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Title: Improvements in or Relating to Solubilisation of Flavonols

Field of the Invention
This invention relates to a method of increasing the solubility of flavonols and their related
compounds in water and aqueous solutions, and to a method of providing soluble flavonol-

containing compositions.

Background to the Invention

Polyphenols are those compounds which comprise more than one phenolic group. Among
the polyphenois are the following classes: flavonoids (a term often used to denote
polyphenols in general, but more commonly in Europe to denote only the flavones), the
flavanols, proanthocyanidins (also called proéyanidols, procyanins, procyanidins and

tannins) 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 flavanolsare ~ *©
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.
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polyphenol content will' depend on such factors 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 méde 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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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



Fl avonol - gl ycosi des are present in grapes and values ranging from8 to
97mg/ Kg fresh weight have been reported (Machei x et al, 1990 ¥ruAlG 2004
Phenolics pp 378 CRC Press Boca Raton). During the fernentation process,
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50% of tReoblgy@nol exists in wine as the aglycone. The flgupnal,  content
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Sci ence®@ FAIFYIPYBh 37, 719-738). One of the reasons for the poor
absorption of fIavonoIs either as the aglycone or the glycosides is that
they are alnost insoluble in water and lipid solvents, although sparingly
sol ubl eThsantkedyamos arcTwater Solrmbbir pilgmedisi whish a&tnespunsﬁ;lﬁ/ﬁfrﬁhbl@hacﬂfv@pﬁ!dri on
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owers it 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).

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.

)



because they are in a physical state which does not favour absorption-
Thus, whilst the flavonols are considered pharnacol ogically beneficial,
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provi di ngcentaining 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.
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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.
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Desirably, in anal ogues of quercetin only a few (i.e. preferably only one
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9rOUPS: e and conjugated forms.]

Alternatively, as flavonols in general (inc'ludiﬁg quefcetin) are present in many naturally
occurring substances, such as foodstﬁffs, 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, suéh 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.



Fl avonol s such as quercetin and gl ycosi des thereof, such as quercetin

gl ycosi des, quercitrin (quercetin rhamoside) and rutin (quercetin
rutinoside), are readily avail able fromchem cal suppliers (¢.1gaudigpa, UK
and I ndofine Inc, USA) ranging from85-99% purity. [The gl ycosides can be
expressed gl ycone by multiplying their concentration by: . (FW "

quer cet i n‘ﬁwgﬁﬁlcitri n = 302 = 0.674) 448 (FW= fornul a WSHRBILO0ERR
total flavonol content is the sumof thd aglycone contents in the free and
conjugated forms.] Alternatively, as flavonols in general (including '
guercetin) are present in many naturally occurring substances, such as
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certain fruit and vegetables, suc pples, oni o OrTeOT fipst
part i culPa¢ferably afleass 25¥wolyphepolsi ti on of the invention may conprise a
flavonol content derived fromplants. By way of explanation, such

pl ant -derived conpositions nmay conprise extracts of plants or parts
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pr ocessearr{gphyaid ahé ylikn décdfembaiilg abibed indYohRBaRh L IUGLLQ8: Of. the
conposition to.extract flavonols fsr}om t hempl ant gn{ﬁé)s%&{lél%ﬂleoglssetf%rn(}wn@?ri ch
~ the fl af SRR ent of the conposition. It will be appreciated by those
skilled in the art that the invention is not intended to enconpass wthin
its sco‘E‘e, naturally occurring foodstuffs or plant materials which have not
been suliypraiiy thoflavomobemitéery of theasdynpi@itionlasla B3940 0 7
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such thi BI"YR, Dipes preisaablyat lepstH% sdwp and swstprefesstdy aPRastoky prenol s,
nore preferably 35% pol yphenols or nost preferably at |east 45%

pol yphenol s. The fl avonol - cont ai ni ng conposition nay be conprised whol ly or

subst anihal teymotfanthecyphiafit as desd \heskimeis elrireddefir oMb} q{g,tt(ﬂ.gyf{oamg eric
cont ent o%{)t he.conposition is obtained. Alternatively, the conposition may
conpri s BT BPREA M at B 250 Tefgtsh oy dimerg gndn gelymstisi fieerdostaining 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.

R

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 leyel 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.



. carriers.and the |ike conventionally used in fornulating conpositions for - -
human consunption. Typically the flavonol content of the goymp@gifghon as a
whol-e is. at least 0.1 %wWw, preferably at least 1 %ww, nore preferably.
at | east veomwbor79 and nost preferably at | east 10% w w. ThedIeGBRaiL/00380

"ant hocyani n" ‘as used herein is intendgd to refer not only to nononeric

ant hocyani ns, but also refers to dinmeric and polyneri‘c (i.e. containing

from3 f ol S ) 0 ha nins and te

| cucoant s e AR AL PocTAARREl bPE SRS And O B o SThBRE EETaRohs

may conprthseyasinks Prefarablpiise érehgcyamik il selecadddony tigr grups ceisistingadf mialvidin,
particul ar .pay he .Q.glycosylated, in a mnper sipilar to that of the. =~
fl avoon%‘f““g’éa* #géEPlidg'bd’aﬁ?J%‘GE‘ PrlrBQRicth And et dibc g sl casded thgeehe A
conposi tjpany shalidid el HnhidA @it HdGWIdRE! GlichAS CQHMLQEi}éﬁg'aﬁ}ﬁuﬁ{l@ -
general I'y ‘highly pignented, their presence in high .concentrations rn - -

cert ai nirf opdsfieddormk 4ltomaftoels the puthenpmis mapbe bbtaineddsi exadakting finthbcysin

preferred . t.o. avoid the, color, associated with the presence of

ant hocya?ﬂtﬂg%“gAB%B‘Pd%”r‘fﬁl i iﬁ’a%yg%%ﬁ pFEFy FE% qa ba%r@aﬁ?ﬁw raAtksUErgnta g
the m nhiqﬁm@mqge = ant hocyani n consi stent with achieving the required

| evel of solubilisation of flavonol. Additionally, or alternatively, it may.
be desirable to include some other conponent which masks or hides the —

| or “associated with the anthocyanin. ' suc oner d .o
conven, S MBS etens Wi BB e pretes SR gL e i

CoNSUNpPhntAsoyadind sbiSiRy e m&ym&%g@%ﬁ%ﬁm&%ﬂm STHN EndBBLPRAGY & i N* )

et

I
LY

in the conposition may be a single anthocyanrn, or conprise a mxture. of %
ant hocy#si senpositionesaibby inhkightt pysifigdi fonns ored awixewe fwithmotie polyphenols
consi st Lnd .-of. idin,: (L G | phi ni.di.n, , paeoni di | argonidih
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anthocyanin in the. conposition can be in highly purified form or-a,
m xture with other pol yphenols

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 aqueous solution will conveniently

: comprise anthocyanin dissolved at a concentration of at least 10mg/L, more preferably at least A
- 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.



especially flavonols, or with a diluent such as maltodextrin. It. is
.preferred that the content of anthocyanin in the conposition as a.whol e
is at least 1% (wWw), Mre preferably at least 5% and npst preferably at
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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 Eéﬁpbéitiéh.rfﬁ:réparéd' 'bf'th’e méthiod of ‘the invention, when dry, is t%/pic':all!y‘_ solid at
.‘aunbs'phéli(:"rprcssilré (760mm’ Hg) ‘throughout the. ‘témperature range 10-30°C.  The
- composition ‘may * be “patticulate ('é.g_.: pow&ére,& OF "'éréhﬁ'{afed),' or may be formed into

capsules, tablets and the Tike.

