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Field of the Invention This invention relates to a nmethod of increasing the
solublllty of flavonols and their related conpounds in water jangduaqitous
solutions, and to a nmethod of providing soluble flavonol- containing '
conpositions Background to the Invention Pol yphenols are those conpounds
whi ch corppipsge®r € than one phenolic group. Anong the pohypB8ReSs@r e the
fol |l ow ng classes flavonoids (a termqgften used to denote polyphenols.in
general , but nore comonly in Europe to denote only the flavones), the -
flavanols proant hocyani di ns (al so cal |l ed procyanidols, procyanins,
procyanidins and tannins) and ant hocyanins. The flavones are conpounds
with a basic structure shown in Figure 1 in which two benzene rings (A and
B) are linked with a heterocyclic six menber ring C containing a carbonyl
group. Ring B can be joined in position 2 (as illustrated) to give a

fl avoneQ 005|t|on 3 to ! 0.f1 avon dr oxyl ati on can occur
at one ElL%Dr~ o1 Betating & So ”'"a%OL ?Flﬂy & gi ve conpounds
called fl avonol s. Typlcal exanpl es of flavonol s are: guercetin
(hydrox%lated at_positions 3, 5 7, 3', 4'), kaenpferol (hydroxylated at
positio @1‘301'3161!1‘?814119!1 and nyrl cetin (hydr oxyI ated at positions 3, 5, 7,

3, 4 avaon nat ur al I

0- g1 yoolFindavqusy WRieS 6 Braftibd ot WRitstha B0l R3lakORIR 4R B eategd
Qt her f@cﬁrﬁ‘p‘mﬁfdsiﬂ b&&drtddﬂlaqtlecﬁm%hﬁﬁmﬁeéﬂ&/ioaé kfefhodSéfl RBAEIMRNsMmsle flavonol-

mal onyl ation_are al so found. The flavanols have a basic structure shown in
Fi gur e SOMFREMZGNAPSKIONEomDN f | avanol s are catechi st (hydroxyl groups at
p03|)t|ons 5, 7, 3', 4') and its stereo-isoner epi-catechin. The hydroxyl
groups can be esteri fied with gallic acid. The proanthocyani dins are

pol yer Batkgrotatas thalmrdtion epi cat echin and can contain up to 8 or nore
repeat unjts. These conpounds are often called proant hocyani di ns,

pr ocyanPgivRBensls pegfhesescompornds yhidneonpriss mgos than pas/pEenal i 0ReD. z\mneg
ant hocy 4l BIBhEndiO! AL Sfle SHABWANE assS0 RAYIBRISC U | £ ARACGXEN! I B850d N

nononeri c ocyani ns ve SIC S ‘ructure a own I n gUI'

Typi cal pelyphelobs irngeieraly aoi fholﬂe cohiysbind \th ﬁlﬁdpeﬁto desdté iophs ti ﬂﬁvorZes) 3he
4'), del phln di n (hydroxy]. ated at posjtions 3, 5 7, 4., 5) and
pel ar go ?‘éﬂnﬁ % hi @P%‘%‘ s,t(alsgs cel{eshpracyagidols, ' propyanipse RrrgyaRdinsgaadips

are usuglbs) and anthocyanins.

The flavones are compounds with a basic structure shown in Figure 1 in which two benzene

rings (A and B) are linked with a heterocyclic six member ring C containing a carbényl
group. Ring B can be joined in position 2 (as illustrated) to give a flavone or to position 3 to

Y give an iso flavone. Hydroxylation can occur at one .or more of positions 3, 5, 7, and 3°, 4,
5 to give compounds called flavonols. Typical examples of flavonols are: quercetin
(hydroxylated at positions 3, 5, 7, 37, 4°), kaempferol (hydroxylated at positions 3, 5, 7, 4°),

~ and myncetin (hydroxylated at positions 3, 5, 7, 3°, 4°, 5°). Flavonols can exist naturally as
the aglycone or as O-glycosides (e.g. with D-glucose, galactose, arabmosc rhamnose etc).

- Other forms of substxtutlon such as methylation, sulphation and malonylation are also found.

The flavanols have a basic structure shown in Figure 2. The two most commbn flavanols are
catechin (hydroxyl groups at positions 5, 7, 3°, 4°) and its stereo-isomer epi-catechin. The
hydroxyl groups can be esterified with gallic acid. The proanthocyanidins are polymérs:-of
catechin and/or epicatechin and can contain up to 8 or more repeat units. These- compounds

are often called proanthocyanidins, procyanidins or tannins.



gl ycosyl ated and/or nethoxylated (e.g. malvidin is substitut e‘d-, [':HU tlz“hﬁ 3
and 5 hydroxyl groups and paeonidin and petunidin are subst { gd b the
3" hydroxyl group). In addition polynmers of these anthocyanins exist which
are classified as polyneric anthocyanins. Wthin the general term

"pol yphenWP1/68F8 al so incl uded the di hydroxy and tri hydr orgT/Geonagsse aci ds
and the phytoal exins, a typical exnple»f which is resveratrol. Polyphenols
are found in various anmounts in |arge nunbers of natural products
especially plant material such as fruit and vegetables. A particular rich
source i:s the grape, in which the, polyphenols are plentiful in the skins
and seedde aplocyasting are coleregisupstaitesj signdtiaes calledfadiooy@idifs. TR thdddhtBic
guant i.tiag- of pol henl())I ) s<r55\re expreﬁsed.i .0 the juice, and the polyphenol
cont ent “M P EERHTC PSS FRET 8F SPQWN iR 18y’ - ofl YBcalpiamplies atei fraredinn
uhi ch | thydrsxygaieua paidoris® STangf act, uiel giin PR 688U AhdTRIING e Lui ce.
Sonme grape juice, especially that nade fromthe ncord ‘grape, ray tontain

as nuch Sakard wiarpenidinbydpxylated at pesitons 3j 1 18”). Tlepeydsdivhgraupd aseassllgr e
i_al l d with d,ot.her. | ) t bt ai
Conme <k b gl oot e selieme 1o DRl T

| NCor pogedupd antltpactiidia MdrpeRghidinearyisnbdtitaaid é?trth@r:s@%?&%xvﬁ%‘au '.nﬁne hﬁdiﬁ%ﬂe by

mai ntai ning contact between the fermenting |iquor and the crus gr ape

r esi due Polypsrnektheseanthocamipyedst weich etsclasifiedes palymer antimdvaninsr e of
white wine the grape skins are renoved relatively quickly. Accordingly,
wine in.general, and red wne. in particular, contains reasonable anounts

of pol ypitiial the gemetahtiérg “belyphaisls"laRghlsoaiddludsd the! Hilfy dRAL Ahd alihydrox
comercial _source of pol yphenolic conpounds. Pol yphenols are knom%
ant i oxi Q&ML Gdeand the Phifterlens afypisat sxanpless which Eeea‘vcmttpl. cosmetic and
phar maceutical. industries. Anong the pol yphenols, the flavonols have been
shown to have nmany useful properties as antioxidants, and to decrease

pl at el ePobjipheiils essfoutd In AkEROAAME 01 14@% FineT EBRANMADBRMUBts especially
Epi dem E))la'%gi cal ,jtu | es_have shown that countries and people with a high

f1 avono F9Feay Ut 24 vesriallen e 4y Pamicylen sish (spiice dytheteraps, it OAiEchY ch.
Int. Meghe 3580k s 8 pleRifAL OGE i eget.abl es the flavonpls -
occur as g?jy%}o)s%s ang e?%e agl yczs?icggi éﬂ&lastggggo.u\(fﬁ) Prost pé'ﬁﬁmdléﬁ’tmﬁ Yonol
i s quer cenfactuberpii grapegeicabjiatitibeoNpglyphéncis @Rs expirésded Bifo e ANEY, GBHItRe
gl ycosi dels 'hs I, N _oni oni 53 t(? 500 /kg), kal e (100ng/ kgeh French
polyphenol content will depend on such faciors as the type of grape, the climate in which it
is grown, and the manufacturing process used in making the juice. Some grape juice,
‘ especially that made from the Concord grape, may contain as much as 2.5g polyphenol per
litre of juice. Grape skins and seeds are commercially extracted with water and other
~ solvents to obtgin polyphenols. In addition, polyphenols from grape skins and seeds become
incorporated into wine during the vinification process. Red wine is made by maintaining
- contact between the fermenting liquor and the crushed grape residue (pomace) for prolonged
' periods, whilst in the manufacture of white wine the grape skins are removed relatively
--quickly. - Accordingly, wine in general, and red wine in particular, contains reasonable
- amounts of polyphenols, amounting to about 1-3g/L. and is thus a potential commercial

source of polyphenolic compounds.

~ Polyphenols are known to have antioxidant properties and have potential use in the food,
- cosmetic and pharmaceutical industries. Among the polyphenols, the flavonols have been

) shown to have many useful properties as antioxidants, and to decrease platelet stickiness.
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beans, (30 to 45ng/kg), and broccoli (30ng/kg). Anong fruit exam ned
quercetin concentration averages 15nmg/ kg, wi th apples havi ngl § dithiZ@hest
concentration of 21 to 72ng/kg (Hertog et al, 1992 J. Ag. Food Chem 40,
2379-83). Flavonol glycosides are present in grapes and val ues ranging from
8 to 97ny/ Kg fresh weight have been reported (Macheix et al, 1990 Fruit
Phenol i c %g“'@?@ CRC Press Boca Raton). During the f,ernerﬁ%‘i;ﬁ?f’%?’f?cess,

" sone of the sugar is split off and the’aglycone forned. On average about
50% of the flavonol exists in wine as the aglycone. The flavonol content

of gr apEpidémivdogaeal shidies liage sboyn\thet ahingrien dndi@peple svidna thigh flaveret inmke

grape and .nore especially the anmount ,af. supshipe jin i.ch, the grapes are
gr own. %’(8 I?SISQQWHB‘\%S eﬁﬁ\‘l‘lé?éése O& ! géﬁt?rg%a‘gﬂ:tp‘a . Med £k, é’?’s‘gl'o bl ue and -
ultraviolet light which is very injurious to the grape. During periods of
i ntense sunlight nore flavonol s- are synthesized to protect the grape, and
cons equantrpyogergedgiraip end ke griabipg thehBavgnnds foceun ashglybosidesi andnthd eagheeona iki gh
concentration gf flavonol Pnice et.al . Am. J. Enol. Viti 46, 187-194,
To05) - Ao wi T, O e HoEShl) 17 st ot  dideldiien die ddenes
agl yconghcehtiivaofgRercain d15060dds Ba @nkAfn(3r ook d) kA0 Edead/kEOFRhan
w nes. The flavonols are virtually absent fromthe pulp and_ grape seeds

and onlBeaps 438 HuAMY B s 286 ebipcealen30me/kshmedaneng favt lssempinedn qperetan s
t t f ' i ne. 1h [ i [ ft
Coss 11 ieHIEGROMAERCL I SHpAR WG Jobfbshiifine e RUESL SORRERME SEA, Bl

avai | ab?EngRpEeitdy er dn992 dnAg) BeodEheraedo a373-gur ce of pol yphenol s. Most

flavpnols enter the diet as glycosides with the glucosides and rutin as the
nost” common fl avonol s consuned (Bokkenheuser and Wnter, 1988 frog. din.

rat tor s roshitis B brescHlin L e RIS e | BlctP 0 £ o380
4 esti matigHt hinat bécnerepdradr Macheixobr al)ei99et FruinBheroline pyaI3aORE Preds Bocs. 5%

Thus with an _int a)litﬁ ?f SOWP, only sonme 0.25ng woul.d be absorbed (Form ca
et 01 Pdatopheuring,the ferpgnigtion pragsss,- somad Pl the feeas ds prldicdif apd the iaglycone

i | eosto b r At - 0. A0y.C s
25% and e A o ST AL S o e riavpaoy B Yine G GG b IERLRLET
as t he gimemsifdedpensisnsSth ¢idel is neeny etiriable/md depeitis on tNuVaretd (P and
1276-1282). Nbrer\ recent | tjt f}gs bee .?lhtgwn that the glucoside is nore

r api di yTQ esPeadly thgmopat of sunshine in which the grapes are grown. The flavonols have a

yellow color and act as filters to blue and ultraviolet light which is very injurious to the

grape. During periods of intense sunlight more flavonols are synthesized to protect the
grape, and consequenily the grape skins and the wine from which it is made has a high
concentration of flavonols (Price ef al, Am. J. Enol. Vitic. 46 187-194, 1995).

Some wines in France have only Smg/L flavonol (calculated as aglycone) whereas up to
150mg/L have been reported in some Californian wines. The flavonols are virtually absent
from the pulp and grape seeds and only trace quantities are present in commercial

‘anthocyanin powders extracted from pomace after making red wine.

Although grape juice is often less rich in polyphenols than wine, it contains flavonols and is

a readily available commodity, and can also be used as a source of polyphenols.

