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PCT/ AU98/ 00305 PREPARATI ON OF | SOFLAVONES FROM LEGUMES

| sof | avones are plant chem cals which occur largely in nmenbers of the
Leguni nosae pl ant famly. They are-based on a sinple diphenolic ring
structure as described for exanple by 5 Carlson et al (1980) Journal of
Chr onot ogr aphy, 198, 193-197 (incorporated herein by reference).

Over 70(PREPARATHONI GBSQFDAAONES RRONM LBGUMBS t hese display a range of
bi ol ogi cal functions both within the plant and within animals including
humans whi ch eat the isoflavone- 10 containing plants. A smal |
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irradiation. At the intra-cellular site of biochem cal function o
i sof | av&FfEogens, estrogenic isoflavones are weakly estrogenic. This group also exhibits a range of

biological functions in animal cells which appear to be independent of the estrogen receptor
_ and these include anti-oxidant, diuretic, anti-spasmolytic and anti-cancer effects. These
20 interesting functions with their potential therapeutic benefits has brought this particular group

of isoflavones to the attention of medical researchers in recent years.

In the plant, the isoflavones can occur in a variety of forms - (i) in the basic aglucone form,
(ii) as a glucone, being bound to a sugar moiety such as glucose via a B-glucosidic linkage
25 (the glycosidec form), (iii) the glucone form + a malonyl moiety, and (iv) the glucone form

+ an acetyl moiety as described for example, by Carlson et al (1980) as referred to above.

The glycosidic form (either alone or in the malonyl or acetyl forms) is water-soluble and is
the predominant form for the isoflavones in many legumes to facilitate transport and storage.
30 The glycosidic form provides enhanced stability to degradative factors such as heat, oxidation

and ultraviolet irradiation. At the intra-cellular site of biochemical function of the isoflavone,
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an intra-cellular [err]-glycosidase enzyne cl eaves the sugar noi ety where
present, |eaving the nore biologically active, but substantially
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20 and as food additives (US Patents 4366082, 4390559). Given these important uses, it is

advantageous to isolate or to concentrate isoflavones from plants.

Various techniques have been proposed to achieve isolation of isoflavones, but essentially
there are two distinct methods. The first method involves the conversion of the water-soluble
25 glucone form to the water-insoluble aglucone form to facilitate the subsequent extraction of
the aglucones in a suitable organic solvent such as alcohol. This conversion step is described
as being achieved in one of two ways: either (a) through hydrolysis by exposure to vigorous
heating (typically 80-100°C) at low pH (Wang K, Kuan SS, Francis OJ, Ware KM, Carman
AS. “A simplified HPLC method for the determination of phytoestrogens in soybean and its
30 processed products.” J. Agric. Food Chem. 38:185-190, 1990); or (b) by exposure to an

enzyme (glucose hydrolase, B-glycosidase or B-glucuronidase) which specifically cleaves the
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[err]-glycosidic Iinkage with the sugar noiety. The enzyme either is added
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agl ucone forns from 25 the aqueous m xture by absorption on to an
apprt?prﬂhaﬁeeaq%ﬂb%ﬁﬂ%éewgieﬁ The i sofl avones subsequently are el uted
fromthat resin using a water:organic solvent m xture, concentrated by
rotary evaporation, and then hydrolysed to the aglucone formby enzymatic
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20 plant material to water and over a period of time (several hours to several days) the naturally-
occurring glycosidic forms of the isoflavones dissolve in the aqueous phase. After separating
the undissolved plant material from the aqueous phase, the isoflavones in the aqueous phase
are converted to the aglucone form by any of the methods outlined above and subsequently
recovered. A variant of this approach involves selective removal of the aglucone forms from

25 the aqueous mixture by absorption on to an appropriate ion-exchange resin. The isoflavones
subsequently are eluted from that resin using a water:organic solvent mixture, concentrated
by rotary evaporation, and then hydrolysed to the aglucone form by enzymatic digestion or
heat/acid treatment (JP 95-272884/36).

30 Disadvantages of the above techniques include (a) a multiplicity of steps, (b) the use of

vigorous treatments such as heating and/or strong acid and/or strong alkali, (c) the
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The combination of the aforementioned components may comprise an aqueous phase
20 containing enzyme and plant material and an organic phase into which the isoflavones
partition. The combination may alternatively comprise an emulsion formed by vigorous
mixing of the organic solvent and water, or if a water miscible organic solvent is used the

combination is a mixture of water and organic solvent.

25 Where the organic solvent is non-water miscible the organic solvent containing dissolved
isoflavones may be removed, for example by evaporation to give an isoflavone containing
residue. The residue may then be mixed with a C,-C,, organic solvent in which isoflavones

are substantially insoluble such that isoflavones precipitate and are subsequently recovered.

