;] kl me3e$0B$I : 6TBMb ~ s~~ zoos WATER- SOLUBLE BEAN- BASED 5?;2%%?8 Backgr ound
of the invention One of the newest and nost intriguing area 2004t rition

i nvestigation involves food conponents call ed phytochem cal s.

Phyt ochem cal s, such as isoflavones and their 5 derivatives, are found only
in plants, and although they are not classified as nutrients, they

prof oundly affect our health. See, for exanple, "Phytochem cals, A new

par adi gni—edited by W R Bidlack et al.) published by Technom c publishing
Co., Inc, 1998. The discovery of phytochem cals has caused the dawni ng of a
new era in nutrition. The phytochem cals found in beans, such as soybeans,
are of particular interest. Beans to and the products made fromthem e.g.,
soybeans and soybean products, offer g unique approach to lowering the

i nci dence of many chroni c di seases such as cancer. See, for exanple,

Journal of Agricultural Food Chem stry, 42,1666 (1994); i.d., 43, 1184
(1995). Recently, research shows that consum ng just one serving of soy
foods a day may be e n the benefits of these phytochem cals.
(See "The sinpl e soMAIER-SQLYBLE BEAN-BASED EXTRAGES \pssina et al .,
publ i shed by Avery publishing Gouyp, . Grden Cty Park, NY, 1994). Many
peopl e) however, do not |iﬁﬂg%8”@39?§890vﬁ88% because of their snell

taste, and t@uddftie ne®ag adyrostanttipuinBireastoll AutdiiG inkestigatios yolvends woul d be to
t ake soybean isofl| avpnes as diefary sypplenment,s. .Unfortunatel.y, soybean

[ Sof | av PRE CoraREIoFR 1 A 20V ARt EuSoHRPie T AT FRAPs i of ar y
Supp$ enderivativee cmdifoendbnly heplintd, and Athbudhi theyl aye nan clagsified as adeitGéhegst ei n" by R
El ki ns, prbliﬁgﬁd bﬁ voﬁgl nd PuinEhL | easant Grov ; Lt ah 1998.

Surmar yPOfOUPHRY af1RS Gt HBHE 220¢ for BREPks pEfochy P VAR R $ Eat ures a

wat er - sedinth be Wada Bidlacket ald published 8t Teekdohde publisting Co.Jige,d1988.0r nor e

i sotl avone rivatives.of the formula: 0,7 JJt~ 2004 where .R- i s hydrogen
or: hydroxy, R PEOYAPTRIRIee ‘?’mﬁagi%iv,se%e favRERf8 D&Y B0 BPES™ R 0 bei ng
met hyl @he plgntdvbsyiels Fophnd infeensysich as ybeabi, erelnf patibdsdulerestt Bags, in dried

for [ to_ a It [ . I sof | avone

der  Vat RALHE BRA OIS wam o riaphlepr Bty gHE, Stk sRid 0 717000

mg/ M i Appaedck to mweristhe iRiGiceBL anaqny esonid disepek bachaseander i Seatfowes present in
t he wat ¢f - I N~ tract | ngl hzi:n | Shedy, glycitin
o0 ok Pt SFAGARIRE G iRl e (AL AT A

6" - Omal Begdntipirceamh sievs@hat nailsamipg gehietseming of soy fodds anlay oy bgl ycitin. The
wat er - s N extract, of . this iQveRtion in ne or nore is
a0 avaniiBh & AEAN RIS AL i RicnilB QS Sl LR BP0 B SO

ot hews compdudiit'dy dMdMessined al.npubished by & vernexipsbing Brqupetitrderceity hei r

sol ubi | iphy % Y&fzer. I n another aspect the invention features a method of

prepari ng water-sol ubl e bean-based extract. The nethod includes nixing a
pul veri zed cMadepdvplenhewaverade natilikito eat soy foods because of their smell, taste,

and texture. One way to obviate the dislike of soy foods would be to take soybean

isoflavones as dietary supplements. Unfortunately, soybean isoflavones and their

20  derivatives have not been utilized as dietary supplements because of their low solubility in
water. See "Genestein" by R. Elkins, published by Woodland Publishing, Pleasant Grove,
Utah 1998,

Summary of the invention
25 In one aspect, the invention features a water-soluble bean-based dry or wet extract

including one or more isoflavone derivatives of the formula:




wat er, heating the m xture, adding a coagulant to the mxture to forma
suspensi on) heating 2t) the suspension, and collecting-!ﬁp‘gﬂgg atant to
obt ai n a wat er-sol ubl e bean-based extract. The water-sol ubl based
extract of this invention has a pleasant taste and snell, and exhibits
desirabl e conposition and performance when used as an ingredient in any
food product. For exanple, the water-sol uble bean-based extract can be
conbined with a food product such as mlk. tea, soft drink, juice, coffee,
seasoni ng, cereal, water, 25 beer, cookies, chewing gum chocol ate, or
soup. Other features and advantages of the invention will be apparent from
the followi ng detail ed description) and fromthe cl ai ns. a 7 Jug 2004
Brief description of the drawings Fig.2 1 shows the IiPLC chart of the nmjor
conponents in the water-sol uble bean based extract prepared in Exanple 1.
Det ai |l ed Description The present invention relates to a water-sol uble
bean- based extract inehlslkng isoflavone derivatives having the formula: to
HC wherein R~ is hydr gen, or hydroxy, R is hydrogen or nethoxy, R3 is
hydrogen or CO Ra, R4/Dbel med hyl or carboxymethyl. t 5 Exanples of

