;e3e , <R6T, X20 J a |y 2004 -1 FOOD PRODUCT AND PROCESS Field of the

I nvention S The present invention generally relates to food products and
pharmaceuti cal preparations containing one or nore isoflavones. Mre
particularly, the invention relates to highly purified, cr)@tﬁm,ba&

i sof | avones, methods for their production, and uses of the highly purified
i sof | avones in food technol ogy, food products and pharnmaceuti cal
preparations. 10 Background of the I nventibh Plant isoflavones and their
met abol ites have attracted considerable attention in the nmedical literature
due to the beneficial biological activities attributed to these conpounds.
Humans 15 and ot her aninmals benefit fromthe adm nistration or ingestion of
i sof | avone- cont ai ni ng pl ant The bi ol ogi cal
benefits include estrogenic, r@?@é{@gyﬁmn [ %%S ant,
anti-inflammatory and anti-cancer functions. Further benefits attributed to
i sof | avones_i ncl ude_vascul ar conpliance and function, osteoporosis

treat ment , Bieldeofahe dnveption] ood | i poprotein | evels, decrease in the
propensidy of thronbogenic events and the 20 stabilisation or reduction of
synpto of nmenopause. Biologically inportant isoflavones are found al nost
sol ely in IT@ufestat snvehion genethlly relhtey @6 fobDprodiscts and phermdventigat gareparating

t he hi ghest known amount. There are four main, pE nt is,oflavoneqj - )

r epr esent e§OBiAINIG @RB{0F MPRE i§eHranssn Mo P aplxs thecinveRioR: Feigies e dighly

ethers, fo el LRSAGHREN : r I ;
i sof | avone mg@g@fi [rné,gmpglgdg{)lﬁver g’ eene I %%ﬁ%ﬁ?’?’e?ﬁd %&; g}‘?ﬁg%ﬁ?yt o]
be typi cal lpyrifiad isoflavareyén fifodaechr@logyy fgxerproducts Midpharmeerhutisalreparatigne

adm ni stered in whol e foodstuffs such as soy, chickpeas and lentils.
Howeverl,0 this is a highly unreliable nmeans for obtaining specified

i sof | avonegagkgﬁlﬁﬂattgpmgneﬁﬁl s and ratios. Soy flour is wi dely regarded
as a val uabl e Source of plant 30 isoflavones and typically has isoflavone

| evel s in the range of 100-3 00 ng/ 100 g. The isoflavone content however is

represente [ ] i Si-2l I I i

-2 contai ngliélt %@?"ﬁ%gfa% el%?{eg\yépgésgl? @%ﬁ%@%@l? g%)ﬁfﬂllt?io\%/lones%ﬂfn&ﬁ)‘gljl
f or mononet iiferstagk diecto ikbeneficial biolegisalantivitienatiritmited/pi thedel opmponnds. nHamdans
four isoflavones, but at |eyels at, abput.one-tent.h that af. flour, ..
Fur t herdfor aad jothst Ia&%ﬂét"l‘?iﬁ%g%’dﬂt?o Dé’l‘ﬂsg'ﬁ?%n &F 08 %03 1@‘2#%" QRf-&ontaming
dependi ng pﬁPpﬁa%ﬁgd d1d AR erass d The idlbgical énefis ihelade esﬂ@?eni@,f aﬂﬁ-éﬁ'O(feﬁiC,
environmental conditions and stress, storage conditions of plant products
and cooki ngntioident patideflammatome aafl posi-¢ancerofimetions. vEyrfhe; henefity) qtiributed,fo

al nost i nposgible tor fhe ordinary. tQ..der | ] t
o "= par t| Banarores sVt R 3T ShROE A Epd B RREET, REAGELP
whol e f oodbloglif Bpoptbeeiny dsvelsh|decreabelin thé propensitpfdfathrormbogenie mvenisdand dhe
relatively small  anount of isoflavone gontent FerrBééqllr am&ﬁ%.v\hol etf'%ﬁgq

pr oduc 20wosirbilisgtioneer reductionof; syguntoms of grenepafsr+ HRAlReICalY FHPLIHI I{HTAYE ¥ 0d
to achi eve 11 i r i b Okulhe afd ' PIEQRSEs

it is widely %gggr%glgsﬂaédggsilﬁ?a e ﬁ %Ef%bbﬁ%hgglfllﬁ%v;gﬁg’sk?n se%gyorm
and to del hardng thechiphest knewaayosnhp atesfounmasopleniusdigavpnedH h & | @al
Preparati 088 shn SRE Gt AT Sespbive ThiniBika ehilfs, FROHTRE it Ehd ¥ERRAAE

The amount of any or all of these isoflavones required to deliver a beneficial health effect

25 is thought to be typically in the range of 20-100 mg per day.

Plant isoﬂavonesl may be administered in whole foodstuffs such as soy, chickpeas and
lentils. However, this is a highly unreliable means for obtaining specified isoflavones at

- predictable levels and ratios. Soy flour is widely regarded as a valuable source of plant

30 isoflavones and typically has isoflavone levels in the range of 100-300 mg/100 g. The

isoflavone content however is represented predominantly by genistein and daidzein as soy




benefit of conveni ence and an assured anount of isoflavone. 15 There is an
addi tional benefit from nmaking isofl avones avail able in concentrated form
There is strong evidence that each of the four mmjor estrogenic isoflavones
in the human diet (daidzein, genistein, fornononetin, biochanjyl 2664 e

di stinctive biological properties and that selective health benefits can be
obtai ned by adm nistering particul ar isoflavones or 20 conbi nati ons t her eof
at specific levels. It is highly unlikely that an individual seeking such
benefit could achieve a diet containing specified |levels of particul ar

i sofl avones_or .a parti.culat -fati | si r b ;
means. For AR, ARbEC AeRieibl JEiel (6" e, HRARCIDANAY TR and

i sof | avone gyéHaast S Oididpessasd flémtils apsicallyr toaitdin dlk fifur dsaffeyones, iteg .at dsvels at
Nunmer ous references have been made in_ the scientific literature to the

adni ni st r atabont one-prmh dhatt ofogmndlonnd Tuteraemsn sioflavons BRsE Angr Janigi fre also
drinks. As i Qus ) o D o
11K, 2 Yl SERSHAAE b, WRBHRCKERUONAS oAl e orpiad

in varied c ons one ratios, and .
astringent dhhvay@uestal contitichsl and2@fdds, -sforaghraiditinR 8 pladh grodsctsand enoking ks

a water-in-oil spread that contains phytgoestrogens, and.i sof lL.avanones wi th
cal ci um and’rwa”%ﬂ%msfhﬁffbfor%gﬁﬁ?‘ﬂéibélV%H%Q&?ﬂﬂteﬁg@é@o %Pgﬁéggorrﬁfl 9 1\%18”
contain st GLolR B ldt g?g%gﬁéﬁnfﬁhéd 2RI RAPbE PERURR HorRFLR for APHHiOr healts

pr ot ei n. 5 PPH patent rcatron "He suppl enents cont ai ni ng
phyt o- est r agaekt, byaredyiag waswhole foodsbafis. t The viriablonaturered thy isyfayone cergoyt and

t eaches that isoflavones can be_extyacted frqmpl

r ender ed téh%lfﬁ?‘}ﬂeﬂibméﬁwogﬁﬁf ehe ?%ﬁ@ggé#iﬁﬁ@&?ﬁod a’ltde ng}[ﬂg
f oodst Uff S (SHGR RS iERAG of STRhIidahPBRBNNS bf Shbléfood @6 atlitee pldasireic éperhas
conpositions®such as tablets or capsules. 10 Cank %Hfll Usﬂg%i{%gﬁe;sMg
descri bes mumpfedictahie- rasnitchBor $hege reegoap.nit is SWdelsT edpes tq gxtract
t heir manufacjure. .Crank's odu ' : b deeifTs or
pl aced in EAHAYOHS lﬁesgfn-l'[?ggeg * aig)&di %?%%%gfg]%gjﬁ&gtﬁ n#gntmég?rrul a,
nutriti onalphhevREagel pipataticesliaapecified amgnats. ifithiatways thy censymer detivesste
spread, yoghurt and frogzen dessert. 15 Kelly.a Joannou VJO 98/ 08503

di scl ose t n%ﬁirﬁfﬁpgi’?né?qc&ﬁngﬁné‘ﬁs‘irg ?‘Pﬁ%rﬁ%ﬁo%go%emmound used for various
conditilcsns. It may be used as a food additive in drinks and health bars. 20

Gorbach“et al US 5,498,631 describes a nethod for treating synptons do%
menopause, Thesnisnat additionginbknsfit from goaideg iﬁ@ﬂﬁv%nﬁssﬁvﬁﬂal?lladﬁﬁ"ég‘?ﬁ@ﬁe orm.

estrogen | gyels. by adm nisterin pye. ; i H bhfhan
Soi 0P sof | e hnas yitents PiAl kall of e ol i Bk, 1oy i@ ¥E0Bulan
cereal or ReyqARAASein?PerEitedaorilhined3bidAtmity)eave hiistintive thaldgical properties
treatment of Al zheinmer's dj sease or ggehgljélgﬁtigd l.oss of. co n.uctgf Ve gg\r;g&é QR
conpri si ng asp &t selectivedicrlth beeslds cambnp Y PERETIRR P ood - product
such A2 §§1§1ng G Dgggﬁ?}éeog%{ spediffCIeiLls. 1t 8 1ghly UnliRely ThagR. inBaiduabseeking suck

5, 506, m™ni'stration of a genistein/glucgoside conjugate,
30 in vari Qgﬁeﬂt%dﬂdia&hieudimgia‘tommﬁnﬁhgssmuﬁhd develppf pasticularolspHAYes | Pn2 of
acid secr etplm(')tlrgzufa]; ratio of isoflavones using natural dietary means. For this purpose, it is desirable

1o be able to manufacture isoflavone extracts with specified and variable isoflavone ratios.

pd

-

25 Numerous references have been made in the scientific literature to the administration of
phytoestrogens and isoflavonoids in foodstuffs and drinks. As previously described, the

isoflavones in these additives may be in varied concentrations and variable isoflavone

ratios, and with astringent flavours.




osteocl asts and reducti on of bone resorption. 20 July 2004 -4 5 10 Feuer
et al US 4,163,746 descri bes 5-nethyl al koxy isofl avones useful as wei ght
gain pronoters. The conposition of the product nay be in liquid or solid
form and may contain other beneficial additives such as vijoapgogd am no
acids. Jackson et al US 5,654,01 1 discloses a dietary supplenent for

i ncreased nutrition of perimenopausal womep containing 8 to | ess than 50 ngy
of phytoestrogens, with various vitamns ahd mnerals. This suppl enent may
be delivered as a tablet, capsule, powder, gel or liquid, or dietary bar.

