es. Their

chr omat ogl 4R .31 G gShown |r FIG. 15 g2 Exanplie 4 Anal ygi goby nornal phase
HPLC -

Apple 13.48 20.4%
Grape seeds 27.81 42.,0%
Green tea 1.84+1.98% 5.8%

o

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

Example 3 Analysis of catechin, dimer and trimer by
5 normal phase HPLC
The standard substances for catechin and
proanthocyanidin were analyzed by normal phase HPLC under
the following conditions:
Samples (0.1 mg each) of (+)-catechin (Nacalai

10 Tesque), (-)-epicatechin (Wako Pure Chemical Industries),

R

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.
15 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 phaseﬁ hexane:MeOH: THF:HCOOH = 45:40:14:1
Detection: A280 nm (measured at 240 to 400 nm by

20 PDA)

16



Sanpl es contai ni ng catechin and proanthocyanidin in mxed formwere

anal yzed by normal phase HPLC under the conditions shown bel ow. The sanple
(1 to 2 ng) containing proanthocyanidin 10 was dissolved in 1 m of a
nobi | e phase, and the solution was filtered through a 0.45 pmfilter, and
t hen subjected to HPLC under the follow ng conditions. The sanpl es used

wer e appl e pol yphenaql , ape seed..pol yphenol, fl avan ol,, and tamarind. 15
Colunn?plnePtS¥P gﬁg?r4%gegﬁncﬁn%%ﬁgﬂﬁ¥RbggﬁemﬁﬁggngﬁZQiﬁé?ﬁ@fF#?ﬁF:HCCEH =
45:40:14: 1 tection: A28Q .n neasur.e 24Q to 400 .nmb PD i The

chr omat ogr Sﬂgeésﬁér‘?é’llﬁaitc?‘%ﬁtn[r?e&’r‘? eareé'ug:t’? T PSS, yﬁlhet@é%‘lér
atterns, the_symnmbal repres S al y-pheno, havi no maxi mum absor pti on
gt 280 nm aRd3-&i RS Sfrﬁ%&?@ *%‘i‘érx%gr?ﬂ”endt%aﬁ]ﬂh@geoﬁ' the di nmer and !tohe

resul ts are chown TR Tabreordto-Ther 8rs” ebsfandt r%i fer and trimr opC
e T T S R e e S
pol yphenol 20-496§BEBEE52§o§%hin§%§ catechin and proanthocyanidin in
mixed form were analyzed by normal phase HPLC under the
conditions shown below.
ﬂ) 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 uym filter, and then subijected
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)
A 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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G ape seed 42. 0% Di ner

Tamari nd 43. 3% Di mer

2

12.5% 5. 3%
2.8% 9. 9%

pol yphenol

43. 3% Tri ner

42. 0% Triner 5.8% 2. 4%

23.2% 10. 0%

Exanple 5

Synt hesis of OPC The synthesis of OPC was performed in the followwng 5
manner in accordance with a paper (1981, J.C. S. Perkin |
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43.3%
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22.8%

.9%

43.3%
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23.2%

10.0%

Example 5

Synthesis of OPC

The synthesis of OPC was performed in the following

manner in accordance with a paper (1981,

1235-1245).

J.C.S.

Perkin I.

(+)-Taxifolin (500 mg) was dissolved in 50 ml of

ethanol, and 200 mg of NaBH, was added.

catechin was added and dissolved.

T

the mixture was stirred for 1 hour.

Then, 1

hen,

HCl was added,

g of (+)-

and

The reaction product

was purified by reversed phase HPLC to obtain a trimer.
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3. The method according to any one of Clains 1 to 2, wherein the hydrolysis
is performed by thermal deconposition under acidic conditions. 4. The

nmet hod according to Claim3, wherein the acidic conditions are a m xture of
an aci d &h8Ii4S| ower al cohol. 5. The nmethod according to Claim3 or 4,
wherein the acid is hydrochloric acid, sulfuric acid, or nitric acid. 6.
The met hod according to aim4 or 5, wherein the |ower alcohol is

pr opanol }1.but Bneét h@ent @nale @nddioring sopenktanekigis dfeamet kodraccording to
any one of Clains 3 to 6, wherein th§ t her mal, deconposition is perforned at

h
a 19 teRpefabar¥ofs 50010 fﬁbéﬁﬁﬂ%ﬂ'féﬂ1§586dtﬁlfggﬁf hdre preferably 85

to 95C heked@nk st i pOrd @y ofo 3} WINYRS 9k pABEALhBEQERI@DhYod hour or
nore. 8. The nethod according to any one of Cfalns 1to 7, wherein the

measur enPRE) ofoRhelreduit dfpzaftdicaydmiedi weilghtnadeaByahp §hitper f or mance
l'iquid Chro”&%Q?&?ﬂQ%héﬁ“%éﬁ fﬁ}i %%%g%@g%gngtag? L9 ofhe method according
erein the Jorban grne

to Cdaim S8, a e nmethod 1’'s per by measuri ng
absor baneethbcy&dbdio HE2dumedtb wiiyelr cdnytsieecpdnodCnishois anabxteum
absorption in a visible absorption spectrum 10. A nethod for assaying

oIigonerFderoanthocyanidin (OPC), contained in an analyte, for n-polymers

of flavan-3- ghidipferenttind el peE R0 rdgdt8ecRan@BinCOPPLi sing the
steps of: a) determining a total weight of OPC, contained in a

pr edet er frAREAT Wi §ht THRd t Hee arllafd eelightt Ivd REChéA sheaapalyte,

based on a fact that an amount of anthocyanidin
produced from one n-polymer by hydrolysis is n/2,

regardless of a magnitude of n.