(2

genistin, glycitin, ceétyl dpi dzi™p, 6" 4O acetylgenistin; 6"-0O
acetylglycitin, . @g onyl d i mal onyl geni stin, and 6"-O
mal onyl gl ycitin. |soflavongygl ye , xs_darsg] n and genistein, are
absogbed in the stomach or sndd| infesting. and fletabolized to isoflavones
via agl ycones by human intestinal rdcrofl®ra prdduci 20 rhamosi dase,
exo- bet a- gl ucosi dase, endo- bet a- gl udosi dase or béteag sgyfponi dase. See, for
exanple, Biol. Pharm Bull, 21 (1998); Biol. Pharm Bull, 17, 1369 (1994);
and Arch. Pharm Res., 21, 17 (1998). The water-sol ubl e bean-based extract

of thi s whekeeRytit lyirdes of hek@asRels Wadregen 20 hdtdiky, Ry isHydfiged SHTORES t he
physi ol Qgi.cal ahsorpti,on of. the. isofla derivatives. into_ 25 the body
hhan usad e PRON BRBHR ey Tt RErebRI teebut e st i ot i n 1 2
about 5 imides from abait Sao sbousSEipants by veibht Wl issNavdie dervativedtandids.a Wher eas t he
sol uhi lit he wat er - spl.ubl.e -based extracgt of .fhis invention
cont B nishieRy 38t B0 miudnsest CORPPaT bteral foutsobe ERmtEitut 300
mg/ M i nsoflatee derfyapivesgirésynt i the wast-eslulslobeaah/baseld @atfact inciude daidzin,

genistin, glycitin, 6"-O- acetyldaidzin, 6"-O- acetylgenistin, 6"-O- acetylglycitin, 6"-O-

malonyldaidzin, 6"-O- malonylgenistin, or 6"-O- malonylglycitin.

The water-soluble bean-based extract of this invention includes one or more
15  isoflavone derivatives, e.g., an isoflavone glycoside, which complex with other
components contained in beans 15 unexpectediy enhance their solubility in water.

In another aspect the invention features a method of preparing a water-soluble
bean-based extract. The method includes mixing a pulverized crude bean extract with
water, heating the mixture, adding a coagulant to the mixture to form a suspension, heating

20 th_e suspension, and coliecting the supernatant to obtain a water-soluble bean-based
extract. The water-soluble bean-based extract of this invention has a pleasant taste and
smell, and exhibits desirable composition and performance when used as an ingredient in
any food product. For example, the water-soluble bean-based extract can be combined
with a food product such as milk, tea, soft drink, juice, coffee, seasoning, cereal, water,

25  beer, cookies, chewing gum, chocolate, or soup.

Other features and advantages of the invention will be apparent from the following

detailed description, and from the claims.




07 JUN 2004 4 based extract of the invention provides an increase of about
30 fold in the solubility of isoflavone derivatives. In dried form it

i ncludes fromabout 5 to about 50 parts by weight of isoflavone derivatives
and has a solubility fromabout 10 ng/m to about 1, Oooﬂ@b/ g,g mater at
about 25C, preferably, about 10 to about 20 parts by wei ght i sof | avone
derivative and having a solubility fromabout 30 ng/m to about 300 ng/m ;
and nore preferably, about 10 to about 20 parts by weight of isoflavone
derivatives and having a solubility fromabout 50 ng/m to about 200 ng/n.
O course, the weight percentage of isoflavone derivatives affects the
overall solubility of the water-soluble bean-based extract. For instance,
the overall solubility of an extract 10 having a hi gher wei ght percentage
of isoflavone derivatives will be less than an extract containing a | ower

wei ght percentage of isofl agpepad@ipiimldrifsSarafiiigsvari ety of beans can be
used to make the water-sol ubl e bean-based extract of thllﬁjé%nventl on.

Exanpl es of EESahéh%é'éFWWNQ“FW@J%&P@PO@B‘F%WEWB@Q?P Textracts

i ncl ude iy Rkt Pebarkd MiEx@Hpie@. SOybeans, mung beans, bl ack beans, and

ki dney 15 beans.  Pref erabl y t he beans are soybeans. In general, there are
two different types of soybeans, e.qg., food beans and oil beans whi ch can
be ued to make the wat er - sol DeelediBescripied extract of this invention. O
beans are pr *ﬁﬁﬁr{eﬁéﬂt ﬁlvaﬁl%ntem%éé t@@%teﬁ?@ﬁﬂl@ﬁeaﬁ@ééﬂ%ﬁud&fmélﬁtﬁh@' ns relative to
food soybeans i cal oi | beans are first processed to produce
processlmﬂﬂv@mé‘éﬁﬁ‘gewv’@gﬂ}ﬁf% #g soybean 0|I Exanpl es of 20 processes
for elimnating soybean oil can be found in "Soybean Chem stry, Technol ogy,
~and Utilization", by KH8RsLiu, Aspen Publishers, Inc. Gaithersburg,

Maryl and 1999. The methodgsof preparing the water-sol ubl e bean-based extract
of this invention incl/udes\m g about 1 oo about 50 parts by weight of a
pul verized bean 25 crude ex . 00 parts by weight of water
(hot or cold). A pul t can be produced by

extrdeti ng crushed Hea th aboMt 50k to ajout 9064 aqueous al cohol or
100% or gani ¢ sol vents, suchHag .,e W : acetonitrile. An
exanpl e of a pul veri zed bean &fude dxtrac _ N Soy germrepresents
about 1% by wei ght of soybeans yet gpntains a highereegcentration of 30

i sof |l avone derivatives relative to the remaini ng soybeanQbortions. For
exanpl e, "t he concentration of isoflavone derivatives in soy germis about 6
t| mes greater than the remai ning soybean portions. See, for exanple,

" Soy beanwittreisi Bt is ydrreenion bydsepy, Raisdydiogsn o aethonys Rspighdroge o1 $Q-Raps pen

Publ i shegs; 7 yﬁ,}g&g, 5 Gaithersburg, Maryland 1999. Pul verized
bean crug‘abmk’ &zggl lgcg&c as ‘'soy gerns, can be obtained from Schousten USA,

| nc. s SoyLlE’eﬂnp&@Oéﬁqﬂ@eﬁdﬁwat%sPTP&WHEFI‘W‘;fth’EWWPZ’@d soybean crude
extracts 4Gan, hen AYaGRAR, ¢ aet@g%sure@do%e@ itds NOVASOY. 5

!lf
The mxture of é% ﬁ (Fverlzed bean “cru € extract is then heated to
bet ween zﬁb@jtrnali@ﬂd&ﬁ%imaﬁ) malgylpenisiin, apbeirO1valeaylgyeitn- ellsveRaut es and

bet ween %\%wé,% ?ﬁ]- astdRid2AQHd g&&i@%éﬁsﬁﬂemmton&t‘:h soaguliaedinper about 100
parts by wat er s added the m xture to fogrma Egggenm on,