Alternatively the composition inay_be a liquid comprising water or other aqueous so'fvi:nt’_ e

such as aqueous ethanol. Thc_invc’_ntor has surprisingly found that compésitions prepared in



However. W nes are conparative |y expensive. materials, and anthocyanins are .
present.- in high concentrations in fruit and vegetabl e Juices, such as
grape,"” cranberry; .:blackcurrant . and bl ackberry juices.{knayg efoerred
enbodi megts.1,he.J nvention will conprise :the' addition of in
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conposition may be a.. liquid conprising water or other aqueous solvent _
such as ﬁqﬁeous' et hanol . The. inventor ha§ sur ril's?i nrg _.found tggt o o
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pol yphenol s than white wi ne),. or by .
such materials include: fruit 1n general, sich as apples (e.g. var. “Gravensteiner™); especially .

_apple;pf;el; pears (e.g. var. “Williams Christs”); bell peppers (e.g. var. “Yolo wonder”; -

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

lg:r_riqns;-chg‘r_ﬁes_;. cranbenies_;rgo_bscbérries;_ tomatoes; olivé_s; and vegetables in generaf '
_ including: radishes (e.g..var. “Saxa trei_b“);:kohlrabi (e.vg. var. “Primavera™); hbfseradish; o

potatoes; onions; and asparagus.

In a particular (but not neceSSarin pr'cferred) er‘nbodi_.;nent_,' the ﬂaﬁron.o‘l'-containiﬁg‘_‘_ '

| composition may be derived from a red wine and compfises a representative profile of i
 substantially_all the_flavonol compounds present -in, the wine (typically, although not -

ngg;igs'saﬁly,-;Erc§¢nlt____i“x.1'_;hq, _tiq@pésiﬁoﬁ Vsu_{.qste_-l_n_tially in the rglativelé_ir_r‘iqunl_c_s repr'f‘:s_cn_tart_ivé'éfgﬁ_‘-‘ o R

those in.the wine from which the composition is den’v&:d)- Such a cofnﬁ.osition inay be

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



products and/ or waste products of the w ne-nmaking process,. such as pomece .
(i.e. the residue of crushed grapes follow ng juice- extraction) ;or mare
(waste solids remaining after initial fernentation). Hovvev fl nol s
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mat er i al SWOni69188f whi ch contain a higher flavonol content Ptfnmolmjsw ne
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organi c Solvent (such as nethanol, . acetone, yl aceta e,
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sol vent referab tivel, voI ati| e havi_ng boi | i ng point of
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nposition conprisirig flavonols Such a net hod nmay success sed
t o obt aithersbereyaparated4o fnavk asubstartialijdrye dokd eempdditien aanpmahgﬂafrd)mmnol s .may
be. obtained fromred wne or other flavonol-containing liquid by solvent
extraction using a suitable organic solvent inmscible with the wi ne or

ot h?r Alternatively the flavonols may be obtained in punﬁed form (e.g. 85-99% pure) from a

 chemical manufacturer, providing that the material is suitable for human consumption.

In preferred embodunents ‘the composmon ‘obtained by mixing the flavonol- contamlnc and
T the anthocyamn—contammg composmons is presented as'a food supplement 'I'hls may bea "
- ‘sisbstance to add as an. additional -mgredlent- during manufacture of the foodstuff of may bea
' : separate substance to be consumed :by an individual {e.g. as'a tablet or capsule) substanually
" in isolation from - (1 e. not’ mlxed W‘lth) other food components prior to consumpuon
'(although of ‘course,the tablet ot capsuie may be taken w:th food) The mventlon thus
. includes within its scope a prepared product, particularly a prepared foodstuff (1 e. one which |
s not naturally occumng) compmsmg a comp051t10n in accordance with the i 1nvent10n which

may be in the form of a solid or a drink (e. g. a quercetin aglycone-fortlﬂed or a 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).



.liquid. Alternatively, flavonols -nmaybe obtained from flavonol -contai ni ng,
solids by solvent extraction (typically extraction with an organic
'sol vent such as ethanol or ethyl acetate) -the solid can then be separated
fromthe solvent by filtration or centrifugation. The sol vehi A¥y20t hen be
evapor at egolg9ishgave a substantially dry, solid conpositio Ll
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f or mul adypRaig etk Hod ARBGBARR in WY pANDBEILH Yhetls .ﬁ%&?@ﬁﬂj&{eﬁ?epe”d

on the given context and the fornulator preferences. enera € dose
will dependnelnde matments Gspecialiyomace dbmehtsy amd| dtafins)t iantib:dddnys, ghempaiticn) in

th ] d the identity of the fl ] ds in guestjon.
Vor eover et gl Bies® Ry erasetiiny HRsioe: <on. o ey TEoRENAT 5.

such astédt@efit of CHD, in particular, aspirin), flavoring, and sweeteners (especially artificial

sweeteners, such as aspartame etc.).

Examples of the above inciude the following: a carotenoid sﬁch 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.



typically used in the food industry and/or in the pharmaceutical industry.
Such conponents may include nutrients (espefially trace elenents and:
vitam ns), antioxidants, therapeutic substances (especially it Adgellavi ng .a
therapeutjc effect in relation to prevention and/or treatnment of CHD, in -
particul alrCU&BI?in)y, flavoring, and sweeteners (especi al | JCHGROLDESRY)

sweet eners, such as aspartane etc.). Exl nmpl es of the“above include the
followi ng: a carotenoid such as lutein, |ycopene, or a- and/or B-carotene;.
antioxidant nutrients or anti-inflammtory agents such as-vitamn A. =~

vi tam-n - Vi, tam] -1 oc r.ol d gther active tocopherals), folic
aci d, se.llg’eP rllél/allj ﬁ]ﬁﬂﬂg%gﬁlﬁaffﬁ% ﬁ@ﬁ%seﬁaﬂ@ﬁﬁg SOMAGRERP r?g'ﬁ%c. CQEBRHYORERY Whych -
sal i cyl imapahstefole Dedidiyatedxjn DBO Z@ngposAohdsuchn that xﬁﬁﬂ{ahyaéh%}ﬁpﬁﬁzd}* the
acid: Antioxidants; such as carotenoids and vitamn E are partially

dest r oy SQMAPSition Vil give he appropaRickipselaraes fablpwski dati on. By i ncl usi on of

t hese conpounds in the conposition of the invention it is believed that
this process is inhibited and nore antioxidants are absorbed. Use of a
conposi thweinconpri si ng At MoPber cbnvenidhly 7w rin is especially preferred
since | I's believed that_such a mxture afforts a synergistic effect in
t he preé‘iﬁﬁ%‘éafe?cn?l avonot © 20mg e.g gonvignienthnSme/ 60179 13 PCT/ GBO1/ 06380

Typi cal gwh@abi e daily ARsg _ e 4] on nponents of- the

CONposi t\iﬁgﬁrﬁﬁﬁ%i d which - myﬁprgeﬂ?g' b?%ﬂg*eﬂtebﬁgsg% in the conposition such -
t hat norVigdmiadhsunpt i orZoto 250erg €gqpasetiemty Wdmg gi ve the appropriate dose)
are~as follows: Lutein Qf:Eeti carotene Vitamin A Vitamn C Folic Acid _

Sel €ni u O@Sﬁfé‘i Zi nc Ve TEonEeHenth0-2mg
Selenium 80 to 120pg e.g. conveniently 90ug
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.