Kuznicki et al US S 464,619 describes a co,rrpo,sitio(g Ereferabl in the form
of a bever aY&) OURHEH (o ab dssashesacuatenoin-oil SPrerhaneANains BRRTFTQRENS and

pot assi um i.o and_ car.hohwdr at VARREN! : SET,
t enpeh- bas éﬁor%VBH%ets Vﬂ?éﬁaigéma?da‘rﬁlté %%’ﬁgﬂ?%%nﬁ%% géﬂ%%%geg%pgé% lfgﬁg?@.naqlhailsso
product maycolfinsedlfhssed] estbrss stahiolnmtistanolestdrs,iandfsbppomen. or ot her

conpounds. Zilliken US 4, 390,559 uses isoflavones as anti oxi dants for
stability of edible fats and oils. Shylankevich US 5,424,331 discloses a

treatne prevent i . 0S r QS| 1C iﬁé}ni’n Hi@@%stﬁfg%né’,raﬂﬁ%
phyt oesthsﬁ og%ﬁ B%ﬁ%o%?ﬁggﬁ%ﬁggoﬁﬁémrﬁ}gvgg# Adm ni gtcé ation may be asgg'laes o
di etary suppdtstoiiés Biereds’ KelhaWRo3/R3068) teadtes Fhdttisoflayones capdessg@steddrom

di scl oses adm ni strati on of dai‘nge' n as .a diet ar¥ sugagllpene t,.or as . a . il
phar maceut iniamts sueh ap deganes jrendgred |tp & 41y BAVEET LB SOLFHS fomp fnveniently

Shyl ankevi gt i3,@q 360 388 SHLDES LA, tiffedtoneRyéro@sis06e s eMmanndatiéar

the regul ation o rogen production. Schouten I'ndustries WO 9610341
di scl oses uempofitionyfewhrashghies @r gapsules. sour ces of 30 i sof favones. The
material may be used in drinks, dairy products, bakery products, health
teas and ot her products. Schouten USA Inc. currently produce a soybean

i sol ate pr gyt o 2Q9W 5580499 debcribes isoflavone-enriched soy protein products and the
methods for their manufacture. Crank’s product has a desirable flavour and may be placed
in dairy or meat-based food products such as infant formula, nutritional beverage, milk

replacer, bologna, imitation processed cheese spread, yoghurt and frozen dessert.

Kelly and Joannou WO 98/08503 disclose the administration of an isoflavone-type

compound used for various conditions. It may be used as a food additive in drinks and

health bars.

Gorbach et al US 5,498,631 describes a method for treating symptoms of menopause,
premenstrual syndrome or conditions arising from reduced estrogen levels by

administering an effective amount of an isoflavonoid. Said isoflavonoid may be delivered

orally as a confectionary.bar, biscuit, cereal or beverage.

Gorbach US 5,733,926 describes a method for the treatment of Alzheimer’s disease or age-
related loss of cognitive function comprising specific isoflavonoids. Administration may

be in a food product such as a confectionary bar, biscuit, cereal or beverage.

Bamnes et al US 5,506,211 describes the administration of a genistein/giucoside conjugate,
in various forms including foodstuffs such as soy, for the inhibition of acid secretion of

osteoclasts and reduction of bone resorption.




cal l ed SoyLife, which may be included in various foods and dietary drinks.
Additionally, Archer Daniels Mdland (ADM produces a dietary suppl enent

cal | ed Novasoy, which is rich in genistin and daidzin. 5 Internutria WO
9821947 describes a food or drink containing phytoestrogen g lVEb@i oni n,
for the alleviation of persistent reproductive transition night tine
synptoms. Many of the references above desgribe the difficulties
encountered in pronoting the ingestion of iIsoflavone extracts and
concentrates due to their often disagreeable taste and 10 unpl easant nouth
feel resulting fromthe nature and conposition of the isoflavone extracts
and the formin which they are presented. A nunber of nethods are in conmon
use for the r atyl b 50f - th(j' MR8 X isbAalénes fesefid xasnpeizht S
Bar nes S, Pgeﬁ{??lr\}?ggc}]%gh\ﬁgé:;d?f@ldgo a\@/Ofﬁg{Se and g)%;i( 1 S conj ugat es {Egrll1 z%?l
foods: ext r@ehionsts.Riectionipmsiticarsf thevptogdsitsmiy be-dLicuisd or sebisbionmoad gy contain
J~4gric Food Chem | 994, 42:2466- 74%.. Thea.fx) rtL:uIca nmet hod depends | argely
on whet her @ther heasfigial aidativessuch s, MO &S t i ng material as

gl ycosi cdigs or aglycones. The natural formfor isoflavones in plants is as
glycosides, that is, bound to a sugar noiety such as_glucose and.thes? ar.e
present ei tjagksonser &l T8 5,65493 biistiosesp dictary uppienent, for Anerapssyputniaoen, pt pen-
acet omal onyl forns, The various. gl ycosidi (o) i : i

sol uble in W%ﬂ%t%‘&ﬁ?l%}’n&w‘&gl %C’f’ ?F%r %&ﬁi 5(:672”04) %@gﬁdﬁ&%ﬁ;ﬁi ?’rég’t !%tgﬁﬂéy
free agl ycangmtas Md mifeals! Thisdupilementingy bbdeliverghhya tablletbéapsile, powderp grlar
organi ¢ solvents. Extraction of 1soflavones fromplant material such as red
cl over | eavadiquid)dr distarydasibeans, or from by-products of the food industry
such as (§oy nol asses or soy whey generally involves contacting the raw 25
materialwith water, an organic solvent or a conbinati on of water and

or gani ¢ sol westicki APy US 5464619 déseribesexcangmsition, prefesehly i thetfaym of pdeverage,

di sadvant age that the process | onsel ectjve. Lf | J ed
in an aqueoubicheentaips E@ﬁeﬁﬁﬂkﬂie Vaé‘Pisof‘ﬁfé‘Fm\ﬁﬁ# W@%%ﬁlglﬁg&g%ﬁﬁ%o ongﬁt s
are simlarly extracted. Likew se, if the aglycones are eaY6racted in an

organi ¢ sol vent phase, then hundreds of other polar or anicag%.an.t co)rérgpgur(‘ids
such as 30 zilifieni US 4,53%9%4 descaibes £ltemprh-based qwodust used £ a0 A0HPrdenh, w00
non-sel ectively jnto the _so] ven = VAl ; GdomRRongt drasiber
typi cal 13 o=k s'é’r‘?@'p%ﬁlﬁ”é‘fdgcgmm:a K%gﬁﬁg%ggpgéﬁlﬁe&;ﬂ%ﬁﬁﬁ?ﬁgom -6 cont ent
of between Ry A0 i$)RilHRACISI# B0 35 90esesiseflawipstes 10ti@ddents fur patilinelediple
such a high level of non isoflavone contani nants usually results in the
end- pr oductfatsepd®gsan unpl easant taste and rendering, the product
unattractive as a food ingredient. This usually necessitates the use of
maski ng agents such as sugar in order to nmake the m xture g pal at ab) e. Fﬁr
phar maceut i SiajlarnkseichHes 5,443 3k dinclases iastrestmeni Pfe BTENFRHT, O OSIERROIOSIS VIR e
| i ke, such astringency is npt usually Aisats & dii#hi Hia
of the #t dnrlifes$ise W&i@ﬁ[‘ﬁ&%‘i&?& co?“ 5@ %@a | oﬁélglﬂacce%ltgé& y bﬁﬁiﬁ A y
nunber of fuulhefietabeRpplditdnd df BYa pRaraRictutizalise of a variety of organic
sol vents and 10 chr omatf ography are well known as being suitable for
increasing the purity of isoflavones. The di sadvantage of such processes is
(a) that t ene I drfinfkera i iHPR RS %, dib tlilerhére\or
are expensir%egﬁﬁﬁi§§%§§%?9%ﬁ§§i°§¥§e¥not ecg{)]%h‘?gél I i/ vi abl e@orﬁp?cl)mrer ci al
scal e- up. AlsOphahfadeatibaider tedbetefeial dterationaf cholesterol lexblse for comer ci al
scale and that | ead to.selective or preferential isolation of particular

i sof |l avdhes. For this reason, 1 S the preparation of isolates containing
specified rati;o8 . 0of +1s@f| L b bsd phitobdtdgefi t condpaundsi for nibiet
accordi ngl ygw?xgﬁengo?&l gg%ﬁ@%?ngésec%%saﬁiqgﬁd cgn%tosi tigons tlﬁ%t can be
used as fooggaMddot bfesroged ptddattibmve the advantages of (a) sufficiently

hi gh purity to be palatable 20 or to have a negligible taste, and (b)
desirable features of texture and mscibility that facilitates their ready
i ncor porat i gg}olu{&ohﬁiu%gg WS '3‘6!1@3431“ diserdss Hid of sGyisdan phygoeotylseas abourrearad
of considerabl'e comercial and practical advantage in thebaise of suchh alth
ext r act 30 andofigwonesi Theomaterial piayreavsedtin clinkpyr dayrprofdets bakery profusts, he

requi renment al so_exists for such .is one_ext L L1
ha\?e speci fteasand; gmea\pgyfg.xcpsagpﬁ%qter?g}éf Ne S HPEctudd sEPPRASEIARN rokifet




Sunmmary of the Invention It has been surprisingly found by the present
inventors that highly purified forns of plant isoflavones can be isolated
in workable quantities in a highly-purified crystalline form The purified
i sof avones can be fornmulated in food and heal th suppl ementygjAglge66 havi ng
30 an agreeable taste, texture and nmouth feel. Advantageouﬁyft e highly
purified isoflavones can be incorporated into general food products to

al low for the ingestion of these inportant5' 20 July 2004 _?_ isoflavones
in the course of an ordinary diet. Food products such as spreads,

margarines, oils, dressings, breakfast cereals and the |ike can contain
ef fi caci ouscalled Soykifos whinhi mayl bplincludédsinf vaxious deodsand glietarst daakse stditomadly,

the fl ' th feel f duct . 5 T di_ng.
e i nvent AirogeHerals et b 080 RIS ke Blay, supp Bl BT ARARE dgh o
pl ant mat erjd inPepiitiaangldaiem. | eaves or ground Soya beans with an aqueous

organi ¢ solvent: 'm xture, the renoval of |arge nol ecul ar wei.ght conpounds by
passage through a fine gauge filter, the selective crystallization of

final 1 eboveipmie WS oot adal] ABbeS G 108 B Wby I RRE bR Bifn 98
product i s HYsonB &SrahéRllNviatibreeY periifteniorepdtiattivettankitiomnighiitiahe éyanpiohas a

hi gh degree of purity, is virtually col ourl ess, odourless and has an
agreeabl e taste, texture and nmouth feel. Thus according to a first aspect