“which is ah@m@’ewlﬁgf&ms%"%tméﬁy%&ﬁhy%“a’ﬁﬁ“aﬂ&fmﬂ%emﬁ bout 1 to

about 551 2Qy R hgs. exm@ta ettat@t %nto.bea-gﬂc@mmwrghuu@mdmcseeq e.g., by
f||trat|on or centrif to obtain a | ubl e bean- %éed extract

havi ng i rfereasel. Bigl ﬁbﬁrl“r 13'5}“ 20GPO8): Bieky IT}’S?"“ tl?’r\é] H-I%?g @ rdand i on or
super nat aﬁtlmp.msbg @ﬂntgggl)ed by adding acids or bases to avoi d precipitating
ypi

i sof | avone derjvatives al th His ad usted t bout 6.0. The
super nat ant tﬁh%wﬁ‘ﬁtﬁtweé%ﬁasﬁég’ﬁ@@dﬁgﬂfg‘egﬁt% Fséﬂﬁ%e‘g‘ﬁé undesi rabl e 15
col or. Depribiiy whioRinigeévee e phividisgleal atdofprias efmetsoﬂame Mvﬁtﬁrﬁs imyedr ogenat’i on
with the aid of a nickel ga@agtﬁ%and ot her gxg % Laues used in
t he n&huftiebesiyavhse used o prgapds Hmab?erg‘ieﬁ%l“ {y & %‘363 ¥bund, for
~exanpl e, hgmi Maﬁmﬁaﬂd%@mtsﬁwi mmlaoisegywhamdxwtsomnmtafm by K Liu,
publ i shed by An pen Publ i cati . 1999 n to oils and

tlon, ] [, nt rlﬁductl 0
fats TechWfiogipo! eé’ﬂ?’t baged,grupst of thisjpvapgps. °ﬁ“ @Bmgﬁh‘b’l"}' OCS Press,
Chanpai gnisoflavene dERGatives) &rabai: 300 mgail idivaer. DBypically, the watcr-soluble bean-




concentrated by any distillation systemknown in the art, including but not
limted to nolecular distillation or evaporation. An exanple of a nol ecul ar
distillation systemis a Wped-FilmStill, avail able frongPPBN Z884£NTI FI C,

I NC, |located at 351 N. Dekora Wods Blvd. Saukville, W 53080, USA
Additional Iy, the supernatant can 25 Qe dried by any drying nmethod known in
the art, such as |yophilization or spray drying. (See, for exanple, U S

Patent No, 5,882, 717). .The water-sol ubl e beap-bas tract Lt hi

i nvent i onb@&H %‘éﬂ%f)@g@\?dwnﬂyn RIS AT FRATPRSE Opibegt gﬁéﬁﬁﬁ%ﬁ}?&aﬁ%}l%?f a

cont i NUOUAXS @ ek iONi RN ddidd BirinOt IRERASS From IWHRE 8! thYabolid SWpRiHPBESSES are
used to hel p maintain reasonabl e manufacturing costs. 30 The solubility of

i sof | avoneegghy ob soflesoriesdesivhgives enhdihas taheletdldiyt from abputabboteg/vl odbavp 3. 0

ts by welght of . | such .as, Cadl 2. . CaS aQ
br oani o of Doy it ERT B eront 35X Brerp’y e 1 R iam R el YWY 2™
mal i ¢ aci df idbofhddel FeriRfith and Qa.vln%] Wo kB9t 2R absit P@mganl tdCihout Séecharin,

gl ucono-D-l actone, and papain in 100 parts by weight of water. Wen

pr epar i ngmghel; esudr mote, predribly, ehoat dapurlavt 20epalts by Weaghh efniseflaene

aggregat eg_of .bean ot.ei.ns_aqr.-ppl cgharide i I plei ng or
denat uri négnvlaﬂgescgzhcgéﬁxpp%tai o) u]%}ﬁ%c%égu%éﬁg 5§i1f% o It3%/’ %R' ggtﬁ(s)qﬁ%%dl'a%unt of
protei ns gsurkykhesreighasdraesagk bf iddeladorRXicriagives kffecte angpletall dodubdlty ofinount s
of coagul ant cause nore insoluble aggregates to form _ This effect permts

control ofherwieiersnlahle hﬁﬁhbﬁse@ﬁxm-é?m Jeitanse ethg oyerail e by 96y §56%har i de in

the extragt.,. as : it I hd j . The
aount? of ThvindSh Wehs 83T BAMURL o HoMbAP deAUNBY QAR BE sk 6R, T
protein) afgact baitgatnee ookt weight ptentigetoli soflesarletderivatbean- based extract. In

general , enough coagulant is to added to produce an extract having,l ess
than about | 9%'&¥ VeHEtY dbbesus<can hpysrd tpop ﬂ%\%‘é’ﬁtler'ﬁ@r)@gétbﬁ% R X gc[tween

221 5 O34 Ay o D ol 1 sl k)

bet ween about o] any ac amount of fat, protein,
Na, Ca, anskradd ticiude bheareabelimsted tubsybbeanmbags beknexhlrcicheansanikidisyer mi ned

by any known anal yti cal thod, sych as by fqll ow ng,the.anal ytical. met hods
r econtend 868y P_trﬁ%ra%g’o °t a%eg?%g%iq ﬁ?@fﬁa@?@r@r Eb%??f?@%i%% . about
0.3 partsshyheui R 188 Gdahk hita 8§ bearsSwRRAREN bOudddfo Mdidcakd wateRsgepier al , i f
too much coagul ant” i s added, the water-sol uble bean proteins,

pol ysacchaeirdesed extrics of lthiv onmentien.i Qi beanssare proferee gineathey dave smalidtie

extract thereb creasi ng the concentration.of. i,sofl.avone rivati,ves in
the extr a&?owét%gp?g?lﬂ%ir%a{%’ﬁ &7 PRS SP%%‘?P%WE?‘%C%} s nbees_. ¥ ape t%%%‘ little
coagul ant piseeaddes prddige PRABeRAP R yBAnE Y IihendiRic g yBeaniodil. Hxdndplearofwhi ch