2 to 50ng e.g. conveniently 7.5ng 2 to 20ng e.g. conveniently 5ng 400 to
600 RE e.g. conveniently 500 RE 75 to 250ng e.g. conveniently 100 0".4
to 1;Ong e.g. conveniently 0.2ng 80 to 120g e.g. convenient [y 9@@2Wg to 4ny
e.g. conveni eddiye3sy 10.to 20ng e.g. conveniently 15ny 1GrdrciaQesge e. g.
conveniently,30ng 10 to 150ng e.g. conveniently 75ngsThus, in one

enbodi nent the conposition may take the form of capsul es, each capsul e

. cont ai ni ngy,5 vV QN0 g su ested i nt ake, of one to -
four capsul IgSQ'EH:oﬁ(fl d afJ ok inﬁ%{rﬁmoﬁé&e%%a% P}(l)glﬁhoaa Fbmvalg N SHEER ORGP ¢

dri nk whi ch® 1’6@ ng gissoliedyg ‘P&‘?{"P\? s Havgpols Iaé%ﬁ’?.ﬂegtf%méﬁﬂ grossopf/ingla wat er
(still or a@rﬁ*@ré‘d)/ Puen\ASmadl, ameres werdtrahip dovien I0amle, aet madi psadbraied bver a,

fruit jui celtdngy/L)gthapeathodpplr@risihy HedRPE o€ irfixing, Ih ahf'm%@xl WateR NS c oMo F'IL)
prepared fromasoe qYlger@flln 'Aoﬁé ol‘tan f?aQ/ORJl nﬁr da(;lthog{fa a nugt%er iy an easons
(e.g. social, rell % ﬂl pro I SR OFPRE 2y i nk
conpri si ng 1%8(’“55?1]3%5%‘} B ed‘i“xﬁuﬁeecq W‘EgIﬂEﬁ‘ﬂ e’écﬁ'ii‘i'lo‘iﬁ‘? ﬂ?{@ﬁo%ﬁf’l"%"ﬁh?ti fied
wi th al cohoi® ‘{t’é“@ta‘fqﬂé‘i‘ﬂtf\?@m@aexﬁfﬁhcfl\ﬂmgé[ky) to give a desirable |level of 5
50% al cohol depending on the consuner's taste. Other presentations nay be
as a food.ingredient in dairy products such as mlk and yogurts,

preserves, @aderiingy AeYaqREdd d6lufion db&d! R d8HaiaSiny FRAic SdRRhEIRNLSpaRticular is
-repl acenents. The above exanples are ill'ustrative onl y and are not

i nt ended 't opieferdbiyriubstagiailp f@owf ethmol sudh that\MHE s2RBisatio WO G/ qidibéth or the

PCT/ GB01/ 00380 14 In a secapd, a the invention provides a nmethod of “)
Iy aug it

providing a ava?&ﬁ]elmf’g%glpﬂﬂaﬂ Pﬁsﬁﬁ’eﬂf%(ﬂl e¥iter cetin or other =~ =

flavonols at a concentration in excess of 10ng/L (preferably over 20ng/ L,

mor e prefe 1?,% et ol %orr{%r%‘gare%r& %Bsx&et%de%;e&l@'géc‘é{u?‘é%cx éfotﬂ”%(v'a)ntmztx [&fiet hod

conpri si ng Teps o MPOSI L1

conpri sing fqumnmt aonsmgjn;m,om will mm)ﬂzhg the ffbamdaied aaadnak, mﬁﬂﬁmwmﬂmaland

form ng an.
9 mgredlents such as anti-oxidants, flavoring agents, sweeteners, vitamins or mmerals as

. described previously.

As cxplained previously, 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 concenfration in excess of 10mg/L.
B Thc invention is further descnbed by way of illustrative .example and with reference to the .

Ll accompanymg dramngs in whmh N . : ) _
S thu.rc 1 isa schemauc 1llustrat10u of the ¢ core structure of ﬂavones K
_ _. F:gure 2 isa schcmauc 1[lustratlon of the core structure of flavanols , _ C L E :r_‘:'

; Flgure Jisa schcmaﬂc 1ilusnat10n of Ihe corc structu:e of anthocyamns



aqueous solution fromthe m xture conprising the quercetin or the flavonol
dissolved in the solution at a concentration in excess of 10ng/L_ L
Conveni ently the aqueous solution does not contain any organic .solvent .and
in particular is preferably substantially free of ethanol,,su ng t the
sol ubi Iis‘gg)iéﬁ% P,f the quercetin or the flavonol in water is primarily -edue
to the pr 278t the ant hocyani n. The aqueous sol ution pPEF&FRA/0B380t he.
met hod of the second aspect of the invdAtion is safe’ for human o
consunption, and will typically be fornulated.as a drink; conprising.

opt i onaFigurd g 2giph sfitie satutilityi ofiedadtirsin anfdqavusisB AR Hipfape-derived
sweet engr. S Vit an‘i\r;{a OQ_’ m nerali a?s/ .. described previously. As explalned
previ ouS]YOCYRBE: POWHS KQ0ERIB8ebdsls agthasyamn).ofatiowing the additioni of texabss

di ssol ujuesetindh ahRenabbRS §Rttidh:agl ycone or other flavonols, which
substantially remain in solution upon cooling to roomtenperature-
Alternatively, and |l ess preferably, ethanol nay be used to assist o

di ssol vi:ng..t ercetin I or. ot her_f]l avonols. The nethod may be
particu ‘g’rg{eﬁ e %%%ﬁ%g\%ﬁéﬁ‘%gﬁ% FUFECHIR B RIEgHOUS sPRiiPB 9f @rapgrdssiieded

f 1 avonodmshedyaninepéwadr @bn@mish .94 &Mﬁcz}ﬂﬁx@diﬂaﬁ/ﬂﬁﬁt excE&esﬁlnﬁlﬁ%}cﬁgn is
provi des a use of an effective composition conprising quercefl a

ant hocykdfed it paid seluiesor di ng to a method conprising the steps of

provi ding a quercetin aglycone-containing conposition; providing an

ant hocyani n- cont ai ni ng conpostion; and mxing the two conpositions; in the
manuf ackigne ©fhawsegiaphor e SodibilifcsEgsé0a H‘Parp%@g% st 'no.;ff' :ﬂg&l gapacity
of a)Phu({'FrE_g, ubj ect, as determ ned by the Ferric uci ng ity of [asma
( FRA 53 anfnqcyapen pavedeg deomaigingl 2% anthocyaay acwhivh ekbessisolié quieBtint he
effectiiggeﬁgmigai?osglﬁgpri sing. quercetin and anthocyanin nay be prepared
according to a nethod conprising the steps of mxing, in any order, water,
a conposition conprising quercetin aglycone, and an ant hocyanin; and

f or m ng..an eous solutiqQn fromthe m xture, the solution conprising the
quer cet’ 1gure3’f SAegreph obthesiokintityaef euerretinscamsauotus 50hyion. of Fad chblyet i on

is furtffved i s 4 catiyve. ex I nd with.reference to
the :: ._accgnpqgt?iﬁ:%g %eﬁgﬁoﬂlﬁm\gﬂ?%&aﬁ%ﬁ%ﬁ g—P ‘?ﬁ§€ﬁ§?f"§§ F&“g AYErSeRmt i on
of the 3beatcd withchuksehdfonf aravones,. .Figure 2 is a schematic illustration

of the core structure of flavonols; Figure 3 -is aschernatic illustration
of the core structure of anthocyanins; 1 1 AUG 2004