2l pha cr s o, RE BEpfasfuchl SpUE clrtlr B et el JE b FPoif e

i sof | avonesngdestion bf oflavemeexteotseand cuncpiteates duet toetheib pfien tissgtaeablet taste and
i sof |l avonecontai ning plant matter. with an aqueous organi? so.I%/)ﬁnt m'ceéttt%re
fig

to gi vellan vaRleasaat moyth, qebfﬁsukﬁngtf&rm#gewe : COPPOSHPR © FERG
amount of %@@}eﬁﬁﬁg%@%@a& leifdd ar wei ght greater than that of the

i sof | avones; re t ol ve inthe filtered 20 solution to effect
al pha-crystal lisation of the isoflavones; and recovering the

al phacrystal li ne isqfl ayones. Accardi 0 C C j kon
t hgr e i g p?\)\'?i“ﬂ‘i’ﬁr zﬁ’gr@f’*@ 5 1 ﬁgmﬁ%g&%? ifgrnﬁngef B%g?%ﬁgﬁaéfc%§gtga ‘:‘:-ér;ﬁg&?ltg?m
of :c Isof I avemﬁﬁtgqmr e;sA;Pge{ lRee ﬁe&ﬁésbst Iék%rnffaﬁdlgﬁgcﬁﬁarﬂsbf Isaflaveresf axtnﬂnthgir
i sof | avone-containjng plant matter by gontactin [ vone_cont ai ni ng
DI ant TGt t epEIMEHSS ot et EPEReR SOnCERaRS o AR o3 R HoVaN SEsetomaEy
sol ution; Wé&&rm?zé $¥64 aétm@mg.' e?&ﬁ&@gﬂﬁﬁtﬂoﬁﬂe Nhrgefy 6t ¥hether

a ol ecu ter

matter havin ar Wi ght gre ~than that of the isoflavones;
reduci ng t e soflavamies iane tchetaineltinribd sating insateria asfglpeqsides or aglycones. The

al pha-crystal liisation.of . the i.sofl avones, r ver | I - lJd. e
30 i sofl avB%tB’éa;‘%m IRATIRYOpesIL P ‘Pgi/‘érag&‘ﬂg’?%a%%g‘éé’%%ﬁg | af%&% ﬁlé%]?c
sol vent; ghagiuabdeyand BEselatt Yretefrleittr ak situisle glycblidesvod esecahmbhly i malingl
solvent to erfect the selective al pha-cryst 2&4‘;{%%%2& of isofl, vonef; and

i sol ati2fg Phacetemalenylforms.piThe yarigusglypeadic WVOREY: eﬁechlg!&yts@ uble i 1 d
aspect of L . | e | | - leh

sof | avone i BREREHy, sOHBRE behlleicfyert, PhUhEas, BOBHE LIRS fom % Poorly

i nvent i on. solhsle avérebutrhighilalsbiubke ingnbstipalan neganivasodvets. | Extiraciionrnd iseftavones of
greater than 50% nore, preferably 65% ,The sel.ect

t h i
al pba- cr ys#fram plagt ma rﬁgééog"%ﬁ ‘?ag’ rBﬁ" f’%}%haf SoaheE: bR hy\;%é?d‘fcﬁa#
80% nore g{eq{,g{] g}ﬂ,ﬁﬁg 'sGetl &Y sdyaB1a8&¥or 58y %@? igeheslly Bivalvied bhitAcHS® e raf

the invention there 1S providéd an al pha-crystalline formof isof|avones.
The al pfia- matesiahmitnwateny an orgavis selvemsor, a eobingiers of wepter anduergapic selveitess

when fornulated in od preparations, an r odugt 5 l: 1 i
form of t hényﬁfq'lla%ﬁ’ﬁe c§“¥ P PAPYSFYE gﬁggﬁ&i é‘ls yva%%‘ég%zﬂhtﬂe rdedsels hb
selective. If glycosides are extracted in an aqueous medium, then hundreds of other water-

soluble plant components are similarly extracted. Likewise, if the aglycones are extracted

in an organic solvent phase, then hundreds of other polar organic plant compounds such as
30 saponins, sterols, and flavones also follow the isoflavones non-selectively into the solvent

phase. These various extraction methods typically yield end-products with an isoflavone



15 According to a fifth aspect of the present invention there is provided a
food product or pharnaceutical preparation containing one or nore highly
purified isoflavones. According to a sixth aspect of the invention there is
provided a nethod for the nmanufacture of a food product or aphfjiyReeatical .
preparation including the step of bringing an al pba 20 crystalline form of

i sof | avones into adm xture with one or m)rg ingredients in said food
product or pharmaceutical preparation, wherein the al pha-crystalline form
is substantially col ourless, odourless and virtually tastel ess when :
formul ated in said food product or pharnmaceutical pre ian. Preferabl
the al pha- coptentipf betavees or4 (b obregnageaisualiybeiyesa ahgutﬂg)r%i @ﬁ?ﬁlp’i?é?%‘iﬁeﬁbtf‘é‘%]hg
formul ated j ot i . t ':ant?ﬁ ' 3 r &L ;

Thr oughout %ﬁligg lé%é%ﬂn%éﬁ%s?%%%&%&o %ﬁe C a‘?qrr%% gﬁ@%ﬁg@v %Snllg‘ggéét%agmg -
cont ext r eGigipfeasan®itié whé eendefiag\ibe grodustmnatirettivesasta fond mgreastientshis wwally
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pr ecur sor s ofiga nirkes theglanal £o G??%/“%RF&F?%‘IP}V% urce of isoflavones is from
the whole plant material of clover where the isoflavones are nostly

contained within the leaves of the 5 plant. Suitable clovers include red
clover (T. Apmatbesef fushért stepsinsdirding solectiveruse of gt arietih eh Preaic iplveats and

clover (T. repens). O her itable i.sofl av - Wl j
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material, the isoflavone content of the extracts isolated therefrom an be
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case of | eahy tipt had toatleciied ospeferestiahiisdlativinonfqagticulattiseflavones. &Pr thig reasemt

i sof | avanes is typi.cal hi eved by crushing. or j . B ar
to the ol mfe&g?%Pk%?%?%%%&m&th?ﬁﬁb roﬁp 519!%)( rlg(gtg t #%gﬁgéd Bi e
i sof | avonegyin their aglycone form Crushing, chopping or conm nuting the
| eaves and plant matter rel eases glucosidases contained within the plant
and results in the enzymatic cl eavage of the isoflavone glycosides to the
20 correspqndi ng_agl.yc gualH=pe } QY
flour or Iieggi?%g% aﬁg{; r?ritll%i' Qﬁs{é%og%éﬁg\?%ng essi ?1% ?ﬁ%%%lgggﬁgb%‘m?ﬁgi ben

gl ycosi di ¢ abfsvdadditived and thit huresithbndvanthgrsqf¢a) sifitdiently high puripsiosbapalatable
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with a sol \f‘&%mteméipréaﬂg?gébg’?@ﬂaﬁé{n Wab & wiledvafietyos DB Hauffo| Siehtpropérdes also

preferably a water-m sci ganic solvent. The ratio of water to organic
sol vent nayregefheomsideyatile commdreial and @rastical advantpgedn theyee 9fFush exuacs3p
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chl or of25r m di chl or onet hane, trichl oroet hane, 20 July 2004

-

Summary of the Invention

1t has been surprisingly found by the present inventors that highly purified forms of plant

isoflavones can be isolated in workable quantities in a highly-purified crystalline form.

The purified isoflavones can be formulated in food and health supplement products having
30 an agreeable taste, texture and mouth feel. Advantageously the highly purified isoflavones

can be incorporated into general food products to allow for the ingestion of these important




-10 acetonitrile, ethylene glycol, ethyl acetate, nethyl acetate,

gl ycerol di hydr oxyacet one, tetrahydrofuran, ether or acetone) npst
preferably a Cl-4 al cohol such as ethauol. The extract in this regard may
be prepared by contacting the plant material with the matqug%n;abogix by
wel | known nethods in the art. Optionally the m xture may include an 5
enzynme which assists in the cleavage the isoflavone glycosides to the

agl ycone forns. The m xture may be vigordﬁ%Ty agitated so as to form an
enmul sion. The mixture may al so be let stand to allow the enzymatic
degradation to progress. The tenperature of the m x may range, for exanple,
from an antsoflavonesnpehaiconse tof antnadiveryt diety Boddhprodacts isechses sprpads, Bepgrsines

time may be _between 1 _hoyr. to seyer eks. The extract. my b hysi,cal |y
10 separ at ais:f Smibél:%%f?fi&“’fﬂ ™ ea‘l“anb‘ff)n&u&ﬁf@l‘%?ﬂ%ﬁ R odéfsggsmd
fi1trationy enbhbi sl bt dthblobiiing thedietr ot:A60RTEClRT MO0 Godict. has
been surprPS|neg ound by the inventors that the aglycone isoflavones in
the resulting solvent display a distinctively different pattern of

behavi oyr [pn organic solvenis .15. dependi n a .
corrpoungs B PTACESS GREFTIME cmea}nv\?gﬁ%tg?&l@j}f g&lﬁ%@%gﬁ% %gﬁa T ngfﬁgﬁgvgge
resultant gougous giaﬁi ¥atbSalPARECMA ElbVaURRves éri biond isdyDbeas tithr aimageeous
particul ate, undissolved plant naterial as wel] as dissolved or sg?pended

pl ant rmt ecigahionalventonbdwea thevesmoial oflatgeanolesular ight GpmpRENdssBY PAASE s,
t he isofl ayones behave_di sthnct { LI Anan t tdose
conpounds %lm‘?ﬁibﬁ %ﬁ‘é%%ﬁgfﬁm?égﬁ%ecégé g?’%asdrl]%%ﬁg ubst g%@zg? I%)%?erggggggo@g
removed i NefdagicrsoBeint pBise byl évaperativs,drdrthe fihalirasovereof the onytalizediidsiflavopes.

i nduce the isoflavones to form al pha-crystal s.in the .absence,.of high_.,.

