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MEFHOD OF PREPARING A FOOD
PRODUCT FROM CRUCIFEROUS SPROUTS

Fhis i w oonfipuation of apphication Ses. Mo QLE28.858
fiked Sup, 15, 1995, now TS, Pl Mo, 5FRRAUS,

The LLE, Governmom bas 2 padgp foense in dles
inventior atl Ebe right in Dimited circumstanues 40 neguine
the prterd dwntr 1o ficcose otless 9o reasonable Hemd oF
pravided far by the terme of wwant POT CA 44530, ertitfed
“rlovel Steatepies for Chomopmtection Agains Tunest”,
(Paul Talslay, Peincipal investigarod) awarded by the
Mationa) Caacer fnstitute, Bepartment of Health and Human
Services,

RACKOGROUND OF TIE MVENTION

1. Ficld of fovention

This inveniion eixtes 1o o Sietary spproach fo rudeemg
the lavel of carcinogens in asimels and thedr eslls and
vhoroby reducing the risk of developing concer. [n pariculsr,
Usis invention rebates 1o e produsiion wd consemption of
fopds which are rich in cageer chemoprotective compoudds.
More specifically, tis fuvention relines i chemoproteniive
compounts What modiiae mammakiae earminies which ate
ipvalved in metabolisnt of corcinogess, 'This invention
robstey to Fordd soupces which ars exlramely rich in com-
pounds thal induos the activity of Phase 2 engymes, withou!
inducing biolopically signhficant activities of those Phase §
cmeymes 1hal activale carciongens,

ik Frackgnonnd

i iy widely recopaized thu diet glays & forge sole in
contralling Yhe sk of dovelaping sancers amd thal incrénmd
consumpling of faits asd vegeiables roduocs caooer -
dopes 0 hoemans, 1t s Selloved shal 2 mafor decchanism of
prptecting tepends o e presencs of cheiical componerts
in ploms ek, whi delivered 1o mammalian ks, clovits
lovels of Phase 2 onzymes fd deloxily carcinogens,

Barly stadies an the mechaninn wf chimoprétedtion by
cenain chemintis asstined hal e CloMppEGlIcon
Srufuendd netfvition B ponoosyEemises, sbse kngom a5 Fheid
1 omwyimey ar slechromes P50, Hoviver, Talalay of sl
Freviewed in “Chomioat Prosection Agziny Cancer by
Ipduciinn of Elecirophile Dotosication (Flase I} Encgrmes”
In: CRLLULAR AND MOLECULAR FARGETS OF
CHEMOPREVENTION, L. Wanesberp ¢f 2., CRC Press,
Hotz faton, Fa, pp 4069-175 {19527 detwimined thal
sdministrniion of 1Bt known chomapmtecior butylated
hipdoayanisale {Hilﬁ(} to rodents resited in llide change in
cytochromes P50 (Fhase | enuymn) activitios, bt pro-
Coundly chevated Phass 2 enmymes, Phass J enxyies sveb o
plutsltiore wanslorass, NADFHguisene mduclase {QID
sat pluowronoyirausfirases, detusily DNA-dwmaging
ehectophilie frrms of nitlaile cantintgens, Seloctive indae-
ors of Phase 1 cwpymes ar desipeited monofanctionat
{ndueges, Prochasks & Taiakey, Canoer Res. 487 47764782
(1988, The monofandliohal inducers wre poadly alk clecis-
pititos and Belong % B distinct chemicsd chasses including (1)
diphenots, phonylencdiamines and guinoacs, (2) Michael
reaction seouptors oontaining alelins o acciylomes oamjn-
patedd 1o slectron-wilhdeawing wroups; {3} isphineyansies;
{1} 13-dithinke-3-thienes; {3} hydroperoniion (8 wivale
innrgunic At oipaie arsenic duchabives; {73 heavy mctaly
with gatencics relsed do feir alfialtics Tor fhiol goowps
imclediog De®, and Cd™ ad (8) vicinal dhucriaplins.
Provnera ol ., Mroc Naof Al Sof. U834 8 200632000
{155%}. Tho onty appursn CoMmOR propery shated by 3f of
these lndicers 45 their shility to renel with shial groups,

R

w1

3

LH

o

55

2

Chemopmicclive igems oo be psid 0 mduoe Hie st
ceptiliitity of mumma ks 10 e toxic sad pooplastic etfects of
carcinogens, Those chemoprdieniors san be of plant crifdn
ot wynthetie compounts. Synibetic andbops of nuturally
protreing fndpcers bave nbig booa goperated amd shivwn o
Pinck chemicy! caroinopenesds i animads. Posner f 4k, J,
Med Chopr, 37 170156 {1994) Ao o al., Prov Natd
Acad, Sef U84 91 310315001905 M o b, Conedy
Res., {Supphh 5% 1990519815 {1994),

IHighly elficien) methods have betn developed Tot mbar
siirk The potency of piamd eniracs to inGeeaso o indues te
activities of Phass 2 cmomes, Prochaska & Santemaris,
Anal, Binckem, 169 328-338 {1965) sud Prochaska ¢l al,
Proc. Nail, Acwd. Sed USa B9 3042308 (1990, In
addition, these motheds have been Gmployed for isalating
the composntds responsible for the nductr activities n
phanis and foe svaduating e anllesrclaogenic aciivities ol
thoso compirmds e thel seatheic anutops. Zhabg ob i,
Frop, Mard, Acad, Soi. D84 89 2309-200% {199 amd
Posner vf 2l F Afed, Clear, 37 §70-170 {19M4h

Adthouph inducer stibvity haw begn Tinsd in mady diffbr-
opt Trmilies of cdinle plants, the Rmoums are highly
variable, deperding on Gty gets, spicies, verioly, or
cultivas of the plant selestion and on growdh and harvestio
condiions, Thus, there 5 4 nesd in the o w0 identily
particular clible plats and methods of groving and pro-
paring thern Ml yield high levels of Phise 2 enupme-
tndvoor sodivity for chemtprateniion, Thee is alse 4 poed
for methids of prowing and preparing cditde planis thy
produoe o hnowd spectren of specific indedors off Phase 2
CREVIRG vy # onder o increase the ellitioncy with
which specific cactnonens, or aws of checinngens, are
taapsted for imdctivation, In sddting, dhie &= 2 aced for
reethods of gl breoding and selection (o intreasn T bl
of Phags 2 inducor ackiviiy rod 10 manipedate e spoctmim
of inthioots peotuctd in particling callivars,

SIMAMARY OF THE IVENTION

I 3= am oljoct of she presenl invention to provide food
protcts and food addiibees that siy ich 0 cancer el
protective CompoTnds.

Aauther olject of the prestot ivention is o previde food
protes which contain subslontial guantities of Phwee 3
coyiRG-ndtoers and are waseitiabiy froo of Phase ¥ eniyie.
Friaanaces.,

10 s & fuetler obloct of the presend invention io prinvide
foned prodsets whith conbos sulisbantial Guamithes of M
2 emvyme-inducing potenlinl srd aea-towic levels of wdok:
phucostidates ant thedr broskdows products and golre.
fric hydosyhuteny] ghaesinodares.

Thiwe objtets, and others, ar achioved by providing
eratiferons sprovts, with e sxoepiine of calilhge, dooss,
mrstarl e fadinh sprots, Bavested prier i ibe Beaf
stqie. ‘The cruciforovs spradts inghide Brassice mheac
vanetivs onpld, aifoplida, bairpls, costeid, poettaifon,
gigytodes, dradica, muduiloss, paleifelia, raomors,
rrbuiidn, sabeificn, ard sofonsia,

Aqeiher emlodineent of the presen) invention provites
crucifrriug sprouss, with b excoption of cabbage, orbs,
mastird and rodish sprenits, harvesicd prier do the Rdead
stage, whiteiy e spronls i substaniiadly Tres of Phise L
soryme-inducing potential

Yat arnliver conded iovend of i proed Mivention proviles
» Bop-lusic 3olvon) exteand of copciforous sprouts, with e
exegptien of Cabbuge, sreds, anestsed dod radfish spetuts,
barvested peior 40 dhe Zabesd stage. The nan-tosis solve



Case 1:07-cv-07844-SAS Document 15-6  Filed 11/20/2007 Page 5 of 15

5,968,567

3

oxtraeh oia Be 3 waler xtict, 15 addition, thy waler oyl
can comprng A sratiferous vegelabby, sucl 2 b oriciferns

vegetabls of the goms Raplanus, comprising an aclhve.

TEyLavinaEe CHIYMC.