Most flavonols enter the diet as glycosides with the glucosides and rutin as the most
common flavonols consumed (Bokkenheuser and Winter, 1988 Prog. Clin. Biol. Res., 280

142-148). The absorption of flavonols in man has been a matter of some controversy. It was



rutinoside (Holtman et al, 1997 Crit. Reviews in Science & Nutrition 37,
719-738). One of the reasons for the poor absorption of flavongl gigeizither
as the aglycone or the glycosides is that they are al nbst insoluble in
water and |ipid solvents, although sparingly soluble in ethanol. Thus, on

oral admyphgikdéd on, a very high proportion of the fIavon%é%,&rBﬁ! gJ eted
because they are in a physical state I ch does not favour absorption-

Thus, whilst the flavonols are considered phar rracol ogl cally beneficial,
they are rl sor.bed because they are gener | ow solubility. If
the, 11 SUBRES %é%a?oabsafﬂﬁ‘é’&e ST QueTecH Kelyepns e of iélteb(? 8% orkhuseih weul d
be absomb&d oFBMg, e&ﬁ*} kyma i $8g Ridelsd Qﬂbllbséd %mhhee?!neaz Efé) \%&fé\i&ﬂh “ﬁom@ﬁ%b;

consunption. The anthocyanins are water soluble pignents

r esponsdbll @6 - Hi80). héiqyremeacmeme vk o sleossémyranjeéts shewsd thatuthe mdrplueavﬁs
They ca ext d f.rom an s by acidified alcohpolic solvents
and nan@"eg(?egga?zij %3 b= m”real’ngl%ie a@’s%rg ‘?%8%; qB%"ICS[F%#tOé" ORII GYRergdligristy
suppl i echivdly & tBlgheodis) fal 5234 THAilUR ?E of And JCORGENLEAY 11Hapl
inclusion in bevegtrla0 §or ot he(}I f oods (% nmber | ake 1980 Eggd@thlemhsﬁﬁ%)o

69- 80) . MpHe r%ﬁ@qlboetygaﬁ fsemshowmothat the ghigesideiis lmqrha'apkﬁycahsbrl@ldytimaltﬂes in

a pheno nent f t .al 1978,
oo ERRga g lindcy ACT6E RER, REEH: Bl SHERED. NBHHOR dnaToo58h: SReety

t he col tereasbnsvr thelpsor atborStiordop ixvmsisdathends 2 &N ddne émaer@&béwaesﬁ@ak
of absorption. The process is_ believed to be the result of a hydrogen

bondi ngﬂ‘ﬁ’e@ﬁ’&rﬁ% rﬂm%ttlﬁé‘?}@h & He Wates\asdolirid shobveniss althewsh ispanimglyrsolutieyn

Eype. of SolioRe Thik W bt A AGERERT R ROR prollchlh UE e, ASRGASHS Ak bertif o
Chem - 16@8ustétheiBal: &75)phy§hﬁl sts eihidhaddes mod ffatdu albsé '\69”011?11.:5 e%ﬁﬂﬁstﬁ@d as

| e al gygone), in w ne gfoundtorangefrom46to4 6 ng/L. 1 AUG 2004
WO 01/ 683YP8IscEF? @BB%?‘% gehasmacogically bernfisials theboue poprly ebm;hod becanse

f1 avonolsy afeasiba] & o ESRBNRY. 1 indRivonbRARANARL Gk SUBRRRS Dfpble

relatlvely h| |tyo ‘avonol's i'n W ne was

et hanol solmhle\fmni mepavmﬂgrmabmwmmeésﬂymnd\/ded&ofdg@ddmoéwfa@le félloWing
admi ni strP@tlon in a soluble form in- water or aqueous m xtures or
al t er nat2VANUPRHIer ease the concentration of flavonols in

The anthocyanins are water soluble pigments which are responsible for the attractive colors
of many flowers, fruit and leaves. They can be easily extracted from plants by acidified
alcoholic solvents and many are available commercially as food colorants. They are usually -
supplied with malto dextrin as a diluent in a concentration suitable for inclusion in beverages

or other foods (Timberlake 1980 Food Chemistry 5, 69-80). _ J

The anthocyanins are known to react with the flavonol glycbsides‘ in a phenomenon which is
described as co-pigmentation (Scheffeldt et al 1978, J. Food Science 43, 517-520). For
. example, rutin was found to intensify the colour of malvidin - 3, 5, diglycoside and to shift
the maximum peak of absorption. The process is believed to be the result of a hydrogen

bonding mechanism.

Although the flavonols are insoluble in water, they exist in wine in quite high concentrations
which vary according to the type of grape used and country of origin (McDonald er i, J.
Agric. Food Chem. 1998 46, 368-375). The concentration of total flavonols {expressed as

~ e a'zycone) in wine was found to range from 4.6 to 41.6 mg/L.



et hanol containing beverages. Being in a soluble formwould nake possible
the use of flavonols in beverages, and potentially increase their
bi 0-avail ability. Summary of the Invention In a first aspect! 48 ¥ ention
provides a nethod of increasing the solubility in water of a conposition :
conpri sing recetln agl ycone, the nethod conprising the s f
provi di ng a&gg)ﬁé&é%ti n agl ycone-cont ai ni.ng conposition; prté’\%?ﬁﬁ‘*?%{“%?ﬁ“
ant hocyani n- cont ai ni ng conposition; and.m xing the cdnpostions. The nethod
may al so"g_r ovi de for increasi g the solubility in water of a flavonol T
conponent SBIEe awing | apis| 2kdhldvhichnebids flayasels aresaighlicd eGapeli di mgst he
steps of ~RLEN{aBieNg sfphos@HARHe reRAVIAMYHSIARIR VT flavBibis BT Q¥eMNAId@ o the
ant hocyani n-contai ning conposition; and mxing-the two conpositions. The
i nvent or - heeserfcowhetheddt t he presence of anthocyanin in a conposition
significantly increases the water-solubility (and hence bio-availability)
of flavonols, especially at neutral or acidic pH values. The term _
“fl avonol {iwsultised ghar edvanteé e prolvdle Cnpoiln ds: daghddagnikdeiontin Wcdolkitde SdH@AWN i N
Figure | and. bei n% hé%lr,ox[xl ated. at one or _nore of positi QI’IS§§, 5. 7,..3 &4
or 5. ThE'PAIEROT AIU9BHBEXUIS O AHEFFYR fMFrs° BISCARPHERIAR 96 dfayprels in
derivati vega\hi ©heifhe b&deipes. O NBikg 1S HRIdbId ik wolSRIPREkALbYiBINARE use of
conpounds whi ch conprise one or nore sugar residues (such as glucose,. .
gal act oseflavgnals indsecragehand pgenially inprease;thely biogweilatoyar Iy 0- gl ycosyl ated
conmpounds.' O her conpounds, falling within the definition of "flavonol"
as used hsoftimaryiof@hdBReitihsSe conprising other, substituent groups such as
al kyl ;(jes%?ci all'y nethyl), alkoxy. (especially nmethoxy) sul phyl and mal onyl .
groups. &f Bshpnpch K pyetion grovidast @ methed ofmcreasing she s@nbli;ﬁylmmr ifen
t he conpoumdpd@ﬁ:mp«fcﬁmlgisingwfe'meﬁﬁ laglyodne, the'@stholreefrprigibt Yhe Gy 6L 1hréviding 3ah
structura &%ogéfﬁ I3 f- | NEE rst I Q. regoi ng t hat
refer encehst1 uer &etolhn Jisrg%turﬁl eéﬁglygglbglgiﬁggan%gs% %')rﬁ%gocg’ag55 l!ﬁé%%lggn%o?&nanr?ﬁ%on’
gl ycosi de®¥ ECUBPEHPES) an 0-1i nked gl ycosi de). The gl ycosi de- of
gquercetin tend to have acquired their own trivial nanes. For exanple, the
rhammose. qhy §Riodens) b ABL KA ided 4916 o 9s] de
i's known ﬁs ru{i n. .E%fl UG 2004 Xﬁofé&%@%‘%“%@ﬁ%i g%nép.@omﬁc}ﬁteﬁt%}sa
avonol-contamning composition, the method comprising the steps of: providing a flavonol-
- containing composition, providing an anthocyanin-containing composition; and mixing the two
compositions. The inventor has found that the presence of anthocyanin in a composition
significantly increases the water-solubility (and hence bio-availability) of flavonols, especially at

neutral or acidic pH values.

The term “flavonol” as used herein refers to compounds having the structure sﬂown i-n figure
I and being hydroxylated at one or more of positions 3, 5, 7,3 4’ or 5°. The term ‘ﬂavdnol’
- is also intended to encdmpas’s ass,_dciatcd __.de,ri\_fatives which are additionally su_bstitutéd,- ‘
especially those compo_qnds_ whigh comprise one or more sugar residues (such as glucrbse? A
galagtqse, ara?inosc_,. rhamqosg.and the like}, paﬂiculg;ly O-.giycosylated rcompounds..'; Oﬁ1&r
- cofnppugds, falling within the definition of “flavonol” as used herein, include t_ﬁése
;:q_rqp:isin_g other Substitue_nt grdup_s such as alkyl.. (e_s_p_ecially methyl), alkdxy ,(C'SpB(‘;i_-.‘:lﬂhy
- meﬁhpxy) sulphyl and malonyl g._ro_;l-ps.'. - ' c
- . Preferab{y the flavonol épr;teni of the éorﬁpositioﬁ rhajr corﬁpﬁse the compoﬁnd kaer.npferol,.
_myljiceti_n o, - most prcfergbiy, quercetin  or a_‘.‘su_'uc.tural :analbgue th¢(50£ It will be . .
understpod _'from the fohrggoingﬁl_at reference .tp qé%:;éeﬁﬁ is intended té cnc_omp;s; the
aglycone, or any glycoside thereof (typically an O-linked glycoside). The glycosidf; of -'
. quercetin _tcrjd to have acquired their own ti*iv_iai._:n‘amcs. For exami)'le, tﬁe rhamnose - -

glycoside of quercetin is known as quercitrin, and the_ rutinoside is known as rutin.



Anal ogues of quercetin include those conpounds which conprise a

substituting group other than an -OH group at one or nore of the p03|t|ons
3,,5, 7, 3 and 4'. O her possible substituting groups incliudaug! oger

alkyl (i.e. less than 5 carbon atons) especially nethyl or ethyl;

acetyl

sul phyl ; wodyemhenyl . Desirably, in anal ogues of quercetinpepk %o 1?]05 &w (i.

preferably only one or two) of the posgtions are substituted wt

anyt hi ng

other than -OH groups. Flavonols such as quercetin and gl yCOSI des t hereof,

and rutln

h t t t h
Cauer oot BEiE dr s RShilae o8N Ghicinde AT FoGRn B RbRrtnedspropSier o, 0
" Sigma, tﬂainaamd-ﬂ)ﬂdgfdupeatl o, olUble bAMG BEsifibAMBS, 9}9%’pbk{d gy cbﬂi&eposslble

gl ycosi Lg; can be expressed as the aglycone by nultiplying their
concent?

P‘tslﬂﬂwmuqspwlef%rlew. ﬂkﬂF(Wq 8y thapy nan—boeca@ms)o:sﬁaataumﬁmcpw =

cont ent ST i rre IR nalelERPEFAN R plelon S O skt PR 5o < 1

gener al piefenglilydiniyg ogeier ¢eb) of tharpesitioas ard sibstie@mey widt wipthing otB&GCHES LD

substances, such as foodstuffs, the conposition of the iInvention

may

conpri s&UPS-f | avonol (especial Iy quercetin) obtained froma naturally
occurring source. Foodstuffs which contain quercetin in relatively large
anounts include certain fruit and vegetabl es, such as apples, onions and
red wi nElavemplpsudhi asuquercetinemefghycesideh thecanfpasitt a0quertetirn@lubSidRRA] dietci Ry
conprlsgwg fIavonoIOS gpt gt de ived.frompl ants. By _way of egg{anatlon

such pl SHETGRP £ "4 e‘f?ﬁ&'r“ CYmsst %Tft'trF’%é!bSa‘@ﬂablle
h f o
t her eof sippuesd (@ghsm YK bfdinkidfindinghysal A) Sadii é?ﬁrﬁﬁs o9 /S%;ﬁgway

fermentati on) us, plant-derived conposition ous

l'i quors

s chemisal t s

(e.g. by

or organic -
sol vent extracts of plants or parts thereof, fruit juices and fernmented

l.ants or fruyit, juice, or conpositions

W ne oduced fro
obt ai neﬁr@ﬁoﬁws }5‘?1'%7 FEPIESY (}H]ﬁ glyﬁ%‘i’ﬂ%‘t‘“ﬂﬁ’c"@r‘hﬁ‘l‘ cpacepyaienaly: y
pr ocess@dy(qpbgcauﬁalﬂw@@gm{gh%mggbhy) during production of the
conposition to extract flavopgds fromthe plant and so increase and enrich
the flavonol content of the conposition. It will be appreciated by those
skilled in the art that the invention is not intended to enconpass within

its scofféVreformalal »yelghx)u Thé ngal flaoowls euhtest i@rth@ kahtofiRé %y@dﬁé cvmieﬁté ihaye not

been supjected to e55| ng in any way. 1 1 AUG 2004 01/ 501
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Alternatively, as flavonols in general (inciuding quercetin) are present in many naturally

occurring substances, such as foodstuffs, the composition of the invention may comprise a

flavonol (especially quercetin) obtained from a naturally occurring source. Foodstuffs which

contain quercetin in relatively large amounts include certain fruit and vegetables

, such as

_apples, onions and red wine. In particular therefore, the composition of the invention may

comprise a flavonol content derived from plants. By way of explanation, such plant-derived

compositions may comprise extracts of plants or parts thereof (such as tubers, fruit) which

are processed in some way (e.g. by fermentation). Thus, plant-derived compositions include

aqueous or organic solvent extracts of plants or parts thereof, fruit juices and fermented

liquors (e.g. wine) produced_from plants or fruit juice, or compositions obtained from any of

t}ie foregoing. The plant material is typically processed (physically and/or chemically)

during production of the composition to extract flavonols from the plant and so increase and

enrich the flavonol content of the composition. It will be apprec'iated by those skilled in the

art that the invention is not intended to encompass within its scope naturally occurring

foodstuffs or plant materials which have not been subjected to processing in any way.



7 Advant ageously the flavonol -contai ni ng conposition may be such that the
pl ant-derived material conprises at |east 25% pol yphenols, nore preferably
35% pol yphenol s or nost preferably at |east 45% pol yphenol si 1Tk 2004 -
fl avonol - cont ai ni ng conposition nmay be conprised wholly or substantially of
t he pl ant 'wgﬁ{/kdﬁ material fromwhich the flavonol content of the :
conposition I's obtained. Alternatively, the conposition neSCEERPII3ES ot her
material, such as flavorings, excipientd, carriers and the |like ;
conventionally used in fornulating conpositions for human consunpti on.
Typically the flavonol content of the conposition as a whole is. at |east
0.1 %V\Adglvaggeferqbltﬁ ffit Ieast 1 %ww, nmpre preferably at |least 5% ww,
and nost preferapy B HaEgRY-CPER PG, COTROSEMImMaanbh sugiatiat thaplarsettriked ei n |
i s i.nt entlReriilocd t bYe ' i niLas, hut, also refers
to dimeric_ and po{)ﬁ?g%ée%?.zgé ggﬁ?g?{ﬁi’g F%%%Qrt%%%zg%a]ﬁ? KBSl a7 most
nonomner W€§¥3@®é§t)leﬁfél4ﬁ% pilyphenbiscyani ns and to | eucoant hocyani dins (al so
known as flavan-3, 4-diols). The anthocyani ns nay conprise substitutions
(e.g. alkyl, alkoxy groups etc.) and in particular nmay be O gl ycosyl at ed,
i n a mafherflaionbl-esntdiginbhatnpetitioh g - ' .aboye, The -
anount of ,ancixg'%c%?_ni n a ded_pt@o t he &%ﬁ@ﬁ%% ?ﬁ‘gﬁfg‘cgfdég‘%ﬁ@?%f@srpé%T |y
cont r ol BEGYe atsrinbdyemi néichr sheyeffrsioabl yedritghl wf phementhpskitidheisr oBmASANCE
i n high ' Lh..certain foods,. drinks or food supplenents may be
undesi r ﬁﬁfégﬁaﬁwe.i}?%‘g e%?é&é‘r“?“eﬁ“? SOHPAE Aty matsral suchsap fawraeswexdipienis,
pr esenc eamieranddi altantiks . codwemidhang! wséd @ ifrd € ' A
embodi-nents to.add the m ninum am)%nt' of an%fﬁggglg{rlll?% %:({)n? |Sgt enﬁ{r%/\n'yt}ﬁlman
~ achi‘evi iR 9 quired | evel of sol ubilisation of flavonol. Additionally,
or alternatively, it may be desirable to include sone other conponent
whi ch n%sks or hides the color associated with .the anthocyanin - such a .
conponedypwelly dhefawomol estitdny ob theadoaigtRitidiaOL W _ 10
sui tabl e for human consunption.. 1 1 ﬂﬁlﬁG 2004 \!}\?16%?{}%%991 %%?ﬁ(ﬁ%ﬁrﬁw\%o
8 The aft ﬁ‘%&%‘;}ﬁli Ve RO Rre iSRG 81 kepd P Y/ Wh end mmistpyie ferabiy holeysrtions wow.
conprise a mxture of = anthocyanins. Preferably the anthocyanin is sel ected
fromthe group consisting of: malvidin,

The term “anthocyanin” as used herein is intended to refer not only to monomeric

anthocyanins, but also refers to dimeric and polymeric (i.e. containing from 3 to 20
anthocyanidin monomer residues) forms of anthocyanins and to leucoanthocyanidins (also
known as flavan-3, 4-diols). The anthocyanins may comprise substitutions (e.g. alkyl,

alkoxy groups etc.) and in particular may be O-glycosylated, in a manner similar to that of

the flavonols, as described above.

i

The amount of anthocyanin added to the composition should ideally be carefully controlied.
As anﬂ'locyanins-are generally highly pigmented, their presence in high concentrations in
cex_tain foods, drmks or food supplements may be undesirable if it is preferred to avoid the
_coiq.r‘ asSociated with the presence of anthocyanins. Accerdingly it may be preferred in
many embodimehts to add the minimum amount of énthecyanin consistent with achieving
the required level of solubilisation of flavonol. Addifionally, or alternatively, it may be
desirable to include some other component which masks or hides the color associated with

the anthocyanin — such a component could conveniently be another coloring or other

substance suitable for human consumption.