nol ecullfr WQW%%W%%HWPPWWS%F%@MQ an2lp 'nyﬁﬁ‘lgﬁ'{% ek,
it is beligy eﬁh&shéh;%{‘?e%%é tofgﬁﬁi%‘l i$ VeRudlgSidliitleks) ddbarlekesdndelths an agreeable

al pha-crystalline i avone precipitating fromthe isoflavone-containing
or gani ¢ sotagtentextune andmyoatlefee5 Filtration is achieved by forcing the
aqueous organi c solvent m xture through a fine gauge physical separation
barrier. Typically this is an ultra-filtration device conprising plastic or
paper fil tepss hbkdidlEORK aCR¥PaEPEts ofi the irvémtion| therewisi plovidedr 2 anethod Han the
about 500. This process w || renmove nost  of the proteins,  carboh dracﬁrt &84

i pi ds 15 oi produetipry of pn alnhacrrygaliing Jpop 16y ifofleXoRss FEmprigigthg SIS & Fxfractioe
col ourl ess; | hAUQES ﬁoﬁf iéb‘ﬂé%%@%nfa%ﬁng aht© ShidtieR by aEhHRAHD g O HgA ThslBohyent
m xture thén Is subjected to a process that effects a reduction in the

| evel of ocgeainingsplanematiar with i aqueaus Mgenicr soheEnt ynixgs 10s SHEhARVEFFh a
rotary evaporator.. Wien the Level .aof organj i u L xture
reaches a YOMWH9L: flteFme, the FRE ﬁo;&ﬁ]o& :E(géea %st%ér \e‘/i%%%fl% gf:ﬂg%tg@%ﬁeﬁa%é 2

i sof | avonegojdluRP vdhigtegrestis fiakl thiteofothe dsoflavines] eedubingtthe solventuinsheifiltered a
narrow range of water:organic solvent rati o.,TEe evququfgti on na tﬁe aloh
cancel Red sofution o rffest crystalljsption | of the| jseEewRey; rfeWeEPép g alpha-
sedinentation Qo ._b i tion. Wen dried in an oven or sinply at anbient
tenperatur“ér,y&f"ﬁlé]eilsoo qvgbésﬁes typically have a purify of between 65-75% are
relatively col ourl ess and odourl ess, display only slight astringency,

represent a recovery yield of >90 % of the 10 starting i |a , £@n
di spl ay anAfessfingyBhé FeRong aPSFY Qf/ tg% ]Pﬁ%ﬁuopnﬁlf el% gc}vtx?e%i; an¥1 )%p%rae.f&Tﬁ?es
I'sof | avon Bﬁg&i&t of BY alfhal ORAHRE f88n 3f fdoMBlomRE @emplisingrthe BREs POeRirhcing
into food products or pharmeceuti cal preparations: reover, 1t may, be
desi rabfe isoflafchest frangriseflavonelegniaiming plamti matist by oraniarERs s then 15¢{lavensa|

15 product or to isplate seleciive isoflavones. L, C t I satd IS
reqﬁi red tPHAFDE Pjg‘i“? %z}ttearwgﬁtqp SAYTHESEE "?csgg‘l}aé@ %Fﬁ?@ g;r‘{b,éﬂ%%d

crystals feamddenitdring tMAUerah olutinatd redaté e amousi 88 lant duatteramvingani ¢
solvent. The solvent i's preferably a water-imm sci ble sol vent su%g%%ztp?eg
n

Cl-4 est ermoteclahaveightigreaot thenithastofcthe itdlayenest Fegpcing dheslvenfig
I'S agal n

solution to effect alpha-crystallisation of the isoflavones; recovering the alpha-crystalline

30 isoflavones; dissolving the recovered isoflavone crystals in an organic solvent; gradually




placed in a rotary evaporator and the solvent volune gradually reduced. At
a critical point 20 in this process, there is a first wave of
crystallisation, followed by a second wave when the | evel of solvent is
further reduced. Careful control over the rate of evaporat iﬂn‘,lg?zbma
solvent allows ready separation of the first and second waves o
crystallisation. It is found that the firsg_wave of crystals is

predom nantly fornononetin and dai dzein with between about 8-12% bi ochanin
and genistein. It is also found that the second wave of crystals is 25

predom nant |y hi ochanin _and. geni i ] b o0 t O+
dai dzei n. E&gﬂc’ﬂ'? ‘Tﬁé’ggmﬁlxﬂf V%Ig&%? %8134)9% S %ﬁ%%%%@e%%@%nﬁ Jiuglg%f
separ at el y. jshfiavonef:dnadsdibmig the seRetivealpka-trystalliefisoflavomgescont ent of the

dried material is i'n the range 90-95% Alternatively, it may not be desired
to separate the final two crystallisation steps. The crystallisation can be

conducted as a single event an cr 0 f i

Second naveABRrRgapat MiEh ot of By PR SR RITE BRlady dBhe il
by filtratigsfioRedpfepitd®ty anghettodusfthe! firstiof sevongaispents by the tinedtione| The
known in the art, such as by hanmmer mil| or ball mll._ The regﬂtg; fine
powder is redpha-gryselliner isoflevonsgohaveegn isplavene ¢optony of greaters thang Qé‘bi PrS/
when formul ategd.i.n food p u an | vRLARA" Moflavsnes Thhde an
nmakes the CH’?@{'%’IIYiWSa%FO%‘%gt ((s%g%ért?}é%r%;egﬁsﬁ%v\gﬁa&gui fed as a food

addi tive wijkduvont Bentestst dreater thah 80%a sidreprefdratily graatasfthan/MPé. pr oduct
crystals. In addition the fine-powdered al pha-crystalline isoflavones of
the present invention have been found to blend well in various food
processjng Gl inveRfibiieReTs Préviddibsh slplistehistalline formosf
Si gnifiicd;nt%tolpﬁggé%ée thegﬁjgﬁﬂ?rftemg%ﬁv?ﬁgfood p?g%uct orﬂghar%}ace tical
prepar at i orisoftavdnes. e Theaalpha-ciystadlinso fermeds tolowrlessi adgyrless aad; wﬁeaﬂﬂéa%tg*sssof

menbr ane technolo as.ald oned the. pre ' n - gﬁl{&ﬁf f th

i sof | avonesVihsy *ﬂ*ﬂgﬁﬂ%‘iﬁﬂ fl&?%%ﬁ?péﬁ&ﬁ%?iaﬁg%%l St tmrré%l ]%ll élr?ng p ygin(l)ll %gi gal
activity anghf4bgtd @RypiBaiypamstahtislly pwenti on, the current process for

I sol ati ng and recovering isoflavones involved the evaporation of organic

sol vents from an organi c/ aqueous solvent m xture to precipitate 15 crude

L)S( ?]; ;g;’ ¥ € Is,t}l(%lrcﬁgg 35 % LR rﬁss%%\q/ QFGhE PresthiCinvERVChER sSRblide@peodmtolectia

an®or gani c ent, shed wth water to renpve water
sol ubl e i Wﬁ&aﬁaﬂ@rmﬁmﬁqﬂd@g@npm@wﬂgmm isoflevprgfone
extract. The present inventors have found that purification of the
I sof | avone extracts nmay be conveniently perforned by the use of

ul trafiltratd onnBuPs shePaspBcddfehd Rivetidn theefis provitedexhethod forfthe meefasturan
F4 menbrane 20 waS found t0 be particularly usefyl i %fm)v' ]% subst }ngi al
anount s of dfyofdod\pmémtrmmhatmé@“ﬁﬁ%limﬁpwoédﬂﬂé‘am&e&@ & ‘ijtlr &Pe A at
of the 16’ Ofclr?s\facmges fctutﬁx(i9 %’f%o\fﬁ%nes into admixture with one or more ingredients in said food
product or pharmaceutical preparation, wherein the alpha-crystalline form is substantially
colourless, odourless and virtually tasteless when formulated in said food product or
pharmaceutical preparation. Preferably the alpha-crystalline isoflavones are comminuted

or pulverised before being formulated into said food product or pharmaceutical preparation

25
Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" or "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps
but not the exclusion of any other integer or step or group of integers or steps.

30

Detailed description of the invention




The role of the ultrafiltration process is to purify the crude extract
before the sequence of solids recovery by evaporation and subsequent
organic re-extraction and precipitation. The 25 inpurities renoved are
general ly biopolynmeric guns in nature and are found to intg&ﬁﬁn§2ub4h t he
predicability of processing and quality control of the product Tn
downst ream operations. Furthernore, the gum conponent reduces product
activity significantly, adds col our (browﬁ'and green), co-precipitates with
i sof | avones and is particularly soluble in organic solvents. 30 20 July
2004 -13 The function of the ultrafilter is to prevent nol ecul es | arger
than a cer tlapflavenese fon usa patls mgthods Anghcampositions «of, theprepasy tineqitioa: gg be

ultrafilters of ,the presgnt.ipventiqgn are .thgse Leh sa t ed.

anel Lot haRuRd TBTBLOR R o ST ee Ph sy A PRSI ES (i irhRabone
interest. ??e&ﬁ%r?@n@ﬁﬁﬂrﬁés?% R 41 @9 ailabfe somesdsEBsldvénps Bviraig dhdwhole plant
| sof | avones at very high purity and nuch hi gher concentratjon_than other

menbr anes tmatera . of Ttloverf hete Gk iseRavenes areampstly eantpinsd jwithincthe eaves; of the
shown i th? attache d Figures 1-8 and sumrarised in table 1 below. Table 1
contain Pt ysis of an isoflavone extract 10 (feed#3) subjected to
various ultrafiltration nenbranes listed in order of decreasing nenbrane

cut-off. "Filtrate Solution" results show that the fi rslt srloé, en%ri es were
unal tered iSwitablofclavepninchsiered clover G graersepybtarragean claverle 6 e’SfG’."@%ﬁ,“
whi ch indicgtes . that -is 0 : L l¥nth i Slhnk BeateRATOhaRES
Menbr anes @gnﬁoﬁ @aﬁgé%’?)é r@gg%c | oﬁgilﬁagg?flgé%ne cb%glalnt ration, .dues to
the nmenbr apggeWwf-othér legiungs yehyasckwiize, sayatbeensanbchitkpdas. iBiothepsingedifferent

nol ecul es. Even so, nenbranes Y3 and F4, produced n han in isofl

rati 09 1'OISDr @ms:év tanicﬂmca@ts Sgﬂsé’ ‘é%‘ter"‘?%’é%‘mf‘gé’?@gr%%ﬁ@? me ﬁgﬁg{éﬂe:ﬁson??g\cl)%gd

by preci pi gg%é&fisfoia%a Hrbfi6m | dah!Beb ot Okl TORSalsd possibiEl toane cefthictypes of
ra

menbr ane fi on was to elevate product activity. The contro{ (no
filtrationxlqversduhiet am, fut ¢xampye,dfigh in foggongReian Haan allematyg) clover may be

significantly by.ever nbr an [ : F4 produced

activities Sﬁ%?tF&/f‘?‘f tﬁ?(ﬁ’éegg’mé?anfﬁg%?g'r&%e ﬁ%ﬁggg%%@gﬁfgﬁ%@? 25 The reason

for elevation of activity was the renoval by ultrafiltration of certain

bi opol yneric; inmpurities, which co-precipitate with isoflawongs f.rom 15%

al coholl5andn thesegse of Ioafy Blapt mategl ?‘PF;‘IaS Q%%P&‘?rsﬁ’%@ﬁﬁ?n 8? e\/ﬁﬁt lf%flri%w%e

menbrane P Wakall ! dBRGe Kaﬁ%é—?{%}ﬁﬁg 89-cAiPpike Gad Ravey plibets Sieassloshtpasasten of
npared to i

i sof | avones, ~“co urity salts and sugars whi ch passed unhi nder ed.
30 process. It is preferred to exiract the isoflavones in their aglycone form. Crushing,

chopping or comminuting the leaves and plant matter releases glucosidases contained.

within the plant and results in the enzymatic cleavage of the isoflavone glycosides to the

20 corresponding aglycones. In the case of more inert material such as soy flour or waste-
stream material from soy processing, breakage of the glycosidic bonds may be achieved by
techniques such as hydrolysis with exposure to heat and/or acid, or by enzymatic treatment
as known by those skilled in the art.