Anoiher subodiment of it prasend inveafion provides o
food produst compriviap cruciforous spromls, with the
excoplion of vabbuge, Ceors, musland andl cpdish sprowts,
harveslcd priot in the 2-leaf stage; exiracls of the sprovis ur
civcilotom seeds, or any combination of the wpiHs of
& XICARIF,

A Garlher celodiment of 4he prerent invention proviles 1
method of iereasing the chomoprotottive anownt of Phate
2 engymes in 3 mammib, cnprising de step of atminis-
tering ap offcctive quantily of crrsilerous sprents, with the
creeplion of cabbage, ordss, mwstard and fdish sprosiy,
hapvested prior ta e 2-3eal slags,

Vi snotiorembarbiment of the present invenlion ptoviles
» method of fnercasiog e ehonopratecive amount of
Phuse 2 onzymes in oa mammsd, comipnising the sep of
adminiseeing an offective quapifcy of o feosd peodect comt-
prising crciferous sprovis, with the oxeeption of cablape,
oo, muatasd and radish sprowis, hurvested prier o the
Zeal stage.

Another eaodiment of e preseny invention provides
cracifeross nprowls harvested guior 1o the -les! saje,
whereity tha xprents Sive 3 dussd ADLUGG uniks per gra
{rezh woight of Fhase 7 enzyme-fufocing polentid wien
messued afier 3 days of growdh from seods thet produce
s spivuts sed contaln noR-onic fevels of indele plucosls
nolstes and their Brenhdtwn producis and godleogenic
hydronybutony! glacosintlaes. The eruciforous sprows
incduile Brassicn lempens varichies aceplads, afbogialrd,
Balryiiy, cosag, gemmifin, pongylodes, i, modullom,
patuifielia, ramo, shada, sabelllea, apd sedanstn,

A Farther emsbodimend of the presom {nvention provide: o
{nod produc] comptisi sprowts harested prior 16 e 2-hel
stage, whrtin (he sprows heve At ot 200000 unity per
prom fresh weisht of Phuse 2 cnmyme-dadining polontis]
when messiasd aficr 3 days fom growth of scody that
praduce the sprovts and contain sno-tonkc Jevels of indole
plucosinelufer apd their breakdown products aod goiim-
ponic hydranybuieny! gleoovinolates; cxtracis of the aprosts
or crucifoeotls seedsy or 30y combinaiing of the Spromts o
CHIrHCS.

wet akother carlsodiment of 1be prosen? invertion provides
cmciforows sprowts harvesiod prior te dhe sl stape,
wigrein the sprows have o least 200,000 umls por pram
fresh weight of Piase 2 camyme-fiducing prientish When
trearured after 3 Gays of mowth frons socds thit prodice the
Fprowts and cortain non-fowis levels of indole glecesinclaies
ancd their breakdovrn produrts wd poltrogenic hydsgybute-
oyl plucosinilates sud are sebslentislby Tree of Phase 1
epzyme-finduciog potoaiial,

Assother smbrdisent of the presen invention providis 2
non-loxic solvent extraed of craciferoos sprows hapvesicd
prior t the il $ape, wheteln (he sprouls have 4 loost
00,000 umivs per gran sk weiphi oF Phase 2 et
inucing pubential when menvsred after 3 duys of growth
Y0 seody thal produce the sprawds itk conlain pur-oxie
teveds of intinte plusoginniaas sed fhel brovhdawn prodicts
and goivogesic hydeoxybuteny] gliooninniafes. The pou-
tomic solverd exbmcd 2o ho o waler extiact. fn addiion, te
WAlET eIt CiR oompriee A sreciferons vegetibds, such i
a amoitorous vegeiabic of the gosus Maghanus, conprisiog
00 HevE MYTOGHTIAN SRR,

e amotker ciplodiment of fhe prestnd invanting provities
3 mothod of iscieasing ihé cheemoproleitive ampnnl of

0
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Phate 2 cpmymes in o mvaoental, compeising (e sop of
administoring an sloctive quantity of eraciferous sprowts
harvested prior o the 2eal stage, whamidn the sprowts have
ut feast 200000 units por geann (resh weight of Mhase 2
erieyrierfnducing poleabial ehon measwred aftor 3 days of
grovdh fom soods thit produce e spronti snd contiin
nan-toxie lovels of indole plieotinodmes and fheir breaks
;van producis aod goiropenic hydrexyhuteay! glucosine-
B

et anether embediment of fhe presoad inventioh provados
o methed of iroeesing Mo chomepratstive smodm of
Phase T covpmes i o mammal, oumpeiing he sep of
adrmindsierng an effective quaniity of 4 Fod producd com-
prisiag sprovis harvested prior o the 2desl tage, whersin
e spTown fave o least 20000 umits per gram Tresh veerply
of Pluage 2 eouyrme Jaduciog potsmial when proasered oicr
% days of growth from souds 1hat produce the sprowts antt
contyin non-foxic Tevels of indele ghiodsipplatex and s
breakidown products and gelirogenie hydronybutony! glo.
oastnciates,

A frther sotbodiment of the prosent invertion provides 3
methied of preparizg o food prodect rich in glucosdaolnics,
compriving penhinping eraciferais sods, wWith % oXoop-
tion of cablmgs, ortam, munand s culish scods, waed ar-
vestian spras priol fo e 2-lesf stage fo Jorm 4 food
HIRGCE comprisig a plurifity of spouts. The corciferons
sprowts include Krassiod elvraged varieties acoplals,
albaglabra, Botrprs, costete, gimmifera, gongylodas,
afica, mauilam, prfenfofie, ranwsd, sebasda, subellica,
and sefonsin und contain noR-tokic lovels of indode gloces-
solutes and dheir Dealedouwm praducts and goitrogente
Bydroxybuteny] plecosinalates,

ot anather conbodinent of the prescrl imvemian provites
1 food product ek in plucosinalies made by germinatisy
craciorows seeds, with the suogpiion of wnlirfe, cres,
atasiaed ot radish sords, amil Harvesting sprouts prias in the
2-leaf stuge 10 Forin & foodd pradlect comprising » piueslity of
SPFOULS,

Vet atother cafbodiment of the presen) inveslion provides
a method of proparing A food product comprising extracting
glecosinglates and lothiorynaits from crsciferciss sprovis,
with the swception of cablage, ress, mustard andd radish
sious, Farvesicd prior to the R-leaf stage, with 4 nowioric
potvent apl moavering the extrasted glyeosinolses and
{sovhinorpanues. MyTOEInaNE SENYITA, B 3 vepniaile, fucl as
Raphasse spegics, continiig the enzyme is mised with e
crucifimls wproits, the swirac), or both the sprowts and 1he
e,

Ao wehathiaey of the presss jovestion prévides
trothed of prepariop a Sxud product rdoh in glivesinnlsies,
comprising plmmiating emtiferons seoda hiving o least
200080 voits por promy Tresh weight of Phast 2 ooeime-
inducing petential wheh mensured aftor 3 duys of giowih
{rom soods Al prodice he spauts ad which coutaia
son-owic lewls of ladele glucosinodsiet and fheir bresk-
down products and goltrogesle bydroxybwienyl
pluconintliies, and hatvesting sprows prior to the 2deal
siage o for o Jood produdt comprising & plwialiy of
speoits, The seods may be Frassion olmwceds, ntluding the
warketios wovgdiile, atbaghelra, fotrytis, cosliti, SO,
gongyledus, falicd, mdatfoen, patemifolia, rmesd,
sirbrnider, Faboffion, und sefonsfa,

Vot atddBer embusliment of Hie present nvention provides
x ol protuce Hoh in glacosinniates made by perminating
cracifers sends having ot doast RODG00 wnils per gre
froeh weight of Phast 2 cnryrec-induciog petontial when
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gocasered alter 3 days of growah from woeds that produss the
spenuts and which contain son-toxic levels of jadede gl
eominelales and their breakdown prodhcks and %r)ﬂmgm'tc
hrdroxybutenyt plucosinulietws, and oither harvestiag
sprotis & Hio 2-tealf stugs 4o form » fund prothact comprisiog
a pheradity of sprowts, The nutritiooai prosheed coniainn
sopdpnic Jovels of idolo plneoninolses and sheir bredd-
duwn products sl ghitregenic hydroxybuicay! gleeosing-
Intes.

A Furthhor embadimant off the present inveslicn provites
wethod of preparieg 3 food product COMPrIsng exivaching
plecosinolates ot isotiocyanates with 4 solvent from ont-
ciferous secds, spouts, planis of plant paris, wheithy sceds
that protuce (he Sprouts, plants of phant ponls producing
spraus having a1 lonst 300,000 sails pir gram fesh weight
of Phase 7 eumyme-d pduckng potential whes dwsiucd ::ﬁnr
3 days of growth snd wheieln the snads, sprewts, piants or
plant parts bove non-tonic lovels of indole ghicosinalats
and thisr breakdoom prvducts and goitrepenis lydeylnte
w7l glicosinglzs, and recovering 1he extrcled gleopsing-

Iies antE {sodpooy st The AoR-fukic exliaction walvem ¥

cxfs be wites Myrosingse ensyome, of o vipetibie, such a
faphamis specics, woaliining the cruyme it aixed with the
oicHerous sprows, seeds, plapis, pant parls of £Xbeact, or
any comminnation theral,

A pber sibodineot of the profReit invontion privides o
wedhod of meducing e level of CocinORERs in muamimi b,
comprising Adminidering eraciforous sprodis, with e
exoeption of caliage, crows, manid and oudish sprods

Yed aroilier crvbodiment of 1he present invetion provides
o method of reducing the Jevel of carinopins in mammals,
Comprising adminivtes inf carciforons sprouts uving a1 beast
20000 wils per geam frosh waight of Phase T epyrke
indhuchzy petontis) when measured alter 3 days of growth
fromt webits that prodcs e sprents and pon-texle lovels of
indols glecomnoliics nd thoir breakidown producls amd
goitrogenie iydroxyhuieny} glecostnalites.