. cyanidin,. del phinidin, paeonidin, pelargonidih and petunidin, and

gl ycosides thereof. A typical exanple:is malvin (naIV|d|n1dggbgcg@4de)
chloride, which.is comrercially available in a purified form

Al t er nat iwebysditee ant hocyani n nay be obtai ned by extracti mgranBdoysni n
contai ning plants such as grape, blacksgcarrot, red cabbage, bl ackberry,
bl ackcurrent, ciaribenry and the Iike Those skilled in the art will

know. o 5B r Nt ho
si nce tE]elngtrh a wg&’&%&‘ﬁ%?’i ari ng %Jt g‘iﬁgh&%&{?ﬁnse g‘é&ﬂ nin
t he. coaqxtheaymnm Eafermﬂyrtm: mthbd panpuis §el®d:dffm’mhecgr0@p cﬁlﬁ@(ﬁtiﬂg&)ﬁ\&ﬁaﬁm@hher

polyphenols' cially flavonals, or:with a diluent such as maltodextrin.
, W%r%@%‘ ’E‘ﬁg’c’ RARRE B RelTEgRidy, and epaidin. ¢l glicosidapdiserbn As a

vvhol e |gp¢ga1 Leasiie ils‘thQM malwﬁﬁ g@%}ﬁ&@:ﬁ@é}'dm{de' &aRh é%mﬁé}&aﬂgpbauable -

preferably at |east ' % The c ent of anthocyanin in ositi1on

shoul-d intay pirefeed| fyrrﬂneAhcmﬁitlmlE fibe antheoyani iriay deiohtawvatidry atiractiag tnodPan w - .

fl avonol refer blys ficient | ubi | ise, at, |east 1% w w flayonol in
a0 coBNEE RN et ey ARG PO Ted GO0 MO BLERICHTFIng
CoNnposi gﬂaﬁgeryygﬂa@@m@é]ueous sol uti onof “anthocyanins. Preferably, where t he

met hod i nvol ves m xing of a quercetin aglycone-containing conposition wth
an agueous sol ution of ant hocyani ns, the aqueous solution will conveni entl y E

S t n f at
COuPer SO AARNIEIR SRR NS B R R B o e et ST e by |
be appagsthbcyasing Bm@ﬂﬁkxldré eﬂdd:lP ddee fBF bréphahe FRR w&%zsofméi%hb%ﬁt if he”

quercetln agl ycone or fl.avonol and an hocyanlns is not critical.” Thus, for%
exanpl etheoprampasifiosr eavabe mnmahbh@@yﬁﬁﬂnfor@omraa mmtytre:oavmosxtharopolaphlerm&j to_

that co u f et f | avonol ,
i e veracily Aol b Fith 8 (MBI Vuollas MegloGE R, BT HETER ont Greinientor ©
fl avonOh.ISthodyTanMIdl khe coaipaBitos aba Whelkes aeldadtasagdw hﬁoﬁufﬁ-é&%ﬁm? at least 5%,
agl ycone cont ai .ni. %lor flavaonel -contai ni-ng: cenposition to th

ant hocyaf Rosiopreteradlngt leasip¥pr i bhe somisnt ﬁ%@ﬂtbwaa!ntlndb?@nmmsmdm showld

present pr('ii%gf B& gl?ﬁ'xmeﬂ\[ to s%ﬁﬁ)tlhienfntvk/ el‘ X? llcm OOF%\%/JN f% tv%rqo cfgra% ﬁ%i}f)‘s'lglcunpl ng n

of soli cetin aglycone or avonol tavé

faci |.i't at slutiilidenngleast 1% Mﬁf&@ﬂnéﬂ I\ﬁ\@m&maloa PCT/ GBO I /00380 It may be
preferred that a slight excess of anthocyanin w |l be present after:m xing
of the two

The method may involve mixing of a flavonol-containing composition with an aqueous solutionof

anthocyanins. Preferably, where the method involves mixing of a quercetin aglycone-containing

composition with an aqueous solution of anthocyanins, the agqueous solution will conveniently

: comprise anthocyanin dissolved at a concentration of at least 10mg/L, more preferably at least
- 50mg/L, and most preferably at least 100mg/L.

o Tewill be apparent to those skilled in the art that the order of addition of the quercetin aglycone or
flavonol and anthocyanins is not crtical. Thus, for example, one may prepare an anthocyanin-
contamning composition and add to that composition a suitable amount of quercetin aglycone or
-t flavonol, or vice versa. In general however, in view of the poor solubility of flavonols, it will
" nommally be preferred to add the quercetin aglycone-containing or flavonol-containing
composition to the anthocyanin-containing composition such that the anthocyanins will be present
in excess, at least iitially, which will tend to prevent clumping of solid quercetin aglycone or

solid flavonol in the mixture and so facilitate mixing.

-



conpositions has been conpleted, so as to "ensure solubilisation of at
| east the desired anount of quercetin aglycone or flavonol. In one.
~particular enbodi ment, the nmethod conprises the fortification of .
conpositions (such as red wine or deal coholised red w ne) vﬁttﬁUsdﬂntronal
quercetin aglycone or another flavonol, sinply by the addition of extra
quer cet i nWRSBAe to a pre-existing fIavonoI/anthocyanrn PCOIGBOEDMBRON -
(e.g. red wine), provided that there i% sufficient &nthocyanin in the
pre-existing conposition to solubilise the extra added flavonol. If there

i's.. indufuby bé prefereedaca slight egaeaséMnaid c?ﬁﬁbﬁ Wil BB reBERofk} éﬂi)hp.g
corrposr ‘tion, . qne.pay sinply-add a-suitab addi ti onal anount o 8nal

ant hocyé’HF’rﬁ’OS‘%bé’r hﬁﬁfhé’gm@k’éﬂ%éﬁp@r et enaureysadnipbisationeof ahiest ﬁ'leSdesﬁid&d

ant hocyamidgt 8f Kieh, h_~goncentrations in fruit and vegetable
Jui ces, such as‘ﬁlgréeﬁg%gfygé%n ef?drvglnOCl bl ackcurrant . and bl ackberry juices.

I n preferred enbodi nents the invention will conprise :the' addition of

guer cet i q%g con or other -flavonols to fruit and/ or vegetable juices, so
as to foPtdF P W@“ﬁ?ﬂt\/@@é@@mdecqrupwswm tﬁoraxtﬁdammonﬁd:orﬂﬂmvmﬁﬁlrsudhn '
some enb@dﬁdmmeson dealvalyolived ekeiswinapivith tadditiagil lgut@ben hgliyédmal or‘ih§tﬁ@r| ﬁ'slv‘oﬁ@l of

t he -quergi@piynby ad ¥EENEn OF Qkh uefc'eﬁl‘{ WBBcine 1da 1@%1 ﬁ ﬁéflﬁ’ag.thoc

exanpl e, o@-ﬁ ng et hanol comgs Ition o |ss
t he. querC h (ot%(ier fIavonoFs in a smal‘?’/ grrount of - eErH&‘HS and

t gone or
addi ng tlﬁag th?rﬁdg&?; {Fis Anfharyauia ia dhe Prexgigting eofpiobisioortol wibilitehthe resta of

t he congged e ddi F e t | ve t he osition.may _ be
heabed (e.g. tgor%og\c ?F wﬁﬁ%ut %&Jﬁr‘hn% W%"Xa%c? Y dBothe BE-GHsvaEes,

0 100UpPEtommaettdy simply 2)d sTiﬂabieaﬁaitio@;at afbud ofhaaiioiBandfocsanaCc! al |y
preferred if it is desired to provide an ethanol -free quercetin’ag ycone

or flavonol containing conpositi.on. The' conposition prepared by -t he

met hod élovicher Wines id @mparsiely Spnsivemiateiatlahy anﬁfdl:%é}u%arg gg@%

pressure (760mm. HY) throughout he. + terrperature ran

Corrpo;r F?'E?ﬁ““%?ﬁ’;ﬂs inpfrust 3y vegetable § .llell‘(ee guzfpwdgrah I pil. cxa/r;\lberggr,dﬂatﬂah?éit, x

may. be cap ets-and.the like: Al ternatively:the-

Conposi 'P |aon ))’Iugkt 5 l%1 ‘§ %te?ls ceo}'rrli’?lra rﬁ.@ fRyengion syill omprizeothe adgitinanet
ch a teinusgl dmarwl heF Ry

su S qaf sgled otheFTRwbRVME B Gt hAd/08 Wh té‘tﬁ%ﬁ"r%l&él’s, %%%??%g%@br the,

conposi ti ons red in 1 1 AUG 2004 WD 01/86017
P %rult or vggetﬂn?e Ju?ce with additional flavonol.

In some embodiments it may be desirable to facilitate initial dissolution of the quercetin
aglycone or other flavonols. This can be achieved, for example, by adding ethanol to the

_ composition or by initially dissolving the quercetin aglycone or other flavonols in a small
) amount of ethanol and adding the ethanol-dissolved quercetin aglycone / flavonols to the rest of
- the composition. Additionally or alternatively, the composition may be heated (e.g. to 50°C for
about 30 minutes, or to 75°C for about 10 minutes, or to 100°C for about 1 minute). The

application of heat may be especially preferred if it is desired to provide an ethanol-free
quercetin aglycone or flavonol containing composition.

.;"The composzttou prepared by the method of the invention, when dry, is typu:ally sohd at
-al:mosphenc pressure (760mm Hg) throughout ‘the temperature range 10- 20°C The

compos:tton may “be’ partlculate (eg powdered or granuiated) or may be formed mto'

capsules tablets and the Iike

Altematwely the composmon may be a liquid comprising water or other aqueous so!vent_ e

such as aqueous ethanol. The mventor has surprisingly found that COI’ﬂpOSlthﬂS prepared in



accordance wth. the nethod of the-invention present flavonols in a nore
soluble formin aqueous solutions. Flavonols are al nost insoluble in water
at pH 7.0 or below, but. in the presence of anthocyanin, theigycoubility
i's marke eased and the flavonol's are rendered bi

Nbrecrverqa)'b%/\,ﬂgﬂﬁa9 conposi tion containing both a flavonol %ngég{}zu%@tl n)
~and anthecyanin is admnistered to vol'unteers, for & vveeks . the: plasm
ant i oxi dant capaC| ty of the volunteers is significantly i ncr eased (as.

det er ni #&drdggea W@hnﬁameb@wf the deveinten pb@b@m\ﬁavonnts inl avenrol sobrie domi ing.
conposi r n uer cet f

gr apes %ﬁg‘r‘@%‘r"g"g{é}; %Fﬁ‘?%nszrl % e ﬂglroéegmg@bg a‘gatgﬁ(?%cﬁo‘)rg ROTR i(jw nﬁ'ﬂ’qrf@ J‘e
(especi plebance axf. anthyéyahin, Wiheﬁhsaﬁb\imy $€ Sudrkedly hingfeeseds onge e’ @l Omss Gfe )
pol yphenol s than whlte wi ne),. or by products and/or waste products of the -
W ne- rraﬁ‘ﬁife Poca@dables ch as pomace (i.e. the residue of crushed grapes
follow ng juice- extraction) : ‘mare (waste solids remaining after initial
fermentation). However, fl avonol s such as quercetin are present in a wde-
range. Morewaeyvelehya cmpmmmmmgomhmg bith 2 flEnyiobfe.gvyueltedanhad antobypher
fIavonoJ content than red wine and are consi deraaﬁy cheaper, and, so

present! sagranisisprAde rokinteass fpcd avesks-ihe,nlasmn antigidasit capamity Qfiidin veltesersl s
I ncl udejs signmaantm ug;@asé&tas iRl BPRk mfeasq%](,\ﬁéfcnbe GRSt ei ner”)

especially .. apple : peel; pears (é.g | ans ri'sts"); bell-
peppers (e.g. var. "Yolo wonder" , redcurrants; blackcurrants (particul arI y

f 'as b | at | fl | h o
P o oo The B Lo ey CompavlSiohals e bians ssrrpetied. ()
i ncl udi fgm Héssﬂfﬁﬁ)lé aﬁ;es d('aﬁarts"ﬁéf%f tdueh s )skindsO8H fuddi, (&le\’@esRé‘aﬁﬂy-red

"Primavera"); horseradi pot at oes; ‘oni ons; and dsparagus
par t.i cuwene, (’Vbu!h qqmpnsmmsh dighey Cpn@ﬁmmw)ofqmbqﬂhﬁn@ntthart White wme), or by-

fl [ < t d d f |
o ohroSi B BRRRRIS drARe B RS TRty ST iRt B i o
Comounﬂﬁcmﬁlﬁﬂegﬁpdsnfollb%g/\jtﬂ@e exﬂdﬁléhf 8 hhrc Ao Q&tﬂs%&n&ﬂﬁgeﬁ’&?rﬂuhm

present in the, conposition substantially in the relative anounts -
r epr esefermenong; Howeven flawonels seeheasqueecetinorm pmemh it aevide msxfmamnys

deri ved r.ef.er as a "total flavonol-

ool *Coten R nRRAIPARA P YaiY iy | Bl BB ePoblsg R e SR e
considerably cheaper, and so present more approprate sources of flavonol. Examples of
such materials include: fruit in general, such as apples (e.g. var. “Gravensteiner™); especially .
_apple;peel; pears (e.g. var. “Williams Christs”); bell peppers (e.g. var. “Yolo wonder”; -

redcurrants; blackcurrants (particularly preferred as being relatively high in flavonols);

lemons;- cherrieS' cranbenieS' goeseberrieS' tomatoes;, olives and vegetables in générér"; o
) mcludmg radlshes (e g var. “Saxa treib™); kohlrabi (evg. var. “Primavera”); horseradish o

potatoes omons and asparagus

In a particular (but not necessarily pr'eferred) efnbodi_%nent,' the ﬂasron.o‘l'-containiug‘_‘_ '
| composition may be derived from a red wine and compfises a representative profile of i