25 The comminuted or chopped plant matter is extracted with a solvent, which is generally
water and an organic solvent, and preferably a water-miscible organic solvent. The ratio of
water to organic solvent may generally be in the range of 1:10 to 10:1 and may for
example comprise equal proportions of water and solvent. Any organic solvent or a
mixture of such solvents may be used. The organic solvent may preferably be a C2-10,

30 more preferably a C1-4 organic solvent (such as methanol, ethanol, isopropanol, butanol,

butane dialyl, propylene glycol, erythritol, chloroform, dichloromethane, trichloroethane,




20 July 2004 -14 In the final colum of Table 1, control produced a ratio
of 0.755, which was marginally |ower than the feed range due to the higher
residual solubility of Biochanin in 1510 alcohol. Allowing for this
solubility effect, product ratios for all nenbranes except Jodjfif2864 Were
In the expected range of 0.69 to 0.81. 5 Table 1 Anal yses of
Utrafiltration Sanples 10 Feed#3Filtrate (gol utionProduct

Sol i dsMenbr anel sot| avone %Rati oActivity

%Rat i oNone0. 0740. 81 47. 30. 73None0. 06S0. 9147. 00. 78Kl 0. 0630. 9152. 70. 78Kl 0. 072~

0. 8262. 60. 76K1K10, 0680. 8264. 10. 77 .0730. 7963. 40. 71Y30,055Q. . 7F40
. 0230. 92 ~T7asetpnifylggethyiene E}W;/g‘ﬂa{?@?ﬂa tRetppk 2 ﬁ%‘ﬁnﬁ?&&‘ﬁgﬁg’%%"g’gc&m’e’
ultrafilter Pa ) | L edhe] shéh bS cBMPEICt The
that mcr of@??@@%&gﬁdﬁﬁgt so@%ﬁs&&o%ﬁ%&&%g{ryggr%bl eto tﬁat_ of .et he
control s ahgwactin thineegadhnanbe preprredvbgroontactihg the plant wepterial xwith dbes Watsre
about 47% 15 activity ang a ratio of gbaout 0.75..Thi hows .t hat _ .

m crofi | t r soheAt éfflxthi’ewéﬂdﬁ@“fnsme%ﬁ@ "E?(?'Ftacapg? yélF %I?ﬂ%%}%c%:eeas%

i npr ovengent 5%&% o) ' St isi9césiddsas tthe reGoithd ATkd

[ rrproverrn%nt ! gg’g@?hec og%t?]?fgfaﬁlf%%??sﬁa& étjgoi?rerrp\fe fl o%é%lsoat [ gg

i npuri ti es,mishire inayebe vigdrasly ogitated saws teforay an emulsiony The misiurg may also be

preferably in their al pha-form .rather. than be forced | f at L on.
Thus: ut t  Afieh At toclost B s SoBpgraciCS mpgieRt o e Stratfed eOBE MT AN
2004 -15 tq";.ﬁ%e %br Q&Q&gﬁ, BGhi M ta¥hbienti fefpeianto o thei tuiligg Wohltdof Heesolvent.
ultrafiltration step can de-gumraw clover extract by the renpva

of .

chl or ophy| |Bxpasateltime ahapnbe betwesn lchenrdorseveraliWaekso nTh% 6XEE B iaﬁngﬁaa”Y
mass to, any degree.of purit Sj . reantloy, IS Y tBYRN Qs Sfffafieh S
subj ectle(g tSBP?'%@guF‘PP%\f‘Hdlﬁﬁéltvggnbgaﬁg&%trg}gash s%dﬁt fé#%/dnzol ourl ess, =864,
odour | ess apfrifupttiohl! seitlibgot @hesstandaspproicedirgs.when fornul ated in food
products and preparation. The crystalline isoflavone products of the
present invention represent a substantial inprovenent over the
phytoestro A A BPQME infeRfore XBAPHR hfl§cov @oflaveliessin the
spr ead desgfiﬁ%‘g?elgﬁcﬁ%ﬁglg%&a (V\D&SO/ Gi%p iorﬁcl udes a élZy_t oestrogen extract
10 cont ai niremltirighsslventadispley apbstinetivelyrdiffereptipattare of brhadeur BrergaAtuR SAtvents
such as_soy, proteins,, sterols and sterql , aQLicBE T€LsS,
ol ant glﬁrﬁ ,deBTﬂ %Bﬂ}‘i‘? Dresese of s silcE ot cofnpbiid wﬂ@'ﬂéﬁr%&?éﬂ igh€ Ufis

found that when the resultant aqueous shurry is passed through a filter in order to remove

particulate, undissolved plant material as well as dissolved or suspended plant material

with molecular weights greater than that of the isoflavones, the isoflavones behave
distinctly different than when the amount of those compounds of higher molecular weight

20  are not substantially reduced or removed in their entirety. In particular, it has been found
possible to induce the isoflavones to form alpha-crystals in the absence of high molecular
weight plant compounds. Without wishing to be limited to theory, it is believed that the
filtration step results in the desired alpha-crystalline isoflavone precipitating from the
isoflavone-containing organic solvent concentrate.

25
Filtration is achieved by forcing the aqueous organic solvent mixture through a fine gauge

physical separation barrier. Typically this is an ultra-filtration device comprising plastic or
paper filters that block compounds with molecular weights greater than abqut 500. This
process will remove most of the proteins, carbohydrates, lipids, oils and resins and

30 chlorophyll leaving a generally clear, colourless liquor.




bi opol yners are either not present or are present in significantly reduced
quantities in the crystalline isoflavones of the present invention. These
contam nants typically inpart undesirable colour, an astringent taste and
unpl easant mouth feel to food products 15 containing them Jjgligbesg. the
al pha-crystalline formof the isoflavone products have found usé as an

I nportant ingredient in food products such as spreads, margarines, butter
products, oils, dressings, breakfast ceredls, bread products, beverages and
the Iike. The blending of the 20 crystalline isoflavones into the various
types of food products can be achi eved by standard nmet hods known to those
ski |l ed i n Tereanltant Bqeedusanrganic solvenbuixtufeahen of subjeetddotoch prooelsdahati effeutd a

conprom sed t he esence,.of the isoflayone.crystalline.products .of fhe
ot esent. | nVERNGHiSH InFHE 5T 65 RREapeh SRR T diecmintiasy Mag FRiIp chisds achiéved 1
admi ni st er %ta’r? &Qﬁoﬁﬁ?.eﬁﬂlenptﬁ@lle%l @@o&%&ﬂcrﬁﬂven't B tthe aﬁQéUu%emB:fmrUE%héhes a

ordinary diet.” By selecting a particular food product or 25 pharnmaceuti cal
pr epar at i orcriticel abiphathereyist mdticeablei pred¢ipHatiomeef thehisoflavaaies tis apf alphayerstsiallgne

| ant i sof : . achi eved. wit hout th f | ti '
Bt fort of . ot T KRGARY 5is, LV BU ooy Segbooh ApCoRemi R o, The
i sof | avone g¥hdragsid ma@lﬂse icaNEMedOR fhés pbint RRA tHE TH¥stdle @ollbctéd @ithéd B tsimbRd

by the followi ng Exanples. The 3 0 Exanples are not to be construed as
unnecessar ise§inentationray bytfdtratiens 'Whemdtied mrap avey or sinpgly sitambiegbtempesatare] the1 5

20 Exanple.l ha- stal{ine Form O sof | avan Fr, . Y e

cl over (10(5S o s%%cég&a#%v(f grﬁrﬁ;l ?fehet\%ﬁefﬁi(ﬁn?%’ rﬁ?élx%@fﬁ)@%%%s%g&d
The macer atog@ewgésay Qispldsohl§f light Birkipdna, repisaitta resoverayiddd of cro086 ofhither s
to allow for enzymatic degradation processes to,converélpt he_ i sof | avones

from t W r sErtasisrlavanssegid dsplay peisaflaveprratip imipelp tebipsthe fasting gyxure.
cont act ed ‘T‘hﬁ$iséﬁ9@oﬂe! folfictIhay B¢ ﬁg&ﬁ@g las | WA Srodh Q' fok %Uor%ﬁ Biicn Mto’ B8M
tenperature w th contihuous stirring and agitati'on. The stee I quor then
was separ apesiuttsanphhanacestichl preparations.mat eri al by pressing through a grate
or slotted rotating drum The steep |iquor then was subjected to au
ultra-filtration step by passing the |iquor through a series of cartridges
cont ai ni NgMuky Rl Y heRbef ddsirails to Effectr dredérydetdel sfpulfityl ofis6ivodks irpthieehisl ze
of 1,000-10,000 MV and the secondary filter a cut-off pore size of_ 50Q0-1000
MV Thd5l i gresiucherdofisnlate selepiivisatlavames.Hurthercrystallispiionsis g ta 5HGet cithsD
kpa The ul - g b XeT o 'Eé{rs{a}l :

and the sof){/g%{h Arftetgégecej(()j]§t ?’gfgﬁ'(}{)out %%@A?%% nosggmal{gg%%ﬁa%ﬁe (g)%oﬁ%t gnnol
in water. At diksoivedt inian puganic solvenheclteysobvandis preferablyes watehdmmisqille solvent

substantial crystalljsation of e isofl nes.. The,rat e ration.was
o oned andSianasct firdh A e THE sorReln it BRce is 5L BB R YIBRGT s
1-2% at WhpRiBed in®rdthryVéaperateangdhd Siberit Vohutne\Badially redtdedl ABplritichbpoist
crystal formation. The distillation grocess was _stopped at that tine, the

sol venR0anin bismroegsscthersdn 8ifart W aystallisntionefolioped by scepnt Wk when thet he
sol vent 0 nle@elpgf ?51&&4 itsefé%hg ?ecgl'fzéq.ﬁ(ghr%ﬁ% ?&gFQPW {131 dateHf g{;’a@dﬂdﬁeo‘f the

powder. The TI's avone ¢ was determ ne
hi gh- pr esssyleerdtiatiowd reddyosepiratiomplithe first and second waves of crystallisation. It is found

that the first wave of crystals is predominantly formononetin and daidzein with between

Q

about 8-12% biochanin and genistein. It is also found that the second wave of crystals is
25 predominantly biochanin and genistein with between 5-25% formononetin and daidzein.
Each of these two waves of crystals can be collected and dried separately. It is found that
in each case the isoflavone content of the dried material is in the range 90-95%.
Alternatively, it may not be desired to separate the final two crystallisation steps. The
crystallisation can be conducted as a single event and the crystals recovered only after the

30 second wave of crystallisation.