Anpter enpdiment of the preson! inveation prevides 4
acthod of meparing o fowd product by intmthucing crucil-
eraus peod, having o losa POOOO0 oafts per e froah
woight of Fhase 2 eneyme-inducing prieatial wiko mi-
sured afier 3 dayn of growth from seods fhat protics fhe
sprouts snd son-toxic Fevels of indole glueimmtlaes and
aolirogenic hydroabetenyt plucostaolates, inte an edibbe
inprediesl,

A Sirether eminsdiment of the present fnvention provided @
medlod of eximeting glucosinolates antd isothiccyanaies
frorn glant teue wiicl comprises horpgeniaing He plan
vssue it on evoess of nomizture o dlincthyd wnbfesids,
neetopitrile, tod dmethyitemnmide (PMEACNDMED
ol & {emporatire Thil grevonty myrdsitise activity.

Adnliee cmbpdiment of e prenent fnvention provides
conciferms sprovts busvestod priar fo the 2-deat stage,
whebtin ke #3150 of monniuactionat 1o bifynciional ndsonr
is nd fenst 20 50

Arather oljoct of the present inventivn is W provite 3
food product supplomomied Witk 3 punified or pustisily
purified glucosinoiule,

tiher obiects, featenes and advaniages of e prcsen)
ivvenlion will become appatetd fromm e foliadag daailed
deseripliva, B should be wndersiood, Bawewen S the
detailed duscription and the specific sxamples, while indi-
eniing proforred ehboliments of the invention, e given by
way of Alsication only, siee varieus changes atd moedifi-
cwions wilifa the spisd wed seope of e duveption will
Yocamt: dpgatofd 1o Hiose $hiHed in the srl fom This detailed
descriptiar

L5

0

&
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BRIGF BESCRIFTION OF 113 DRAWINGS

FIG. 1 shows dhe 1o inducing potestisl of onganic
vulvent axtracty of broceol aud daikon eultivars as 5 Tarce
e of aga,

FiF, 2 shivws the Jiph resotution MMIT spectra of iolated
plncosinolzick obiaraed from hot aquuans exteacts of dduy
ol Fapga Wioceoli spmats.

UEFARED [ESCRIPEION

. Dofinitioos

Tn g description that feblows, 4 number of forms are s
sxichshvely, The Tallowing definftions aee provided w Facili-
1ate pndepstanding of Sie fnvontion.

A bilunciiooal feducer iv a midlegwle which fncitaies
rolivities of Dot Phasc 7 ermmyincs sl 3y oyl
P-450 amd Phase 2 euveymes and reguices the parliciputivnof
Acy] trydroacarden {ADY reccpier il #5 fopanie Xenabiathc
fepponse Tlement (KR Fwamples nclede fal phanar
sepgadics swech sn podyoyclic hydrocarbons, mwo dyes of
2,07 A etrechlorp diboneo-p-diontn {ICDI.

A chemoproicciar or <hemoprolealant i & synthelic o
oty accucing chemieal age that reduses senoeptibil-
iy in 3 ol 49 the toxde and rooplastic effects of
CRACATRELAS,

A food product is vy inpestible proparation conlaiving
te wprows of dh instan) ipvention, or Sxicacts Or pROpAT-
tions made from Hiese sprowts, which are capable of debive
sting Phass 2 inducess 10 the mammal ingentiog His food
product, The foodd product oan be Treshly propated Bach a5
ulnds, orishs or smiwichor sontsinleg sprows of e
Snstam Snventinn, Afematively, (i fopd producl contiiniag
spicts of the nslant ipvertion i be died, cooked, Badled,
tyisplei etk o Dalod. Hroads, ieak, soups, coresls, pilis and
tblots, rc rnong e vas mumber of diffcroot foml produycs
wantemplated.

inducor activily or Phase ¥ enzyse-jadacing sclivily is 3
mesgare of the difity of o compourd(s) to fnduce Phase 2
ameyrac activity. Tn bt picaont favenifom, inducer wervity It
measuicd by means of The maltine krpatoma coll bioassay of
OR sctivity in vitr. Joducer activlty & defined hercin as OR
inducing saiivity i Meps Lele? eclbs {mwries hupatoms
cellsy incubated with extracts of sprowts, seeds or siher plant
phets untroaied with myrbsinase, Induete acivity s méa-
sured v Hopa Fofe? aunine hepatama sills grows i
Swes adveotiter plates, Typically 10,000 epa Lole¥ oells
s antodrcedd inle exeh wol. Hopaoma cells are grovwn g
% b ard a gl ssitcl Conisming mivregian gRialitbes
oof Trosh plabt dssne i serially dilwted aeross ihe microtfier
phes indo frosh cultusn: medinm contiining 0.L3 o adEM
calinte mediam smended with 165 Feinl Cuf Sorm {FU8)
and shesptomyein and pemicillin. The cetls are Surker inoa-
batert fior AB Bomes, Q¥ setivity (based on the formtion of
the hbupdrown reduced letrzpndium dye) ks myeasired vwith
ah aplics) microlfber pla soanner in codt lyssies propared in
ame plate, Akt telated to #5 prolein concentration. Chanti-
1ntive information on rpecific activity of G is obtafped by
compuier analysis of the absorhynees, One soll o induce
activity is the smount i when sdded 10 5 sinphe micratiie
wiel donbbes dbe QR activily, (Ser drochusia asd
Santamars, Aawd Miechem, 105 328-356 (1088 and
Prochasin «1 ul,, Proc, Nal Avad, Sof. D84 §0: 23047308
{1907,

Srhieer potetitiod or Phase 2 cnmyme-fodieing potontial
3 measnbe of o eombined anounts of inducsr setivity in
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winnt e provided by mothipeyanates, plus plarosinglabes
(at ook b converted by mhresinese W isothincyanoies,
Glucosinolatis wre not hemsodved inducers ol mamnandisg
Phese 7 epzymes, wicress othiouraales mio indnoer.
Taducer potcntial Hierelbre I definud bercin 3n QR sctivity
i msion Lele? hepatoma colls ineubuted with myrosinss-
srewed extracls of the sprowts, seeds or other plant paris, It
the prosot imventinn theroipre dndieer potestialis messared
vy means of the munine bopatoma coll biassay of QR
nolivity # Vi as desoribed above, Taduccr phientis] s
merswred i Hepa deloT owddi Dopators cells 2w in
B5-well micmlior plites. Typicaily, 10000 Hlops Lele? eulls
ape Introioed smto oach wel, Mopainma ool are grown fit
26 hirurs and 3 plare exirec] oontaining mivmgam quan ke
of frish plond Ustno is serially dilwed sceoss the mictalier
Piates into fesh cullure medivm containing 8.15 mi MM
culinre medinm amende with LHS Potal Calf Sonem (P05}
apd sireptomysin aod penfcillin. Myrsinge (6 eois/m]
plamt exdeacty v ndded 10 Heo plam eairacs. Mysosinese s
gurified Iy modHication of fie toehnique of Palmicrd of al.,
Arid, Tocha, 352 330-324 (1982 from 7 day old Baikop
SProULS EOOwE O aRar shppisl containing Ao sdded mun-
cris. Foftowing 23440l puriication, the mayrosinass ket 4
specific autivity of 64 weitsimf pivtein {umit-ambuat of
ewmyme rebed 1o hydmlyss 1 grinol wimigrinfeind. Pan
exttact 5 Qiluied 20040 intg Bc inbiab wells of the
siceotitor phale followed by 7 ssrist ditutions, The cells anc
Curtiior inmbatedd for 48 hours. QR sotivily {hased on fhe
Tormation ol the bluc-bmem redieed woirmualinm dyc) is
mestured with i oplical microtiter plata seanuer i owd
tysates prepuwred jn onc plate, aod sefsicd to iis protein
conoentration. Chantitative information on spocifis activity
of CHR s phiined by compuiss mnalysis of absethaness. Cne
unit of inducer pulential i3 the amonnd tht when sdded fo 3
sinpie micrier woib doubles the QR activity, {Seo
Prachasha and Sentemarin, Angl. Sioches, 16%: 135-336
(E9ER) wnd Prochesky oL sk, Proc, Nud, Aced, Sci. 134 39:
RIPE-TIGE (10FRN,