, Asubstanttally all: the flavonol cempounds present in, the wine. (typically, although oot B
necessanly, present. m the composmon substantxally n the relatwe amounts representatwe of | o -
those i in the wine from which the. composition is denved) Such a composumn may be'__

referred to as a “total flavonol pool” of the wine. -



Fl avonol s may conveniently be obtained fromred w ne or other _
flavonol -containing liquids (such as fruit or vegetable extracts) by _
absorption onto a chromatograpliic resin colum, with el ut{ fgwtaf tuge _
pol yphenol -enriched 'fraction fromthe colum (typcially fo ] n%ﬂ .
washi ng Wa@pPIMWy use of a 40-50% et hanol eluent, or othePCTuGHIEDIS0
organi ¢ solvent (such as nethanol, acétone, ethyl acetate, dipnethylene
chloride, and chl oroform -which may-be in aqueous solution). The organic.
sol vent, FI&dﬁbEfﬂgﬁ@éMeﬁﬁhﬁMBé%Wziﬂéd fbnl 18d Win€ or BT mvan&%dnm&ngﬂqﬁds"f
between 30 and 85C at 760 nmm_Hg 'pressure) and so readily driven-off, to
| eave ' dSuchuas Sruitrmriveeepblgroxtiaptspby abspepsion ontma ¢lovnvategrkpily resih tolumn, with

conposi tj C isirig filawonol-s. .. Such met.hod .spccessful ly- be. used |
o obt ai Gt bt RhehelneBBRR Fresiortiein T B EREARCETH in &g nay
be. obt aitepy By LsOHT 4 80-50% Btandl edichglor bihay iielbli€ onphai oMk (§kh ds rvnag| vent
extraction using . a suitable organic solvent inmmscible wwth the w ne or

ot her .3°fiQEs-cthyAl acetatmtdimetiiylene) chlasids) and whigsefosint aivweigh fmasnbe in aqueous

fl avonol g [ [ - AL [y ( ically,extractio
with an sgﬁigghﬁcﬂé;%ﬁgé@%tsggﬁgﬁ1:}3]5%{5}@} nrgfﬂ%gg{)(ﬂ%ﬂca@é%ﬁ'}g ‘)i{lbﬂgmgdﬂol"ﬁ Orélan

t hen be lzepanaitednd rgFtCt he 7601 mentigbyrekiurey ahd o ﬁiadﬂ?n&hﬁira‘di@m itoNeavkhg
sol vent . ~_Ihen be evaporated to | eave a substantially dry, solid
CoNposi t%@-ﬂiﬁr‘%‘gi@r& qsé\}g%llgf* Wy i sl gompesifipavesmeirisinen flapenols.

obt ai nedgj | 44 : : Q9¢ r. [ chew cal manufacturer,
pr oﬁjdj %gdc?ﬁ%c{?e&%tggﬁﬁigbg%ﬁ g(gf{%tg oare%ﬁ%nf%n%g%l s°l?’ff}§t°?‘§he.d ‘Tlﬁe'pr eferred
enbodi nents, the. conpodsition obtained by mixing the flavonol -containing .

and the,.ant hocg{aﬁi&n-c?nt ai [}%F;lmg sitigns. is presented as a food. .
suppl engntCMHYPY. HAYIROLS MY ¢ BmAd e a5 otber Hawwal-confgining kawd
during rgynatiwet ek@aciont ind AOMaME orgliic BBNeRCimAiiscHP AL S WiR! 8PGRaL O DE
consuneg?’gy an indi_viO(IjluaI e.g. a-s-g-r% t%gﬁﬁgfﬁgr caggﬁge) sﬁttl)egtu%r?]%?%f)%r in

i sol at i diquid: ofdigrnativelntflavenglsdnaybe shtained Frem flaashot-copairdng solpisitor sdleent
consunption . t hough, of .course, the taplet or capsule 'may be taken :

W Eh T DSafPReteRdSPIALN BRSNS 5 prertia 8Tt 9k o C0mBebprer B aeelaie cabe
product ,soRdEAr ek BE kiparatbd GRAT 8 sbREEYyHilkrafibn 8r cONBAMMGA ThESoRQkt may”
nat ur al l@.ﬁe occurring) conp: rising, a conposition, In accordance. vmttrﬁ X he

i nvent i dhen igrfivaporaied todeava atsiybstimiely dfy, aokdténdpanition dompiisicg figvorlguer cet i n
agl ycone-fortified or a flavonol- fortified fruit or vegetable juice).
Alternatively, the conposition.may be presented as a solid to be made into
a dri nk Alyenitetiyothel fidvoaoRhisy Weattiaadd 1h pRSAERI 39S (Higl 88000k ?ﬁ?é} fm 4" | k,
wat er, solutions or gels prepared from Al oce vera, or gt her aqueous [1 quid).
1 1 AUGChomical mpufagtetr igopdmaiBethoeeaal kauitable for human consumption. -

In preferred embodiménts,-ﬁlc,rcompositi'on'obtained by mixing the flavonol-containing and
. ,the'anthot:yaninécbrit'ﬁiﬂing’-‘ compositions is presented asa food supplement. Thié.*méj"bé 2’
. ‘stibstance to add as an additional -in'gr:_édicnt?during manufacture of the foodstuff, or may be a
' . 'Separate substance to be consumed_:by éﬁj-individual (é.g. as a tablet br'caipsule).- substantially
Cin 'iédlétibn from ‘-'.'(i';'_é-. rio't*mixed wuh) ctht_ai- “food c‘:ompdne'nts‘ pﬁtﬁr to éohsumptii)‘h
"(although,‘o.f ‘course,the tablet ot Eﬁpsuie"niay be taken with fbod').' _The im‘r'ention'thusr
. includes within its scope a prepared product, particulérly‘a brepércd foodstuff (i:.e. one Which' .
s not naturally occiifring) cor'nﬁris'ihg-liéomposiﬁkm'in‘ accordance with the in’vchtidh, which
may be in the form of a solid or a drink (e. g a quercetin aglycohe-foi‘tiﬂed ora ﬂavonol-
fortified fruit or vegetable juice). Alternatively, the composition may be presented as a

solid to be made into a drink by mixing with a physiologically acceptable diluent (such as
milk, water, solutions or gels prepared from Aloe vera, or other aqueous liquid).



The dosage of conposition given to a subject is dependent on the degree of
activity of the nmaterial but will normally be between 10ng and | Qg per
day. The preferred dose of flavonol will be in the range 0. 1- 1000r’rP per
day, preferably in the range 0.5-500ng per day, nore prefethbtUf 2Bt he
range 2- 230,695 day. Conpositions obtained by m xing theeriapeingsso

fl avonol - cont ai ni ng and ant hocyani n-cont ai ning conpgsitions in accordance
with the invention, may be prepared in accordance with conventional food
suppl ement or pharnmaceutical practice. The diluents, excipients or
carriers etc. which nay be used are well known in the formul ation art and

the forTheHosge offda,mp@gmo@@wehctu Iaashbjeegis@ébeﬂdkﬁt SERRNMERR SN LYY OF éhe

context and the fornmul ator' ref erences. general the dose will
on t he B8KERhbuAWignnormatly fhea ets 10mar tln@ull(w por daysr CBite pleférred tbe of

conposi It the f avona. Q stion
I\/breoveil'lil Oéa;g@bg%ﬂ}eq% Orr%i&i"or&#‘?f o aRSF ﬁ@r’% "E?’ rafng?pﬁ #b%(‘f?ﬁ%ﬁjé‘ﬁts
such asmkmpzefermylpu@aielrynggszeﬁsorﬁgpéieiafyood industry and/or in the
pharmaceutical industry. Such corrponent s may include nutrients (especially
trace elenents and vitam ns), antioxidants, therapeut I C subst ances

(espect @blboliigse dUHha0 vf. hRSRARRH! Ao o SGhed bt B ok P iy

and/ or inparticu ‘asplrln

sweet eneorﬁpc(smqmc irflabgorddrice fwith athe isvagiod)emsy Bélqheﬁ&ecﬁwae[dc@r'ﬁﬁn&t Gvithy
Exanpl es of the_ a af%ove i ncl ude the followng: a carotenoid such as |utein,

| ycopengPnvshtigpal Jtogd o?r“PB‘eE’éP'oPérﬁ’é‘aﬂ%F%&arldE’mCtlﬁ%t r Teptdiluents, excipients or
anti -i n{d-agmaor

(a- toco%dhgr ol 9 ‘¥ %{h&%aeéglg@g&ts%%%p er ollé)me ﬁ'ﬁrﬂt{:&a%r}?gg‘iﬂ?n{g’%cmﬁ%‘pper
zinc, ﬁmﬂgapmmambemmemwﬂbde;(ememﬂwm@n tontexsaid G lfbienudMibes preferences.

2, 3-di h droxi[ Rjg éOI C 3192 5-di hy drox€/ benzoic acid: Antioxidants:
such aso&imsta Ay des F%{jn?rl‘] ConeeERLON ?a‘ﬂiﬁ@lsr@?é@ulaﬂ}’ qupEseakinr o-
i nt eStI@,@lcoﬁ{ﬁglhogy&ﬁ)ghgﬁghﬁpofﬁﬁﬂ E}'?{Sé&@%m’h tﬁes%%gpounds in the

conposition of the inventioh it is I's process is inhibited
and nore antioxidants are absorbed. Use of a conposi tion conpri sing

a-tocopperol angd/ or £Lr|n i s esglgmally rred since it is believed
that sutiPFEP Vi FEMBPHLTE Ay COmpase ARy I ¥8 further comppReatse fedh asfthose

fl aVonoiyﬁicaﬁy hséd Sz %@Q&&@d&yyﬁﬂly& i e ﬁgm%@cﬁﬁ%@dusty Such components

may include nutrients {especially trace elements and vitamins), antioxidants, therapeutic

substances (especially those having a therapeutic effect in relation to prevention and/or
treatment of CHD, in particular, aspirin), flavoring, and sweeteners (especially artificial

sweeteners, such as aspartame etc.).

Examples of the above inciude the following: a carotenoid suhh as lutein, lycopene, or a-
and/or B-carotene; antidxi_dant nutrients or anti-inflammatory agents such as vitamin A,
vitamin C, vitamin E (a-tocopherol and other active tocopherols), folic acid, selenium;
copper, zinc, manganese, ubiquinone (coenzyme Q10), salicylic acid, 2,3-dihydroxy benzoic
acid, and 2,5-dihydroxy benzoic acid: | '

Antioxidants.such as carotenoids and vitamin E are partially destroyed in the gastro- -
intestinél tract by oxidation. By inclusion of these compounds in the composition of the
invention it is believed that this process is inhibited and more antioxidants are absorbed.
Use of a composition comprising a-tocopherol and/or aspirih is especially preferred since it

is believed that such a mixture afforts a synergistic effect in the presence of flavonols.



Typical suitable daily dose of these additional conponents of- the S
conposition '(aid which may therefore be inél uded in the conposition:such
that normal consunption of the conposition will give the apprdpéiiie dose)
are as follows: lLutein Beta carotene Vitamin A Vitamn C Folic Acid . -
Sel eni um BPPEPI?zi nc Coenzyne QLO Aspirin 2 to 50y e. gPCEGRIVATEHL | y- -
7.5mg 2 to 20ng e.g. conveniently 5ng 1200 t o 600 RE*e.g. conveniently 500
RE 75 to 250ng e.g. conveniently 100ng 0".4 to 1;0Org e.g. conveniently -
0.2ng 80 to 120g e.g. conveniently 90g 2 to 4ng e.g. conveniently 3ng 10

to 20ny ent Ly 1 0,t.0 200ng e.g. canyveniently,30ng, 10 to
150my o, kal SORMRO LR hsc SFbherd Badifof] Longithitsin e AUmBOTHOR I PRbM bR
take t hendprirefore dps iddsdede i€ the apsafioBitionC Shakid NebrBRMERsubLAYOWY the
conposition, with a suggested intake of one to four capsules per day.

Anot her FFRositica il igiveatic BaPraBriategiose)are ahivllowsdr i nk whi ch provi des an
effective dose of flavonols when dissolved in water (still or aerated)
flavored and sweetened to taste, or dissolved in a fruit juice e.g. grape,
appl e orLuwiange etc., ol td 50i8@kigt taiveniehtlg|Ssngr epared from Al oe vera.
VWhilst it may be preferred for a nunber of reasons (e.g. social, religious
and eco ggrotepg - pr ot mE e ePWSAeAHESMEr i nk conpri sing t he

conposi tyefndfa t he i nvepfy 8eooTue B.gdbdd¥Rrentif800 RE

Vitamin C 75 10 250mg e.g. conveniently 100mg -
D) Folic Acid 0:1 to 1.0mg e.g. conveniently 0.2mg
Selenium 80 to 120pg e.g. conveniently 90pg
Copper . 2todmgeg. conveniently 3mg
‘ Zin_i:_ - _ -10 to 20mg e.g. conveniently 15mg
Coenzyme Q10 10 to 200mg e.g: convenieritly 30mg
Aspirin 10 to 150mg e.g. conveniently 75mg

-Thus, in one embodiment the composition may take the form bf capsules, each capsule
.containing 50mg of flavonol composition, with a suggested- intake of one to four cépsﬁlcs
per day. Another presentation may be as a non-alcoholic drink which provides an effective dose

of flavonols when dissolved in water (still or aerated) flavored and sw¢cténed to taste, or
dissolved in a fruit juice e.g. grape, apple or orange etc., or in solutions or g,e1§ prép'are& |

from Aloe vera.

‘Whilst it‘may be preferred for a number of reasons (e.g. social, reliQiOus and ecdnomié) te
provide an-alcohol-free drink comprisihg the compositidn of the inventibn, suchdrmks can -
" be fortified withalcotidl (e.g. from vodka, giri; whisky) to give a desifablc' level of 5 — 50%’. R

. alcohol depending on the consumer’s taste.