25 The characteristics of this product are as follows: Physical appearance:

pale yellow to col ourl ess, odourless, slightly astringent taste |Isoflavone

content: 78% pure 52% bi ochani n; 29% f ornononetin; 10% geni stein; 9Jo

dai dzein 30 20 July 2004 -17 5 10 Exanple 2 Margarine Conigajuyl 2604

Al pha-Crystalline |Isofl avones Margari ne spread was nade from a nargari ne

fat conprising sunflower/canola oil and a ]%ard st ock, which consisted of a
a

randomy interesterified nmixture of fully Yfardened pal m kernel oil and

fully hardened palmoil. The margarine fat was fornulated into a margarine
spread according to standard techni ques, known inaéhe art ere
1rgd

h
mar gari ne f Bre ciystals eallested it Hlitratien ssnaimdtied and raduged 4o & WW‘@%&Y%MS
prepared a | . t I: i1 ' Lot P
el i ng. oo Ehfh it BRE e e ARLAEr Wih be B 110 Phe JeRGHER'ERR! e is
vi tam ns andosbit eslourlbss, wdoadess amdsvyiriealdly wasteléss) aspeaiatlyl witencfortmilated id f8od
powdered isofl avone crystals, ww of margari.ne spread. T )
i sof | avoneddatuathaahphdsmasentical prcparatgns. 2@'&6 Fﬁ‘ﬂ? &MQEP%P{OQEF@ Jparticularly
appear ange i SRih s flod Ja8HVE iRt e S20BFtaRlARANRH ¥ tho 248K BLlARG:
i sof | avone crystal's. 1n conparison, a red clover extract prepared w thout
t he ul traf idrgstds.i on sddditiomibe tfa-powidesed) rabsimbdrgsthlline cisoflavones wf #red present
texture to.,a spread de containing the.extract 5 Exanpl e Prepar.atio
of DL f{ er cribveRBGR RYD RETREPEL0 RIFRE JEraots faod BiocrahBefrtha of
(1200 0) i iaeiaVEmleal BRidhhalOwiit 350 sfimifioiatly dheeele o valubleluf HRCRaa! ©
(50 litres). e solution was placed in a rotary_ evaporator and heat and
vacuum was pagrhict exphasmeseeticat prepgratian,| dnd are readidy. incornegatoh o s3d peeragations.
acet atg vol une was reduced to about 3 0 litres. Rotary evaporation was

st oppe Oat this point 20 by rel ease of the vacuum and the crystals were

thI oweﬂ to {getdfleﬁex?ﬂ'fﬁeftéaﬁab(;!ig@ Kﬂslﬁloﬁéﬂ\tm bﬁeﬁﬂftﬁ'mmﬁl‘m ad rﬂdbd’ep limﬂadcanes in
t hrough a paper, filter in order  to collect the crystals. The filtere
sol vent th sldrand kigh poriy,twhilst sasntpinngphysiol ogical AaHYiHy ?lrf’e!gmﬁB% Btpre

vacuum appl&}ig %vdgﬁgg,cgﬁd?p@egg é)?e‘,ce% Yo &biahﬁgta'he Qe&’&f&ﬁh%%bﬂ&%ﬂesaﬂl%ﬁvea the

further 10 Trfres tate was distTlled off. These crystals were
col | ect ed byarforationadf organio stlvists dies aof ongayisfaghieouscsolvent imintups tepdegipitaiad

to a er. .The gcharacteristics,of these rod faollows: |st
cryst gloll i n&9P Jiaeievoney ‘e"mfgt aF| AR rﬁ?%v(fﬁeé{’ %P%’fﬁ%g‘fl V%%%aggﬁgsn%gy B8 re-
col our | ess ex4pdd i8S an Gi@hfibsbR&At, vidRed hithSwatbfitd finf®@ water soluble impurities

and re-precipitated to give the crude isoflavone extract. The present inventors have found

that purification of the isoflavone extracts may be conveniently performed by the use of
ultrafiltration membranes on the initial isoflavone extract. The use of an F4 membrane
20 was found to be particularly useful in removing substantial amounts of isoflavone

impurities having molecular weights greater than that of the isoflavones themselves.

The role of the ultrafiltration process is to purify the crude extract before the sequence of
solids recovery by evaporation and subsequent organic re-extraction and precipitation. The

25 impurities removed are generally biopolymeric gums in nature and are found to interfere
with the predicability of processing and quality control of the product in downstream
operations. Furthermore, the gum component reduces product activity significantly, adds
colour (brown and green), co-precipitates with isoflavones and is particularly soluble in
organic solvents.
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tastel ess 20 July 2004 -18 |sofl avone

cont ent : 92994%-or nononet i n: 82%20%Bi ochani n: 11 % 5%bai dzei n: 5%45

Geni st ei n: 2% 1% xanpl e 4 X-Ray Powder Diffraction Data of Al pha-Crystalline
| sof  avones The al pha-crystalline isoflavones isolated in Jg b§od Was
subj ected to x-ray powder defraction. The plot of the x-ray powler
defraction is shown in Figure 6. In conpar,son, a 10 "crude" red clover
extract was subjected to the sane x-ray ﬁd@der defraction and the results
are shown in Figure 7, and in Figure 8 where sone of the noise has been
renmoved. The crude red clover extract is currently used in the production

of Pronensi The fenctigangf. thei winaGilfer; iy el peeveRbwmalerales, latger (than @ e]rén Sigg

to be an anorphous mx_.of .sub n : .contr . '

| oof | avonedPPSEE STaNR 1 et ndangs efleline st of it AT iyelBhitbld 6se
crystal | i neysich Usé WeRscteiNto be' SifallepVilien tHe fHisptymheadimporitiyvbut dargeg than Ghe
for the al pha-crystalline isoflavones isolated_in Ex 1. indicate

| .
refl ecti on isofipvahes ©of imtesest) & RawytbeafefnnEamy mtﬁ?Seﬁrsg:t 316{1%@% ﬁ’éh REqwided

a1 acipuimaphe el SR Bty ElE Myct hERE Copeppgalol gRAIOEr merppages

22.7 23.0 3&té4.26.3 26.9 Exanple 5 Anal ysis of Ml ecul ar Wi ght and

| sof | avones General Procedure 25 Sanples were anal ysed by size exclusion
chromat ography in 50% al cohol to characterise the nol ecul ar size

di stributi Ofee b [ [ 44 iR 19GhaeR R ki attdch @%ngmg%g
an anal ysi g%gfef{.eg%??g%@%t?%%??gﬁdt%dgﬁa?lﬂlg%art?%I a?f icnie'gy. he

mol ecul ar \wemgirisedrigetable 1 risloant | Vabler hichmtains ham asddysi$ wfean igélavene l¢atract
effect of alc | 3Q on,the calibrati.on of the,colu nd t he ahse

cl osel O el@Fggﬁl\/W et P g¥aTIqus of OB HHTERbIZRER, %?nﬁ {4 g%’f ??1 (ﬁégeag&g

chr omat ogr blklsre a sanple of clover extract (Feed#3) with a m xed

standard o our isoflavones (Figure 1). The isoflavones 20 July 2004 -19

"Filtrate Solution" results show that the first six eﬁtries were unaltered in isoflavone
content (0.069 £10.005 %) and ratio (0.85+0.06), which indicates that isoflavones passed
15 easily through the membranes. Membranes Y3 and F4 caused a reduction in isoflavone
concentration, due to the membrane cut-off being very close to the size of the isoflavone

molecules. Even so, membranes Y3 and F4 produced no change in isoflavone ratio.

"Product Solids" data describes the composition of solids recovered by precipitation from

20 the filtrate solutions. The dominant effect of membrane filtration was to elevate product
activity. The control (no filtration) produced an activity of 47.1 %, which was exceeded
significantly by every membrane treatment. Membranes Y3 and F4 produced activities
well in excess of the target range of 40 to 70 %.

25 The reason for elevation of activity was the removal by ultrafiltration of certain
biopolymeric; impurities, which co-precipitate with isoflavones from 15% alcohol and also
co-extract into ethyl acetate. Product activity for membrane F4 was trimmed (76.5% vs
85.2%) because of the retarded passage of isoflavones, compared to impurity salts and
sugars which passed unhindered.

30




di splayed affinity to the colum and so eluted l|ater than their actual

of 250 to 300 Daltons (ie,
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Mcrofiltration of Crude |Isoflavone Precipitate The recovery of
crude isoflavones by precipitation from 15% al cohol
The finally disbursed, dilute suspension produced was

sanpl es.

rnicrofiltration.

LogMWV

= 3, The

drnge egﬂ %Bé? 0

Fack dependi ng on concentration.

aronmati c

was achi eved using

in the

concentrated to a 25 dense slurry which remai ned fluid. Concentration of
the slurry Balde 3t ed iAnalysespofddl

i sof | avone whi ch were

purifi eﬂ}Of wat er sol ubl e conponent remaining in the filtrate. The
m crofilter delivering the highest flux at highest pressure in |ong
duration fTECaIH30N] TESTS PaafdfSylBHonM th Thep TTuX rPprdusgSdlidam of 6
Z.h'1 at 150 kPa tol 45 L.ni Z h 1 at 30 200 kPa_ Flux declined at hig
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sel ection | -Z-e- ““.'* HSe—of oY et esst ettt weas
perfectly o3l y| 200 cl dar an%sl\jmthout an?/f?race of hage
recovery of 9Q%ROT [ NE 1085 avoqes WaR9DDt al hed u47.0g thg m CrmVSItrat
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F4 0.023 0.92 76.1 0.85

L.
er

i on
tion
of
hol
re

ities

Table 1 above highlights the advaﬁtages of ultrafiltered products pompared to microfiltered
products. It is expected that microfiltered product solids would be comparable to that of

the controls above with no membrane, i.e. wherein the isoflavone extracts have about 47%

15

activity and a ratio of about 0.75. This shows that microfiltration of the crude isoflavone

extract shurry is simply a process improvement, whereas the ultrafiltration of crude extract

leads to product improvement.