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 Hip O, FW 302).
An ethanolic solution of quercetin was prepared and added in shight 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



WO 01/ 60179 PCT/ GB01/ 00380 15 Figure 4 shows a graph of the solubility of
quercetin in an aqueous sol ution of grape-derived anthocyanin powder
(contai ning 3.94% ant hocyanin), follow ng the addition of eﬁﬁei‘%t (ﬂuerceti n
in an ethanolic solution; Figure 5 shows a graph of the sol iA g”bf

guer cet i nwomi@si7aqueous sol uti on of grape-derived ant hocygariHIOUWEES
(containing 3.94% ant hocyani n) in whichjgexcess solid_ quercetin is heated
with said solution; Figure 6 shows a graph of the sol'ubility of quercetin

in an a I I rrot- . derived anthocyani n. powder .
(cont ai %g‘gﬁh@?&%gﬁpﬁ%@n%ﬁ 3?§n%i £ W3e &6 Veg‘:‘&gﬂﬁ %ffé??}g{)?‘ﬁs MaKIREHt ed
Wi th sanbsosgiiaatandrits chhgnteatibnsan b calcglaa@iusiiy thé eacsst 188) 1l ¥ 20f5 quer cetin

in an aqueous solution of red 'cabbage- derived anthocyanin powder
(containing 2.5 1 % ant hocyanin) in which excess solid quercetin is heated

Wi th sairfle HRIddEkQMwasPRdrioH £, @to%?% tidn %?%}@Eﬁcg{m giti;heycﬁgt:e:{gilalbiﬁé@%gthanol

quercetin in an aqueous solution of nmalvin Of i

addi t i owas preperedcehiaining Sarg gbdraetin dihydalapdram, AXAMeS 6856 B A Biskolidn
sol ubi I'i zataicﬂ%g ofﬂggetr eéj n.i niwvm ne and fruit juices by the addition of an
et hanol PEFSHIAGE Formibe é‘ﬁ 1‘1&%4% 16§, 8XHBNES s Eheymbttuees iware shangeigpravsiyestimed
determ | et 1 K [ hne; i i d two
Fruit ] o cos oupanines il Alp el 12 JER 207l oF ol iptag T &
quer ci t precipitetd tp forithi s exanpl.e and in others was quercetin di hydrate (Cl15

H14 09, FW238, Sigma, UK). The solubility of quercetin is expressed as
t he anhydrous nol ecule (Cl15 H14 07, FW302). An ethanolic solution of

quer cet The WaguRr RRATRA candifagdipst 3000t BB SEREASE 206C Il Gere W L N ()

cranberry juice and bl ackcurrant juice, at roomtenperatur
cent ri f aghithconpie rdsasivie edsicedq irerac siectropliohemearpt i Cahlabe gk yatvassnveasdr ed

inal %%ﬁueéﬁ&gﬁ W\1‘_\{1‘2301160179 F?%/ GB01/ 00388. 16 spectrophaot gneter at
258nm and” 3rSHm ALt hese wavel ehpthePRiRALS Hyenh gL PR, bRk 18A and
its conemmidldbt Ginesadic.ben GaliRIdnAISBHLUShAB! WA alakt & SHPGERSED UF the ZgiRs
being examined and the optical densities determined likewise. The controls were water and
12% ethanol. The solubilities of quercetin in the liquids were 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. | |



The procedure was as follows:- a stock solution of quercetin dihydrate .in
absol ute ethanol was prepared containing 5ng quercetin di hydrate per ni.
Al'iquots of 50L of this solution were added to 5ml of the |iqujds being
exam ned. The mixtures were then vigorously stirred on a Vbt lker and
al | oned tywootiesdsfor 20 to 30 mn at roomtenperature for EcT/OBEGINRSd ate to
form The mxture was then centrifuged gt 2000 x g fqr 30m n at 20C. '
Aliquots were then taken and the optical density measured in a :
spectrophot oneter (Cam ab, UK) at 258nm and 375nm diluting where .
necessary with an appropriate diluent e.g. water for fruit juices, 12%- "~

et hanol for wines etc. In addition, 50L ethanol was added to 5m - of each of
the |iquidiée 1 bei ngSelsbilitned qurecctineinoBiuic fhiceenaftdri Bis drlignmones kiteawiise.
The controls were water and 12% ethanol. The solubilities of quercetin in
the liquids were dEeleA Helerelim the differences between the opti cal
densities of the liquids with and w thout quercetin. The solubility of
quercetin in the wines and fruit juices exan 15 - bn Table 1. .
Quercetin is alnost insoluble in water (1 rrgrﬁ elal d&v(g%%glari ngly soluble
in 12% et hanol (5ng/L). However quercetin is nuchgfore soluble in red wne"
(40ngy/ L),,. cranberry (35nmg/L) and bl ackcurr jyices (28ng/L). Quercetin
was not BME soluble in white wine (5mg/ L)aﬁﬁ‘ﬁ"%i n 12/%3é'f'frrﬁanol. 11 . AUG
2004 mo;@gﬁ(@%7§cgbgnpe@§5@%rgos8o Table 1 Sghybility (fa@_gquer cetin.in fruit
juices, after the addition of “an ethanolic solution of quercetin -

Sol ubi | i WhitewigfdVée Ordinaité)qui drg/ L 258nnb 3758Arnb Red fiidne’ ( Caber net

Sauvi gno %‘gﬁ 139.84Wiite wine  (Vin Odinai re'.J)3A.f6 25. 4 Qsa4r}5)erry

j ui ced3 °EY BiStkcurrant juice28.131.0
Blackcurrant juice® 28.1 31.0
Ethanol 12% v/v | 41 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 significant amounts of polyphenols, it would appear that
the quercitin is solubilized by polyphenols present in red wine and fruit juices, possibly by

formation of a soluble complex.

- The method of adding ‘quercitin to a red wine or fruit juicés containing polyphenols is a
R practical means of fortifying drinks with a flavonol, suéh-thé.t the flavonol is avaﬂable 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




Et hanol 12% v/v4.15.3 Water2.21.8 a Val ues expressed as the anhydrous
conpound b Wavel engths of optical density neasurenent c¢ French w nes d
Qcean Spray brand e Ribena brand Since white wi ne does not contain
significant anounts of polyphenols,. it would appear that 1t#h&i@g@Ecitinis
sol ubi | i a0 byemed yphenol s present in red. wine and fruit jperrassei/opsssi bly
by formation of a soluble conplex. Thgg nmethod of adding quercitin to a red
wine or fruit juices containing polyphenols is. a practical nmeans of

fortifyirg 0 C that he flavonol. is available in:
sol uti on. ég;r%use Mgéﬁ% g@ﬁétg)gx giair;rgtgt Q’l‘ neol g'fe S?IH%‘Y’gbtoérq“SFC“dri‘I‘ﬂt%rape
aqueousarthbanaln ihichSs aimgjoacdrhpmieheof theppslypEendld AvRANiSe bid tHIBSRSRLYENt S
since if .solid flavonol is added nost of it does not dissolve but sinks to

t he bot#'B8ffiof the vessel. Exanple 2 The sol ubilization of quercetin in an
aqueous solution of grape anthocyanin follow ng the addition of excess
quercetin in an ethanolic solution 1 1 AU 2034 WD 01/60179 PCT/ GB01/ 00380
18 The phe guape apthacirsn powdet waraa canmescial proeiuamised dsefos@ clidrit (FhRbne

quercit ra n h is.,a major conponent of the
pol ypheLP%:E@rﬁgH OP‘EH %@%@H@g%ﬂ?‘ eeyanin coptniefs. rr‘lliff’re grape anthocyanin
powder was a commercial product used as a food col orant (Phytone Ltd,