30 Where the organic solvent is miscible with water, the organic solvent in the combination may

be removed, for example by evaporation, to give an isoflavone containing residue and water
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whi ch may be thereafter mxed with a non-water nmscible Clerr]-Clerr]
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into the organic vent, and thereafter recovering isoflavones from
t he orggani ¢ sol vent. The conbi nation which results from conbi ni ng
together the plant material, water, a Clerr]-Clerr] organi ¢ sol vent and
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phase con °B1 ant material and an organic phase into
whi ch i sofl avones partition on incubation follow ng cleavage by the
enzyne. The _conbination may conprise an enul sion fornmed by vigorous
m xi ng &retailed Bespriptionsofl thednventibnnat er, or where the organi c solvent is
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sol vent. Were the conbination conprises an enulsion it is preferred to

renove [Tayet %)fdééﬁ’tt fhventiG prévidds in’ REUrORISIMHIpRLOR prokds§ o thE Profhclbn ldfTe
sufficient to enable the aglucone form of
isoflavones from plants of the genus Leguminosae which comprises contacting plant material
with water, a C,-C10 organic solvent and optionally an enzyme which cleaves isoflavone
glycosides to the aglucone form, to form a combination and incubating the combination for
20 a time sufficient to allow isoflavones of the aglucone form to partition into the organic

solvent, and thereafter recovering isoflavones from the organic solvent.

‘The combination which results from combining together the plant material, water, a C,-Cy,
organic solvent and optionally an enzyme which cleaves isoflavone glycosides to the aglucone
25 form, may be in the form of a separated phase mixture comprising an aqueous phase
containing the enzyme and plant material and an organic phase into which isoflavones
partition on incubation following cleavage by the enzyme. The combination may comprise
an emulsion formed by vigorous mixing of the organic solvent and water, or where the
organic solvent is water miscible the combination may be a mixture of water and organic
30 solvent. Where the combination comprises an emulsion it is preferred to remove particulate

material from the emulsion, after a period of time sufficient to enable the aglucone form of
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the isoflavone to partition into the organic solvent, using a standard

separation process such as filtrat 'Fon or centrifugation. Phase
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opti onalregoveseti t o cl eave the isoflavone glycoside to the aglucone form 20
(here'ﬁ]after referred to as isoflavone) is required specifically to cl eave
the [err]-glycosidic | i nkage which is described as the dom nant |inkage
bet ween | ( ety.
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[err]15 con@imngjdmml\«udwﬂmes maynbe unkqukamﬁkxyﬂaloses tenomedn tighdfyorsf fiet i ve,;
[err]-gl ucanas? ﬁexgi)%t ed| \Afh oung t.o have rel atively | ow potency
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activity is generally sufficient to effect cleavage of the glucone form
wi t hout the need for

The enzyme optionally used to cleave the isoflavone glycoside to the aglucone form
20 (hereinafter referred to as isoflavone) is required specifically to cleave the B-glycosidic
linkage which is described as the dominant linkage between the isoflavone and its
carbohydrate (normally glicose) moiety. A person skilled in the field of carbohydrate
chemistry would deduce that the most appropriate enzyme to achieve this would be a B-
glucosidase and possibly a B-glucanase. As Table 1 shows, in an experiment to compare the
25 relative potencies of different carbohydrate enzymes in their ability to cleave the glycosidic
linkage of soy isoflavones, it was found that B-glucosidase was highly effective: B-
glucuronidase was found unexpectedly also to be highly effective; B-glucanase unexpectedly
was found to have relatively low potency and required a considerably longer reaction time.
In some isoflavone containing plants such as clovers, endogenous B-glycosidase enzyme

30 activity is generally sufficient to effect cleavage of the glucone form without the need for
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addi ti onal cl eavage enzynmes. Hence, enzynme addition may, in the process of
this invention, be regarded as optdi onal . Table 1. 5 Conparative
actions of different carbohydrate-acting enzynes in converting soya

| sof | avones in their glycosidic forns (daidzin, genistin) to the

agl uconedditomb cleawigel 2edymes.J Eiehed, ehzyme addition fmagy irethe ip6dess of this invention,

Rel ative activity (% conversion) [err]-glucosidase

90 10 peregardedgsorsigndlase 98 [err]-gl ucanase

40 1, 4-bD- gl ucan hydrol ase 0 1, 4-a-D gl ucan

hydr ol ase 0 [ err]-xyl anase: b- gl ucanase (10:1) 85
15 [erdgbkvl.anase: b- gl ucanase (1:1) 87 * Al enzyrres added at

t he same concentration_ to a standard anount of isofl avone.
[ er r] 5gCompaize petions 0&9‘ﬁ8¥$&%@@hﬂ9ﬁ@'&ﬁ%&\ﬁ@§ym%ﬁbpqyyelttm sommmaso be

2ol ocondt Pt de (it GauBaEr vl 1S SRR UGGl (RSRel, gl

reason to expect that a [err]-xylanase would have any effect on the
descri bed formof glycosidic |i nkage on the i sof | avone gI ucone form
Advant a&mﬂmﬂhl S f ungal - der i \Relative-getivity (% jcanversiondbl e i n | ar ge
conmmer c fyﬂ ities at an advant a% ous cost. Although only slightly
| ess ef %‘I’%ﬁ Bhan the nore speci fi"C b-gl ucosidase and [err]- 25
o] ucuoomeoﬂa@éms the latter emgynes are not available in bulk,
comerclal quantities or at cost-effective prices. Mreover, the | ow
cost of Ptglecapasenerci al [err]-gl ucan#de/[err]-xyl anase enzynme m x al | oned
t he dosz e‘gﬁ unltdofl | sof | avone tq be increased which nore than
conpensat'e T%‘?Ca{lﬁ’g E‘Hmﬁhtly | onered efficiency. In one enbodi nent of the
processii40y.9)-yhbsh hydrafis€nzyme, thegorganic sol vent does not cause
signi ficant i nactlvatlon of the enzynme used. 30

B-xylanase:b-glucanase (10:1) 85

15 B-xylanase:b-glucanase (1:1) 87

* All enzymes added at the same concentration to a standard amount of isoflavone.