Other presentations may be as a food ingredient in dairy products such as milk and yogurts,
- preserves, and dietary products-iatended as meal supplements or -fcplaccmcnts. The above -

examples are illustrative only and are not intended to be limiting in any way.



be fortified with al cohol (e.g, fromvodka, gin, whisky) to give a
desirable I evel of 5 50% al cohol depending on the consuner's taste. O her
presentations may be as a food ingredient in dairy products1s1u05\ﬁ*5G 230 | K
and yogurts, wguige@s ves, .and di etary products - intended asCIeBli/00350
suppl ements or -replacenents. The above jaxanples are isllustrative only and
are not intended to be limting in any. way. 1 1 AUG 2004 .WD 01/60179
PCT/ GB01/ 0038 I c ot l,nvention.provi des a hod of
provi di ng g% g@ﬁ%ﬁ% agbs? gﬁ’ %1% %ﬁ%ﬁ%ﬁ §‘|¥ldﬁsn£%1cf #@}éochtvper Vi ﬁér?&‘e?qiuﬁc’“&rsgg'%‘ﬂ%r

fl avonol s afo™® 'éﬁlﬁcdsé‘»‘ﬁ?%‘f FUSFFIR OB R "sﬁa"&fwli@hﬁﬁence(l ©RdR gitess efvimZony/ L,
mor e pr ef er @kfgraldy eoves (fgIEll. more eoderaly edver aifimg/lovend mROmEKferablyt dher Mpt hod
conpri si-ng 100engAl)ehs nodthddi osinPgsing theakips OF Bfking, MREEY order, $AMPASLdnkRBition
conpri si ng QuehsRk! dleRHY SR80 o gﬂcﬁﬂgeﬁavgﬁcﬁva?lﬁoaln Shd.an;anth gcré—ﬁm n, and
forming an _a ueOlersl.%gILrutlton .fl{omt e. mﬁure CORpT LS Hg T KR4 deEP e n or
the fl avonoldUgi*s SQPUALTIT tedaxiueg samaisie dhe qrepsin erthe Jeyosnl dissolyeé mthe of
10mg/ L_ ConiPBrios At 4 spnesnirationie steessef I0mizdn does not contain any organic
.solvent and in particular is preferably substantially free of ethanol,
such that .the solubilisation of the quercetin or the flavonol in water is
primrily mv&@enuga@iemga&ﬁ@@smﬂbn Hb& @ak&ma‘ﬂ% Broahi SoRAREAESInS Rk titul 2 1
prepared by the. nmethod of the second aspect o the invention is safe for
human consupeferabiy subsdntisily Ifrct pPethaddlysuble thapthesblabiticatias off tidr dudkcetic 6MPE| Si ng
optional ‘hn‘%edi en% s.such .as antj -oxi dant? ' ftbavor.i ng agents, ‘ “)
sweet ener s, SRYORSIP N&tepis PRmREDLvE to e pregence of e 4ntBosiniBus| y. As expl ai ned ==
previously, heat, may advantageously-be'used to facilitate the initial -

di ssol ut 10 he%]:quetonsesoqlﬂ%rngﬁ%ﬁa% %%%&h(?dr [+ &Q%Ecok&%’%&oégfsme \Aumfc%non is safe
substantially remain in soluti.on upon- cooling to FOoMm enper at ur e-

Al t er nat i vdbiyhumsandcongssptipn,edrelr &bl yypicetli dadbrmastedes visieitk comprdsing dptional

di ssol ving.the_quercetin agl ycone or other flavonols. The .nethod. may be
par i cul ar ISEHO, P o5 A PR TSR 2857t R oY HEIIE, OB el ed

fl avonol.s afescribedifredbusty. acidic pH- In a third aspect, the invention

provi des a use of an effective conposition conprising quercetin and

ant hocyani n prepared according to a nethod conprising the steps of

provi ding %%faﬁx%& pRviously, heat may advantageously be used to facilitate the initial dissolution

of the quercetin aglycone or other flavonols, which substantially remain i solution upon
cooling to room temperature. Alternatively, and less preferably, ethanol may be used to
assist dissolving the quercetin aglycone or other flavonols. The method may be. '
particularly advantageous when producing an aqueous solution of dissolved flavonols at )

. neutral oracidic pH.
- In a third aspect, the invention provides a use of an effective composition comprising quercetin

and anthocyanin prepared according to a method comprising the steps of: providing a quercetin

- .. aglycone-containing composition; providing an anthocyanin-containing compostion; and

;" mixing the two compositions; in the manufacture of a medicament for increasing the plasma

. antioxidant capacity of a human subject, as determined by the Ferric Reducing Ability of
" Plasma (FRAP) assay.

" In the use defined in the third aspect of the invention, the effective composition comprising
quercetin and anthocyanin may be prepared according to a method comprising the steps of:
mixing, in any order, water, a composition comprising quercetin aglycone, and an anthocyanin;

". and forming an aqueous solution from the mixture, the solution comprising the quercetin
dissolved at a concentration in excess of 10mg/L. S ) _
" The ifivention is further described by way of Hlustrative example and with reference to the .
- :f.zié:edrtipa,riiriilg drawings, in Whlch . e TR
- - Figuri 1 is a schematic illustrationof the core:strugture of flavones; -
_ _. .Ifigqre; 2isa schf;mati_é i[lﬁstr’atién of the; core structure of flavanols; ‘

- 'Figute 3'is a'schematic jllustration of the.core structure of anthocyanins;



agl ycone-cont ai ni ng conposi tion; providing an anthocyani n-cont ai ni'ng
conpostion; and mxing the two conpositions; in the manufacture of a

medi cament for increasi ng the plasnma antioxidant capacity of a human ..
subj ect, as determ ned by the Ferric Reducing Ability of P Ami[gd:BAP)
assay. WV@E%@S defined in the third aspect of the |nvent| on 3

ef fective tion conprising quercetin and ant thyanl RCHGBWIIAIMepar ed
according to a nmethod conprising the st!éps of mixing, in any order, water,
a conposition conprising quercetin aglycone, and an anthocyanin; and '

f or m ngFignreadistevsa grephiof te sbiubiityhel quettatirein dnfhe;u&ﬁlsl&bh@ﬂan sheshdg, dahe
quercetéﬁnqh di ssol veg a concegb ?I on in excess of 10ng/L € i nvention
is furtHero®gec PPy tf?nfﬁéﬂ}n%f f %@Pﬂ%ﬁqyﬂ@n)’e%ﬁml@ ale adilitionr of exeasse t 0

the ! . QeeeiPARMhREHIRIM@Son:i N Which: figurel is a schematic illustration

of the core structure of flavones, .Figure 2 is a schematic illustration
of the core structure of flavonols F| gure 3 -is aschernatic illustration
of the e 1. AUG 2004 WO 01/60179

ture_ .of nth ni X
PCT/ GBO 1%3%{ lé% Hgeh of the ‘35 %&ﬂ’i"%ﬁ‘“ N8 2gBraussphutipn of gearsrdssivied in
an aqueﬂuﬁo@aiulnt P@ﬁd@f(csﬁtaﬁﬂngj@r%%damﬁﬂ& afi GhRAVERL L cOR al,n) ng 3..94%
ant hocyanleﬁ) | owi ng the addition of excess quercetin in a “fahofi ¢
sol ut i ot éal sel4B9® a graph of the solubility of quercetin |n an
aqueous sol ution of grape-derived anthocyanin powder (containing 3.94%
anthocyani n) in which excess solid quercetinis heated with said solution;

Fi gur e Higakosshawsgs giaph ef tehlsilinbbf htisrcofin GG %:gb@s doutfthh mg&l@%oto %

sol u}| on of black carrot- derived ant hoc ani n contalnin
ant hocy‘{@:ﬁﬂ"ﬁﬁl ANKROGHANEHPQIYGCE deonaining haé%:emhncyanm) Erewhgﬁ ewtdss sehd querektihi on;

Fi gure i nehousid & the solubility of quercetin in an aqueous
sol uti oln o? reéﬁ‘cgﬁﬁgﬁfgk deri ved anthocyanin powder (containing 2:5 1 %

ant hocyani n) in which excess solid quercetin is heated with said solution;
and Fi- hows a graph of the solubility of quercetin in an- aqueous
sol ut i QTSR B2Rt 8F thgesolytuiityonh WFTEHEN Ak aqueruscbluioarafetd cablagen

et hanol de‘ﬁv@ﬁ’ labthb&bmin powder (containing 2.51% anthocyanin) in which excess solid quercetin

is heatéd with said solution; and

Figure 8 shows a graph of the solubility of quercetin in an aqueous solution of malvin

chloride, following the addition of quercetin in an ethanolic solution.

EXAMPLES

Examnle 1 The solubilization of quercetin in wine and fruit iuice's' by the addition of an

ethanolic solution of quercetin

The purpose of the investigation was to determine the solubility of quercetin in red wine, a -
white wine and two fruit juices when the added quercetin was dissolved in ethanol. The

quercitin used in this example and in others was quercetin dihydrate (Cis Hy4 Og, FW 238,
S1igma, UK).

The solubility of quercetin is expressed as the anhydrous molecule (Cis Hyp On, FW 302).
An ethanolic solution of quercetin was prepared and added in slight excess to red Wine,
white wine, cranberry juice and blackcurrant juice, at room temperature.  After

centrifugation to remove solid quercitin, the optical density was measured -in a



EXAMPLES Exanple 1 The solubilization of quercetin in wine and fruit juices
by the addition of an ethanolie solution of quercetin The purpose of the
investigation was to determne the solubility of quercetin an r@g W ne,. a
white wine and two fruit juices when the added quercetin wa T s ed in
et hanol . Wwoaseiaercitin used in this exanple and i n ot her spppgpsusdIEEt | N

di hydrate (C15 H14 09, FW 238, Sigm, jkK). The solubility of quercetin is
expressed as the anhydrous nol ecule (Cl5 H14 07, FW302). An ethanolic

solutio i r I and ded in slight excess,to red w ne,
ohi Lo opp@loBaoaet! b M3Bahl SRABISNAD AP UL w Al B ofSEERT BhS sl
After abwiptidngdtiiseontantragion\can belchlulie@dnGide the fAche 1@@.;,,;1-.%% 2gensity was

measured in a 1 1 AUG 2004 WD 01160179 PCT/ GB01/ 00380
spect rophotoneter at 258nm and 375nm At these wavel engths quercetin has

o T S CORCERL AN ST S I W,

factor | og, psilon The procedure was

of quer e@s prepeiedywonaimng Srahquirutdn dihpdncd perwdls ANQRAS 66 S0QNLST RisNGRIH
quercetin di%&\égraé% Efr rli . .Aliquots of 50L of this solution were added to
5l of PFEF 99T Iuambel thg lé&‘éﬁ‘?f‘éﬂg exaiaingd.x The mixtyees avarp ghen, vigeranshy sjirred
stirredggon I haeX11ARH 's?é’x‘ﬁd 1N, at room
tenperature_\?ggiaarhg%f rea'crzliﬁp:%ﬂtI ate '?J()) ornf&%ozkﬁiagt%% a\?\g?})?hgegm@l‘er% urr% ffﬁrggd at
2000 x grecipita@0aiformat 20C. Ali quots were then taken and the optical

density neasured in-a spectrophotoneter (Cam ab, UK) at 258nm and 375nm

di luti ng where necessary with an appropriate diluent e.g. water for fruit ,
j ui ces, The Hix@idWaPtheh Rentifl { (phi \ s to ™
5m of each of the [iquids B ﬁ%f%oga’gﬁgﬁe@%@%ﬁgq%pﬁl@@%dﬁ% g@ggﬁ%n R
det er mi ARd thd kpigad elensie meastred ;1 wespecwoptetometer (C2%abt HAKYat T58hm and

sol ubi | 5‘7511%5 ::P{ . u%[%eéi n i‘j the .liquids werg. determ ned fraom. he

di ff er epeaESEGEE §H FreliSETA% WiL S PRRTRRralt dilygat gz fader fir drikiecesi 1% ut

quer cet ethanolfer %@hdahitd.i Ty 2dHitioHeSORL dihd ' Jerdibh JFUhESSui

exam ned are shown in Table 1. . _Q%er ce%dia%\h!ag ageliér}rf)g)t 9@%&%{,3%&&&“&% (1
ngy/ L) aheingexgmingd end ghe optinal densities depenmindddilevise( SHid tontrdloweye wagnandet i n

I's muchyspr gthﬁr?c;l.UbLI%e' Qolﬁ&?iti\é\@ ot &ﬁ%@&%h e Ehnqt&? s zvere determined from the

differences between the optical densities of the liquids with and without quercetin.

The solubility of quercetin in the wines and fruit juices examined are shown in Table 1. .

| Quercetin is almost insoluble in water (1mg/L) and very sparingly sbiublc in 12% ethanol
) (Smg/L). However quercetin is much more soluble in red wine (40mg/L), cranberry- )
_("35mg/L) and blackcurrant juices (28mg/L). Quercetin was not more soluble in white wiﬁe |
(5mg/L) than in 12% ethanol. | |



(35ng/ L) and bl ackcurrant juices (28ng/L). Quercetin was not nore soluble
in white wine (5ng/L) than in 12%ethanol. 1 1 . AUG 2004 WO 01/60179-17-
PCT/ GB01/ 00380 Table 1 Solubility of quercetin in fruit juices, after the .
addition of an ethanolic solution of quercetin Solubility bf- @ﬁe?[@ tina

Li qui dnmyAkodpempd 375nrnb Red wi ne’ (Cabernet Sauvi gnon) 44pd38s810088d e
wine (Vin Ordinaire)4.25.4 Cranberry jui ced33. 634. 7- Bl ackcurrant
juice28.131.0 Ethanol 12% v/v4.15.3 Water2.21.8 a Values expr essed as the
anhydr ous conpound b Wavel engths of optical density nmeasurenent ¢ French.
wi nes d OCcean Spray brand e Ribena brand Since white wi ne does ot contain
signi ficant amounts of polyphenols,. it would appear that the quercitinis
sol ubi | iBhidy pol yphlebiditys ofr@redrtini i oG jwcee el the Uiddifdt 6€San RassbREY
by formation of a soluble comlex. The rret hod of addi ng quercitinto a red
wine or fruit jui cBYUEBRIAURTSHENpol yphenol s is. a practical neans of
fortifying drinks with a flavonol, such that the flavonol is available in
soluti-on. Because flavonols are al most i nsol {1 Ppﬂf glier dilute
aqueous ethanol it is inpracticable to provi 11 avo £ these soI vents

since if solid flavonol is added nost of it mg/L
Liquid | 258nm” 375nm”
Red wine® (Cabernet Sauvignon) 44.1 39.8
White wine® (Vin Ordinaire) 4.2 5.4
) Crenberry juice® - - 33.6 34.7

Blackcurrant juice® 28.1 31.0
Ethanol 12% v/v | a1l 53
Water ' 22 1.8

a Values expressed as the anhydrous compound

b Wavelengths of optical density measurement

c French wines

d Ocean Spray‘rM brand

e Ribena™ brand

s

Since white wine does not contain SIgmﬁcant amounts of polyphenols,.it would appear that
‘the quercitin is solubilized by polyphenols present in red. wine and fru1t juices, posmbly by

formation of a soluble complex.

- The method of addmg ‘quercitin to a red wine or fruit j JU.ICCS containing polyphenols is a
- practical means of fortifying drinks with a flavonol, such that the flavonol is available in"
solution. Because flavonols are almost insoluble in ‘water or dilute aqueous ethanol it is
impracticable to provide flavonols in these solvents since if solid flavono! is added most of it

does not dissolve but sinks to the bottom of the vessel.