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

contains 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.

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. 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

19



one of Clains 1 to 9; b) separately fromthe step a), analyzing the analyte
by high performance |iquid chromatography (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-polymers, nanely, OPC, and c) determning a weight of each
n- pol yrrertémpézfne:umaﬂfyw@ by rnesdkct spetfayaahd 8)() td1100he, meiteod accordi ng

to Caim1l0,_ wh acol sed in the hig erf nce liquid
chr omat og?%%?/rq ré Shag el EﬁﬁCtkﬁnﬁl Th wggﬁ%]d“%tc%ordﬁ ng to

dai m 11, nyhers q;lrbﬁgrra%sllw 1 PReke@ri RokBe nornmal phase colum is a silica
gel -based resin. 13. The nethod according to Claim1l1ll or 12, wherein, in

t he high performance |iquid chronat ography, an eluant is a mxture of

hexane, net hanﬁ{ rﬁerercte}{ ang{ trg{l?%h&g g ofa6191m§ In%ng rati o of the

mxture i s hexan formc acid = 40-'60: 30-
50: 10- 20: ¥hdr&in prief eraddurerentabifo tok éﬁodﬂt 1ldf lanvhoc¢gaeidin cisel uti on, a

colum te ure i.s 10 to 60C, pref 40C, a d an sorbance at 280
5 e alER Y A i SRR ead ORI ARG B b RS A R0 Lo 13
wher ei n t higs&eisdidd atd v pr oporti on of each n-polymer (b% is calculated
fromthe follow ng equati on based on a peak area obtained upon the high

performance liquid chromatography: b% = (peak area (each n-pol yner)}/(total

peak areag 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:

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 9;

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

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.
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(all polyners)} x 100 ... (Equation 3) 15. The met hod according to C aim 10,
wherein the weight of each n-polyner in the step (c) is determned by the
foll owi 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 CPC%ng) X proportion of n-polynmer (b% /100 ... (Equation 4)
16. The ‘hod NgcBSFAPAgAEECAAYNHNEC of L AR Iy IWSF SIS @ JFSREI n t he

ol | gomer g, ankhecxanbdhiy t gpbee assaued s LataineAldieagkeane of
conpounds represented by the "fo ?OWI ng general fornulas: 21 [ Chem cal
formulasresiN. C NT-  CO0OOa r =Jr xO0O0 OS SsO=1=2 OO0 x -

_0Ory - NOOOa ti ooo EooNz 0 =

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.

14. The method according to any one of Claims 10 to 13,
wherein the gquantitative 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 ... (Eguation 3)

15. The method according to Claim 10, wherein the weight
of each n-polymer in the step (c) is determined by the
following eguation based on the weight of OPC determined by

(a) and the proportion of each n-polymer determined by (b):

Amount of n-polymer (mg) = total weight of OPC{mg) x
proportion of n-polymer (b%)/100 ... (Equation 4)

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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a) (D a) o) O O a)
=0 xx00O0MOO

z

[Chemical formulas 1]

. ‘HO O H =y

PUE 'g1 010 Jo tebajul = zu
‘81 0} | Jo 1ebayuy = Lu
‘8L 010 Jo t8bau = u

Z B|NWLIO} [RINIONAS

L B|NLWJO} [eiMonAis

herein the

The method according to Claim 16,

17.

oligomeric proanthocyanidin is proanthocyanidins containing
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VJ =1 17. The nethod according to Caim116, herein the oligoneric

proant hocyani din is proant hocyani dins containing 22 at |east one of

procyani dins Bl, B2, B3 and B4 of Structural Fornmula 1 where n = 0,

procyahidins B5, BE, B7 and B8 of Structural Forrmula 2 where nl =1 and n2
0, and procyanldlns G, C and ¢4 of Structural Fornmula 1 where n = 1.

18 The @étﬁ@éSQCQOﬁdpﬁgpr@ﬁE@Nddﬂnﬁcﬂlmjﬁﬁ|n§3lamd B2 ofwherein the anal yte

5 2 natuial csuhst ancen (9L ape, Reedy, - (MR, apale: o3 ke PhDe

bar k- derlve Ieaves and/or a treatnent
pr oduct atnhleBeobf( sxtnattrml Ed&\ﬁmhlekea )wheeref odd =or.L anblevnér age, and
pharmaceut i cal d/orﬂg gnetic. 19. The net had accordl o0 any one of

f

Cainms 1X&°Y8M191 0Pt CoOnpri sthPh T oK s EHHPP12| YPHE&Cahal yte, or

solidifyizng .t he analyte to dryness under reduced pressure fol |l oned by
powdering, if the analyte is a liquid including a soft drink or a
refreshing drink, a tea beverage, or an al coholic beverage. 23

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

pharmaceutical and/or a cosmetic.

19. The method according to any one of Claims 1 to 18,
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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