A mouplubetional mduoer inoreasts e ackivity of Mo
2 eozyames sehectively without signiticantly slering Phase I
eanyrme activittes. Menplrociona indvosrs do Aot depsnd
on 4 Tunclionyt Al eetptor Bt enlimes framweriplion of
Phase 2 cmopmns by means of an Antiteidant Responsive
Mement {ART),

A crecifetons sprout 45 o plas or secdking that 3% 3t 20
curly #aps of develnpment flowing seod gorminating.
Craciferaus soeds ame plactd iy an wavicoamont in which
they germinade ol geow. The craferclas sprouts of the
fastant invertinn are hurvestod following deed gurmination
thoouph and inclnding e Bdeal sept. Cihe emelisous
spreuts of inslant inventien hive mi Feasl 200800 wnits per
gram fresh woight of Phase 2 cpryme-inducing potuniial of
Sdays following ncubstipn unter conditions in which
erpciliroys seods gormingde and grow.

iI. Deseripling

A mager mechanism of praection provided by freits and
vepelebles in reduciog the conver decidoone In humans
dupenits an minor chomieal componoats which, when debiv-
eredl 10 eammaiion colln, slevate levels of Phawe 2 onmymcs
that detendfy carcinogens, H s now Peon disevored b
the anficatcinbpenic aciivity of certain odible plants can b
increasid, Mants such wn Frassica ofreces varicly iafico
{brozeuli} it normally mot hurvested wnbid dhry fomn heads,
By rromwing Hiess plumts smby 4o e soctling or spout slage,
trd s atveson the gestt of Berminsinn and e 2-leal wlage,
i lovels of indueess of engvnics Thay delowfy Careinngens

M
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g
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ﬂ

and pratec! npaine crRoer ol e inereased al beas( Bve-fold
over those Yound ik commercial siage vege sl of the same
culivars. Dfien fnoronses of between 14 aml HOGD-fold have
frenn obgurved,

Darvesting plaols & s cardy seedbing of sprowd shagt, o
othorwise wrmesting el prowth, Besds fo e geéalest
induccr potontial ard yiekis a food pradust oF & ype w©
which consumon are alresly serusborsed. “The Phase 2
enpyrie-induting potentind of stcl Rprats miay o us mach
an deverad dundred Fares Pighor than that elecreod e adall,
marieed slage vegeiables dltaincd from the sume seeds, Thos
i is posmble that lmpnans cag consue e Sante guariilies
of swfuccr pateriing by cathag coldively small guindies oF
uprowts, taiher than fange quastides of murkelstage vig-
clables.

14 Yimw now Dbeon Sonnd that mest of the inducer poteatial
of erucher plants i Qg t0 their content of bnibloyunates
ant e Blogemic precumors, ghoosinolses, Glueosine-
latep are comverod 10 sotiooyanates Iy (he envyme My -

b ginans which it » Wioglncosidase, Nasmally myrasinase and

glucosinolates abe peparated in he vell and if the coll &
darmeged, with lows of companmentdization, aursinse
comés inlo comael with plocesinalates, which am Bio
converied (o frolbioty aates,

T orcer b woren dange putees of cdible plaats and o
evaluaic he effects of onirnmeniad perurbation on Phaws
% cagymo-ndacs potontial in fhose vogetahles, # wes
HECCSSATY fn aprove wpen the previensly descrlsd lech-
sigees for homogenizalion wrd extrnclion of Mokt veg-
etables. Technigues initintly described for the extaction of
Phase 2 induters from vegekhles invelved humageoization
of the vepeinbles in 0old waler, Bophilization, exiragtion of
thee ronulant powder with acelositalle, fltestion and ovapo-
rative concentration, Prochaske ot al, Froe Mal Aged, ¥,
[754 85 2304-2395 {1907).

Fallowing iomificatian of sulfaraphans a3 e priruipyl
Phase T indend from froocals, comparaiive sxloctions wete
perfuemtd into hot S0 aicthsnol, yhelling shinitar induts
aetivily os et aforemerioned actionirhs sximcts, When
myrowieese was added o tiose ol pepthongd oxbrics ]
which plucosioolses ure freely soluble, there was 3 dramailc
ephancemend of 1o Phase ¥ indeots activity of Hiess sxrads
{dain semnarized fn Talrs 13 The deliberale convotsion of
these glicosinalales 1o fwhietyanats weinp CXogCRD
avyrosinass (hus gave 1 bietes ddex of ke inducers for Phase
2 errzymes of He vogolinles fosted. It way thus cléar that the
wainTity of the potential Phise 2 indyecrs in crocife was
vsually preseat in whols plaats 33 the ghieovinolale precur-
gots of tanhiooyinatck,

The prepondersies of phicosinotates sad i rapidity with
wivich, opon wounding of crusiferons phas e, glevos-
melales 2 convertnd 10 iscthiooyanutes, fed to Bhe divel-
spamend of an improved extaclion progedure. By manipi-
Lation of robvent mivtvres aod of the water activity of frosh
vepetablefsalvor! homogotatis, 2 privedure wis developed
i perEits both gplicosinolsic and fothiocyanats quamifi-
caln i Senn Bhe sime, wos-coteentmied swple. Tn addition
tw being bt rae-dimlilng stop in a0 exlackion predoce],
enaporat e concemiration allows valnily iadecens o slape
delcction. The improved provedors 3 both simple aad
efficient, requining only that the plant sanple be complulely
womogenired in selvenl, Using this technique, the proscitt
frvemors bave SuE boen ahle 1o domonstrate dissaatiy
fndrchres in ke rovovery of indueor activity and indwedr
potetlin) froin orvvierous vegoubios over previcesly
geseriti luolimgres.
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H fresh-picked vepotibler ore prompily and genlly
harvested, dizoatly into orannic solvenis comprising » max-
were of DRUFACHINS0 and 8 femperatire thal proventy
oyrosinass asiviby beth ghacosinadates und isothivceyanates
wrt officlently extracted fnlo the ongasic tolven! mixbure,
Preferably, the DME, ACH snd DMSCO ace mined fa cquad
volumes, 1lavwerwer, te volumes of the Hirse solvenis in the
miaiure cag be vericd fo oplimize suwection of specific
phrcosinedaies and isdthincranates Fam say plant Hissue,
The wemperatars of di txtraciion mishure i pesforably fess
than O° £, and most prefonaldy toss than -30° . The
tomporabire of the extmaction solvemd mudt v Kopt above
froguing, At ihe tatne {ime the sy myrosiosss, Wich
Invarialdy sooompanics thees constieniz in he plants o
rapidly comvenia mincorinofaics into Ismbiveyanates, is o
tive, S extenots typloatly contain high quantities of glu-
cosinolaics and neplinibds guandics of obiocyanstes. The
tn plene mvtorinase aelivily varios Dotween il pla
specles,

Glrcornolaies 2 not themusdver induders of mymma-
tan Phase 7 enpymes, whirsds jsothiowpanies s moqo-
functipeal inducees 1o the murine hepatomn o4l bivassiy of
OF aefivity, The indeser potential, 35 diniscd from inducer
aetiviey, of plamd axtratts oo be measured Iy sdliling purified
payeosinase, olisined from the seme, of olher plaail S0ULCES,
to the axshy SyEiGm.

Ciluonginglates ane onveried 21 Teart paniadby to madhic-
eyanaies in bumane 11 howsver, it is desicable to acdderats
this epnversing, broccoli or ether vepietalle sprows, high in
glneosinodaien, con b mived with myrodinaes, The miviee
el be in water, o SPme oifer nuo-1exic solvent thal doti
nod inaclivale myTosinase, The mytosinass can be from 4
panially parifiod or pusfied preparation. Allgrantively, ihe
fmeytoninast can bt preseat in planl sspe, siueh e sl
quantity of crecifer sprovis rich in myrosinam, inchiding
Baphasies serisver 01 Saiison. Svch 0 prepanilion oad be wied
o prodwes 4 “senp” Sr ngestion the = high Lo Sothiney-
Enabtn bt e o glecoginoiates, Intuosr patentlal can be
muastred usbip @ mukbvel plate sorebn with murine
beprtomd wulls Tor ia vited monswrement of QR specific
rodivity g deseribod thove.