Example 2  The solubilization of quercetin in an aqueous solution of grape anthocvanin,

following the addition of excess quercetin in an ethanolic solution




does not dissolve but sinks to the bottomof the vessel. Exanple 2 The

sol ubilization of quercetin in an aqueous sol ution of grape anthocyanin
following the addition of excess quercetin in an ethanolic solution 1 1 AU
2034 WD 01/60179 PCT/ GB01/00380 18 The purpose of this intestd gegti on was
to exanm meotheoteodl ubility of quercitin in grape anthocyamior/adyiGhsses a
maj or conponent of the pol ypheriols inged wne and coloured fruit juices.
The grape ant hocyani n powder was a conmerci al product used as a food

col oran e .d,. . 0 ren UK n _ant hoc am n cont ent
of 3. 9451/“0}“(:141%5%?0%% t}?em%%é \f/\‘ﬁlsu(aag t? o{:’f ﬁ‘g‘éfg‘éfﬁ‘/ ﬁ’? n\{gs8rape

di ssol veuthbeyadai ahichedsl awmdjer cdmporghyef mnpcﬂgpn@tdlmsreafmﬁe 8r® cotbud frdit ©0
10 and 20&3/ m . A stock solution of quercetin dihydrate (5ng/m) in

absol ut 8'&hanol was al so prepared. To each 5m of the above anthocyanin
sol ution was added 133L of the quercetin solution at roomtenperature,
foll owed by increasing aliquots of 30p.L until a precipitate was clearly
vi si bl eThg Bmpmmﬂmgmnmwdewmmtaahpfbdmtuékﬁ 4@ 80d b ran{Phishe

centrif t O,mn at 20C. The optical densities were
rreasurer;@%"% Oﬁﬁ%% ggd?th AL gonteyt 8. 943. each correspondi ng
ant hocyanl n solution was added the sane vol une of ethanol determ ned above
to give a precipitate, and the optical densities nmeasured. The

concent ABe progedifre vq@dawema followms: andtceymiingubvéden washiissdived ar eslegsedwart ke al
densi ty at n.the sol.ut r out, quercetin. The control was
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added toﬂl\%at er (I ngglgzdnt S. 1éor r espondi ngﬁtooﬁrétm{)e?e ggecf%ﬁ 5rﬁlhbf‘ttﬁé5?§5\9e )
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r fashion with increasin
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ant hocymrmmmab seA FeN20 @t 300Min and then cQFFuasY 9102@0905 n”%
solubil ity of quercetin was 75£/L This was in a 22% anol sol ut’i on.
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The conggy, c . 94% ant hqcyanin. . Thus in the
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ratio oﬁbcqmeroc g_iuena precipitate, and the optical densmes measured. The concentration of
quercetin was determined from the difference in optical density between the solutions with

or without quercetin. The control was water.

Since quercitin is more soluble in aqueous ethanol than water a further series of controls
were prepared in which quercetin in ethanol was added to water in amounts corresponding to )
those 'u'._sed in the test, and the solubilities likewise determined. As sho;arn in Figure 4 the |
sblubility of quercetin increased in almost linear fashion with increasing concentration of
'anthp'c_yanin powder (at least at low [<10mg/ml] anthocyanin powder concentration). With

- 20mg anthocyanin powder/ml the solubility of quercetin was 75mg/L. This was in 2 22%
cﬂ_;ang} sglﬁ_t_ion.__ Wiﬂlout anthocyar;_ii; present the solubility of quercetin is only 13mg/L. |
Thc cbmmercial.anthocyanin powder cbntaihed 3.94% aﬁthbcyanin Thus in the 20mg/ml
.solutlon the, concentration of anthocyanin was 800mg/L. Thus the ratio of quercetin: -
anthocyamn in the solution was 1: 10 7. To solublhze quercetin more anthocyanm was

needed than quercetin w/w.-



ant hocyanin in the solution was 1:10.7. To solubilize quercetin nore

ant hocyanin was needed than quercetin ww. 1 1 AUG 2004 WD 01/60179
PCT/ GB01/ 00380 19 It is concluded that flavonols are readily soluble in
aqueous sol ution of anthocyanin when the quercetin is addgd ags s

et hanol i R@%b%ﬁ&“- Si nce ant hocyani n powders are readily P@fﬂﬂci?}%ﬁo '
comercially, 1t is practical to supplegent drinks caontainiig anthocyanin
with quercetin in a soluble form Exaﬁgfe 3 The sol ubil'i zati on of

gquercetjn in different anthocyanin contajning liquids_ by neans of heat
Al t hought 1 condudegnhanilamnotscars dgadilie selublenin snuspransrintien ebpathosyanip when

ant NoCYaR! QiRredils HRLIPYs diChEASIRA sbifiofi! NafHaL %@ggﬁ?%&&% 26y SLAGE A"

i nvestigation was made into the possi ity o guer ce

wi t hout avaiablesenoheretaHandl is fiiaetiqui doedippteruas driviks cwsitainial | aptiedcy a0l of
the |iquids exam n@gg\ﬁere placed in a plastic tube with 50ng solid

quer cet FFERIR AP @™ot ated at room tenperature (20C) for 3 hours

foll owed by centrifugation at 2000 x g for 30 mn at 20C. Quercetin

concent Egith@lg IVASTheBAMAf0A Df gem&ﬁl AU FRANBhES JanH dligingd fi%iﬁﬁ‘qﬁ In
optical density at 5nm o iqurds with and w thout quercrtrnm.

sol ubi | megnsf bealer cet i n when ni xed with ant hocyani n contai ni ng sol utions at
room t ture -extrenely small. (Table 2). .For red wine the

ol ubi | RTHSUH i eo@Enet TR e SR ip bR ShruibRin Aifockabiientie wotbad: (.
g/ L) onin¢rddsell My lethadsl comest ofahe Bévesapeut | AR Avediation & lmhaldl SsioWgke
heated in a_sealed tube for I. mn in a mcrowave oven when boiling of the
liquj d PewiMidf demlviegsivuerretia, wibentitherges af ethanol. Under these conditi ons
(see” Table 2), quercetin was rmuch nore soluble, and the solubility of
guercetin. was conparable to that achi eved by the previous nethods using

et hanol The pricediromas fftlogseraliquots QUaN) 6f the. lighidshnaimaitidiyee pLRRH iR kI fsic Of
the liquids were also determ ned bty t he nethod of Mketic- Aleksic’et al
g

1972, LBivevaih Wmgsakidraerrssn dibydrats.apgaptaterhat rpemfertpesise 2 Coffon)s howisng
I ali ' | t 1 asuring f.he

opti cal ﬂﬂ%ﬁ%ﬁ?@ (\ég[n g%%dnéjﬁ%()soﬂ {(rsk 3%1{)3;6 ca cﬁlzé)tggd ggg‘ﬁ%ﬁv?%ﬁ%n%?é?%é”c?gi de
( FW 493miepsunsd msgintﬁnarialst ¢xaatplesnfrom the difference in optical density at 375nm of liquids

with and without quercitin.

The solubility of quercetin when mixed with anthocyanin containing solutions at room
temperature was extremely small (Table 2). For red wine the solubility of quercetin was

only 3mg/L and for grape anthocyanin powder (1g/L) only 0.7 mg/L.

N
s

To investigate dissolution by heat, the liquids were heated in a sealed tube for 1 min in a
microwave oven (.when‘ boiling of the liquid occurred) and cooled to room temperature.
Under these co;idition_s (see Table 2), quercetin was much more soluble, and the solubility of
quercetin was cémparabl_e to that achieved by the previous methods using ethanolic solution

of quercitin (Table 1). -

Anthocyaniﬁ concentrations of the liquids were also determined by the method of Miketic-
Alcksié et al 1972, Lebensm-Wiss.u Technol. 5 163-165). The rne'thod consists of diluting
Iml aliquots of wine or juice with a buffer at pH1 and measuring the optical density at
520nm. Results were calculated as malvidin-3-glucoside (FW 493.3) using thé extinction
coefficient of 28,000. For solids, a known weight of powder was dissolved n buffer at pHI

and the results obtained as g anthocyanin/100g powder.



coefficient of 28,000. For solids, a known wei ght of powder was dissolved .
in buffer at. pHI1 and the results obtained as g ant hocyanin/|100g powder.
1 1 AUG 2004 WO 01/60179 PCT/ GB01/00380 20 Sanples of red w ne, grape

ant hocyani n and grape seed extract were analyzed for pol ypHehdt < means
of HPLC W¥o@R81MWaboratories, St Hel ena, CA 94574, USA. TherdnGBol/g0Es) W nes
and rose wine all produced a higher salubility of quercetin than in 12%
ethanol. The three wines above 150g anthocyanin/L gave a greater
solubility than the two wi nes below 150g ant hocyanin/L. There was no
increase in-the solubility of quercetin in white wine (in which

ant hocy=ammes of sietdswan, i grapy abtbeenanin Ehé friaghemed sektudit] veye imalyzed for

bl ackcug rant j.uice, whi I e _hi ghest t ho in content. The
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sol ubi | ieli ywifids AdG0EWikle aiRb8udeld™h Mih& soRIRY It RlePlhelNGananeGef Alndhdi! 1 1Y
in a grape anthocyanin sol ution, which was cofnparable to that of the w nes
and fruflke fhgecwines\apove Mi0geanthecyahindh gavnergregian solubility athae rthe wen ewines
simlaryd 206 et hanal . . Wii . st _ant.hocyani n..po r had. a positive
ot fect. osidh dbkitenbabt 0 TRE peac B ket R 0 Bit g ot et in e

ant hocyaften(inashicheiftbedyantn FThaubsRhliall abseafoVi The highfeVesIaeSinEWdsched in
flavonol is sinple and requires only a brief " period of heating.” Moreover
it | eavilackewgantjgge.qihich alio had e highesirapthncyanio soptent.t iThe, founttuitguess aibt

i ncreas e, e 0 Tabl. h esults of the p henol _
anal ysi és% Ey ﬁPE@ % i %%‘ggéasvgrr%f) érg?rgarsédgﬁor%@ﬁwgPgﬁeéﬁ%cﬁgﬁ?ﬂnﬁrﬂim}gr ape
seed exdenambtratedinicedanedlsalpbility irdpeaps mBthAt Fendf sAliVTBVhich WASERhSaratfieth Wi ne
and gr_a&le ?\F d extract-dﬁ&nt_ai ned flavanol s_(catechin, epicatechin) and

pr ocyantdi nEss tuicghd Whipeviaes Hoeuaki Anthopyaiin edasnabieot yars n -
nonomner ' Lhge grape seed extract was inactive in increasing
t he sol ﬁ%llﬁ i ?;Hg#txgﬁg?%eeﬁﬁﬁ@'i t was concluded that it is the anthocyanins
which are the solubilizing factor, and these are present in red w ne and

the gr ..ant hocyani n <;}agv_vcl&r but. .are_absent fromthe grape seed extract
WO 01/ 6 g agffiocyanin powder ad a positive effect on solubility, grape seed extract which does

not contain anthocyanin was ineffective.

The method of providing cfi beverage enriched in flavonol is simple and requires only a brief
period of heating. Moreover it leaves the liquids relatively unchanged in composition, and

does not increase the ethanol content.

'Table 3 shows results of the polyphenol analysis by HPLC. All three samples, red wine,
‘grape anthocyénin and grape seed extract, contained appreciable amc;unts of polymeric
phenols. Red wine and grape seed extract contained flavanols (catechin, epicatechin) and
procyanidin dimers. Red wine and grape anthocgani_n contained anthocyanin monomers and
polymers. Since grape seed extract was inactive in increasing the solubility of quercetin, it
‘was concluded that it is the anﬁlocyanins which are the solubilizing factor, and these are

present in red wine and the grape anthocyanin powder, but are absent from the grape seed

‘extract. _ , -

j:.fff’)



1 1 AUG 2004 Vir PCT/GB01/00380 Table 2 Solubility of quercetin in
different liquids LiquidsSolubility of quercetin Anthocyanin present

nmg/ Lnmg/ L Cont r ol sRoom t enpBoi | i ng Wat er 0. 32 Et hanol 12% v/ viL30aURegggy neb
336196 Cabernet - Sauvi gnon (F) Cabernet - Sauvi gnon (ARG 18224 Rhone #F). 19271
Shiraz (Mis)ridoliB Rose b 9138 Rose D Anjou (F) Witeb 040 AGTIGEMIsEi re (F)
Chardonnay (AUS)60 Fruit juices 0121021Cranberry c Cranberry-blackcurrant
c16155 Grape juiced38152 Bl ackcurrant a82307 Pol yphenol extracts in water
0. 750, 394 '

Table 2 Solubility of quercetin in different fiquids
Liquids Solubility of quercetin Anthocyanin present '
mg/L mg/L
Room temp Boiling
Controls
Water , 0.3 2 0
Ethanol 12% v/v 1 3 0
Red wineb ' - -
Cabernet-Sauvignon (F) 3 36 196
P Cabernet-Sauvignon (ARG) 18 224
<+ Rhone (F) 19 VA
Shiraz (AUS) 11 118
Rosé b :
Rosé D’ Anjou (F) - 9 138
Whiteb
‘Vin Ordinaire (F) 0 4 0
Chardonnay (AUS) 6 0
Fruit juices
Cranberry © 0 12 109
,  Cranberry-blackcurrant ¢ 16 155
’ Grape juice d : 38 152
Blackcurrant - 82 307
Polyphenol extracts in water
Anthocyanin £y gL 07 50 394
Grapc seed ® 125g/L. 4 0
250g/L 4 0
- 500g/L . 6 0

a measured from O.D. at 375nm

b origin of wines: F = France, ARG = Argentine AUS = Australia
¢ Ocean spray ™ brand

d Welch’s "™ Concord brand

e Ribena ™

f Vinox ™ (Polyphenolics Inc) solid dissolved in water

g Phytone Ltd solid dissolved in water



Anthocyanin f Ig/L Grape seed g 125g/L40 2509/ L40 500g/L a nmeasured from
OD. at 375nmb origin of wnes: F = France, ARG = Argentine AUS =
Australia c Ocean spray TMbrand d Wlch's T Concord brand; e, bgpa T™ f
Vi nox TM (Pol yphenolics Inc) solid dissolved in water g Phytone Ltd solid
di ssol vedid aiemper 1 1 AUG 2004 WO 01/ 60179 PCT/ GBO1/ 0038@crR#AR0ledke 3

Pol yphenol s in red wi ne, anthocyanin ggwder and grape seed extract G ape
Grape seed Pol yphenol sRed WI ne ant hocyani n extract rrpovvder ng/g nmg/ g |

gallic 350. 9 roc dln di yers49<0. 177. 0,3 cat echi n20<0. 174.6 4
epi cat eﬁaﬁ|€§?15<o %ﬁﬂé‘f’g‘ E %’"'ﬁc‘? QY AR EPONGET 3B ZRARC| SEChBHEACE 44550. 0356

7 caftlaric aghgirdiod<0. 1 Red wine | Grape Grape seed
anthocyanin | exftract
powder
mg/L mg/g mg/g
1 gallic acid 35 0.9 3.9
2 procyanidin dimers 49 <0.1 77.0
3 catechin 20 <0.1 74.6
4 epicatechin 15 <0.1 51.0
5 syringic acid 8 <(.1 <0.1
6 polymeric phenols 445 50.0 356
7 caftaric acid 12 0.2 <0.1
8 caffeic acid 5 <0.1 <0.1 —
9 coutaric acid 14 <0.1 <01 |. )
10 p-coumaric acid 5 <0.1 <0.1 ‘
11 trans resveratrol 9 <0.1. <0.1
12 cis resveratrol 2 <0.1 <0.1
1 13 myricetin glycosides 2 <0.1 <0.1
14 quercetin glycosides 8 0.5 1.8
15 mynicetin 1 <0.1 <Q.1
16 quercitin 1 - <0.1 0.2
17 delphinidin glycoside 2 4.4 <0.1
18 cyanidin glycoside <l 1.7 <0.1
19 peonidin glycoside 2 5.2 <0.1
20 petunidin glycoside 2 2:8 <0.1
21 malvidin glycoside 7 14.0 <0.1°
22 polymeric anthocyanins 22 4.4 <0.1

. s
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Example 4 The solubilization of guercetin by heating excess quercetin solid with

aqueous solutions of three different commercial preparations of anthocvanins obtained from

grape, blackcurrant and red cabbage.
The purpose of the investigation was to compare the ability of anthocyanm from different

sources to solublhze quercitin.