t he wat er-sol ubl e l{o)ean- based extract is not easily separated. The

wat er 280l @ilcessseafer belgviaing rwebeast oflhican i by dawibrinc aveydsam ddeanisdY.a f ood
pr oduct e&tgc%e:{o&éﬁi}d%%g[gtﬂgra i\éﬁt 1;)9 gm .Tﬂﬁ, fA%ﬁgn @{ugﬂéh%}sdﬁ?t& déﬁi’c rﬁﬁﬁ d a

paste, or ¢t,” such as’ m a, s rinks, |1ices,
coffee, soagoRhd@s99.cereals, water, beer, 25 cookies, chew ng gum

chocol ate, or soups. The water-sol ubl e bean-based extract of this jnvention

can al so incl udéecewetiodr aEtrepatim dicharatgrapiuhle kegabaged sxbRgly O (thiSe, and
mal ts. For, exa6p Iilf‘ciucﬁl:g'?nigﬁlgnﬁ)roﬁt PUHGhod Putts by weight of a pulverized bean

25 crude extract with about 100 parts by weight of water (hot or cold). A pulverized bean
crude extract can be produced by extracting crushed beans with about 50% to about
90% aqueous alcohol or 100% organic solvents, such as ethanol, methanol, or
acetonitrile. An example of a pulverized bean crude extract is soy germ. Soy germ
represents about 1% by weight of soybeans yet contains a higher concentration of

30  isoflavone derivatives relative to the remaining soybean portions. For example, the
concentration of isoflavone derivatives in soy germ is about 6 times greater than the
remaining soybean portions. See, for example, "Soybean Chemistry, Technology, and
Utilization", by K. S. Liu, Aspen Publishers, Inc.




can be processed to_eether with beans by the nethodol ogy described above to
produce a wat er-sol ubl e bean-based extract of this invention. Additionally
t he wat er-sol ubl e bean 30 based extract can be fortified gyt{juNRes4rol ytes,
flavors, preservatives, and other additives, (e.g., vitam n supplenens and
mal todextrin). fixanples ofpreservatiwes include, but are 07 JUN 2004 7
not limted to, ascorbic acid and propyl gallate. Exanples of electrolytes

i nclude, hut. are nat |im.t to,, m sium sul fate an ot assi um chl ori de.
Wthout "t CACHEPUEE i, L}lu‘f%“z%gl cad BhroE i aucly YEEEPIBYi on has
adequat el Ye gHaRE FrdnD SHISRENISA,THE N ISRYLifd 180 b SO 5S NeRdrhateeB)anpl es

are, 5 therefore, to be construed as nmefely illustrative, and not

| i mtati veulytrizedesaybern pmde exfractheanlibsqiuochased fiomadychanPaptedt d6dlasd. Al | of
t he publications cj ein, including patents, are hereby incorporated
by refereﬁ%ﬁq?ﬂy?igﬁﬁggﬂ??rety. Exanple 1 |0 Pul verized soybean crude

product (1 kg) TeXthaeire b ittr ahopuRR%aguaobmdElddiacti isethen Syt fte 150
pur chased from Schousten USA, Inc., was added to 3 |liters of hot water at

70C. The hetoteanr ebawi $0LE japd ebouitl 00 CTareboaiol Miorbanigl 20Haiutgs and Gefvsen3o nin.

The resid | ug i I Y. | i m xture
at 10, 000 808 00 b bR, LA sh Rl Phtor SRSl B oy R B PR T
(about 0. @2tdWhis addedwasheatitiedretto férea Supensiad, artiiciaizxcheattdiaghiarnalbestdennng was
continued at30 C for 30 m n., The supernatant was filtered through a 1-wm

pore si ze PR rOF{Iandrabanti 1Y€l Esrbaul bitp SRP Wl 0 meesy 19¢ |SPPEpAFt Hhe
filtrage e{;&%p topbRie reréé,dboyk Rt %r!deﬁﬂfu%ltiﬂﬁ,st fn%)lﬁﬁh PRI W8S uble
ed i th n f nts (

hydr ogena € presé catalytic ano about 3 granms) of 5%
Pd/ C at 1@eai-based chtyat baeng frereaSechsadubilitye Additiohalty, 2tedpHiof ther suspasion

mcrofiltered (0.2-wm pQore 20 sjze ield a clear water-sol.uble
soybean- b&s é&P@?ﬁtﬁJngzarE Cuf ]Bsﬁeck g)_yéacﬁqcl)lgéragd_s CUN a%ttgrgvsoéé dﬁf:Cém?atmg
soybean- bagedyaetdAohinR! By &S pihid hafk@h ke ssbuby.gni gh pressure 1iquid
chr omat ogr aphy HPLC%. The HPL&’ was condftilct ed on a C 18-reverse phase
col um150mm x Zhémsnpersytamething oShinelt ¢aRbe Slcanlarizeabloeremoymam pisdesirablsi ng
15 color. Decolorizing methods include, but are not limited to, hydrogenation with the
aid of a nickel catalyst, and other bleaching techniques used in the manufacture of
soybean oils. Decolorizing methods can be found, for example, in "Soybeans,
Chemistry, Technology, and Utilization” by K. Liu, published by An Aspen
Publication, 1999, and "In Introduction to oils and fats Technology" edited by P. 1.
20 Wan, p-95, published by AOCS Press, Champaign, IL. The supernatant can also be
concentrated by any distillation system known in the art, including but not limited to
molecular distillation or evaporation. An example of a molecular distillation system is
a Wiped-Film Still, available from POPE SCIENTIFIC, INC, located at 351 N.
Dekora Woods Blvd. Saukville, W1 53080, USA. Additionally, the supernatant can
25  be dried by any drying method known in the art, such as lyophilization or spray-
drying. (See, for example, U. S. Patent No. 5,882,717).
The water-soluble bean-based extract of this invention can be produced by a
batch method or a flow method, i.e., a continuous extraction and filtration process.
Typically, flow processes are used to help maintain reasonable manufacturing costs.
30 The solubility of isoflavone glycosides is enhanced by the addition of about
0.001 to 3.0 parts by weight of a coagulant, such as CaCly, CaSQ4, MgClz, MgSOy,
any organic or inorganic acid, (e.g., citrus juice, fumaric acid, lactic acid, malic acid,