A B-glucanase/B-xylanase enzyme mix was found by the inventors to be relatively effective
20 in cleaving the isoflavone glycoside to the aglucone form. This was entirely unexpected
given that there was no reason to expect that a B-xylanase would have any effect on the
described form of glycosidic linkage on the isoflavone glucone form. Advantageously, this
fungal-derived enzyme mix is available in large commercial quantities at an advantageous
cost. Although only slightly less efficient than the more specific b-glucosidase and B-
25 glucuronidase enzymes, the latter enzymes are not available in bulk, commercial quantities
or at cost-effective prices. Moreover, the low cost of the commercial B-glucanase/p-xylanase
enzyme mix allowed the dosage per unit of isoflavone to be increased which more than
compensates for the slightly lowered efficiency. In one embodiment of the process involving

an enzyme, the organic solvent does not cause significant inactivation of the enzyme used.
30
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Cerr]-Cerr
PCT/ AU9gid@tbenxample, soy hypocotyl which often breaks away from the soy cotyledons during

regular dehulling processes and is readily collected by standard methods such as sieving,
contains typically higher isoflavone levels (between about 0.5 and 1.5%) compared to the
whole soybean (between about 0.05 and 0.3%).
25
The organic solvents utilised in the various embodiments of this invention comprise from 1
to 10 carbons (C,-C,) and include water-immiscible and water-miscible organic solvents.
Water-miscible organic solvents include C;-C,, alcohols such as methanol, ethanol, propanol
and isopropanol, acetic acid, acetone, acetonitrile, dimethyl formamide, dimethyl sulphoxide,
30 n-propanol, isopropanol, tetrahydrofuran and mixtures of any such solvents. Water-

immiscible C,-C,, solvents which are isoflavone solubilising include C,-C,, alcohols (such as
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PCT/ AUGBrpod®ss of water and organic solvent are used, although the ratio of water to organic

solvent may vary, for example from 1:10 to 10:1.

20 Where the combination resulting from the mixture of the water and organic solvent comprises
an organic phase and an aqueous phase the respective phases may be gently mixed or agitated.
This can easily be achieved by a vertically disposed stirrer which allows mixing of the

respective phases without intermixing of the phases as such.

25 The process of the invention does not require elevated temperatures and may be conducted
under ambient temperature conditions, for example from 5°C to 35°C. Ambient temperature
conditions can therefore suffice without the need for sophisticated temperature control as is

required in prior art processes where elevated extraction temperatures are necessary.

30
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I
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sol vent .€ C
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PCT/ Megoa?t%temperature between about 50°C to 120°C, to produce a fine powder which is

subsequently formulated for therapeutic use as described hereafter. Preferably, however, the
hexane extraction step is repeated a further 1-3 times to effect complete removal of oil.
Alternatively, the isoflavone containing oil may be subject to HPLC fractionation, ion

exchange, chromatography or other techniques well known in the art for isoflavone

- 25 enrichment/purification.

Where the C,-C,, organic solvent used to extract plant material is miscible with water (for
example an alcohol such as ethanol), the organic solvent may be removed by evaporation
(such as rotary evaporation or distillation) to give a concentrate containing an isoflavone
30 containing oil in water. This concentrate may be mixed with a C,-C,, isoflavone solubilising

organic solvent, for example ethyl acetate to give an organic isoflavone containing phase and
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from 36 9 i ' i 0 of
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e

met hods for purifying these conmpounds known in e art.
i sof | aveiResterhniauss as gravell knewn pm thenatt e lior examplenbp LG factionatior dhidrein

conposi g gé}ﬁstein mg}; 'l)?gém‘;e(aods and the like, in conbination with
appropriate excipients, carriers and the |ike as are well known in the

art, for exanple as described in Handbook of Pharnaceuti cal Exci pi ent s,
Second Edition, Anmerican Pharnmaceutical Association, 1994 (incorporated

her el WHCES sp¥a iy bgstartinpmateriabolieiisaflavenssridraciedraze dnidrein) genisteimpa@sdt i ons
T ORObER i bR 5o RNyt BRI L R
PCT/ AUS&¥d(siBérSvater-insoluble compounds. Where clover is the starting material, the isoflavones
extracted are daidzein, genistein, formononetin and biochanin; various flavonoids including
chlorophyll as well as phytosterols make up the bulk of the remainder of the isolate.
20
The isoflavones produced according to the process of this invention may be indivi-dually
purified. For example daidzein and genistein may be purified to HPLC, or other
chromatographic techniques or standard methods for purifying these compounds known in
the art.