The ratio of moncfuneril 1o bifhbctional indocer ackive
ity oof plnint e is monsured by binassaying plant exfricls,
ok goicribed shove, nol sy 5 wikd-type Hepa 10747 cells,
Brsed 350, a0 mwlamis fesipomed of and B} that have cither
defeaiive Ab rocoplons o delfective eytoclmome ) 150
gencs, renpoctively, Prochasks and Thlslay, owecer
Research 45 4776750 {1948),

A harvasted sprout sneanding te the ptesent feventing <
o dncorporated frmuslisely ot foed products sioh 85
Tresh salads, sandwiches o deinle, Alrnatively, the groth
of the harvested spicut can Bo arrested Iy ponie adtive
Taman Intervention, for exanphe by mdrijention, 16 2 540
of prowrh prior to e 2-Jeaf slage, Iypically bedween | ans
14 days nfier gesminntin of seeds, Growth arest can alsw
be atcomplished by removing 3 sprowt from its subsirate
apddor water owece. Freoxing, drying, bukivg, cooking,
byophiliang and Bribing e antong the many Hoatments ha
can be st Io arrest prowih. These By 3350 Do el fg
cither prestiving myrosinage aclivity 7o e sprow {25
trophilidre or for inactivaling myrisinage sotivity in the
SprOut {6 1., DoFlin, ax is desired in g paiowlar applicadion,

T darvested sprowt can adee Do oallawsd o asiere
fusther, wnder differal grawing contiiions, prior 0 D00
pUTIEDR i feod product, For exsmprie, (i sprovt chn be
Rarvesind vy yoong spe of develupment, sl b5 1
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2 diys aficr seed Hmbibitian. The sprowt onn then o dBowed
o pratvte wnder diffes! powing conditions, such 4
incrensed or docecrsud Jighl intensity, temyreraties or bumid-
iy, exposure to uitraviolel light or siher stresses: o addiion
af oxppenmovs auirfesds oF plagd grewih reghiators
Chvrsnies). The sptewt 35 dhen immmelistely incorporssd
into & food prodace, such ax far Trod consumplion in salads,
Alternabively, e prowrh of he sprosd i areepied andior
Firthet Weated By meats of iyophibadion, drying, extracting
with water o other solvems, frocxing, baldop, cookiog, or
boiling, smong s,

A spros 15 seetale For Bunsae consumption iF 3 dovs ol
brore om -cudth e shidonts sucly as 5eld sitachad or clinging o
if, Tyrpleaty o sprowis are growWa On 4 gon-raltrilive wadid
Mepport, shch ax agar, paper towed, Dloling paper,
Yermbolite, Porlite, ofo., with water aud light supplicd.
Thss, i % sprout is ok prowa jo soll, Bl ob 3 solid sappid,
il does w0l sood 1o he vasked o somove nonsedible sell, 11
4 BHFOT % pEown im0 parifeufaie solid sEppa, such s sail,
Vermrionlite, of Perlite, washing muy be seguired 1o schivve
a sprongd raitabic for bman consumplion,

Fprouis can be grown in cotaners wWhich are switslle for
slupping and marketing, Typically such coptafners see plas-
17e {rowe of jors which coniain 4 wetted pad st the bottam,
Thi gontaions allow Helt to popctrae while providing a
mpechanicnlly profclive larien Nomerse melhbsls for fie
cuftivanion T peonts are koewn, 3y exemplified by U5, P,
Mos 3,033,708, 3403576, 3,005, 148, 4,130,064, 4,292, 140
of 4,086,728, Foud products containing the aprowds of the
instan! fnvention gan be sored aod shipped in diverso (pes
of containert such &8 jurs, baps and bomen, ARRDOR THenY
hers.

Bprants suitable a5 souries of Cancel chomapratuctynis
are pencraliy crecilerous sprowls, with the onceplion of
cabbage (Hrarsica eleracdn capliata), ereus
(L epitinmsativan}, sustand (Saapiy affa wmd 5. miger) s
ol ish {Rupfierds spiivasy sprouts, The sclestod sprovts am
typicalby frim the Tl by Crciforas, of the tribe Brassicese,
3 of the sebirile Thrassicinpe. Prulontdy the sprouls are
Prassicd dlracor selocted from the geosp of warictics
consising of acepialy (kale, collards, Wikl eablge, corly
foated, mednioss (narrowsien kele), reross (fonsand head
kald), wlbogiabra {Thinese kale), s {oauliffower,
apradiiag Weoooll) costarg {Porugeese Kaled, gammifers
{Brussels xprowts), peugylodes (kohlrabiy, irafice {brocooll),
patnifolia (ersey kaks), sudanda {Favoy valdnge), selaelifen
{ooHardsh, and svars (orecole) amorp oo,

Particulaly wsefil brocooki callivaes o 32 used in the
claimesd nsegliod are Sapa, Delivcn, Bversst, Fazorald Tily,
Packiman, Corver, Dandy Harly, Enypored, Madash Green
Comet, Grees Yadieal, Ascadiy, Cababrese Caravel,
Chancelior, Ciation, Truiwer, Bady Purple Sprouting Red
rraw, Bapeks, Bxeocline Gallbon, Gispa, Ciokath, {reen
Thike, Greenbell, iladian Sprouting, Lofe Perpla Spoouting,
Late Winter Gprowiing Whie Sar, Legend. Boprechasm,
Miarathon, Mariner, Minaoed (Rimanesend, Paragpan, Mo,
Prepivm Crop, Rapine (Spoing Rasbd, Rosalind, Saladc
(Fal Raslh, Samural, Shogun, Spriten Sultan, Taika, sed
Trixio. However, many oy brocesli qultivars are suatalife.

Parioulaly wselil canbiflower coitivaes are Abverda,
Amnwing, Andes, Buiglady Queek, Candid Charm,
Casbport, Cheisioass White, Dominaat, by, Bxtea By
Snowhball, Fromaat, 1ocline, Milkywsy Minttemabh,
Rushmrme, 52407, Supano, Sers Mewada, Sina, Snow
Crowy, Soore Blake, Snow Guaes, Snowhred, Solids,
Taipae, ¥iolal Cruoeh, White Baron, Whits Bishop, White
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Comtessa, White Corony, White Dove, White Fiash, White
Foi, White Wnight, White L, YWhite Queen, Whits Rock,
White Snils, White Swrmer, White Top, Yakon. Howover,
maay otber cavlifiower ciibvars e suitalie.

Suitable sprowls witl have st st 200000 uaiis por g
of fresh weight of Phase 2 eoxyme-inducing puicniial fol-
toweing S-doys inculation of seods under conditions fn which
tho seeds germiaale and provw, Preferldy the sprovs will
Dave af benst 230000 uaits of inducer poteatinf per pram of
feosh weight, or evin 30000 units, 330,000 anits, AG0.000
waits, of AGG,000 units, Some samples have boen found i
colitain gromer Hhad FO0.000 unils per gran of Frosh weight
31 Augays of growth from soods,

The feve] oL iducing seabvity and indueing potential has
been found o vary amang cresiions and aven sinong cufti-
vars., Mot prefioedey, dhe sprows are subslantishy e of
imdolo phicosinokates rud dbeir breakdewn piothicts which
Wive Fhive | eowpme-inducing potential in mamimaliag
colls, and wbalantially free of btie Jovels of goilropenic
pitciles and glucosinolaies such a5 hydrexyiminyl
phacosinories, which upon hydrofysis yield oxazetidonetl.
tones wiich ate goflrogeaie, Matre Thussls sprovls wd
rapescctd are nch in fose undesinble glucvsinelates.

Hon-loxin solvont exiracty socerdlog 10 fe dnveation are
upalil 25 bewlbiu) dnfisions or sups, Nen-xic o sasily
romovable solvents sselfsd for sxtraction ascheing o W
prosett dnvontion include wailer, liguid carhon dicwide of
sthanol, ameng ofhers. The sprodts wa be extracted with
cold), wik, or prefarably hot or aiting vater which dews-
aee o jnnckivaie myrasions. The msidee of the sprowls,
pusl-cxtraction, may Of may nat be remeved T e
cxiraet. The cxiraciion procedurs may be nsed 1o Inactivale
miyresinase prosent in the sprowts. This muy come 1 the
stRbiity of the inthesr potentisl. The catract £on be injestod
dhirecily, or can e Tacthir droatedd. Tt can, Sor exsmple, be
svaparsied 1o Yokl 3 dricd extracied protucl. Bovan bo
coolod, frowen, of frbcze-dnied, Rocon b minesd with 2
vredifor vepstabde whicl conlains s Solive myrReinsss
chiymi “This will sccomplish 3 rapid conveminn of e
plustminolakes to solhipryaonivs, privd 10 ingestion, Halt-
wbe vemelsbles fhal ontain notive myspsioase are of the
penns faphroys, espocintly dufhon, o type of wifish,

Sordi, 45 well a5 spronds i beet fpund fo be exicemaly
fich in imduoer potestisl, Thus it is within the soops of ke
invention o use cracier seeds ta feod prodests. Svilsble
crecifer soads auay be ground inte a foweor wmeal By e be
afood or drink supploment. The Rowroraeat i incomporated
into hreads, Diter baked gonds, of hoalth drinks or siakes.
Abormatively, (he seods mny b oxleacted wilh 4 podaede
rojven suel a5 water, Higuid culon dioadds o cthaned 1o
prepae sy, 1035 of olbor deiks sud infesions, The sceds
can akso o jacorporsivd il & Food prvlusl withowt grisd-
ingr- The seeds can o wsed in many different foods such is
salads, gpromolas, betads wed other Daked goosly, speng
i