tartaric acid,




a gradient elution nmethod, 1 m/mn for 20 mnutes with 15% 40% aqueous 25
acetonitrile and 0.1%trifluoroacetic acid at 30C. The Eqﬂﬁ¢2§g § or was
set at 254 nxn. Figure 1 shows the HPLC chart of the mmjor conpohents in

t he sol ubl e soybean product in Exanplel. Each of the peaks fromthe HPLC
chart is listed in table 1 below along with their retention tinme, peak
area, and percent area. Several individual conponents of the extract were
identified by conparing the retention times of the 30 unknown conponents to
retention tines .0 7 J~t~ 2p0 of known isoflavone glycosides anal yzed by
HPLC under the same experinental conditions. The water-sol uble
soybean-based extract solution was al so characterized to determne the

rel ati ve anmounts of the conponents of ¢ he extract. A sanple of the extract

was sent ana Fo ducts Laboratory I nc | gcated in
Port | and{”gé‘ Eﬁ]gg hﬁ)nw%&n dadietengParam i %)J?tpla’é%@-‘f veightuded <0. 1%
fat, 5%0@h@kﬁlWheﬁ§t%£ﬁgﬂﬁQyﬁic@taﬁcﬁné @.@Icaa%%ﬁheﬁdsd@&hmleéa%mesof I avones, 8%
m neral s, and 1% noi st ur e. ~ uu~ 2o0a-~ Table 1. HPLC anal SI s of

sol ubl e 28E5ERESOT B?aemwnwpekfam@dgmm@m -Brking eredenpaiieing.

A eaAr e abhd¥htfatioNBELSagulant direct! affects the amount of proteins or polysaccharides in t
sec) (99 Conpound16. 94056. 950. 35N. D. 27. 23185. 420. 53N. D" 37. 661164. 091 02N. D. 48

. 09051 29*6%5 1 Foysrampis.iey .%W??@OSE&@} SRNEF Jrererinsolpbie aggweales80. 12N. D. 710. 65
223. 890.fam\. mﬁafﬂccq&aaﬁs&aeoxzﬁmeﬁbt&%o@aéﬁwm&&au% Jebidhhd. 9901378. 498. 56G

eni stinll 766.75.190. 47Nal on Dai dzi 13.04852. 950. 33Mal onyl
dyciti r?fg}'ﬁc chrgifis gikge sxirpgts %“6‘75\ Je’ﬁ Sﬁéi ﬂ Hgthits“’ﬂa?"f&?l@l“'ms 8§'yﬁcet yl
G?g;;%;ﬂ%r?éﬁt ;ge&ﬁﬂlaﬁﬁebameDCMe&ﬁﬂﬂgd W&e&ﬁ%@héf&h&ﬁﬁ%a450 36N. D. 1817

a yci ti f1gesy A@f@%ﬂ?i“’?é“@’kﬂef‘P“é‘PT‘?&MS"%ﬂzEl@@ewﬁ POpgh PESHHB ¥25. 65747. 890
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20  mixture forms a colloid from which the water-soluble bean-based extract is not easily
separated.

The water-soluble bean-based extract of this invention can be added to a food
product either in dried or wet form. The food product can be a solid, a paste, or a liquid
food product, such as milk, tea, soft drinks, juices, coffee, seasonings, cereals, water, beer,

25 cookiés, chewing gum, chocolate, or soups.

The water-soluble bean-based extract of this invention can aiso include co-extracts
from other grains, such as barley, rice, and malts. For example, one or more other grains
can be processed together with beans by the methodology described above to produce a
water-soluble bean-based extract of this invention. Additionally the water-soluble bean-

30  based extract can be fortified with electrolytes, fiavors, preservatives, and other additives,

(e.g., vitamin supplements and maltodextrin). Examples of preservatives inciude, but are




A cl ear water-sol uble soybean-based extract (2 liters) obtained in the sane
manner as described in Exanple i. The extract solution was then |yophilized
using a lyophilizes manufactured by Bertis Corp for 2 daygz dUN 2604 under 10
nm Torr, resulting in 350 g of a pale yellow dry cake. The cake, which
contained 70 g of isoflavone derivatiwves, had a 20 solubility of
approximately 200 ng/m . The solubility was tested by first adding 1 g of

the dried extract into. 1 m. of pure r at 25C with agitation for 5 mn.
I f the exP?';l&'P“ 10, AOTRIG AR ARE IRORYL g@i%%%e@‘agm?%gﬁeﬁ?cﬁg %Stlfl?)lﬁ%’ bélgot her 1
M of wat gf MRRRALEeS nAMledg sulFiESHE bbhskiuth ¥hifige agi tated for 5 ninutes at

25C. Next, the mxture was visually inspected to determine if the extract
had conpl et el yVditmsb|furthir ¢lhbaration, isitie roelevedsthandks abeneed dpseriptions bas

i ncrenent s, and itated for 5 mnutes after ch_addi ti-on _of unti |
the extr ae@%@%&&%ﬁ%ﬂ?@ P, gtofqygﬂé% t}l%s Jﬁﬁo"ﬂﬁé pséjgéliﬁgn?)?m& e?’fe’
Embodi srenpierdiik, @ bd dstred grﬁ&eg iH64tQ596, Anfl rohiiitaRecsd the amdinderay be
conbined in any 30 conbination. Each feature disclosed in this

speci fi cathieohisdlegrom apyax sdaisgeven Al of thrapyblsatiangtaiied herinsipguding sane,
equi val ent,, or simlar.pur T n o~ .~ ~1~~ 200 tt expressly
stated ot R%"P%S’saéf? H‘%rgﬁ‘ 1r¥§?§ga?€d%%gﬁ§%%c§éﬁ?geﬁoer?f1§/et%n exanpl e of a generic
series of equivalent or simlar features. Furthernore, fromthe above
description, one skilled in the art can easily ascertain the essenti al
char act er B&@mple lof the present invention, and without departing fromthe

Spirites and seaRg 'E%i[ego%/%faan 6Qle %cyggggj;é%ﬁdg%gﬁ? PGt} fag@hisons of

the invention a It 'to various u t1rons. Thus, other
enmbodi menEsOH[ Ee.pbSyLifkl S prchined dtomi SshoudkeatUS 4, lot.aivardddesl:to 3 10@rsIIN 2004