25

The isoflavones may be formed into pharmaceutical compositions or health compositions,
drinks, foods and the like, in combination with appropriate excipients, carriers and the like
as are well known in the art, for example as described in Handbook of Pharmaceutical
Excipients, Second Edition, American Pharmaceutical Association, 1994 (incorporated herein
30 by reference). Pharmaceutical compositions or health compositions may comprise tablets,

capsules, powders for reconstitution, syrups and the like. Standard carriers/excipients used
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cal ci um hydrogen phosphate, magnesi um st earate and col T 0l 3a| Ssilica.

Foods cont ai ni ng isofl avones may conpri se food bars, biscuits, snack
foods and other standard food forns V\_e{(zl_ known in the art. Drinks may
contain flavouring, buffers and the |iKe. 5 I n anot her aspect there
I's provided a conposition containing isoflavones when prepared

accordin S; LS, | [0 In .associ.ati with
2 phar mode ot ARG Snbhdt IrstyERLbe el “0Rcioly HReRERRCORREASI | on
may be imaphesiih atearite wid Eolfold silica. RGBS BAAiRing! i96f1R6AEP IRy icBmbPied! félid
nmuesli bars, .biscuits, drinks, and the |ike. 10 It would appear that
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convertié&diﬁqfa(,&yﬁ{ge% h{eﬁrgnrdq% Hi(élcone to the aglucone format the sane
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a nunb@r of reasons. It may have been bel i eved necessary to renove
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woul d | | Y. | f L gn. of the | ucone form
ho e corfeRbiNER L R} froERgTis fefifof, GrRBbb LT i x el
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in multiple steps, followed by a subsequent step 'of extraction of the

agl uconeompongnts, for gxampleriy ferdorswheshirhars, discuits, dribiogiane theslikef, t he pr esent

I nventhon will now be described with reference to the foll ow ng
non-limting exanples. Exanple 1 25 2000 kg of defatted soyfl our

i s pl acdd wduld abPeftOBal théqifr! arfhasifdti conRehpled iRt f § VAL Hob| , 000
L of deionised water and ?g kg of [err]-dl uljcanase/ b- xyl anas?o?BF%eF—sefe Bet a
CT; Novdconvertisg dicflavomsdram Kie glogme to thsf agludope faunnathe samettimeas racovery on

top of t us. sion Lo give.a two phase conbipatiopn. Both
aqueous T SAEHS sSHARRAS 30 ool el 1 4 Bt neRRvo famat Fiva MsPusi ng
a verti delieptd petdssiry b temotd ré&itul logunmifousSplh@Umdietidptront thdproe@isifter Of
contact between the aqueous and organi c sol vent phases, the agﬁ ucone

i sof | B &ifravageaidhe glycoside form. \fongg/alsiBme been regarded that organic solvent would
PCT/ AU9 %Q:Qi%gf% enzymes which effect formation of the aglucone form. Asa consequénlcg, in the

prior art conversion of the water soluble glicone form to the water insoluble aglucone form
has been carried out in multiple steps, followed by a subsequent step of extraction of the
aglucones in a suitable organic solvent.

20
Embodiments of the present invention will now be described with reference to the following

non-limiting examples.

Example 1
25 ' :
2000 kg of defatted soyflour is placed in a 10,000 L vessel as depicted in Figure 1 containing
5,000 L of deionised water and 10 kg of B-glucanase/b-xylanase (Bio-Feed Beta CT; Novo
Nordisk, Denmark). 1000 L of ethyl acetate is then layered on top of the aqueous suspension
to give a two phase combination. Both aqueous and solvent phases are gently mixed by
30 continuous stirring using a vertical propeller mixer (Figure 1). It is found that at the point

of contact between the aqueous and organic solvent phases, the aglucone isoflavones readily



nove fr ogotoBasmgueous to the organi c sol vent phase. The crTIAESE003Gs tati on

of the aqueous phase is designed to ensure nmaxi mum exposure of the
hydr ol ysed i sofl avones to the ethyl acetate; the constant agitation of
the ethyl acetate helps to ensure a hijgh isoflavone concentration

gradi ent between the two phases, thereby maxi m sing the rate of dissolution
of 5 the water-insoluble aglucone forminto the ethyl acetate. An optional
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5 m ng alse witbr-msolabizlagmeet form sita ik elhgéramtg;b.t Arotsticnall Rirther canjtacti betvoeen
stirring and it is found that partjculate material containing th

agl ucondh¢ £4e Phasss é%aysgq provided byt ﬁéc%%;tqgoﬁ%*#d?wmqufsw SUSPERSION thedugh 81eThe

hexane: ﬁg@ ecanted |l eaving a sludge. A further 5 1 of hexane
S addeghiyllatg gacf’ge to effect renoval of residual oil. This mxture is

al l onwed to stand for 1 hour by which tine the particulate naterial has

settled out once again. The hexane: oi | i s_decanted | eaving a
sem - solAfters bR 2 %ﬁ ahout 48.hoyra. bat Pﬁ“rfgfagf}i arrund 4% hopesn the agitation and

e PG, AR s
| mpor t arthyy, adetute rigitremooéd tane ¢\&pbianedomaag a still. t Wbt 201 of Soit aepaimbl e