Food protucts of Ui nstant invenlion may irchude
sprsanEs, 50045 o extracts of sprowts of swads ks from ong
o mete different orecifor poners, xpedies, varisics, sulywis
retics g endtivars, 1t bag boeg Yound thal poncticadly distinel
crucifees produce, chemieally distinit Phase T capymds
inducers, Differem Plage 3 enwymé-indueers dewsily
chemically fistinet careinogens at different tales.
Acostingly, food produsis sompased of soacticaliy distinet
crngiler sprawis or Sectds, ©F sNIrACl: OF propuraiinns mads
From {hse Fprowls oF seuds, witl dotosily 3 braader rage of
CEFEmIgETE

a

L H

§5

65

3

i2

(Hucosinotatey andior iothiocyanaies Can b purified
from aoed o phist Exteacls by methods weell Rpowa n theam,
See Fenwick o a)., CRC COrfr fre Foed Sol M 1E
13200 (3483} and Zhung o ol Peo Marl Aoad, Sel U84
BO: ZMO-2403 {1003% Perdficd of partially panified
gleoosinotatels) or setocwions(sy can be sdded o fond
protitets &5 7 suppiament, Fhie dose of glesiaolie andir
wtliecyanie aded 10 e Yood product prefersdly is in the
canpe of 1 gamad ta 4,006 smols, However, the dose of
plucosinolste andivr iatlsecyansts eupplementing the fond
proshicd can be bigher,

The selection of olants having bigh Phase T ensyme-
srboer prierlial B RroutE, seedi s ler pTasl past ol be
incorporsted into Crucliorss hreeding prograss. In addition,
those same broading proprames aan inchide the itorlifloation
und gelection of culiivaps that prsduce specific Phase 2
epzymoandncets, of o parkiculr rpoctmar of Phase 2
eazymE-nduners, Staopies for i crossiug, seloclion smd
Ureoding of mew caftivars of Onwiferat aie wedl kaown 1o
the skilled atfisan v fis feld, Brossica Crops nd i
Aas: Biology % Brieding §. Tamoth ot ol {eds), Jupan
Sclepsific Surietins Prons, Tokyo pp 354 {19300, Progeny
plais st wweened for Phise 2 fnlucdr activity or the
shiepmien] identily of spreific Phase 2 coupme-Trlncers pro-
duced 1t specifi plant developmenal Hages. Flants cantylng
the ot of imbrest e idemifisd and the clanasristic
fmepsdfod o7 combined with mber jmporiant agmontanic
vhatacterlsiios vaimyg breoding technies wel) known in the
et of plant braetdog,

ERAMIEE L

Comperisin of Croclfereus Sprost Indacing
Porentind

Bprouts wer: prepared by find siface steribidng seeds of
different spesies from the cruciforas family with & 1 win
yeatment in 0% ethanct, followed by 18 min in 1.3%
sodisr fypochiorie chrainimg dpprovinntely GOMHD
Alcopox deterpent, Sveds were grawn o Slesile plastic
comtaiess a1 3 density of spproximately 8 seedsom® for
fram 1309 days on o 07 sgar supgort fat did pet fontse
athiteed potrionte The exvironmenl was Cardtily comroie!
whl Iroad spectrony Puoresesnt Bghting, bemidiy and
testperatiss oo, The socds and speculs were incbiated
bt 4 dadty oyebe of 16 hows light 91 25° €. and § howrs
dupk 28 20° €

Sprouts were Barvasicd Tollowing 3-days of incubatien
and iramedintedy plesped into B0 volwmes of 4 misture of
cipial vodnmes of DMITACNDMEO at -50° €. Thisrolvent
wmbntvre hax o frockng point of spprosiaately -33 O, bt
whon sdmived with 1% waten, a5 Srnd in plant sasorial,
e Srecwing point i doprosted to bebow 647 O The sotaa)
Frociing poimd dupresiion is oven prenier wib plamt mateds).

Homtgenization was avcomphished oither by masuaily
peinting ke sumplen /03 plvs-onjiass bomogenin in the
prepence of & smell smmind of the dotal solven wved, iy
grdnadly widding store selvenl o7 fnmogeniziog te sample
in 10 volames of sodvend wsiag 3 Brinkmsa Palyleon
Homgpeniwet for 3 mifn w hal lanaisem povwer. The home-
gonne wis e comnfugd (o femove remaining partiol-
inges and siged w1 -20° O, ualf assmyed,

Tncucer pricatial of gl cxiracty preparsd 38 deseribed
e, wag determinet by e micreier plate bioakswy
mihed r deneribid d e DeBniling: st above,

ool b vaalifiower speoms harvesiod 2 assayed 4t
3-days after inculmiiog of sceds ool growth conditicns
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fuve Mhase 2 coyme-indicer potentiat proater than 200,000
wiitsy frovh weight On the othor hand, sebisge, rudish,
arwstaid and cross have Phase 2 engyme-fnducer potential of
lezs than 200,000 unitsly Fresh weipht when assayed ot the
gafe tme polni-

EXAMPLE 2

Varistion tn {nduser Pofentist Anvong Bifforont
Tipocoli Cuhivars

There is variation in inducer peatisl among difforom
brosooli cadtivars, In addition, mest of the indyoer potentisl
in crucilfers is preRent 33 procussor ghicosinolstes, The
inducer activity and inducer posontial of marked stags broc-
coll herds wis doicrmpined fnliowing IMEACNAIMSO
sxnactions ket assay of QR activity a4 desorbed above,

Biouiaay of bomeponates of sich madet stage broveoli
hesds, with and withour the additlon of purified plant
myvrsinase, showed that the ambund of QR activity found in
the sbeencs of syroniadve war Jias S $5 of that chuerved
writh zdded) pysosinase. These ohenrvalions confomed pre-
vious sugatsions (oo Maile o ol, Riechesn Mipstol
Phlarizen 179 517 (1984 At aminjured plants contzin
almoa o fod Sotiocyaaies,

TABE L
Flfert ol Mywelanss ou fadeer Ay
e HELETFRE 20
Linitn ax grach
Traeadli ] swpdphad wmpla
wallirar AR AL, LT
Delien FAHZ 07
Calabzesr Corvel 1260 ] A6l
Botrpt ‘ 1)
frandy Farty * G
2myperac . 13353
Fnpn A ERE L)
Pameald Sty - IRIH

eTuciovy dinadie of defcotion {833 widleiz),

A5 con be ofserved it Telde 1, moat of the plam inducer
pueatind s donved frem glusosinctaics fobfowing hydraly-
s Ty wrycodingse to forny Bothiooyanadcs. Henee, hydnaly-
xis i coquired for biodogival ackivity.

BRAMPLE 5

frchunser Potentink |5 Hiphest in Seeds and Decscases
a5 Sprouts Matere

Phave T enzyme-ioduces potential is bighest fo seeds and
decrease graduadly during onthy groweth of seedlings, Plants
wors prejrred by fimel suilsce sterilining seods of Brassien
elaraeea variety Halleq cuitivaes Sagn and DeCliceo with &
1 min frextment i 709 cthancl, followed by 15 tin in B.3%
sedivm hyproklosite comtainiog appreximately 0001%
Abonns dasegent. Soeds were gows da storile plasiic
conlripers & densiy of approximaely B redaem® on g
.75 appar suppoet that did fe comlsin sdded marents, The
etvirtmment was carefudly sontrodied with brond spectoim
fuoresoent Hghdng, Sumitiy and tempersiurs comeol. The
wentels and sprowis wore incebated wader a daily eycde of 16
hawrs Jipht @ 25° . znd & Soors derk at 207 €.

Each fay plants wore rapitly and gontly sofloeted frnn
ty: surface of b nyvr frum mplicalo coplaipery, The s
wease Jarvekicd gontly dn minkmize glucosinnlats Rydilyiln

EH

“h

0

i

14

by cadogerony mymsinge rdeased wpon plam wosnnding,
Samploy conlufsing approximately 40 sprowss wers Somog-
eptzed in 10 vobrmen: of DMEACNDMSEO solvert m -50°
. which dissolven nearly il e nomdipaocetidosie plan
material.

Harvesied planis weee homogenized and G activity with
and withou myeosinese, was detsrmined s dedorfred
abive. As cin be soen o TG §, Phase 2 eniyme-indies
potential pof pram of plam is highest in sreds, but decredis
pradually fotowing germingtion. No detectable {low fhin
1000 uresipy O inducer acivity was preserl in e abseros
of ndded snyTesinme.