The effect of ultrafiltration is to remove flocculating impurities, which means that

20

isoflavones are able to crystallise, preferably in their alpha-form, rather than be forced

down by flocculation. Thus ultrafiltration substantially upgrades process capability in



10 predictability of processing and quality of product in those downstream
operations. The gum conponent reduces product activity significantly, adds
col our (brown and green), coprecipitates with isoflavones at 15% al cohol ,
and is partially soluble in organic solvents. As a phar maceiy jifij0os
conponent, the gumfraction also presents difficulties because 1t iIs
uncharacteri sed. The sinplest and nost desirable solution is its renoval.
15 The crude extract was anal ysed by sizé excl usi on chromat ography to
determ ne the nol ecul ar size and mass distribution, and this information
used to select an appropriate ultrafilter, The function of the ultrafilter
is to prevelsmmppf prodpetactiyityevithon wompsapising yieldz d be pndratliratiom gtep g dgtevoh e

filter, whi ' e t u | alwysi ' .
Funct i on, - dad S8 EEY pRISERRLT i fordBRTR R el ShA e Booutasion
di scharge aoind 4dd e6ioet hed HRdserto adnyadébréd o€ pafityc désidedN CImpottantly| thiealisolflaesie
are distil ,;shed by pore size, which determ nes the nol ecul ar size

cut-of f, arR¥tiagtsswibiestesdta ghealteaidiration siep ave (bstentialy) solentessy odpalessy and

than the s . ' |1 eaf § j r extracts
wWth t h(;% tig d.%%%?%%%%sﬁ%a%ﬁr\g%e% aé%alie(ladvﬁé fgéjdrérwca ?%Hn?{eﬁgéaﬁ:éﬁ' t he range
1 to 10L.m2.h-1 at 400kPa. This type of nenbrane is normally operated at

pressure of 1000 to. 2000 kPa, where the flux would be expected,to be 5 t
55 L 2. h- {Theagrypiallicien isiflaveis FEPRRCts @ fhe Prosent: KECHHRFe roRpSRls® DBSRTLY

kD (Fi gur eﬁ?%,éagiéﬂ;e%) o¥&Sme %&Jeg@%eﬁi%&rakz Evibisty #AGOn IFof@RainBleNthe tWakr-

all of the passe July 2004 -21 wultrafilter
(Fi gure 3, imeiibrspread des@titiedPin Ghen er B/ Wik 0O#64R€6)dincludes paphyteesirpgen exitadt

of the errreate.analg}/sesli Fiqure 3 re produc fromthe. sa{ére fc ed

(Feed#a uSPRUIRE PG PRI, cOBPERES 0 TrRiEy  FRE, STUATRAE BByt Jhr
i'S progresgiitey, terdRVAH Sterdl RStef FnoRcandet Aok estbisg plagt guas, clilowphplls bhe
series in Figure 3. 51t can be seen that chlorophyll is strqongly. reduced

by menbr andidpelymrere ammeitheraeh peatentias ase graseqtdasignificaptip ceduacd quaniitien s bs

and materi .10 = 1..8 HefvEdion i téﬂﬁ!i%ﬁﬁ -] :

i sof | avone%b'g?lag]éﬁrﬁ %&%&erse?%&cép %ﬁ% nnggﬁlt%orn ans g?et (E)§nl o) n?v%%gﬂltyh%ﬂgﬁ

t he processnddsirablei solout, wen gistihgoyt taste tand nenpleasantgmionth degletmfadd giroducts

impurities. 10, Tre‘%t nment KI Kl in Figure 3 was the processing of Feed#3

t hr ougH?t wé° 82 menbrane KL in series. The inprovenent in biopol ymer
renoval by single stage (KI) and two stage (K1K1l) ultrafiltration is shown
nmore clearly in Figure 4. The isoflavones renumi n unaffected, but the

chl or ophyl rfi/uexafme,b pdipharerystalline fosmy o thes isgArvaneaprofycts have Jornd juse tas#n

btained b i t [ i , 15
ot 950 ¥ o SRR BURE Rlod' ol st ROIEINY Bfedtinde, e BrodBg bit
rational f dressitigd, ibséak@iest cerehlsplvead poohretebyverdges gudnthenlikpe Therblemting wé the
i nade te for_penbranes HZ20,, GRG1 and 0 e of the r es, of
o oD P BAR e opes At e yagEe 26y & fopd Pradycis fem bR BS B dteidard
Feed#3 waspjd khbiR 16 thdsP sBPI¥a & 82NRE. TOMVot ard Auth feePof the Fadd prdduct he

filtrate was diluted wth water to 15% al cohol, and the isoflavone product
was col | eciseabtamompromised byi the resencend thiciisoflavonaarysiallinexproduets #fithe preent

al cohol . Alrlla%leXt%ns. ’Plflis taﬁgwgr or e(}:xteﬁci%i1 Ps\évﬁa\trorﬁgg to be administered to the general public,
as desired, in the course of their ordinary diet. By selecting a particular food product or

25 pharmaceutical preparation the alpha-crystalline isoflavones, the benefits of ingesting plant
isoflavones can be achieved without the need for making a conscious effort of

supplementing the diet with pills and capsules containing isoflavone extracts.

The invention is further described in and illustrated by the following Examples. The

30 Examples are not to be construed as unnecessarily limiting the invention in any way.




in both cases where ultrafiltrati on was used, the product extract contained
a higher 25 concentration of isoflavone and a | ower concentration of

bi opol yner than the control. Furthernore, Figure 5 shows a retentate sanple
in which the initial volune of feed has been reduced 28.81??5L$>004
ultrafiltration. Conpared to feed sanples in Figure 2, the biopolyner peaks
were enhanced considerably, whereas the isgflavone peaks have 30 renai ned
unal tered. The yield loss of isoflavones into this retentate waste stream
is the proportion that retentate volune is of feed volune. Wth a

concentration factor 28.8, the 20 004 -22 yield | oss would be
3.5% Thi SIE%%'EP’&aln b&?kﬁ'ﬁﬁwtaﬂé‘bﬁ%w I SPPMeRg for even higher
concent 1 at | BR5i3 Gaeutddl rdt clofef (1 0RKe) s (berbdei dld ! WRbICHIN U of

The reference any prior art in this specification is not, and shoul d not
be taken asharedstibg.afkamdcerdged olover wanlefiftostandfat sudpigns teraperattza for isis hoyrs dée
art forns part of the co n general know edge in thesfi el f e .
Those ski | |2lev for EREBARC GPER PSS PrEgRvERidhg ﬁf)@?ﬁ‘&g 5 ?ﬁ’b@g&%&
herein i8 SYSLERLhD!BRhe VAid MabARfdAevr M frea!doabivted itk 1008TILikB0GE 50%
specifically scribed. It 1Is to be understood 10 that the invention

i ncl udes aldthamotn watet &tri fons havss atwelirh iteraperagnte. Witheoptinuaysisirring &l agitatigaes
all of the steps, features, conpositions.and. I

i cat ed. 1 TheHePdiBOr eSS BRI ERLE Py SR B A BLBY e Bough o
al | conbi n:%rétgﬁslg&e@%ﬁﬂgdﬁfm_rmre of said steps or features. 20 July
2004 23 dainms: 1. A nmethod for the production of an al pha-crystalline form
of isoflavones conprising the steps of (a) extracting isoflavones from

I sof | avpghe-gcont ai ni na_pl "R &tk difon! 6 by PhdsRGANE 1§06 Mikdtighd
pl ant ng té‘&e\ﬂ%‘?eﬁq%gﬁghcgg‘&s or %&ﬁég%sa%ﬁ{\;%%tﬁ]m xtnuérﬂgJ t%ﬁgisv\gqgn gxtract e
sol ution; (doeriss!bf eftriidiges dontairing palytettytdne tfiltens. tTheyprimarlyi filter dad @ncutwff petgce

h t pl havi | ecul i gh er | f
the ©of | et 1060-1P.000VNG 2pAdbS sPopaiey e oot o4 BpEysigh f oG opf 1w
ef fect al phagnysbAlhl EitePmnoigt e fRafta\vaassrie dfaBout 2000 kpa.

15 The ultra-filtered steep liquor was distilled under reduced pressure and the solvent reduced
from about 50% ethanol to approximately 10% ethanol in water. At about this point in the
evaporation process there was substantial crystallisation of the isoflavones. The rate of
evaporation was slowed and the ethanol content in the solvent reduced by about a further
1-2% at which time it was observed that there was no further appreciable crystal formation.

20 The distillation process was stopped at that time, the solvent and crystal suspension
removed, and the crystals separated from the solvent on a paper filter, and air-dried and

hammer-milled to a fine powder. The isoflavone content of the product was determined by

high-pressure liquid chromatography.

25 The characteristics of this product are as follows:

Physical appearance: pale yellow to colourless, odourless, slighﬂy astringent taste
Isoflavone content: 78% pure
52% biochanin; 29% formononetin; 10% genistein; 9%
daidzein
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(d) recovering the al pha-crystalline isoflavones. 2. The nmethod of claiml
wherei n the aqueous organic solvent mxture is in the range of 1:10 - 10:1
of water:organic solvent. 3. The nmethod of claim2, wherein the ratio is
about 1:1 of water:orga.nic solvent. 4. The nethod of any qb_gh?55§4l-3,
wherein the organic solvent is a C-4 organic solvent selecte romthe
group consisting of al cohols, chloroal kanes, glyeols, alkyl esters and
ethers. 5. The nethod of claim4, whereinl’hre organic solvent is ethanol.
6. The nmethod of any of clains 1-5, wherein the al pha-crystalline

| sof | avones have an isoflavone content of greater than 50% 7. The nethod
of claim 6,ExdipRi2 t Marigaginle Carteiniog Adpha-Ciygalhiedsoflivmes5% 20 July
2004 24 3. A nethod for the production of ,an_al pha-crystalline form of
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| sof | avonegonidin Hes £k Ofsofhid® [ R JfNBarpaHes eeread JaThe ispdlavens-
m xture is 1n the range of 1:10 - 10:1 of water:organic solvent. 10. The

met hod 16f cbutrinigg spived avas not@otegably diffesendiin taste,| appeargagecpr Boyhnfeel from a

solvent. 11. The net.hod o f,Cl al0%. L N: i t
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|, wherein the organic solvent |s ethanol.
texture to g spread made containing the extract.

15 Example3 Preparation of Different Isoflavone Ratios
Alpha-crystalline isoflavone preparation (1200 g) manufactured according to Example 1
was dissolved in ethyl acetate (50 litres). The solution was placed in a rotary evaporator
and heat and vacuum was applied. A wave of crystallization occurred when the ethyl
acetate volume was reduced to about 30 litres. Rotary evaporation was stopped at this point

20 by release of the vacuum and the crystals were allowed to settle. The crystals plus solvent
were removed and passed through a paper filter in order to collect the crystals. The filtered
solvent then was returned to the rotary evaporator and further heat and vacuum applied. A
second wave of crystallization occurred when about a further 10 litres of ethyl acetate was

distilled off. These crystals were collected by filtration. Both batches of crystals were dried
25 and ground to a powder.