Burton on Trent, UK) and had an anthocyanin content of 3.94% The procedure
used wadhesracedurewsed was &dollows: ranfwaglarinvmsvdbr sesldigdlvied il@dionsbaapter to

f d_20ny/ K sol
o " quer BF tenCiiiap pt X301 75 5% s cluTelimhar Samkssobine of eprpein To
each SniihgfiratdeSapany maalb&cﬁl%yaﬁéﬁbl&ﬁwfajéan e%dd% %1%?1%:8 of Qﬁe g&&ce“ ki

solution at roomtenperature, followed by eaS| ng | quo
unti | a‘l?ih@%iapl—"t §?]@t19@.9”3§| @kﬁcdylﬂu& bf ahe Tchmrmtmt soleson \aereoml ﬂeﬁwetimix@

stand f g 204t ntrgfuged at 2000 fqor 30 mn at 20C
The opt | ca & '%?l ao e rqeuoﬁﬁegg’aflgdmﬁ‘? iggﬂmtﬁﬁqd”@fé‘??ﬁgd’éslblﬁ BkgApKEIes To
5m of %fﬁhﬂowed to stand for 20 to 30 min and then centrifuged at 2000 x g for 30 min at 20°C.
The optical densities were measured at 258nm and 375nm as in Example 1. To 5ml of each
corresponding anthocyanin solution was added the same volume of ethano! determined
above to give a precipitate, and the optical densities 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%
ethan01 sgl_ﬁ_t_ion.__ Wiﬂlout anthocyar;_ii; present the solubility of quercetin is only 13mg/L. |
The 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.-



correspondi ng ant hocyani n sol uti on was added t he sanme vol une of ethanol
determ ned above to give a precipitate, and the optical densities
nmeasured. The concentration of quercetin was determ ned fromthe
difference in optical density between the solutions with qryH Wi st

qguer cet i Ry 'mg 1gfntrol was water. Since quercitin is nor ePE?)dﬂﬁl,lBonE' '
aqueous etﬁano? han water a further sg§i es of contraols were prepared in
whi ch quercetin in ethanol was added t0"water in anounts. corresponding to
t hose used in  the ti}es , and .the solubilities |ikew se determ ned. As.shown
in Fi guites gopgldedsigpt fiayanpls ye rgadiit seluble incaqugaeysolytion abanthoryamn wheshi on
W th ingleasl : r,ati,o ; ani I .
Loy ] e o OOy b oytyth P Bk Ly

ant hocyavallablewchenherciatlfie itsis| practical yto ofupglemar tdrinksaonZhmgg LantAddiyaniwasithn  a
22% et hanol. sol utjon.. Wthout anthocyanin present the solubility of
quercetﬂ‘r‘FrF@mdﬂlaﬁoh’g[%gff’E?“ The commerci al . anthocyani n powder contai ned
3.94% ant hocyanin. Thus in the 20ng/mM  solution the,. concentration of

ant hocyBRaripleass 8ORNBIubiliHids dfifief@tinAnQfiffHeF §8hb&aniP RSN :8uid? b
solution was 1:10.7. To solubilTize quercetin norée anthocyanin S

t han qu w. 1 1 AUG 2004 WD 01/60179 PCT/ GB01/00380 19 It is

fi
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suppl ement _dri nks_ contai ni ng anthocyanin with quercetin in a soluble form
Exanpl eP@ssitiiéty 96 dissplving guersstins witheitdhe nee phetiaoler ent  ant hocyani n
containing liquids by neans of heat Although it is convenient to add
gquercetin in ethanolic solution to anthocyanins, the method increased the
et hanol Thepteeadurofvat fitldvavedingots (A0mlyyediei iRRidseRam@Rd e pldkd ih BSlastic
possibility glf di ssol ving quercetin, w thout the use of ethanol. The

pr ocedufewdtdh 34mg sphid queggetg dihxirptegng rotated faopmdemperanxa @BEA ford bowsaced

in a pl I AT L b jaydr d.rotated at room
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30 m n ateadféd aingrreddisexaaptanfromt the diff@enca@asiicelddeasity Bt PTRth @ $iquids

exanples._fromthe difference in optical density at 375nmof liquids wth
and wit ‘E‘tan J@E@PEW’?WUR-

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.
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mal vi di n- 3-gl ucoside (FW4 using the extinction coefficien
28, 000. Theofhregowings  abavk e [l ergroaisr dolabdity etfian thbuivbewinad . pH

| d i ned h i n/1.00 .1 1 AUG 2004 WO
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Laboratories, St Helena, - CA 94574, USA. The four red ™w nes and Trose W ne
al | pr odlacksurrant fpigherhishalas had the bighesieanthacyanin santend Theofouh imisljuicesTHie

three wpes, . ab an| V. reater solubility than the two
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The highest.gsolubility was in blackcurrant juice, which also had the

hi ghest! ah%@*a‘:'y‘é{&ﬁlﬁﬁ 2pg g uicehe While wines in whicheantipeyaninrivay absgnt were

ant hocyapiia: 'ﬂ@?fc&%qz%eﬁlﬁﬁ%l?ase in solubility of quercetin. Quercitin also
denonst r at ed’ increased solubility in a grape anthocyanin sol ution, which
was conparable to that of the wines and fruit juices. Wite wines in

whi ch. %hoc anin.was absenf were simlar in effect to 12% ethanol.

Wi | st I RY31m BUYEFT a2 ROSIRYS ¢hisrson solubility igraps sasd| extsact whighdoeseed
ext r act noMbahinGagRcystth v&gqﬁgf&ﬁ@?_t hocyanin was ineffective. The nmethod of
provi ding a beverage enriched in flavonol is sinple and requires only a
brief period of heating. Moreover it |leaves the liquids relatively

unc hangﬁgie I'ang&’ oP SISOIVH'LSQ a b%ggrage 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. _ , -



does not increase the ethanol content. Table 3 shows results of the

pol yphenol analysis by HPLC. Al three sanples, red wne, grape

ant hocyani n and grape seed extract, contained appreciabl e amusycs 7mf -
polymeric phenols. Red wi ne and grape seed extract containeg fl awanol s
(cat echi o epéoeat echin) and procyanidin dinmers. Red wi ne BOWIGHIIA03S0

ant hocyani n contai ned anthocyani n nonarers and pol yners. Si nce grape seed
extract was inactive in increasing the solubility of quercetl n, it was.
concluded that it is the anthocyanins which are the solubilizing factor,

and thersglear e pr assibilitylof @ibrdiingn alfbrédiSiqii@pe ant hocyani n_powder, but .are
absent fromthe grape seed extract WO 01/60179 21 1 1 AUG 2004 Vir