EXANRLE 2

Byrouts Have Hipher Indveer Poteatist Than
Marksd Stage Plonls

The cmcifervus sprows of the invael imendion have
gy Phese 2 enpyae-inductr potenial than maske! stago
plams, More spocifically, sprowts have ar Jeasi x 3-fold
proater Phase 3 eweynednducing patentisd ihao matare
vepetshles. For twamnple, toda) induciag poréatin] off P-day-
ot Broceoli spemis, exigeciod with DMFACNDMED wd
srentead with spyrosinase, ot desoribed shove, were 238,000
apd $1L,000 wmitsfy foosh weight, compered 10 25,000 s
0086 ynissfz Trosh weight for fisld-prown Rerds of basee
coli ciltivm Sugn aad DeClees, mapeetively,

Sprowl ewzacts af over 40 different memben of the
Craciferae have s Bien bivassayed and hrocodll sprouts
semmin (he most Phase 2 enmyme-tadueerrich plants lesied.
Tota) inducing potemind of organic solvent sxircts of mar-
ket stage and el stage hroccal aad $aikon {5 shown in
Fable 2.

TABLE 2
Coteqariszn 3 nduces Pfoandisd In
el ared Magur: Vopeibles
Activily funt feah wERI,
Vepenbie hésAicla -tk
Dlijvm™ Vegrinhls Sprttt Diilemsve
TIATEIN
Milsi L TP 42
Terahun 3433 A I3F L
Mokl 1471 1467 1
Shlyr AAET fatE il 1
LGNS
Enmn 2EL00 ATH00 T
Theloon 5 AR G500 25
Torpgiad L 1T 30
Fmemld iy P50 BRI 4
Parkmaz AR Ll otea R

v ppmabernind gromeen of oach plaat won eenspled (2o tR wquen: 4T
feitpiersy aaelns wnray rodiood {rait L and bendn of Sresiiens Meroced
wprledy fealen Jhancooti I, Mposinacs Sas ndibed 10 af radeeciy dealod,

F=Thdnoot? prbuds wats Leduy old amd deilin seedinge weee 48 daps Hit

Sprass of the broceol calbivar Bverest contained 130
fold mors imfecer polential (onisn frosh weaght) Ban
makese vopelabhios, The dnducer aclivity in drooali Wiz
significently higher Huy in daiken,

BRAMPLE S

inducer Poteatisl of Broocoli Sprow Extracis

brucdicer potatisk of & werios of water exirecty of A-day oid
heogniH sprowis of the cuflivar Sagas wers determined. Plams
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worn prepared by Gt surfecs storiliring Seeds of Brasscd
afermoen vatiely Hakon {rrocool) cultivar Saga by 4 1 aen
wresment m TR othangd, followed by 15 min i 1.3%
sodfiien hypochiorie conluining approximatcly D.O0DES
Meorox detorgent, Secds wWerg prown Bt stedie plastic
containers at 3 density of appraximately § scodutem® for 72
houts oo o 0.7% agar sppor thal 4id rot conlain sdded
artionts, ‘The covirohmett was carmiplly comimiled with
Broad speoirum Broresoent lighifny, humitiiy and wapeas
be ooatrol {16 hours fght, RS OB hoves dark, 207 O

Mants wote rapicdly sud gontly collected Troim Uie surfacs
of the agar to ravianize glucosicelate hydidlysis iy sodog-
anpws mymanae relensod upnt planl wounding, Spouts
{approxitaately 25 g lresh widipront) were peady dar
vostad and immediately nnd mpidly plonged into approv-
mately 3 volwmes of Yoiliog waler in urler i inactivals
endogenoun mymsinsse 85 wek 25 to exirsel glucosinolaiea
and isolhiocyonaies From the plapt usse. Waltr was
reterned 1o 3 holt sml maintained at 2 rolbing bod For 3 min.
Yhe sprowts were en Sither stsined frem the Dbiled
infusion {ien, soup] of Romopesized i 8, sod 1he restdye
then semeved by Blicution of Sentrifipation.

Data o Fabte 3 teprosent Poth hooopenates and il
siong, Propniionn were soced 5t 207 € vl ussared,
Tnguccr potoniial of plant sxtracts, propated oF déseribed
whoove, was dotermined o desoribed in Defnitiveg section
alrve.

TARLE 3
Induces Bovtntinks o MTat Warer Extesois
e By St Fhbgeiold Bpgealy
FTRACT P wmitl, fatuh wedghe

: E2CaEE )

k1 Kl h ]

3 RELFe ]

4 AL

H ELFilr

] FIROR}

? HERTHT

¢ [t A

n AL
i ASTLRY
L A0
ht] EE I
13 2T
x| IR
35 ik 64
H FFET L
i AL
2% 145040
iy MiF A

AVERAGT RGGE0E w G S0 T

Some varisbhilily fn o umown of Fhase 2 omavn-
mduper polcotinl wan detected. Migh lovels of Phase 2
ehyn-inineer potendind, haweved, wers crasisently
alrgarved,

TXAMPLE 6

ot Waler Brooendi Bxrracls Treated With Thifkhog
Muyrosiast

R aclivity i o Rol weater drovoal] extract increased i the
prosence of a vegeishie souwme of myrdsiaase, An sgeeols
extrackion of 3-day old sprowis of brocopdi caltivar Sagi
groen o0 wiled apan, In which myvcosionse war Inactiviled
by boiling for 3 min, was divided inta & Blferend 1530 ol
allequets, Mineday o dadkon sprowis, A Tich sowrps of he

i

15

i

oL

LHY

0

A5

5

&

16

CREyme myTesinase, word sdded fo this covled infusion o
sreans oguivalent 104, 5, 3, 17, 29 and 005 oo of the
brococh, QR sclivity, 26 dotetmined in the Definiten
seglion, of the comna] exteacts comtaining 0% dafkon was
26,300 unfigfnreny frosh wa}iﬁ; while Gt sctivity of the
i Erede that Tt seceived datkon Ay & mree of aryrosinesc
canged from SO0 to 333 500 veitefzeam freeh wabghi of
Lroecafi. Accortingly, mumosinase peisent in {he daikon
Rprolts, noreased the QR attivity ia the Droccodi extiact
proater than 19-fatbd.

EXAMPLLE 7

Cifucoraphanin ul (lioociucio are b
Predominnm Glucesicolales in Hol Waker Tatructs
of Btoooli (Cltiver Saga) Sprouts

Pafrod Jor Chromatojeaply (M Comtrilagod ot waler
extracts of 3-tay-old broconli (oultivir Saga) wpronts were
pubjoctod to soalyhicn) and proparative PIC o6 2 reverst
pliase D18 Fartisil QDS DIPLA eolumn jo ACHALO{IA,
By voly with fetreactylsanmoniem {TOAY bromide ag the
coumiordon, Dnly theee wellseprrated poake wers ditedied:
pexd A chiiod o 5.5 win, 13 a¢ 10,5 mia, wrd € 6t 13 min A
amabr ratfe AT of oo 2.5 1 56 1 L0 {monitored By LY
shearption 4t 235 nm), wnd ey disappeared i e stk
extracts wore Airst doested witl Dighly purificd myresinase.
Poads v, B, 2nd © contained mo signifcant {ndueer solivisy,
antt cyclocondensation amay of myrosioae hydrolrsates
showdd Tt only Pesks A aad O pootueed sipeifican
quastitics of Isothiceysmaes, socoumting for uH he fnducet
aclivity. Soe Thang of ad. Awad Bochen, 205 1060107
(1902%, Peak 3 was not Terther Charactonized. Peaks A and
© were ohuted from JEFLC a3 TOA seits bul soquiced
vonvision 0 ammaniam selis for suceessful mags
spistrseopy, WMR and hioassay. Tha pure peak materials
wars fried In 3 waehum cestrilege, rodissalved in agileons
20 mdd WH,CL and extracied with chlucolern 10 romove
excris T bomite, The emmonivo sults of plucosinelaios
cemained 4o Tho socots plinst, whith s hen svaporated,

Wentifiention of Ghroosimlates. The smmoniem saiis of
Peds A and 0 wete chatantesised by mins speirometic
weal MM techoigues: (o) negative don Fesl Ao Beideed-
et SFARY o0 4 thinglyered watnis; this gave valyes of 436
{Teak A and 420 {Feake C) amu for the pagative moteculnr
lams, and (L) bigh resodution NMEL, a5 shown in TG, 2,
prowvided anequivosad fdentification of the strctise, Peak A
is ghocoraphanin {4-mothybuifloyfaty! glocosinalule], and
Peak © is e clogely elnted glocoestioin [4-methythituly]
glrcosinthale}l These idontificalons and purity are also
comsident with e indeoer poterneies; Peals A sad C, wfier
myzosinase Tydrolysis b potencies of 36,100 and 4540
unitedimmed, respoclively, comparsd with repared I values
of (.2 g0 (55,230 uajteremol) for selforaphane and 2.3 oM
(2900 unitsfnely For erucin, O vaines wig e concehlm-
tichs of 3 compotnd rogained w0 dosble the QR spocifi
activity i Mepd 16367 menias hapabors wolz. Siace there
ars e ot plucoiinelate poaks, and e indusor activity of
poak A arwd O socnem for the sl indudr activily of the
cxiracis, il i2 therofore fikely tha in (s culiivar of beocooli,
there ute oo sigaifean guantitios of ciber loducors, ie., 40
fndele or hydrexyaltkeny! plecosinolsios. Funhen, the fa-
Inted compounds sre 1herelnre substantiatly fire.