121 Avetersol uple bean: based oxtrget, compr i ng. ong. or, gy sgfl avone
min. The residue and solution were roughly separated by centrifuging the mixture at
10,000 x g at 50°C. After decanting, 6 g of CaCl,, food additive grade (about 0.02 M),

15  was added to the supematant and additional stirring was continued at30 C for 30 min.
The supernatant was filtered through a I-um pore size microfilter and yielded a yellow
solution (2.5 liters). The filtrate was then transferred into a 5-liter glass flask and was
hydrogenated in the presence of catalytic amounts (about 3 grams) of 5% Pd/C at 10
atm of hydrogen for 5 hrs. The decolorized mixture was microfiltered (0.2-pm pore

20  size) to yield a clear water-soluble soybean-based extract solution (2.3 liters).

The water-soluble soybean-based extract solution was characterized by high-
pressure liquid chromatography (HPLC). The HPLC was conducted on a C 18-reverse
phase column150mm x 4.6mm, Symmetry Shield RP18 available from Waters, using
a gradient elution method, 1 mi/min for 20 minutes with 15%-40% aqueous

25  acetonitrile and 0.1% trifluoroacetic acid at 30°C. The HPLC detector was set at 254
nm. Figure 1 shows the HPLC chart of the major components in the soluble soybean
product in Examplel. Each of the peaks from the HPLC chart is listed in table 1
below along with their retention time, peak arca, and percent area. Several individual
components of the exiract were identified by comparing the retention times of the

30 unknown components to retention times




10 Wherein R~ is hydrogen or hydroxy, R2 is hydrogen or nethoxy, R3 is

hydr ogen or CO- R4, RQ being nethyl or carboxynethyl; an Q@@Mﬁﬁ r-sol ubl e
beanbased extract, in dried form includes from about 5 to 0 parts
by wei ght of 15 isoflavone derivatives and has a solubility from about 10
nmg/m to about 1,000 ng/m in water at about 25C. 2. The water-sol uble
bean-based extract of claim1l, wherein the bean 20 based extract is based
on soybeans, nmung beans, bl ack beans, or kidney beans. 3. The water-sol uble
bean- based extract of cIa|n11 wherein the bean based extract is based on
soybeans. 4. The water-sol ubl e bean-based extract of claim11, wherein the
wat er 25 sol ubl e bean-based extract, in dried form includes fromabout 10
to 20 parts by weight of isoflavone degivatives and has a solubility from
about 30 ng/n1 to about 300 ng/m in water at about 25C. 5. The

wat er - s f kB iseflayorrglucesides analyeeddty BRI wider thi sams experireenidt er 30 sol ubl e
bean- bas@gdgigdsr act, in dried form includes fromabout 10 to about 20 parts
by wei ght of isoflavone derivatives and has a solubility from about 50

ng/ M to abodbe Yesr-friuble sayheanchaged extrach priwionoge also chagartesiepd 2004 13 6. The
vat er - s Geithhie ’E}ﬁ‘:q'aa HASHbufE bF A€ kol onQﬁl@bﬁﬁ'nL & rAeéaﬂl Jlﬂ’ dheQth@vone

derivative is daidzin, genlstln ace da|d2|n

6" - Ceftc et WasGen fasadranalge yFaeéPsnﬂgqtyéhoramry e, @cpted ivBardandoRt, BISA,
6"-O m'xﬁﬂﬁé'l‘@ﬂ"éﬁw}d\r@d nﬁﬁm@s ﬁe%ﬁ?ﬂ:ﬁhé’&d W" fat, 3% progcﬁ? 6yt er-sol ubl e

bean-based extract of claim®6, wherein t bean based extract is based on
soybeanscarbghydraies %BWG@BF‘%R@‘V@&@WM&% Berads andoX% Bloiftyre-6, wherein t he
wat er 10 sol ubl e bean-based extract, in dried form includes from about 10
‘to about 20 parts by weight of isoflavone derivatives and has a solubility
fromabout 30 ng/mM to about 300 ng/m in water at about 25C. 9. The

wat er - sol ubl e bean-based extract of claim6, wherein the water15 sol ubl e
bean- based extract, in dried form includes fromabout 10 to about 20 parts
by wei ght of isoflavone derivatives and has. a solubility from about 50
nmg/ M to about 200 ng/m in water at about 25C. 10. A nethod of preparing a
wat er - sol ubl e bean-based extract conprising: 20 m xing a pulverized crude
bean- based extract with water; heating the m xture;




adding a coagulant to the mxture to forma suspension; heating the
suspension; and collecting the supernatant to obtain a ter-soluble
bean- based extract. 25 11. The nethod of claim 10, where mﬁn based
extract is based on soybeans, nung beans, bl ack beans, or kldney ean

The met hod of claim 10, wherein the bean-based extract is based on 30
soybeans. 13. The nethod of claim 10, wherein about 0.01 to about 3 parts
by wei ght of the coagulant is added to about 100 parts by weight of water.
35 14. The nmethod of claim 13, wherein the coagulant is citric acid. 07
JUN 2004 14 15. The nethod of claim 10, wherein the supernatant is
collected by filtering the suspension. 5 10 15 20 16. The nethod of claim
10, further including drying the supepnatant to obtain a dried

wat er - sol ubl e bean-based extract. 17. A nethod of preparing a water-soluble
bean- based extract conprising m xi ng about 1 to about 50 parts by wei ght

oat o1 P”?@% L apERay Ty a@é 1 Gyt s OR AP ERRERIRA 1 00 %10
to abou ng af&B8&JHtant to tthW&turetCJforn1a

suspensi on; Iaceatl ng thqnﬁﬂ)spenqmut@edget ween akogyt SO&QJmﬁhrﬁbout | 00C for
about l—tg—about—Il20 i nut 85 ain a

wat er - sol ubl & bean- bas&Pttract. 1856H8% net ho®38f cl ailfd7, wherein the

bean-based extract is kaggd on soybeggsyn mung bgaas, bl aglp. beans or ki dney
beans. 19. The nethod of claim 18, wherein the bean-based extract is based
on soybeans. 310. 25 117-6®t 12, 13. 3¥H4Q9 15 4H02 N.D.