to that of the starting material and the isof]avone vyi eI ds typicall are
very hi glne\(apa 290 L |h§xﬂ¥§tl%%qdﬁ1i to-the ofjanddnixed yigoreuslpby s mesfer agoutoy

a0 SR his 5418 A BLAERTUNA ORI ATRAE RN,
using t hbathamaﬂhueqnamhhommﬁﬁigr uhbez@lucone isoBeaonpsesetkles to thé®ottom of the WO
gg—fi‘llgg gy,@@igg gessel. The hexane:oil phase is decanted leaving a sludge. A further 5 1 of hgxane
is added to the sludge to effect removal of residual oil. This mixture is allowed to stand for
1 hour by which time the particulate material bas settled out once again. The hexane:oil phase
is decanted leaving a semi-solid sludge which is collected and dried in an oven at a
temperature of about 85°C. By HPLC analysis this material is found to contain between
20 about 36-70% (typically about 60%) isoflavones. Importantly, the ratio of the isoflavones
in the extract is comparable to that of the starting material and the isoflavone yields typically
are very high (Table 2). This material can be used for the purpose as is, or can be subjected

to further processing in order to further purify the isoflavones.

25 Table 2
Recovery of isoflavones from whole soyflour using the extraction method described in

Example 1.

30



| sof | av % recovery of starting mater ai dzein
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75.0 Exanpl e 2 The starting material is 200 kg of soy grits

containing a mxture of soy hypocotyls1 and pieces 10 of soy cotyl edons and
representing a nore enriched source of 4"sof | avones (about 10. %

conpared to about 0.2% on whol e soyaflour). 200 kg of soy grits is placed
in a 30 vessel cont%nl 09, 100&; L .of dei ogl sed water and 2.5 kg of
gl ucan &%gho%e (Bi o- Feed Denmar k). 1000 L of
ethyl acetate is then added and the aqueous and sol vent phases then

m xed together vigorously using a punp with a capacity of about 200 L 15
per mi ndaidzein ensure effective contact8k&tween the two phases, that is,
form an en&lsmn The m xi ng conti s at roomtenperature for a period
of bet weEH 124 hours, but preferably " 4 hours. The particulate materi al
i n thssglgeigihnation is then separated#g@mthe Iiquid phase by a
standard process such as filtration or centrifugation. The renoval of the
parti cul ate material destroys the emulsion, and on allow ng the
resultiﬁg E?%\g phase to stand for about 20 30 minutes there is effected
separ at en the aqueous and the ethyl acetate phases. The et hyl
acetate which contains the isoflavones then is renoved and exposed to
distillation. The residual oil remaining after distillation of the

et hyl aEhs sxamng Imeateriad ist200dgenf say gritsciongining & bexture of k@pﬁyp@idbﬂylsrﬁiﬂ plébes

rr?é)%ql above to isolate the, isoflavone-enriched material. Exanple 3
500 kY Yr S Gowiedons aag repfeseniing . Marp -capicheh sourge of dseflavones (abamjlﬁh‘f& ed

1, 2Bl 5By 09 AUl SRR 509 B M s FMaA SRS

I's then punped to storage an clov t hen

r ecov ervedsebgontainingy1090dp of deibnisedineiter apd ésS kp of hitel Redirokind (BRH-BéedBREgrr] C
an i sofl avone containing oil in

| t 5 f t
vt or ) G Nove o Pebiaatoof Q8 ok stiel el JsRee Adsidcans e aeons and

(F:> Cé_rll_ ;3 i [‘Jgsg?‘fgg 3%l§asé§‘ thef mikdd togb¥! vigofhRlyusing a pump With g%pa%ﬁ? of about 200 L

15 per minute to ensure effective contact between the two phases, that is, form an emulsion.
The mixing continues at room temperature for a period of between 1-24 hours, but preferably
4 hours. The particulate material in this combination is then separated from the liquid phase
by a standard process such as filtration or centrifugation. The removal of the particulate
material destroys the emulsion, and on allowing the resulting liquid phase to stand for about
20 30 minutes there is effected separation between the aqueous and the ethyl acetate phases. The
ethyl acetate which contains the isoflavones then is removed and exposed to distillation. The
residual oil remaining after distillation of the ethyl acetate then is treated according to the

steps outlined in Example 1 above to isolate the isoflavone-enriched material.

25 Example 3 ‘

500 kg of clover is fed into a counter-current extraction unit and mixed with 5000 L of 50%
ethanol for a period of 6 hours. The solvent extract is then pumped to storage and the clover
discarded. The ethanol is then recovered by rotary evaporation under pressure (-80kPa) and
30 at 80°C resulting in 500 L of extract concentrate (an isoflavone containing oil in water) and

recovery of 4000 L of an ethanol/water mixture. The concentrate is mixed with ethyl acetate



- 15- woosmMats3a ratio of 1:4 (i.e. 2000 L ethyl acetatepcaraosioasosi xture

|l eft to settle into a water |ayer and an ethyl acetate |ayer. The

i sof | avones are solubilised into the ethyl acetate |ayer. The et hyl
acetate |ayer is punped into a still,qsand the sol vent evaporated under
vacuum wi t h wat er addition. The wet floe (active conponent) is then

punped to a storage tank. 50 % of the wet 5 floc is then mxed with a
spray Iy 01, SO &h}19LeRB aiitht HixthRAEH Y SRS ARCLVEEE T §259% .
The re(r%grxn?t%)g&gfoa/ot(lres washed %vrth h}ejxane d)évvat ered, drrle at 960[eyrerr]arl
m | | ed aarethyl acetate faydr. V\H‘hdmsoﬂmoneﬂrwbe&bbmsednmomettmlbaoetatmgxyer The efydnpl e