The characteristics of these two products were as follows:
1st crystalline product 2nd crystalline product

30 Physical appearance: colourless, odourless, colourless, odourless,

tasteless tasteless



20 July 2004 25 13. The nethod of any of clainms 8-12, wherein the

al pha-crystallised isofl avones have an isofl avone content of greater than
SO% 14. The method of claim 13, wherein the isoflavone content is greater
than 65% 15. The nmethod of claim38, wherein the organic sojyvgjil 2p62M step
(c) is a Cl-4 ester or ether. 16. The nethod of claim 15, ere#n ?‘ﬁe
organic solvent is ethyl acetate. 17. T hggmethod of claim8, wherein the
sel ective al pha-crystalline isoflavones have an isoi Lavon. e content of
greater than 80% 18. The nethod of claim 17, wherein the selective

al phacrystal line isoflavones have an isofl avone content of greater than
QP%h | 9. THscl)flllm'Dh@domﬁtany prec®¥fiong claim wherei n9%¥e sel ective

al pha-crysta ne isofl avones c ai n predom nant | nononeti n and

dai dzei n. 20. ﬁ'ﬂ’f oMEY of anygﬁfecedi ng claim V\%%b%n the sel ective

al pha-crystal IBIA9EGE | avones cggfai n predoni nant!y ‘Bj ochani n and

geni stci n. 21.D%1?%§H§-crystal | i n®% sof | avones prepared’by a nmethod of any
one of the pr dowéitein cl ai s) 222%\ oha-crystalline (Izs/‘bf | avones having the
following reflection signals (2 theta) of r high and mediumintensity: 7.0,

9.r (9)E:Iu gtS gr mﬁgfpﬁa& ?{-laal’;r Bow @48 Diffradtias Data of AlphriCyystaidine Isofyones f ood
Cr ystal i ndTeauPhieBHelns BN PAE: (0 HFGHESEBE £V bipeied (b Ry powder
defraction. The plot of the x-ray powder defraction is shown in Figure 6. In comparison, a

10 "crude" red clover extract was subjected to the same x-ray powder defraction and the

results are shown in Figure 7, and in Figure 8 where some of the noise has been removed.

The crude red clover extract is currently used in the production of Promensil (Novogen).

Figures 7 and 8 show the crude red clover extract to be an amorphous mix of substances.

In contrast, the alpha-crystalline isoflavones are shown in Figure 6 to have a more highly-

15 ordered crystalline structure.

The X-ray powder diffractrogram shown in Figure 6 for the alpha-crystalline isoflavones
isolated in Example 1 indicate reflection signals (2 theta) of high and medium intensity

(>30% relative intensity) as set out in Table 2 below:

20
Table 2; X-ray powder diffractogram of alpha-crystalline isoflavones.

[26 (2 theta) ] 7.0 | 9.9 | 15.8 [ 22.7 [23.0/23.9[ 263 [269 |

Example5  Analysis of Molecular Weight and Isoflavones

General Procedure
25 Samples were analysed by size exclusion chromatography in 50% alcohol to characterise

the molecular size distribution of biopolymeric impurities. Coincidentally, it also produced

an analysis of isoflavone distribution due to partial affinity.

The molecular weight range is indicative, rather than absolute, due to the effect of alcohol

30 on the calibration of the column and the absence of closely related MW standards.

Isoflavone peaks were identified in the chromatogram by spiking a sample of clover

extract (Feed#3) with a mixed standard of four isoflavones (Figure 1). The isoflavones



24. A food product of claim23 which is a spread, margarine, butter, oil,
dressi ng, breakfast cereal, bread product or beverage. 25. A nethod for the
manuf acture of a food product or pharnaceutical preparation including the
step of bringing al pha-crystalline isoflavones according tg §ﬁ¥ﬂ¥3b 4 or
claim?22 into adm xture with one or nore ingredients in sai pr oduct
or pharnmaceutical preparation, wherein thﬁ al pha-crystalline isoflavones
are substantially colourless, odourless a g'virtually t ast el ess when

formul ated in said food product or pharnaceutical preparation. 26. The
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) 25 dense slurry which remained fluid. Concentration of the slurry assisted in the precipitation

of the isoflavone which were purified of water soluble component remaining in the filtrate.

The microfilter delivering the highest flux at highest pressure in long duration filtration
tests was AF500, with the flux ranging from of 68 L.m>h™ at 100 kPa to 45 L.m™>h™ at
30 200 kPa. Flux declined at higher pressure due to cake formation and compaction. Within

an appropriate selection of poor size and use of low feed pressure, the filtrate was perfectly
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The ultrafiltration process purified the crude isoflavone extract before the sequence of
rotary evaporation - solids recovery - ethyl acetate re-extraction. Ultrafiltration was found
to remove the polymeric impurities (ie, de-gumming), which interfere with the

10 predictability of processing and quality of product in those downstream operations. The
gum component reduces product activity significantly, adds colour (brown and green), co-
precipitates with isoflavones at 15% alcohol, and is partially soluble in organic solvents.
Asa pharma.ceutiéal component, the gum fraction also presents difficulties because it is
uncharacterised. The simplest and most desirable solution is its removal.

15
The crude extract was analysed by size exclusion chromatography to determine the
molecular size and mass distribution, and this information used to select an appropriate
ultrafilter. The function of the ultrafilter is to prevent molecules larger than a certain size
from passing through the filter, which is perfectly analogous to haemodialysis or kidney

20 function, and to the operation of plant cell walls in preventing the discharge of its genetic

material and biochemical functions.

Ultrafilters are distinguished by pore size, which determines the molecular size cut-off, and
is selected to be smaller than the biopolymers but larger than the small molecules of
25 interest. Ultrafiltration of clover extracts with the tight membranes required to achieve
purification, was in the range 1 to 10L. m=2h? at 400kPa. This type of membrane is
normally operated at pressure of 1000 to 2000 kPa, where the flux would be expected to be

5t025L.m>2h.

30 The chromatographic result that the upper MW was about 40 kD (Figures 1 and 2) was
confirmed experimentally when it was found that all of the feed passed through a 50 kD
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It can be seen that chlorophyll is strongly reduced by membrane F4. The only membrane to

significantly affect the isoflavones and material at LogMW = 1.8 to 2.5, was F4. While the
reduction in isoflavone concentration retards the mass transfer of isoflavones through the
process, this is outweighed by the tremendous gain in removal of impurities.

10 Treatment K1K1 in Figure 3 was the processing of Feed#3 through two stages of
membrane K1 in series. The improvement in biopolymer removal by single stage (K1) and
two stage (K1K1) ultrafiltration is shown more clearly in Figure 4. The isoflavones remain
unaffected, but the chlorophylls and biopolymers are reduced significantly. The
purification obtained by K1K1 was superior to that using membrane Ornl, even though

15 Oml is a tighter membrane than K1 (This phenomenon is fundamentally rational for

multistage membrane processes).

De-gumming performance was inadequate for membranes HZ20, GR61 and YW3.

20 One of the purposes of ultrafiltration was to improve product quality. To. demonstrate this,
Feed#3 was ulirafiltered in 50% alcohol (control = no ultrafiltration), the filtrate was
diluted with water to 15% alcohol, and the isoflavone product was collected on a micro
filter, from which it was re-extracted into 50% alcohol. Analysis of the products shows that
in both cases where ultrafiltration was used, the product extract contained a higher

25 concentration of isoflavone and a lower concentration of biopolymer than the control.

Furthermore, Figure 5 shows a retentate sample in which the initial volume of feed has
been reduced 28.8 fold by ultrafiltration. Compared to feed samples in Figure 2, the
biopolymer peaks were enhanced considerably, whereas the isoflavone peaks have
30 remained unaltered. The yield loss of isoflavones into this retentate waste stream is the

proportion that retentate volume is of feed volume. With a concentration factor of 28.8, the
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The reference to any prior art in this specification is not, and should not be taken as, an

5 acknowledgment or any form of suggestion that that prior art forms part of the common

general knowledge in the field of endeavour.

Those skilled in the art will appreciate that the invention described herein is susceptible to

variations and modifications other than those specifically described. It is to be understood
10 that the invention includes all such variations and modifications. The invention also

includes all of the steps, features, compositions and compounds referred to or indicated in -

the specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.
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Claims:
1. A method for the production of an alpha-crystalline form of isoflavones comprising
the steps of :

(a) extracting isoflavones from isoflavone-containing plant matter by
contacting the isoflavone-containing plant matter with an agqueous organic solvent
mixture to give an extract solution;

(b) subiccting the extract solution to_ultrafiltration to reduce the
amount of plant matter having a molecular weight greater than that of the
1soflavones;

(c) rteducing the solvent in the filtered solution to effect alpha-
crystallisation of the isoflavones; and

(d) recovering the alpha-crystalline isoflavones.

The method of claim 1 wherein the aqueous organic solvent mixture is in the rangc

[

of 1:10 - 10:1 of water:organic solvent.
3. The method of claim 2, wherein the ratio is about 1:1 of water:organic solvent.

4. The method of any of claims 1-3, wherein the organic solvent is a C1-4 organic
solvent selected from the group consisting of alcohols, chloroalkanes, glycols, alkyl

esters and ethers.
5. The method of claim 4, wherein the organic solvent is ethanol.

6. The method of any of claims 1-5, wherein the alpha-crystalline isoflavones have an

isoflavone content of greater than 50%.

7. The method of claim 6, wherein the isoflavone content is greater than 65%.
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8. A method for the production of an alpha-crystalline form of isoflavones comprising

the steps of:

(a) extracting isoflavones from isoflavone-containing plant matter by
contacting the isoflavone-containing plant matter with an aqueous organic solvent

mixture to give an extract solution;

(b) subjecting the extract solution to_ultrafiltration to reduce the
amount of plant matter having a molecular weight greater than that of the
isoflavones;

(¢) reducing the solvent in the filtered solution to effect alpha-crystallisation

of the isoflavones;
(d) recovering the alpha-crystalline isoflavones;
(e) dissolving the recovered isoflavone crystals from step (d) in an organic

solvent;
() gradually reducing the volume of the orgamic solvent to effect the

selective alpha-crystallisation of isoflavones; and
() isolating the selective alpha-crystalline isoflavones.

9. The method of claim 8 wherein the aqueous organic solvent mixture is in the range

0f1:10 - 10:1 of water:organic solvent.
10.  The methed of claim 9, wherein the ratio is about 1:1 of water:organic solvent.

11.  The method of any of claims 8-10, wherein the organic solvent is a C1-4 organic
solvent selected from the group consisting of alcohols, chloroalkanes, glycols, alkyl

esters and ethers.

12. The method of claim 1], wherein the organic solvent is cthanol.
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20. The method of any preceding claim, wherein the selective alpha-crystalline

isoflavones contain predominantly biochanin and genistein.

21.  Alpha-crystalline isoflavones prepared by a method of any one of the preceding

claims.

22. Alpha-crvstalline isoflavonies having the following reflection signals (2 theta) of
high and medium intensitv: 7.0, 9.9. 15.8,.22.7. 23.0. 239, 26.3 and 26.9.
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including the step of bringing alpha-crystalline isoflavones according to claim 21 or
claim 22 into admixture with one or more ingredients in said food product or
pharmaceutical preparation, wherein the alpha-crystalline isoflavones are substantially
colourless, odourless and virtually tasteless when formulated in said food product or

pharmaceutical preparation.

26.  The method of claim 25, wherein the alpha-crystalline isoflavones are comminuted or
pulverised before being formulated into said food product or pharmaceutical

preparation.