4 8.090 5129.91 31.85 Daidzin
5 8.507 2722.58 16.90 Glycitin
6 10.376 19.68 0.12 N.D.
7 10.652 23.89 0.15 N.D.
8 11.069 34.82 0.22 N.D.
9 11.685 © 367.98 2.28 N.D.
10 11.990 1378.49 8.56 Genistin
11 12.766 75.19 0.47 Malonyl Daidzin
12 13.048 52.95 0.33 Malonyl Glycitin
13 13.461 3038.54  18.86 Acetyl Daidzin
14 13,771 1421.88 8.83 Acetyl Genistin
15 15.723 33.08 0.21 N.D.
16 15.942 43.63 027  _ ND.
17 17.265 58.45 0.36 N.D.
18 17.737 867.85 5.39 Acetyl Glycitin
19 18.236 288.12 1.79 Glycitein
20 18.822 196.99 1.22 Daidzein
21 25.657 47.89 0.30 Genistein
Total 16108.41 100.00 N. D.: Not
Determined




20. A water-sol ubl e bean-based extract prepared by the nethod of claim21.
A wat er - sol ubl e bean-based extract prepared by the net ho@zogpﬁlmggl 22. A
wat er - sol ubl e bean- based extract prepared by the nmethod of claim23.

wat er - sol ubl e bean-based extract prepared by the nmethod of claim 24. A

wat er - sol ubl e bean-based extract prepared by the nethod of claim25. A

wat er - sol ubl e bean-based extract prepared by the nethod of claim 07 JUN
2004 15 5 26. A water-sol ubl e bean-based extract prepared by the nethod of
claim 16. 27. A water-sol uble bean-based extract prepared by the nethod of
claim17. 28. A food product conprising the water-sol ubl e bean-based
extract of claiml. 10 29. The food product of claim 28, wherein the

bean- based extract is based on soybeagg, mung beans, bl ack beans, or ki dney
beans. 30. The food product of claim wherein the bean-based extract is
based on soybeans. 15 31. A food product conprising the water-soluble

bean- bajﬁd eg&ract of claim9. 32. A food product conprising the

wat er - ean- based extract of 20 claim 20. 33. The food product of

cl aim 28, wheukervet beybbaogudepecinet (1ikg) extdaéted wWitlaboemo$(% dqdemlraEtpiﬁ ce, coffee,

seasonin c00 chew or soup.
35 20 e SPEGE P plifhien OB RehRBE Ui e M bl R i Bf e Mt 07 2P
sof t &r mie,rm;:mrecms stinéd a80°ContHmimamd ﬁmraﬁaqueommnpn tﬁamm;s) cfwitkices, ¢ hew ng
gum choc 30. 35. ood d wherein the
food pr o‘ﬁ@é?& g)'s ¥§%F$m§ % %ﬂ’lrﬂﬁm’e’ "t&‘fgéﬁﬂéﬁ%f’ﬁj&eﬁf gge %hﬁ cereal ,
wat er, lresdduye and exklumﬁ: wetd fildredithepugh a Celive bbdiﬁrﬁpap&fﬁlmompﬂer %uuﬁlih é’hé ood pr oduct
of clai‘- I mher he f 00 3 k, juice,
cof f ee, n@%ﬁ‘% St ﬁﬁa %rogaﬁlwvé?@@%gﬁﬁtgfs sP&%’ﬁwgs oﬁw\:/ﬁo&?g um c ocol ate, or
soup. 37 ﬂﬂiﬁtr:itganhdpxsbpﬁlatﬁ Of Thel fidtrare 825 pwified & mnmmbafcmudbpﬁuﬂmm is mlk,
tea, . soft. drink, f eas cereal r cooki es,
chew (ﬁ laucﬁllng ﬁ:g fi &dﬁag qug f‘ 691‘(5 (5&? 2(8‘& B:zc gpﬁ?ﬁﬁlﬁ{f’rﬁ gigg;bra%ﬁ)%ndert{r%&{um.

The purified fltrate was thcn concentrated by using 2 inches wiped-film stills (Pope

Scientific Inc.) at 70°C under 20 mmTorr to yield a light yellow water-soluble soybean

based extract solution (18 liters).

1%  Example3 7
A clear water-soluble soybean-based extract (2 liters) obtained in the same manner

as described in Example 1. The extract solution was then lyophilized using a lyophilizer
manufactured by Bertis Corp for 2 days at ~85°C under 10 mm Torr, resulting in 350 g of
a pale yellow dry cake. The cake, which contained 70 g of isoflavone derivatives, hada
20 solubility of approximately 200 mg/ml. The solubility was tested by first adding 1g of the
dried extract into 1 ml of pure water at 25°C with agitation for 5 min. If the extract was
not completely dissolved (visual inspection), another 1 m! of water was added and the °
resulting mixture agitated for 5 minutes at 25°C. Next, the mixture was visually inspected
to determine if the extract had completely dissolved. If not, water at 25°C was added in 1
25  ml increments and agitated for 5 minutes after each addition of water until the extract was

- compietely dissolved by visual inspection. .

Other Embodiments
All of the features disclosed in this specification may be combined in any
30 combination. Each feature disclosed in this specification may be replaced by an

alternative feature serving the same, equivalent, or similar purpose. Thus, unless




16 38. A nethod of preparing a water-sol ubl e bean-based extract from bean
gerns, conprising: mxing pulverized bean germs with wat§ ﬁ%ﬁ??mﬁg t he
m xture; 5 adding a coagulant to the mxture to forth a sus ; heating
t he suspension; and collecting a supernatant of the suspension to obtain a
wat er - sol ubl e bean-based extract. 10 39. The nethod of claim 38, wherein

t he bean-based extract is based on soybeans, nmung beans, black beans, or

ki dney beans. 40. The nethod of claim 39, wherein the bean-based extract is
based on soybeans. 15 41. The nethod of claim 40, wherein the coagulant is
an acid. 42. The nethod of claim4l, wherein the coagulant is an organic
acid 20 43. The nethod of claim42, wherein the coagulant is citric acid,
fumaric acid, lactic acid, malic acid,,,or tartaric acid. 44. The met hod of
claim 43, wherein the coagulant is citric acid. 25 45. The nethod of claim
41, Wnereeﬁxasstymte@agu{vae,teai:}sfeaanimreganik 6nlfah ekampfe of ApendiRisértd opf Cl ai m 45,
whereln t he coag is HCl, HZSO4, or H3P04. 30 47. The nethod of claim
38, wher"gpixalenQ @5& °§WFS|S an acid. 48. The method of claim47, wherein

t he coagul anmunlsenaaepﬁ@ﬁmeeba@dascnﬂ,ﬂon,m@swmhomeaftcﬁieammeé&uaﬁmer ein the
coagul a UN .2004. 17 5 reparing a