PCT/ GB01/ 00380 Table 2 Solubility of quercetin in different liquids ,
Li qui dd$ghidbi ity of quer ceSplubility hbaguessritm pr esetuthogyanigpiesa@ont r ol sRoom
tenpBoi | i ng Water0. 32 Et hanol 12%mIlv130 Red wi neb mghl96

Caber net - Sauvi gnon (F) CabeRoefrt&iagvi Boilihg ARG) 18224 Rhone (F). 19271 Shiraz
(AUS) 11318 cRose b 9138 Rose D Anjou (F) Witeb 040

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 :
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 o 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



Vin Odinaire (F) Chardonnay (AUS)60 Fruit juices 012109 Cranberry c
Cranberry-bl ackcurrant c16155 G ape jui ced38152 Bl ackcurrant a82307

Pol yphenol extracts in water 0.750,394 Anthocyanin f Ig/L Gapgysesfl 9

1259/ L40 2509/ L40 500g/L a neasured fromO D. at 375nm b origin of wWnes: F
= Francewo/tGoroAr gentine AUS = Australia c Ocean spray piiriesntoage Vel ch' s
T Concord brand e Ribena TMf Vinox %M (Polyphenolics Inc) solid dissolved
in water g Phytone Ltd solid dissolved in water | 1 'AUG 2004 WO 01/60179
PCT/ GB 0380 bl e 3 Po eno s in red ne ant hocyani n powder and

géggﬁextra 01@61'5;5‘ ¥

gr ape glsép & YﬁBH’e?FB’I’ @B &GRS S5FE REE3FANI n ext r act
npowdgr Polyphenols 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 anthocyamn 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).



ng/g ng/g | gallic acid350.93.9 2 procyanidin diners49<0.177.0 3

catechi n20<0. 174.6 4 epicatechinl5<0.151.0 5 s in is acid8<0.1<0.1 6

pol ymeri ¢ henol s44550. 0356 7 caftaric acidl20.2<0. 1 8 caffeic P
aci d5<0.1<0.1 9 coutaric acidl4<0.1<0.1 10 -counaric aci d5¢Q. lﬂﬁ)jh41|
trans resveratrol 9<0.1<0.1 12 cis resveratrol 2<0. 1<0.1 13 nyricetin. .
gl ycosi de¥OL/688. 1 14 uercetin 1 cosides80.51.8 |15 nyri cePFRGRIIN0301 16
uercitini<0.10.2 17 del hinidin 1 cosi&é24.4<0.1 18 cyanidin o
gl ycosi de<l11.7<0.1 19 eonidin glycosi de25.2<0.1 20 petunidin

gl ycosi Selzlzmﬁxef the2dnthadyanidh rwegé y:mdsudeﬂalél- 1@séing f@in Of5 & 3@ mg/m! for grape.

Ex I t f tin by heating
excoss, TUPEE A PR 44048 JS0G8ITk Porie] Gooek 40 ST o ek soluon |
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and red cabbage e purpose of the i1nvestigation was to conp
abi | i t yowin aﬁg’nﬂny,ammed L@ meeinf emperature sandr cetrifuged ak lﬂ@DDIﬂegqu&bﬁBUhﬂl The

du - Th e .ant hocyanin s optained from Phytone
[t a U RplBR e i eEn G RS aRoter v e Ao B oG e e e
ver e obi@aBTHenf ThencokMatS8ah othﬁero%ﬂﬁdhw&ﬁsﬁu@%Pyﬁﬁhfeﬁcy% opiRal density

ant hocyani n contents of each powder were
etween solutions with and without quercetin as previously. As shown in Figures 5 to 7

quercetin was more soluble in all three solutions of anthocyanins than in water alone 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



measured according to the nethod of N ketic-Aleksic et al (as in exanple
3). 11 AUG 2004 WO 01/60179 23 PCT/ GBOL/ 00380 Sol utions of the

ant hocyanins were nmade in water ranging from2.5 to 30 ng/m for qrape,
15-40ng/ Ml for black carrot and 25 to 150ng/m for red cabBaydUST&MRONL of
each sol uvbeisiyas added 50mg quercetin di hydrate solid andedfenH gkl ©
heated for 1 min in a mcrowave oven before, cooled to roomtenperature
and centrifuged at 2000 x g for 30mn. Aliquots with and wi thout quercetin
were di d with water . 1.9 and.t.he optical. density read at . 375nm_The -
concent Ir1 gé(?e“&n%*cﬁqwu r%e&n?frﬁlg\?\gé)?ﬂeﬂ?u?cg‘ﬂcthf é%‘@%lﬁ?émi‘ﬁ ppkvit shlogdm syasy
bet weenlifedrubit@Tsops.t h and wi t hout quercetin as previously. As shown in
Figures 5 to 7 quercetin was nore soluble in all three solutions of

ant hocyanins than in water alone and the effect was substantially |inear
with in [ t ' f _an yani n _powder.. T ant hocyani n
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chl ori deukRBtin lda ] ; fr QU t Lt | ndof i | nc,
USA) and theref orgﬁﬁbsngga%lo%ﬁ 2[52 m ntgu?ﬁghggbﬁ%itﬁ? gf”ﬁggé?f?é p%lpgﬁengfethe
ant hocy WYEF1Zaan was to Ehampreobe dolubilivationsf fgbicbsidas of fimbatiols bg hihtide gehins.

(2.2mg) digsolved in 2nm citrate ffer (pH 3.0) -- one_nl acted as a
Cont r of THE Btk ARnbfiordied Tiecd bt dlyaithe. \Bebsdiinkiahamein domeBimnarice,
Sng/m @ 0, BWhaAl £1S8ema ERURAnCREH i3 ANRIHNWE 0 {he
control , %(I?Eg%ﬁ sol ut i on was di I uted (1 Qg)ﬁer\%t{rﬁiﬂ‘%ﬁi&l&\ggg‘ég@gﬁg’n@) ” fz_ilr"i’d
opt i cal CaeKYY 610.8eSigtaa.A8E) at 275nm The quercetin concentration was

calculated as in previous exanples. As shown in Figure 8, up to 1000g
gquercetin was added to I m malvin chloride. Wth

The procedure was as follows:- to Iml grape anthocyanin (20mg/ml) in water was adde_d

t he

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.