Used agoetits ERG arephino S spfl o ottt <yhnteRe et vaRtE oty Wk °
Wit h/ wil3iih @t‘hﬁglrét?lbﬂgfg% nﬁo’ﬁ tﬁh‘kthénﬁrﬁﬁ ﬂosi‘ﬁtgra% tank, SS@ d&}ftﬂe wet

procedures Inclu ange chromat ogr aphy and

chr oratflogr 1anlmmm$>eqdawhh iacsprayl drymmﬁat i speayodrieskarad amntlsnﬂa?okg; mbovdsred dried
end product of 15 Exa 1l to 3,is, fractiopated ti on of
Gai coeilaD T GReeTrun RE SO o BRth Nexatf, Qep e aeiP L0t Coghibodand
(typic | Genistein of simlar purity IS
recoveﬁﬁtgéaéd%‘ﬁthsc'/%gulrmfx>é péé%f&%%har ceutical conpositions can be prepared
fromthe products extracted according to the exanpl es above.

The follow ng conmposition is prepared in the formof a tablet: 25
Usi ng @WE}& extract prepared according to Exanple 1 and containing

(gen,iostei n 35% and dai dzein 28% by wei ght) 60 ng of
extract 340 ng of a standard tablet inert carrier 30

Thi s cdfeaitiediend praiutedf Biagmblésol v Duboke $akPl hicanctel wsed @9 Btazding AGte2thl my of
genistein and 17 ng of_ daidzein. WD 98/ 49153

PCT/ AUd8/congmsrate genistein or daidzein with/without glycitein. Purification is established by
standard procedures including HPLC, ion exchange chromatography and other
chromatographic separation. In one series of experiments, 3 kg of the dried end product of

15 Examples 1 to 3 is fractionated allowing separation of daidzein and genistein. Daidzein, of
purity between about 95-99% (typically 98.5% purity) is isolated. Genistein of similar purity

is recovered.

Example 5
20
Pharmaceutical compositions can be prepared from the products extracted according to the

examples above.

1. The following composition is prepared in the form of a tablet:
25 Using soyflour extract prepared according to Example 1 and containing (genistein
35% and daidzein 28% by weight)
60 mg of extract

340 mg of a standard tablet inert carrier

30 This composition is tableted to provide a 400 mg tablet containing 20 mg of

genistein and 17 mg of daidzein.



-16- wo 9s/49153 1he following conposition is prepared indd4e, 15 ;Hgo f a

capsul e: Usi ng soy hypocotyl extract prepared accor

Exanpl e 2 and cont ai ni ng (geni stein 18% dai dzein 35% and
glycitein 18% by wei ght) 60 ng of extract 5 190 ng of a
standard pharnmaceutical inert carri er-16° Al'l contained in a

non-toxic gel atin capsule and providing 200 ng cont ai ni ng
dzei.n and 11" mg of glycitein.

apprOX| tely. eni stein

n@ ?’%%qug’l ‘HB %sd%’oiaslptrF ﬁién B’rcgflﬁ A ARPIE form of a tablet:
US' ng a geni sygiy Lh ! eRpaed PeclinPeo i n g
(genistein 8 % ‘? by wei p%?ﬁ; ? gEW'BQJaﬁzpé% Qeg'%(?g?%lﬁﬁ'ghg
150 ng of a s(ggnumru]&%mdmdzeneﬁ% glyeitein 18% by wezght)Th| S conposition is
tableted to p V|d a,200 ng tablet containing 50 ng of
geni st ei n. extr?ﬁte fol | owi ng conposition is prepared in the form of

a tablgt: g9 mé of 2 SRR PhrhAbhtical MHAUaRiGY 40 1D Of isof | avones

prepared according to Exanp ng inert

exci pients/carri ers The carriers referred to above include
cel lul ose (m ¢r,ocr I I | cal c dr.oge phosphat e, soy
pol ysacchar di éﬁ ”é%‘eta?“éitg@iaéﬂoc%ﬁl? gﬁd PEPViding 200 @ poHRiBINg)

Throughout thj réﬁﬁﬁtefl @%&gafge?xgstahez%?gaﬁdaam aﬁehiﬁgofﬂ@%%&nthe

context requi ermnse rise ns 'such as

"conprises" or conpr|5|ng , Wwill be 30 understood to inply the inclusion
of a iéated I nteger or step or group of integers or steps but not the
exclusfon of any other integer or step or group of integers or steps.

The following composition is prepared in the form of a tablet:
Using a genistein extract prepared according to Example 4 and containing (genistein
99.5% by weight)
50 mg of extract
15 150 mg of a standard tablet inert carrier

This composition is tableted to provide a 200 mg tablet containing 50 mg of

genistein.
20 4. The following composition is prepared in the form of a tablet:

A 500 mg tablet containing 40 mg of isoflavones prepared according to Example 3 and

460 mg inert excipients/carriers.