A net hod of
wat er - sg*‘%‘fffeé‘% éﬁmﬁ%‘f’é’ﬁs %@?er'gﬁs(emf’%ﬁwl%éﬂdw d@e%'ﬁﬁﬁf' irring
pul ver i zad sdapathegef, tin mﬂd: \anm&gaﬂgaﬂindl rodiffvatiead omteefveﬁtﬁmfte Fadﬁpaut suspensi on;
and 5 cqllectln ata of n%u3g9n5|on to unﬁéa a mater sol ubl e

bean- bas edEXt P%@fsm ebnditfons. s, ot 0% énts are aiso wi

What is claimed is:




wherein the heated water has a tenperature of 30-100C. 51. The met hod of

cl aim50, wherein the bean-based extract is based on to soybeans, nmung
beans, bl ack beans, or kidney beans. 52. The nethod of cl@fguNL200derein

t he bean-based extract is based on soybeans. 15 53. The nethod of claimb52,
wherein the coagulant is an acid. 54.Jhe nethod of claim53, wherein the
coagul ant is an organic acid. 55. The nethod of claim 54, wherein the
coagulant is citric aC| C acti.c acid, nma

tartaric acid.HS . %%Fﬂ@gaé?m%gﬁ?&F§%$ﬁﬁﬂ@?@?ﬂgPﬂ%bE%QS%F% th% citric
aci d. 57.dmﬁﬁﬂmmﬂﬁﬁheﬁﬂnnmﬁln153, wherein the coagul ant is an inorganic
acid. 25 58. The nethod of claim57, wherein the coagulant is HCL, H2S(qg,
or H3PQg. 59. The nethaod of claim50, wherein the coagulant is an acid. 30
60. The nethod of cl&tf™®D, wherein the coagul ant is an organic acid. 61.
The neﬁhod of claim CMhereln the coagulant is citric acid.
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A method of preparing a water-soluble bean-based extract comprising:
20 mixing a pulverized crude bean-based extract with water;
heating the mixture;

adding a coagulant to the mixture to form a suspension;
heating the suspension; and
~ collecting the supernatant to obtain a water-soluble bean-based extract.
25
11. The method of claim 10, wherein the bean-based extract is based on
soybeans, mung beans, black beans, or kidney beans.

12. The method of claim 10, wherein the bean-based extract is based on

30  soybeans.

13.  The method of claim 10, wherein about 0.01 to about 3 parts by weight
of the coagulant is added to about 100 parts by weight of water.

35 14.  The method of claim 13, wherein the coagulant is citric acid.
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16.  The method of claim 10, further includiﬁg drying the supernatant fo
5  obtain a dried water-soluble bean-based extract.

17. A method of preparing a water-soluble bean-based extract comprising:
mixing about 1 to about 50 parts by weight of a pulverized crude bean-based
extract with about 100 parts by weight of water;
10 heating the mixture to between about 60°C and about 100°C for about 10 to
about 120 minutes;
adding a coagulant to the mixture to form a suspension;
heating the suspension to between about 30°C and about 100°C for about 1 to
about 120 minutes; and
15 collecting the supernatant to obtain a water-soluble bean-based extract.

18. The method of claim 17, wherein the bean-based extract is based on
soybeans, mung beans, black beans, or kidney beans.

20 19, The method of claim 18, wherein the bean-based extract is based on
soybeans.

20. A water-soluble bean-based extract prepared by the method of claim

10.
25
21. A water-soluble bean-based extract prepared by the method of claim
11.
22. A water-soluble bean-based extract prepared by the method of claim
30 12
23. A water-soluble bean-based extract prepared by the method of claim
13.
35 24. A water-soluble bean-based extract prepared by the method of claim
14.
25. A water-soluble bean-based extract prepared by the method of claim
15.

40
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26. A water-soluble bean-based extract prepared by the method of claim
16.
27. A water-soluble bean-based extract prepared by the method of claim
5 17,
28. A food product comprising the water-soluble bean-based extract of
claim 1.
10 29.  The food product of claim 28, wherein the bean-based extract is based

on soybeans, mung beans, black beans, or kidney beans.

30.  The food product of claim 29, wherein the bean-based extract is based
on soybeans.

15

31. A food product comprising the water-soluble bean-based extract of
claim 9.

32. A food product comprising the water-soluble bean-based extract of

20 claim 20.

33.  The food product of claim 28, wherein the food product is milk, tea,
soft drink, juice, coffee, scasoning, cereal, water, beer, cookies, chewing gum,
chocolate, or soup.

25

34.  The food product of claim 29, wherein the food product is milk, tea,
soft drink, juice, coffee, seasoning, cereal, water, beer, cookies, chewing gum,
chocolate, or soup.

30 35.  The food product of claim 30, wherein the food product is milk, tea,

soft drink, juice, coffee, seasoning, cereal, water, beecr, cookies, chewing gum,
chocolate, or soup.

36. The food product of claim31, wherein the food product is milk, tea,
35 soft drink, juice, coffce, seasoning, cereal, water, beer, cookies, chewing gum,
chocolate, or soup.

37. The food product of claim 32, wherein the food product is milk, tea,
soft drink, juice, coffee, seasoning, cereal, water, beer, cookies, chewing gum,
40  chocolate, or soup.
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59. The method of claim 50, wherein the coagulant is an acid.
30
60. The method of claim 59, wherein the coagulant is an organic acid.

61.  The method of claim 60, wherein the coagulant is cifric acid.