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

‘/"'\.
i L
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750g quercetin no precipitate of quercetin appeared, but there was a slight
precipitate at 11 AUG 2004 WO 01/60179 PCT/ GB01/ 00380 24 100‘0g whi ch was.
centrifuged off. The concentration of quercetin in malvin ¢hl gid g 4vvas
linear up to 750pg. At this concentration of added ethanol- (20%v :
quer cetiwg sép@taibl e to the extent of 13ng/L. Thus under ftdmsmlmomh tions,
quercetin is made extrenmely sol uble by,4he presence .of malvin chloride,
although it is quite possible that the sol uti on was super saturat ed si nce

on standi,ng_at. 4C a |.ar C curr arison
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by ant hocyanins. The three flavonols studied were quercetin dihydrate,
quercitrin (quercetin 3-L-rhamoside, C2f, H20O O0tl, FW448.4 Sigma UK)
and r utTabl¢ quAr aehparisdd 8f Bersolubilnis df quetketine quéizitrintdd@,ruti®Bp hedt\ 610. 5,

Si gma, UK) The procedure was as follows:- to I ml grape anthocyanin
(20ny/ r?P}“tIQﬂS\ﬂétaéPe%§r§t§cP§Hl°CEaf5ﬁﬁféﬂalﬁﬁecklp‘a%nol and the nixture heated
for | mnin a mcrowave oven, cooled, centrifuged and the optical denS| ty
of the g at ant rrea red at 3 nm , Sanpl es. were Maited mrhcgﬁter

bef or e T85f%g. Allquot a t] 5@‘?}1’3‘9 a’%&ter wi t MR shientsut the

fl avonol were treated sim|l 591‘]‘@? SHEFCEBREEIFORGL | Bhs T&pr essed as ny/ L
quer cet@veragliycone wereZcal cul ated fr¥m the differences bédween the
solution with and w thout the added flavonol, as previously. The sane

pr oceduReeretsnused for fasuring the3$6l ubil i ty of the fldagdnols in malvin
chloride: In this case 1.8ng malvin chloride was dissolved in 2.0m citrate
buf f er pttipH3. To 1 m36 was added 2rgp of the flavonol, thejpther |
acted as a control. After heating, the mxture was cooled to room

L emper 4t 4lgoic9ent pldiatt o RGOS AHABH 2 kel bl doiliftnk alof MhddhrafObr
aqueous et hnanot - ~The optrcal Jensrires Wwere neasured a in
tabl e @aﬁmimﬁmhmVntoht}qmeﬂawmdl and rutin in water was very much

hi gher qguer cet i n The sol yhilit y of ,all the. f} avqnol s were jncreased
in the 'Blpee n‘?f’éled’lm‘?fls vap of Sauvignon vanety from France It contained 1.8

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 wetcr. 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 totel' 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).



WO 01/60179 PCT/ GB01/ 00380 25 ant hocyanin and mal vin chloride- This

demonstrated that glycosides of quercetin were nore soluble in anthocyani n

solutions than in water. Mreover. the increased sol ubili ty, yaq;chpp seen
with a pure anthocyani n nononer, malvin chloride. Table 4 A comparison of
the sol ut®dv40e% of quercetin, quercitrin and rutin by heatCT/GBosmBaw i ons
of aqueous grape anthocyanin or malvimghl oride. Flayonol Water G ape

Ant hocyani n Mal vin chloride Solubility of quercetin ‘aglycone in ng/L
Quercetin 2 90 28 Quercitrin 53 316 127 Rutin 36 260 74 Exanple 7
Preparation of conposition froma red wine containing a | ow concentration
of  f| alhsnphenohe dragtion svegaeduosd thy-1otary eviapemtioh aTl56°C emiapp:rn&umtelgelﬂ)eﬂl was

of the et auyi n_vari fromkFra ont ai ned 1.
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(nyri cefolyphegblyesgénias 45%4. Tr&lﬂavm%eﬁrehﬂu&ls higgiin 1
ng/ L, uercetl nl ng/L). The powder cont ai ni n e po y%l%eno% V\% Iﬁ)g%a
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col um sohmﬂohomhd annphai wat eemuhby 300t Jeva Ebmorng{chepheam AR e gL R
with 5 %etp Fﬁg Oollegélon was, begun as the colored fraction began to
exit tHESEGLLRHO &y, e aaatstae cantgat avhigl wes Eeely solwbbuinovat¢raf t er a

total of 500 m 50% et hanol had been used). Phenolic content of the eluate
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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. '

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.

)



26 PCT/ GB01/ 00380 The phenolic fraction was reduced by rotary evaporation
.at 50C to approximately 120 ml and this was freeze-dried to give the
final sanple. The yield of powder was 2.24 g/L with a pol yphenol content
of 45% The flavonol content was only 4.5ng agl ycone/ g pol ypheiusl 804 (0. 45%
w w) . Forwofoieed7zbon of pol yphenol powder with pure flavonopcyRsoiBeigs aS.
follows: 400g of the polyphenol powdephswas di ssolved in 1 OL deionized

wat er. Quercetin dihydrate (Sigma, UK) anounting to 12g was di ssolved in
3.5L ethanol and added to the above to give a clear solution. The al cohol
was renoved by a rotary evaporator under vacuum and the residue

f reeze- dsistowh on (iable fitimed inds Wi ddaredsd Y1 TOVS InlERi oxRIHA Bhpac vl wesHikigel Y
sol ubl e, i.n wat,er. Exanpl er°1/8 The effect of adding guercetin to a preparation
of red TiHe 45613 ferEsase of die Withdthe Aed Mene pglsphemp! mHoxder.eandoanyinicrmte of s69he

pur posewsth tﬁ@bﬁﬁbﬁgﬁ%%&gggriﬁ%g\%%dt fQppare the effects of red wne
adde

pol yphenols w t and” w t hout quercetin on the antioxi dant capacity
of plasma (FRAP) in volunteers. 13 healthy nen aged 35 to 65 who were

non- s ers COEIS n& a st%lrcliard. UK gi et participated in a private and
confi defit V& °9p Hg? WPRREN PR Of ghesgifiaymied withurrdeavine mdiydenoisnued
Wi ne  CogsnedTRinaQithodyhnid QrdHRIcEE b $reded in' RulRlAh AL iReLr  ysual, di et
and Iifestylg duroiekg t%e study%rTheﬁggﬁ%ﬁge@g%%ﬁf%llg'e%a?ﬁfeorefjh‘?”é‘g

gr oups MRlypheaals doamdr a glagebo fiink AMeeever e boferdgeewiofdrafbd githA flaldnol

pl acebo Ik nsi sty f 36.6g glucose, 1.1g citric acid, 0.38g

bl ackcu?rrggéer#"f%%\?gﬁr,soblg%nﬁi -sodiumcitrate) in 300nl water. B:- A

pl acebo drink as in A containing 1g red w ne polyphenols, prepared as in
Exanple_7, or C - ;gpl acebo drink as in A containing Ig red w ne pol yphenol
+ 30my bakde Set Efetnf aemipistesiagi andrill soptainidy redTiwinet polgphenoBRnE oF withdude
nonth o ded in.Decenber. Bl ood sanples were drawn into K3
EDTA (1 ue[r\%){ %@%h&ﬁ%ﬁi@n ﬁ’ﬁ%i@“%ﬂﬁﬁé‘fe ??@&FI%QEEJF%H%M} ter consuning the
drinks for 4 weeks. Sanples were . centnifuged at 2000 x g for 15mn at 4C

to obtain plasma. Total ,plasma antygxi dant capacity was determ ned by the
Ferric Reduci ng Abi Iitypbf Pl asma RAP) assay (Benzie and Strain, 1996

Anal ytigaleRigchem 239 -/6) on sh plasma. The.estinmation was carried
out on the same day. 1Dlaf 2004 prqﬁ"g{)lw PCHFEF 00380 |

] enols 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)