25 The carriers referred to above include cellulose (microcrystalline), calcium hydrogen

phosphate, soy polysacchardie, magnesium stearate and silica-colloidal (anhydrous).

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, or variations such as "comprises” or "comprising", will be
30 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.

L
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CLAI M5 1. A process fbr thé pflodliction of isoflavones fromplants
of. the genus | egum nosae whi ch cogpri ses contacting ' =i h
water, a (Jerr]-Clerr] organic solvent and optionally 5 [dki&f A BEEN

cl eaves isofl avone gl ycosides to the aglucone form to fgrma Bfat i on

I ncubat C@gﬁﬁf conbination for a tine sufficient to all ow Tsofravomes—of

t he aglucone formto partition into the organic solvent, and thereafter
recovering isoflavones fromthe organic sol vent . 10 2. A process

according to claiml vmetgrei n. the orga j c solyent is recovered, the organic
for %0

sol vent It enoeBIewssy fareths prodistipn ¢b fotlayanes fEom plgnts Qf the, genyisdesienippsaed
with an Lc o Lk Qid € Lal

I nsol ubwgkgﬁdé%&tr ﬁ%%co;ﬁ%ggfxg;é}gﬂ#gg pr e?‘f%ﬁ?%%‘g\ég]fé@m %Yfag?dé&éﬁ%gtgggghg?%ally

r ecover gdenzymkSwhich cleavis isofleems ghwosideki toghd aglotanenfotmyieforimna témbinagami ¢
sol vent _in the conbinatjon . contai.ni ngahsof,l ones diti‘sol ved therein is

wat er - ninsebasing thinepringtiondeica) tims sgfiicientio allowilsiiavapenef 1Be AgkICARh P due
29 v BrnbhUiA tre drBgHE N M Sflerthitdt ROMNMOIBNISE KON the organic
avone sol u e ani c

Cerr]-YJerr] 1so rl'ir'sing organic so nt to give an o
and an ggly@gus phase, the organi ¢ sol vent phase contai ni ng di ssol ved
i sof | avones col | ected and isofl avones recovered 20 therefrom 4, A

process according to claim3 wherein the organic solvent phase is

Cor uPe?1 oc A pigpss HEeEing Uk WHBRAR e GeabiSRIAHER TR iRl Tnd Bl | .

conbi nagdloentCRiMUved @6 give aiflisdfidsorehRsidue, and tiet @sidueds afixed witheanaoggaficant
material and_an organi c phase into which the isofl avones partition.

6. Asqlvess i whichdspfiavenes are sphstantiallyiesolible such thaniseiiamonenpiesipifatesand an
enul si O&e%%bgéﬁﬁagﬁt‘?y pééo%rg&r ous m xi ng of the organic solvent and water.

15 3. A process according to claim 1 wherein the organic solvent in the combination
containing isoflavones dissolved therein is water-miscible and is removed to give an
isoflavone containing residue and water, which is thereafter mixed with a non-water miscible
C,-C,, isoflavone solubilising organic solvent to give an organic and an aqueous phase, the
organic solvent phase containing dissolved isoflavones collected and isoflavones recovered

20 therefrom.

4. A process according.to claim 3 wherein the organic solvent phase is evaporated with

water addition whereafter isoflavones form a water soluble flocculate.

25 5. A process according to claim 1 wherein the combination comprises an aqueous phase
containing an enzyme and plant material and an organic phase into which the isoflavones

partition.

6. A process according to claim 1 wherein the combination comprises an emulsion

30 formed by vigorous mixing of the organic solvent and water.
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according to claim rein®thé plant material is nixed with the water and
5 an enzyne -whereafter the organic solvent is added so as to forman
organi ¢ phase and an aqueous phasé180r an enul sion fornmed by vigorous

m xi ng of - t*hé organlc sol vent and water. 9. A process according to
claim1l mherggn the S mxed w reafter an

oyt 7o X B abng g s Sushereih e Fatvune is i &l ﬂcmﬁﬁaeﬁ&xgwd. ng

to clai miaiperein the plant material is fromsoy or clover.
process accordl ng to claiml1l which is carried out at from 10[err]Cto
30[err]C. 15 12. A process accordl ng to claim1 wherein the plant

material_ is in particul tef r.0cess agco to cl.aim
12 V\,her«§| n tn%p%csﬁsta% E$F°a Wé‘yrem %‘GP‘aﬂtma{%ﬂah‘&m”‘e& HS’&E‘% @tef @y di ng
to cI I

hypocot ;ﬂl 2@@3@/&%%{3 I"edorTs. H%Bﬁzrehfiilssd-dﬁe@z\élgé (k)‘%?ggl g@:é} n%}{ asggn al m 1
wher ei n atjitedup phase, orainemuddion formed e vigorous mixifg of the argm@smlt/emmndomen. si ng

| sof | avones produced according to claim1 optionally in 25
association with a pharmaceutically acceptable carrier and/or excipient.

9. A process according to claim 1 wherein the plant material is mixed with water,
whereafter an enzyme is added with the organic solvent.