The procedure was as follows:- The grape anthocyanin was obtained from Phytone Ltd, UK
‘(as used in example 2). Blackcurrant and red cabbage anthocyanin were obtained from
Overseal Ltd, Swadlincote Derbyshire UK. The anthobyanin'contents of each powder were

measured according to the method of Niketic-Aleksic et af (as in example 3).



8 caffeic acid5<0.1<0.1 9 coutaric acidl4<0.1<0.1 10 -counaric .
aci d5<0.1<0.1 1 | trans resveratrol 9<0.1<0.1 12 cis resveratrol 2<0. 1<0.1
13 nyricetin glycosides2<0.1<0.1 14 uercetin 1 cosides80.51:8 I5 T
nyricetin1<0 1<0.1 16 uercitini<0.10.2 17 del hinidin 1 cositdg@d fz0.1 18
cyanidin gl ycosi de<11.7<0.1 19 eonidin glycoside25.2<0.1 20 petunidin .
gl ycosi de‘g’?"é €872 21 mal vidin gl ycoside714.0<0.1 22 qf eri BCT/GB01/00380

ant hocyani ns224. 4<0. 1 Exanpl e 4 The soR&bilization of guercetin by heatlng
excess quercetin solid with aqueous solutions of three different

conmer cbalutipne ph thet armhm:yaﬁmamdne)mmlauﬁsﬂa»&trangmg ffono M5 @ 3P g/} &"&kgﬂébé ant

d red
b1 by SRR ok SarGR ff 25 o d abmEGaldoreed sapbash Jtm"zcﬁgggéé%m&oamm The
pr ocedus@s Wade@S50rhe |guaNEiin d’ﬂj@r&é apied akd hfé%ﬁd?ur@ g@”ﬁ?‘i’n L rﬁi%"oc ykone

Ltd, UK (as used in exanple™2). Blackcurrant an age an yani n
wer e ob®¥gmasl befasm caled S@abomtfdmpmmaudmmtrﬁhgb@smlzmow gTheor 30min.
to t he net hod

ant hocy |n cont.ent vvder asure acco

of Ni ket 'diaS&ust & ‘ii’“‘gﬁ’“ (‘ﬁ’? Bteé)“’“ watendy wphieal dsmaivoreag
PCT/ GBCE:/ D580, Bht Wbh&@hEraibn toff uefuetlﬁw&snhﬁas t

from2.5 to 30 ng/m for agrlc}ipeQl 15-40mg/ m fu%?f %?,gig@{:e‘g?er\gtﬁ @tﬁgpg&Sﬂg

150my/ nPesen sebitioap e andravithort quercetit bs potvictshn A\ashtadm ed Fﬁgmgs dquer etin
di hydr a&@cré&lﬂ Qﬁ.@'ﬂl%ré ?oqulr% XItl Hﬁ ?hr@g %lugoﬂsocgf a%mrgcgaﬁlgs %an in water aqonc and the

effect was substantially linear with increasing concentrations of anthocyanin powder The

anthocyanin content of the three powders were grape 3.94g/100g, black carrot 1. 21g/100g,
‘red cabbage 2.51g/100g. '

The results demonstrate that the increased solubility of quercetin in anthocyanins is a general

. phenomenon and not restricted only to grape anthocyanins but can be obtained with other

suitable edlble material that contains anthocyamns

Example 5 The solubilization of quercetin in an agueous solution of malvin chloride by

the addition of an ethanol solution of quercitin. -

The anthocyanins can be divided into two major classes:- the monomeric anthocyanins and
the polymeric anthocyanins. A typical example of a monomeric anthocyanin is malvin
chloride, a salt of the oxo.nium, ion malvidin-3-glucose and the chloride ion. It can be
obtained in a high state .of purity (Indofine Inc, USA) and therefore used to determine the

- solubilizing effect of an anthocyanin monomer. The procedure was as follows:- malvin
chloride (2.2mg) was dissolved in 2ml citrate buffer (pH 3.0) - one m! acted as a control. To
the other ml was added stepwise 0.25pl ethanol containing 5mg/ml quercetin dihydrate'
.Equal amounts of ethanol were added to the control. Each solution was diluted (1 : 9) with
5% aqueous ethanol and the optical density determined at 275nm. The quercetin '

concentration was calculated as in previous examples.

As shown in Figure 8, up to 1000ug quercetin was added to iml malvin chloﬁde. With.

750ug quercetin no precipitate of quercetin appeared, but there was a slight precipitate at



oven as before, cooled to roomtenperature and centrifuged at 2000 x g for
30mn. Aliquots with and without quercetin were diluted with water 1:9 and
the optical density read at 375nm The concentration of quercetin was
neasured by difference in optical density between sol utiors! W8nh28nd

w t hout qu@ewreeiiher as previously. As shown in Figures 5 to ch&ﬁ@f/ﬁﬁfd n was
nore soluble in all three solutions of santhocyanins than in water alone and
the effect was substantially linear with increasing concentrations of

ant hocyapj 0 r. The. .antho in content of. the three powlers were -
gr ape: g%@g& Y@%@""%ﬁ %e&m@l%&éﬁ{iﬂ’flﬁ?“f%&“onroéd“eﬁf’ﬁﬂadg makyjn ghlofidgygs The
resul t sliderwpss 78dee.t hat the increased solubility of quercetin in

ant hocyanins is a general phenonenon and not restricted only to grape

ant hocyani ns but can be obtained with other suitable edible material that
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of a nof W@"i"t‘:"f&ﬂ‘f‘ﬂ%@fﬁﬁﬂ‘i‘@ 1t 4s qEs/passibiathat thg solubior syas supertsatirated singenonon

mal vi di B3dif gppgea%g%%ggapﬁggeq{ﬁg%e&-on. It can be obtained in a high

state of purfty (In and therefore used to determne the
sol ubilizing effect of an anthocyanin nonomer. The procedure was as
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in Fi QUﬁegF up. 9 3.0%‘9 &uerceti n waa.a ded to | m nalvin chloride. Wth
7509 quércetTh Ao Pre %i]e AYLe ghrereain divydrpte, auercitdn (qpereetimSrk-rheamnesids i ght
preci pi 3 912@}]2?11,1FM82@@4gmé1\91@1&%?i% (E’&Eé&ﬁpﬂﬁ-ﬂlﬁng@osﬁé PAg @hi gh vas

centrifuged off. The concentration of quercetin in vin cHl or i de’wad”
linear Gps £& $50pg Sigma,tll concentration of added ethanol (20% v/ v)
guercetin is soluble to the extent of

The procedure was as follows:- to Iml grape anthocyanin (20mg/ml) in water was adde_d
2.5mg of the flavonol and the mixture heated for 1 min in a microwave oven, cooled,
centrifuged and the optical density of the supematant measured at 375nm. Samples were
diluted in water 1:9 before reading. Aliquots of anthocyanin and water with and without the

flavonol were treated similarly.
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Flavonol concentrations expressed as mg/L quercetin aglycone were calculated from the

differences between the solution with and without the added flavonol, as previously.

The same procedure was used for measuring the s:olubility of the flavonols in malvin
chloride. In this case 1.8mg malvin chloride was dissolved in 2.0ml citrate buffer at pH3. To
1ml was added 2mg of the ﬂavbnol, the other Iml acted as a control. After heating, the
' mixture was cooled to room temperature, centrifuged, and the supernatant diluted 1 : 9 with

50% aqueous ethanol. The optical densities were measured at 375nm.

As shown in table 4, the solubility of quercitrin and rutin in water was very much higher

than quercetin. The solubility of all the flavonols were increased in the presence of grape



13ng/ L. Thus under these conditions, quercetin is nmade extrenely sol uble by
the presence of nmalvin chloride, although it is quite possible that the
sol ution was super saturated since on standing at 4C a | argeq RieehRitate
occurred. Exanple 6 A conparison of the solubilization of quercetin, :
qguer ci t rivp @éingb1faut i n by heat in solutions of grape ant ho@uan:gpiaoskenal vin
chloride. Quercetinis a flavonol aglygpne. In fruit juices it exists as
the glycoside. The purpose of the investigation was to exanine the

sol ubiljzation of glycosides, of.flavonols by, anthocyanins. The three .
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added 2.5ng of the flavonol and the m xture heated for I mn in a

m crowave oven, cooled, centrifuged and the optical density of the
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agl ycone were calculated fromthe differences between the solution with _
and without the added f,J avonol, revi,ously. The sa procedure was used
for medstff™My the sol u&fa}t?rt of ?ﬁ%‘%ﬁ%‘&m in mal vﬁ’ﬂ‘“eh‘?{i’g‘?rﬁ . In this
case 1.8ng nmalvin chloride é@@ Hitd s afagreetinaghyong ¢ Mat én®lif fer at pH3. To
1 m . VAuctselded 2ng of the flavonol, %the other | m acted & a‘control.
After heating, the mxture was cooled to roomtenperature, centrifuged,
and 't heQsarperinat ant dilfied | : 9 wi Bhé 50% aqueous et handR? The opti cal
densities were neasured at 375nm As shown in table 4, the solubility of
quer ci tRign and rutin iggrater was vergg nuch hi gher than quegcetin. The
solubility.of all the flavonols were increased in the presence of grape 1 1
AUG 2004 WY 6070 REH, CBOY 038, ABA LIPGHANdR. Ao ThW I Gl OF ) diEr

Thi s demonstrated tirat gf ycoSr des of quercetrir were

ant hoc yfavomodndt énpicEmedtanith purediaesnclMor eover. the increased solubility was
also segen with a pure anthqocyanin nmonormer, malvin chlaoride. Table 4 A
conpari@wfgrwmﬁ@r%w%wtq?é@ AOSERA AIVIGRONJIBE B f?wﬁrawa-m@mau@g I at

in g/L polyphenols. The flavonol content (calculated as the aglycone) was 8.8 mg/L (myricetin

glycosides 1.1 mg/L, quercetin glycosides 5.4 mg/L, myricetin 1 mg/L, quercetin 1 mg/L).

The powder containing the polyphenols was made as follows: 1 litre of red wine was
filtered, rotary evaporated under reduced pressure at 75°C for one minute, cooled, then rotary
) evaporated under reduced pressure at 55°C until the volume was reduced to approximately
150ml. 50g of Diaion ™ resin (Supelco, UK) was weighed into a beaker covered with
methanol and allowed to stand for 15 minutes. The methanol was then decanted off, and
replaced with wétcr. After standing for 10 minutes the resin was stacked into a glass column

(half filling the column), and washed with water.

The wine concentrate was applied to the column, followed by a water wash (300 mI). The
poly.phenols were eluted with 50% ethanol. Collection was begun as the colored fraction
began to exit the column, and was ended when the eluate was free from color (after a totél' of
500 ml 50% ethanol had been used). Phenolic content of the eluate at this point Was.at a
concentration of 0.1 mg/L as determined by the Folin-Ciocalteu method (éihgleton & Rossi .
1965 Amer. J. Enol. & Viticulture 16 144-158).



sol utions of aqueous grape anthocyanin or malvin chloride. Flavonol Water |
G ape Ant hocyanin Malvin chloride Solubility of quercetin aglycone in ng/L’
Quercetin 2 90 28 Quercitrin 53 316 127 Rutin 36 260 74 EX lfIJG7

Preparati on of conmposition froma red wine containing a | ow concentration

of flav¥v@dreta?™ enri chment with-pure flavonol The red wrer/gBogmssmed was

of the Cabernet Sauvignon variety fromdrance. It contained 1.8 g/L

pol yphenols. The flavonol content (cal cul ated as the ‘agl ycone) was 8.8 ng/L
(nmyricetin glycosides 1.1 ng/L, quercetin glycosides 5.4 ng/L, nyricetin 1
ng/ L, quercetin | ng/L). The powder containing the pol yphenols was nmade as -
f ol | owsthel phenphe frsctipe dvagirpduosd dy fokdry eveporation st 0V ap apprbriinatalger20r giluced

pressure . at. 75C £or one.m nut ool ed, .th rot.ar evapor at ed under
Peduoedtdthis i Sie2lEa 1 itk Yo BSQ R nabe a8 ot aobaensps bt e eri 2
150nt. galgpheholiaiteh oFMeeSTIR iSunRl eontebtOvasasmiyal Bhe doiy bR/ HBR2K
covered w :[)h net hanol and all owed to stand for %/g, m nu Zs. 'I%g ﬁ@t ﬁrg)r%%l
was t hdR-4decyfivkd of f, and replaced with water. After standing for 10
m nutes the resin was stacked into a glass colum (half filling the
colum), and washed with water. The wi ne concentrate was applied to the

col um Fartifi¢aniam dofbiyolgphaiok powdehwitBOglure! lavohbE wal Gh¥RNANRIIB WA 4B & ke
Col l ection was_ begun as the colored fraction began to

ith 0 h | .
\émxitt f %ﬁﬁ@lﬁa O,ovsd!?a %él%%@@imh%gemiz@dmt@. videereetinedihydmtedSigma, (B er a
bt i motbiind o 24 GRUARRIOA 30 HRROY apl MR L€ BORRRR woE Byt e

at this point~was concentrafio
Fol i n- Gpbtiaht €he rbtoholl waSiragbeddoby & messievapSbborAiier vdeuuBAUnd e residue
Viticulgure 16 144- 1585)Pﬁﬂlé‘éé03AUG 2004 WO 01/60179 26 PCT/ GB01/ 00380 The

phenol i EEeF4Eed Bhelrge b metsEEy cenigpb sl as feelsealuble in water.

approximately 120 ml  and this was freeze-dried to give the final sanple.