27 As shown in Table 5 there was a decrease of 10%in anti oxi dant capacity
with the. placebo drink, and a decrease of 1% wth the red w ne pol yphenol
powder, and an increase of 6% wth the pol yphenol powder wi th added
guercetin. It was concluded that supplenentation of quercitin 1@@@%[}@ th
red wi ne pol yphenol s containing anthocyani n produced a greater increase in
anti oxi dant capacity than the red w nﬁ pol yphenol s al one or a pl acebo
drink. Moreover the beverage was fort*Pied with a flavonol present in a
wat er soluble form Table. 5 Effect of adm nistering a.drink containing red
wi ne pol yphenols with or wthout quercetin to volunteers on then

ant i oxi dakime capacity of plasma (FRAP) 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 W Hkfodd idibdkidg 66 solubRity fn WoedeSofld dnpdeRionldRrsB8 dRd@tin86 -
Difference -127 17 64* a mean  ,SD b no of subjscts *P< 0.05 (AVs. C) | 1
AUG 2004 28sirenenige methed camppging fne; skpp @&s@rﬁglffﬁﬁaa qustrestin laglygonercomiginingof a
conpositio 1Sl : r.cel .- . C ksing tine steps
o pr ovi dr o aRiLE SEET b ey A KRR S Bt g
ant bocyani sempodidensi ng conposition; and m xing the two conpositions, A

nmet hod according to claim 1, -wherein the anthacyani n-contai ni ng
conposition conprises a fruit juice or vegetable extract. 3. A nethod
accor di 9 W0 nfdRidadeordii %0 MIT @] uilebin AiteNBRUEaRCRAHiAY RmbBLRGS! ¢! O
is obtained fromthe group consisting of: grapes; cranberries;

bl ackber r i eemprisesadruitijiae kcupgetable 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.




4. A nethod according to claim.k or™ 2,: wherein the

ant hocyani n-cont ai ni ng conposition is obtained fromw ne or deal coholised
wi ne. 5. A nethod according to any one of the preceding Cla{ﬁ“&UG [ein the
anthocyanin is selected fromthe group consisting of malvidin, cyanidin,
del phi ni di n, paeonidin, pelargonidin, polyneric anthocyanins,

| eucocyani di ns, and gl ycosi des thereofysg 6. A nethod according to any one of
~the preceding clains, wherein a quercg?in agl ycone containing conposition
is added to and dissolved in an aqueous solution of anthocyanin. 7. A

met hod according to claim6, wherein the aqueous sol ution conprises .

di ssol vé®. Amdtshasedrdingtto any one eficlaims 619, whersin 4 éisdure] preganed by, additivst hod

accordi ng cl_ad r ek | u ki 0 IS di.ssql v

ant hocyani :10? &t sgﬁdcngggrg%a !%thguﬁgﬁﬁga??égés%ﬁ?o 3?”@#%‘5%08"%‘?8%#’3%9 to
claim6,. whiBp@iahinl he hasiee oldve Odrtibiefin tenRitRitirs e, o | 50k VAIC) afat hegyami n at
a concentration of at least 100 ng/L. 1 1 AUG 2004 29 10. A nethod

accor di ng dissengoromd 8¢ slugicatn caglycaee comporenti ookd;, e payedemginigdi ti on
of a solid [ - i 0l SJ fs} th gueous sol ution
of ant hoevg#\i?sﬁﬁgpgehea %a%?a?’gggé@t&nﬁd eﬁtfﬁ%@rﬁ%‘e?gogr@%&n?%ga&mgbove 200) to
assist in dissolution of the quercetin, aglycone conponent; cool ed; and

any remai ning _undissgl ved quercetjn aglycone_repoved by filtratjon and/or
centri f dgaty Bathod f@ﬁ@lﬁﬁtth@e}ym%ﬂﬁgn& —Sanyligrgia a é‘thg QusrRetn aglycoRferein a

solid quer E&kéiﬂin@%ﬁﬁ%nﬁgﬁgéh% B BB OF bk ERIAIR cpi@agihxsm fagdngnol or

an ethanolic conposition an dded to an aqueous solutron conprising

ant hocyani e ag@oussohstivh comprsing disthgeyanire| ai m wherei n the quercetin

agl ycone-contai ning conposition is added to and dissolved in a vying or
deal cohol i sed.- wi ne conprising an anthocyanin. 13. A nethod according to

cl ai m 112Waah@hdd 4d36rdeped Giin L, AGHSIR R §E@AEAAREorOdRRE il Wmposiredded to
and dissolved in a fruit juice or vegetabl e extract containrng anthocyanin.
14. A net hisaddedlo ead digsaleeddnai wing or dpalealiolisadwing cemprésingian anthocyanin.

agl ycone-contai ning conposition is mixed with a juice selected frond the
group consisting of grape; cranberry; blackberry, and blackcurrant. 15. A

met hod” @8, Arm¢thed sgomingtto \elamny) adlidréianhe quaptdtiaiaglyconssin®iniaglcohippsigivgr cet i n

component {18 d P 3 PR SVIERSS, Sk m 0, £ el m o, and

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.




the resulting solution. 16. A nethod according to claim 15, performance of
whi ch produces a dry conposition conprising at |east 0.1%quercetin. 17. A
nmet hod according to claim 15, Performance of which produces a dr
conposi tion conmprising at |east 1% quercetin. 18. A nethod1dbéﬁédwwg to
claim 15, performance of Wi ch producei a dry conposition conprising at
| east 5% quercetin. 1 1 AUG 200k 30.19.0A met hod. according to claim15;
p' erf'ormance of which produces a dry composition conprising at |east 10%
guercetin 20. A conposition prepared by performance of a nethod-in
accordance with any one of the preceding clainms. 21. A conposition

Sl oct od ¥Pr APEHBAAGtE I ek {8 BrtomAteeosl Wkl produessn A oemeicon
sweet eners, comj;ﬁﬁﬁgaqemo%r@h@eﬁ@nd aspirin. 22. A nethod of providing an

aqueous sol ution conprising dissolved quercetin at a concentration in
excess of 10ng/L, the nmethod conprising the steps of. mxing, in any

order, eh, i £ 0 i.Si-n uercetin agl ycone, ,and an

ant hocyg%p'n; ca?nd)%g{ﬂégﬁréﬁégégnb%ap%@aﬂ%“g(?ﬁ&ﬁ o‘#fﬂ%ﬂ‘?@@“f:ﬁ vithagy oppef the

sol ution coprecedingncjainiee. quercettin dissolved at a.concentration is excess
of 10ngy/L. 23. A nethod according to claim2, wherein the :

sol ution-conprises quercetin dissolved at a concentration in excess of
20ny/ L. . a F g ool e na. rein the solutiqn conprises
quer cet i %ﬂdﬁggdﬁ%gﬂ’gt 5%8%:%%%2%%?%i %dﬁr?qgtﬁ%rx\ég%gngxpg% 9% fore Jagregientt hod
accordi ng tsslestedi frogC thenigemugi consisting iU EhROXIRER] ifFRoiAs Ysems| Bweiasal ved
at a concentration in excess, of 100ng/L. 20. A method according to cfaim
22, wher ei n“h%“%&ﬁr&%lé’ P s essentially ethanol- free. 11 AUG 2004
31 27. Use of an effective conposition conprising quercetin and anthocyanin

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: mixing, in any
order, water, & composition comprising quercetin aglycone, and an anthocyanin; and

- forming an agueous s.olution from the mixture, the solution comprising thé,querdetin
dissolved at a concentration in excess of 10mg/L.

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. |



prepared according to claim1 or 22 in the manufacture of a nedi canent
I ncreasing the plasma antioxi dant capacity of a human subject, as
determ ned by the Ferric Reducing Ability of Plasma (FRAP) ! ds&lty 2004

31

27. 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.

for