10
10. A process according to claim 1 wherein the plant material is from soy or clover.
11. A process according to claim 1 which is carried out at from 10°C to 30°C.

15 12. A process according to claim 1 wherein the plant material is in particulate form.

13. A process according to claim 12 wherein the plant material is soy flour.

14. A process according to claim 12 wherein the plant material is a variable mixture of

20 soy hypocotyls and soy cotyledons.
15. A process according to claim 1 wherein the plant material is clover.

16. A composition comprising isoflavones produced according to claim 1 optionally in

25 association with a pharmaceutically acceptable carrier and/or excipient.

17. A food composition comprising isoflavones produced according to claim 1 in

association with food components.

30 18. A process according to claim 1 wherein daidzein is purified from the recovered

isoflavones.



17. A Wwos/4e1s3posi tion conprising isoflavones produced pes@ndsogos o cl ai m

1in associ ation wth food conponents. 30 18. A process
according to claim1 wherein daidzein is purified fromthe recovered

i sof | avones. WO 98/ 49153 -19-

PCT/ ALRS/ 00305 | | AT R RN
| sof | avones when prepared according to the process of claimi. ¢ t 20.s A
process 19¢COreifReohés Whet qmeﬁafebqe&irain@qa itied FobedsDfRUiIf1 ed fromthe
recovered i sof'1 avones. 21. Dai dzei n en prepared
according to the process of claim18. 22. Geni st ei n when prepared

B BBongd PPl 4eSstafly ' ALl T uhereit genisten is purified frors thirecavered

AMENDED CLAI M@flavones. [received by the International Bureau on 28 August
1998 (28.08.98); original claim21 anended; remaining clains
unchaged (1 page)]

21.  Daidzein when prepared according to the process of claim 18.

22.  Genistein when prepared according to the process of claim 20.

10



1. A process for the production of j I fromplants of the genus
| egum n 6%84915‘.‘»‘“ ch conpri ses (j ﬂﬁﬂ&ﬂ&at eri al l\‘&f’/ﬂuyﬁgoﬁﬁs a
Cerr]- errﬁ or gani ¢ sol vent and¥ s i ch cl eaves 1soflavone

gl ycosi des to the aglucone form to forma conbination, incubating t he
conbination for a tine sufficient t@&0%tlow isoflavones of the aglucone form
to partition into the organic solvent, and thereafter recovering

i sof | avones from the organi c sdMENPED CLAIMS o A process accqrding to
claiml erved Prether dakareatngd nBuriesu @t 38chusyst 1 19980t2faAB 9806 sol vent
renoved t PGioiRakhclrtmY auended; cxemadBing fa inseun@nged (1sP3geddd with an
organi c sol vent in which isoflavones are substantially insoluble such

t hat i;sof | ay rCl i d,.. are supsequentl ecovered. . 3
A'prodess a5 O5aeRatt b prdiicBNor s tySpRLARACHIARS of the RIS Réymgasae >
conbi RaidiébmifrisePeintichihg PlanbRhteANGRES wikks S0t VCH ofdAficSbvehfaiPdPén ible
and is renoved to give an | sof | avone containing residue and water, which

i s tShavhiclf cleavesrispBavone glycesidasrio ¢het agluaone form,cto fornTheonibidtion; Incibatigavone
sol ubiy i si or.gapi c sol vept .t i ye an .organi nd an aqueous phase, the
or ganite SomtloRtict forca. i sitticient o0 allw GrortRnOfcs ot 6 amBcoreapria o eartiin

i sof | it s ' t

o ol miYBRE of AR R, and BB Roveping isdHlavones it EGRAAROMRED | ©

addi ti on whereafter isoflavones forma water sol uble floccul ate. 5

A progess according tqQ claim1 wherejn the conbination conprises an, aquéous
phase525 co%?%ﬂcm%ﬁsrﬁgcqﬁmgﬁeyhﬁnénwhﬁpwe RESABIG sOlvenh i TgROVSFeh the OfgMise i nt o

whi sﬁﬂ%n.t E&%@eﬁg&eéitve anpi%frlzivl)hg Residue, and ‘the resﬁiugrig(fﬁﬁéd @ﬁ&o;[rpbf_%lnfco claim
1 erein e conbinatron conprises an’emul Sion orimed By VI gotous
m Xi ngoleénttih evhiclgoflavanek umsubstastialbt @soluble such that isoflavones precipitate and

are subsequently recovered.

3. A process according to claim 1 wherein the organic solvent in the combination
15 containing isoflavones dissolved therein is water-miscible and is removed to give an
isoflavone containing residue and water, which is thereafter mixed with a non-water miscible
C,-C, isoflavone solubilising organic solvent to give an organic and an aqueous phase, the
organic solvent phase containing dissolved isoflavones collected and isoflavones recovered
therefrom.
20 |
4, A process according to_claim 3 wherein the organic solvent phase is evaporated with

water addition whereafter isoflavones form a water soluble flocculate.

5. A process according to claim 1 wherein the combination comprises an aqueous phase
25 containing an enzyme and plant material and an organic phase into which the isoflavones

partition.
6. A process according to claim 1 wherein the combination comprises an emulsion
formed by vigorous mixing of the organic solvent and water.

30

AMENDED SHEET (ARTICLE 19)