The vyi 0 2dfie/ L& 0 n t 50 T
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administering said mixture to volunteers

The purpose of this investigation was to compare the effects of red wine polyphenols with
and without added quercetin on the antioxidant capacity of plasma (FRAP) in volunteers.
13 healthy men aged 35 to 65 who were non-smokers, consuming a standard UK diet
participated in a private and confidential study. Two weeks before the study the volunteers
discontinued wine consumption. All volunteers were asked to maintain their usual diet and
lifestyle during the study. The volunteers were divided into three groups A, B and C and
given for 4 weeks one of the following- A:- (a placebo drink consisting of 36.6g glucose,
1.1g citric acid, 0.38g blackcurrant flavor, 0.38g tri-sodium citrate) in 300m] water. B:- A
. placebo drink as in A containing 1g red wine polyphenols, prepared as in Example 7, or C:-
a placebo drink as in A containing 1g red wine polyphenol + 30mg quercetin (as prepared in

Example 7). The trial commenced in the month of November and ended in December.

Blood samples were drawn into K; EDTA (Immol/L) 12k after their supper meal before and
after consuming the drinks for 4 weeks. Samples were centrifuged at 2000 x g for 15min at
4°C to obtain plasma. A '

Total plasma antioxidant capacity was determined by the Ferric Reducing Ability of Plasma
(FRAP) assay (Benzie and Strain, 1996 Analytical Biochem 239, 70-76) on fresh plasma.

The estimation was carnied out on the same day.



(0.45% w w). Fortification of polyphenol powder with pure flavonol was nade
as follows: 400g of the polyphenol powder was-dissolved in 1 OL deionized
wat er. Quercetin dihydrate (Sigma, UK) anpbunting to 12g was dissolved in
3.5L ethanol and added to the above to give a clear solutibh.AUGBhg0&l cohol
was renpwed oboeer ot ary evaporator under vacuum and the resvd¥8100380
freeze-dried to give a solid with 3-4%#m0i sture content, which was freely
soluble in water. Exanple 8 The effect of adding guercetin to a preparation
of red wine polyphenols and adninistering said mixture to volunteers The
purpose of this investigation was to conpare the effects of red w ne

pol yphefslsbowitih Tahkeds Wiethowt aadbdads€ €088 iMaibxide @agécﬁgivﬁmhe\fég&%ot y

of pl asnaél?léFRAQ] in vol gntg/eer_s. 13 healthy nen aged 35 to 65 0 were-

non- sno and shdecrsase of 12t aAdathg resk vine polyphendl doyelencdindrempinprdavabe 6oad
conf i deqithahe S&1yHenol POWIESHSh REIQ et digipSt udy the volunteers discontinued
w ne consunption. All"volunteers were asked to maintain their usual diet
and |ifestyle during the study. The volunteers were divided into three
groups I%"wB and .C a@% gi veP for 4 vvegks one of the following- A - (a

pl acebo dPFhIEOBONEFS (et gSupPloseiyion Q& auercitin mixed; withe resc wine odghenols

bl ackcuggnddihink| AWM i = ) i 4.0 ter. Bi- A,

pl acebo dri nkfgas i ny%gg %ﬁ?ﬁcﬁé ﬁ?ﬁyg‘;&ﬁgﬁ‘l‘:\% ?@%8?5‘8%@%&’%%@85éfﬂee‘i‘fda‘gmf—'n
Exanpl epotyphenols: alore pf apbisebaidiink. MoréaveA thobéaraiengad Hriifed Withea palymiienol
+ 30ng rcetin (as red in Exanple 7). The trial comrenced in the
nont h o&g%@ggn &aeéﬁaﬁéﬁpofg’gni n Decenber. Bl ood sanples were drawn into K3
EDTA (1mmol/L) 12h after their supper nmeal before and after consum ng the
drinks for 4 weeks. Sanples were centrifuged at 2000 x g for 15mn at 4C
to obt al #lpPashifectiadmipistesing adtinloxoutaiting aphwitteypolshenetsewith bR dvitou he
Ferric 1 il of. Pl asnma FRAP) ass (Benzie_and Strain, 1996
Anal yt i{% @I ggk@ﬁ’@ég&%{c’%{s{c 9@‘5&%?1‘(1?4‘?3%1)6?‘5%9@&35%@ BAP) mation was carried
out on the sanme day. 11 AUG 2004 81/ 60179 PCT/ GB01/00380 27 As shown
in Table 5 there was a decrease Of % in antioxidant capacity with the.

pl acebo drink, and a détrease of 1% with the red i ne pol yphenol powder,

and an tRgigase of 6% py L, the pglyphenol pomdeﬁeg\n;ytugle added quer cet ,i n.

) Polyphenols polyphenols + quercetin
(5) 4 (4)
At start 1221 + 205 1277 £ 99 1151+ 66
After 4 weeks 1148 + 157 1260 + 88 1215+ 86
Difference -127 i7 64*
‘ a b
) ‘mean % SD no of subjects *P<0.05 (A vs. C)



It was concl uded that supplenentation of quercitin mxed with red w ne

pol yphenol s contai ni ng ant hocyani n produced a greater increase in

anti oxi dant capacity than the red wine polyphenols alone or a placebo
drink. Moreover the beverage was fortified with a flavonol prieag@tzomn a
water soluble form Table. 5 Effect of adm nistering a drink containing red
w ne pol yphenols with or without quergetin to volunteers on then
antioxidative capacity of plasm (FRA@ FRAP a A B C Treatnent Pl acebo Red
wi ne Red wi ne Pol yphenol s pol yphenols + quercetin (5)b (4) (4) At start
1221 205 1277 f 99 1151 f 66 After 4 weeks 1148 157 1260 88 1215 86

D ffererclaim§27 17 64* a mean SD b no of subjects *P< 0.05 (Avs. C | 1
AUG 2004 28 Clainms 1. A nethod of increasing the solubility in water of a
conposi tl. o e ¢f ilgefitR the sbbilig iy a6 4ie compaatbrCodiiistisicldeRg St eps
of : providing a quercetin aglycone -containing. conposition; providing an
ant bocyani AgEeReng mstod 6ABESIRE B, Stepn L nprRVifiE heuarctin aglyaprestomitiniog A

nmet hod acc ' . I - oF-) G kLD-.cont at.ni n

Composi &1 otPREaioR JF0RSL b ¥ REY LR HREAANE RERNECEY ARG rvg,q
accordi ng tompbsitiensl- or 2, wherein the anthocyani n-containing conposition
Is obtained fromthe group consisting of: grapes; cranberries;

bl ackberries; . and blackcurrants. 4. A nmethod according to claim.k or®
2,: whenei A sh g&wyit@- | Rl 1R OO Sk ] Q,Q.%@% 0m W ne
or deal gghol i sedﬁ\?\nhne._ . Aﬁeﬁﬁgaﬁ%gdgﬁg%gh ny gcr?g 0 ﬁg&gpgelgg%li ng
cl ai ms, wheerpmses adruitjuinoonvegetable sitract.

3. A method according to claim i. or:2,iwherein the anthocyanin-containing composition is
obtained from the group consisting of; grapes;’ crmbe&ies; blackberries; . and
blackcurrants. :

-
4, A method according to claim 1 or' 2, wherein the anthocyanin-contsining composition is

obtained from wine or dealcohpliséd§ wine.

- 5. A method according to any one-of the preceding claims, wherein the anthocyanin is
selected from the group consisting of: malvidin, cyanidin, delphinidin, paeonidin,
pelargonidin, polymeric anthocyaniris, leucocyanidins; and glycosides thereof.

6. A method according to any ofie of the preceding claims, wherein a quercetin aglycone
containing composition is added 10 and dissolved in an aqueous solution of anthocyanin. -

7. A method according to claim 6, wherein the aqueous solution comprises dissoived

anthocyanin at a concentration of at least 10mg/L.

8. A method according to claim 6, wherein the aqueous solution comprises dissolved

anthocyanin at 2 concentration of at least 50mg/LL.

9. A method according to c¢laim 6, wherein the aquéous' solution comprises dissolved

anthocyanin at a concentration ofiatdeast 100 mg/L.




selected fromthe group consisting of malvidin, cyanidin, delphinidin,
paeoni di n, pelargonidin, polyneric anthocyanins, |eucocyanidins, and
gl ycosi des thereof. 6. A nethod according to any one of the1pnﬁﬁeajpg
clainms, wherein a quercetin aglycone containing conpositionis a 3ed to
and di ssolved in an aqueous solution of anthocyanin. 7. A method according
to claim6, wherein the agueous solutb@n conprises dissolved anthocyanin
~at a concentration of at |east 10ng/L.”"8. A net.hod according to claim®6,
wherein the aqueous sol ution conprises dissolved anthocyanin at a
concentration of at least 50ng(L. 9: A nmethod according to claim6,. .
wher ei n 10heA auptlecsiascasdingttp eny oospf claims 6% vdesinda maruisopsepered bataddition

concentrat i . at [l 1.1 A 04 : t hod..accar di ng
to any oneogpa_ g{xlécf‘r%ﬂerg@%} Ei%ﬁ%_? g‘?ﬁ&ga‘#@& ﬁ%%? gsgt?c’enpgoﬁetégbaﬂﬁg |fs?otrf°%fgf£1

sol i d quer athbéyadie Y€ MRLed O4TRVE | AFbMTRNIEAtOR (e, tABVARIPCYStoS abditi @n Of
ant hoeyanin, is heated above anbi ent tenperature (e.g. above 20C) to assi st

in dissol dissdutiasf ofhdhequuercetinnaglaetnec cemponsntiorrenicd; codl ady semiaining
i ni i ss0l i fi)trati d/
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solid quercetin aglycone- containing conposition is dissolved in ethanol or

an ethanolic conposition and added:to, an aqueous sol ufion conprjsing
ant hocyahi A-mf@ggA%@IHE&O FOY A1 g cleimg ki nivliprered ﬁOIECL quegee @glygone-

agl ycone-c &ggh' ik SRSt j ' ] ' or
deal cohol i ge W ﬁgg%lgrrprl Sl %ﬁgigeg?{% ocyar?l}%?e@%ﬁ&%ﬁgﬁggog%raﬁéﬁggt o]
claim1l, waeagpicoussohitigneomptising agthpcypmin. cont ai ni ng conposition is added to
and dissolved in a fruit juice.or vegetabl e extract containing anthocyanin.
14. A method according to claim 1, wherein the quercetin

agl ycongzacanhahéd a@oreieldimOr whcgeinitheguapbddn aﬁlﬁcbﬁ&&n‘éﬁﬁiﬁgt&ﬂlﬁoﬁﬁﬂﬂ the
group consjsting of grape; cranberry; blackberry,” and blacKkcurrant. 15. A
met hod of ;Sraéé@?mgdatssqivgﬂ inaripias ior Healcabolipad wing gomprisang:an esheeyiaginguer cet i n
conponent, the nethod conprising performance of the nethod of claimé6, and
drying the resulting solution. 16. A nmethod according to claim 15,

per f or maBcA méthohacebrdhipad wlsith B whidreia aigpquerécti@aglycone-containing composition
 is added to and dissolved in a fuitjuice or vegetable extract containing enthocyanin,

14. A method according to claim 1, wherein the quercetiﬁ aglycone-containing composition
is mixed with a juice selected from the group consisting of: grape; cranberry; blackberry,
and blackeurrant.

15. A method of preparing a dry .qomposition comprising 2 water-soluble quercetin
component, the method comprising performance of the method of claim 6, and drying

the resulting solution.

16, A method according to claim 13, performance of which produces a dry composition

comprising at least 0.1% quercetin.

'17. A method according to claiin: 15, performance of which produces a dry composition

compnsing at least 1% quercetip.

18. A method according to claim 15, performance of which produces a dry composition

comprising at least 5% quercetin.




conprising at |east 0.1% quercetin. 17. A method according to claim 15,
Perf ormance of which produces a dry conposition conprising at |east 1%
gquercetin. 18. A nmethod according to claim 15, perfornmance of Wich
produces a dry composition conprising at |east 5% quercetin. #AU& AUG 200k
30 19. A nmethod according to claim15; @}erf'ornance of which produces a
dry conposition conprising at Ieast'lé o quercet]n 20. A conposition
prepared by performance of a nethod-in accordance with any one of the
preceding clains.- 21. A conposition according, to claim?20, farther
conprising one or nore ingredients selected fromthe group consisting of.

And- oxi dant 5, _f ori .agent,s., . sweet eners, i t-anins,, mnerals, and
aspirin. 8192% K‘ehg h%fﬁ&gii""ggfooe‘m ig*e oélaﬁ’éﬁuggé‘éli“ih PERueEsh Ans Femgpaditionol ved
quer cetin atomprisigP&Elvist A04QRedcBieXxcess of 10ng/L, the nethod conprising

the steps of. mxing, in any order, water, a conposition conprising
quercetin aglycone, and an ant hocyanin; and form ng an aqueous sol ution

from t he 51 %t i tidon _conmprisi-ng the, -quercettin, dissolved at a
concent r ap]l én&?@mgidég §gpg*éa14¥rpge permange oﬁ\aﬁﬂ?tﬂﬁ@j‘.%EWF@iﬂﬁ@“’f% agy snepHihe
wher ei n t hepeciditg dameonpri ses quercetin di ssolved at a concentration in

excess of 20ng/ L. 24. A nethod according to claim 22, wherein the solution
conprises quercetin dissolved at a concentration in excess of S61 #91L_ 25.

A met hodacKOffdhitditin Sdodl 2 ¢ r nﬁhp solut.i.on conpri ses .quercetin
di ssol ved at a Ig%}\cent ra%@o%?? ﬁ@)ﬁ(c&s : gleﬁWﬁFE‘sz?}?ﬁ% TRAH JEETE@ERF di ng
to clai m 22sclestedr fom the proyeconsisting Wi ati-oxideaee Havolihy ReMdNSheeddefe 11
AUG 2004.-31,.27.. Use of: an effective conposition conprising quercetin and
ant hocyani n'! rincralseanda0iRg- (o claim 1 or 22 in the manufacture of a
medi canment for '
22. A method of | providing an aqueous solition comiprising dissolved quercetin at a
concentration in excess of 10mg/L, the method comprising the stéps of: mixi ing, in any
order, water, & composition comprising quercetin aglycone, and an anthocyanin; and
- forming an agueous solution from the mixture, the solution comprising thé_querdetin

dissolved at a concentration in exess of 10mg/1.

23. A method according to claim 22, wherein tlie solutiori-comprises quercetin dissolved a a
concentration it excess of 20mg/LL.

24. A method according to claim 22, wherein t'f_le solution comprises quercetin dissolved at a
concentration in excess of 50mg/L. ' “

25. A method according to claim 22, wherein the solution comprises quercetin dissolved ata

concentration in excess of 100mg/L..

26, A method according to claim 22, whereiri the aqueous solution is essentially ethanol-
free. |



I ncreasi ng the plasma antioxi dant capacity of a human subject, as
determ ned by the Ferric Reducing Ability of Plasma (FRAP) assay.

27.

11 AUG 2004

31

Use of an effective composition comprising quercetin and anthocyanin
prepared according to claim 1 or 22 in the manufacture of a medicament for
increasing the plasma antioxidant capacity of a human subject, as

determined by the Ferric Reducing Ability of Plasma (FRAP) assay.