EXAMPLI S
Comparison of Agucoss wnd Qranate Solvent
Teekhigues fo; Exiraction of Indwer Potemlal

inty werg prrspared by fes sorfaoe sterllizing sevds of
Rrassion «derpgis varoly #aboy {broooalid cullivar Saga,
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witlh 0% othasod followerd by 135 sodivm dyposhlorile
bl O0ET aloonow, The weeds were goown in werHe plastic
confajiers 2l A depsity of approsimately 8 scedriom” for T2
houirs on o 0.7 apar suppont thal 8¢ a0l contain added
suiHems, T environment wes carefuBy coptzolled with
hroad spbelrim fivorcscont iphing, iy, v tompera-
tee control {16 Iowes lighy, 25% 8 haws dack, 30° €,

The phaps were mpidly and genily coltected from (b
surfuee of the 3gar to mikimise glawsinolats hydrobesis by
catoptaoys myTosivew wheasd upoa phat wassding. A
podtion of e plants was bomogenized with 10 volutney of
e DMEACNDMIO wivem 51 -50% O, a5 deseri=ed i
Crampie }, which dissolven nearly aH e aon.
lignocehulosic plunt muterial, Allermatively, the buli; of the
havested plams was plenped inte 3 woirmor of boiling
water for 3 min to fascrivaic ondogenons myresinare and o
exleuct plucorinolatos and isothiveyanates, The cooled miv-
tare wis Boanooemrod, contrifiged, srd e supcrnant Ruld
wag slorod a1 =207 O,

Inducer potentiad of plant axiondz, prepad by e two
mothods degopbed above, wis deteemined Dy the micrniter
plake Bioassnay as deseribed abeve, Typival fndvesr potentish
18 a0 JveTags of 5 preparations wese FOR000 (DM AT
BMS0 enraols) opd 505000 (agiecus oxiacts) waitvg
Fresh woipht of sprouts,

Sprcimophunmelric guantitation of the syclvoonderiition
product of the maction of feethiocyanetes with 1.2-
benpenedithiole wis carrked 0w a5 Soveriped i Zugg o at.,
A, Biochem 205 100-107 (1992} Glrarisolales wore
rapEdly converted 1o Bothiosyanatos after sdibitivn of puym-
sinase. About 655 of shi total ot waler extracishle mudodal
{dissoived sotidy] consisted of gluconinotvics. Thest tesulls
demonstiae 1 {o} isotdiooyanate levels in the crede plaad
extracth 350 exitemoly Jow; () myrosinase rapidly comverls
shundant pucorinnistes w sothiocrmates; (¢} bl water
exiraclion reloasey over TOCE GF ho anduoet ackivily exine-
b with 1 friple solveal mixtere permitting feeovery of
ot of the Dioopical activily i 4 progatation that is safs far
lman consumption, aod () over $5% of the dnduolig
pesendial in the intact plaet i present 35 gluoesindabes ol

therefor ao other tndiceds arg preseid B bivlugieally sig-

aiftcant quantiiies
ERAMPLE Y

Broveiopmentul Rugmadation of Glecosinulais
Pradeaian

Profiminary oxpotimens f1 vwlich fodd goown brovoali
{cuHivar TheCioco) was harwsled of sequentisd dime podsls
frcain e mame Bodd socicated fhin on @ frosh warlplst Bais,
Frodsesr potenti) goolined {rom 1he ey vogeratbae sl
throueh commercind harvest, bt appeared 16 oredss ot e
harvest {omset of flowerdagh, These dala supgested fha
fnfacer potential mipht be highes! in scods. Suhscyuen
studics hyve shown that when seods of £ brovooli saftivars
wers surfrog steriliped wnd growas wuder gaplobioto
conditions, Fhase 2 emeymé-idnosce potential was lighest i
seeds and doclined progrissively (o0 o Tresh weight basis)
over e thratghaut #5 fhest 34 days of seedling growik,

Oxpressed om 3 por plaml Dasls, howewer, yotivity
remvained conslsit over s penind, sugpeding that ol dds
cardy stage of geowth dicic wis no rel iyhtkesis of plecost-
rodnten, FHoweves, when the plecosinniss profiles of markel
stage brocool hesds sl 3 oday old sprouts {ouBbesr
Ermpens wire compared, (bete was o prifoun diffornon in
the oppament plieosinctale companitinns of these plants.

A%

L]

L4

£

18

Speouts wire propated byl surface fredilizing seeds of
Brassien oleracen varicty faflea (broccodiy caltivar
Draptor with 1 1 sofouis feetment o 7% eihamol, bllowed
by 15 win in 1.3% todivm hypreehboris with approxinmytely
Q001% Alconox delorgent. Seetls were grown i Slorife
plastic conluiness 1t 3 density of approvinaely § seednen”
for 72 Boues o & 7% ager suppor Bt &id a0l conlain
adled mageats, The enviconment was crrlally controfled;
brosd specteesn foocesoem Hphifng, bymidity and lempera-
fore contial (16 hours [Hght, 25% CUR hawrs dark, 20° ).

Flants wore rapidly ant geatly oodlocted from the surfae:
aff the apar o minimiee gluctsinolaie hydwodysi by sedog-
wres TRYreRinass rettased apon phnt wounding. Sprons
Foppeeesinaately 23 mp fresh whSpeout], were gently bat-
vestert and immmedintedy and rapicdly plupged into approsd-
mately 3 volumes of boditg waler jn ersler 1o fnactivile
trulppenows myprosinae s well 2% (o exbmct glroaninnhiles
antl isathioryapates from the plunt fissuc, Waor was
sefurnid [0 & bodl and matntafncd 4t a roHing boil far 3 min.
The sprowts wore then strained from (e batted infusion [lea,
wonp] amd Bie infusion was woted at -2 O ot sssaped,

Marke! slage hoads wore oltaied by gorminating seeds
of o same seedind 95 4 prednlouss i potling s, Wals-
planting to a0 ccpamicslly managed lield iR (anetr Consty,
ME and harvested a1 mariel stage, Heads wers immotiely
fromen upnn Barvesd, wansponsd (o the Lahofatory an ice and
OXITACS wars frepars fuoab ddemdicsl Tasddon S0 thowe
demeribed above Tor fprowis sxop dhat approximadely 3
grany Horot tssue samples wWere used Tor oxirsclive,

Tnttwcor potentis) of plany extracts, praparcd as deseribud
shove, wus delesined by the micemiler plate bioassay
mothed 25 desseBed in Meample |, Paled ion cheodniog-
maphy devealed fwe majer peks, probally glucobrassicin
apil soo-ghioobrassicin, i extraais of murdst stige hoads
with starlae rdention Hmes o glecobrssicln (ndole-d-
yimethyt glucosinelate) and neo-glacobrassicin
{Umerbonyindol 3-plmethyl ghonsiooine), This obsorva-
tion it consistent with publisted reports on e ghucosiuniaie
composiiion of matre brocoodi plams, However, poired jon
chrotmaligriphy umder e seme eotidilions of idontically
preparcd extracts of 3-8y-old sprowts showed segcs of
plucchrassicin o aor-givechrassivin. AddRingally, dday-
oid sprouts of different Broocali ciftivans printuce dlfertn
ixtures of pheoosnelates. Accordingly, ghoosinelae o
Quction is developmimally cepubutod,

EXAMITE i

Evatustion of Asticarcinogonic Activitics of

Brocol] Sprivg Proparatiess dn the Thpping

3ATA (9,50 Dimethyl -3 -Roman bracesc)
Marmmary Thiner Mo

Sprovts were prepared by (est serisen serlizing seeds of
Brassice ofermoee varkely Safieq {hrpoeali) callivar Saga
with 0 1 min frerdmiat fn TOW% cthanol, Bllowod Iy 15 inin
Ip 1.3% spdinm hypocldoniie with approximaely 0. 0019
Adonty detergent. Sveds webe glown g sierile plastic
coplainems ab a dinsity of approsimately & seedsion® for 72
bowrs un o 276 agar supper! e dit nol clutaie added
awmrens. The envicoumanl was carefully oontradied with
broxt) speienn uorescent Highting, bemidity s fopera-

~dare comteal {36 heurs Hht, 257 G0 hows dark, 208 0,

13

The plagte wors capidly and guatly colltoied From the
seaefnce: of Bie apag 46 minimiae pleossinolate iydrolysis by
crdontipons myrosinuse released apon plant wonnding, A
Terpe guantaty of sprosls was hisvested by immediniely sud
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papidly plusging e spprosimatddy 3 volumes of bodiiag
water b ordor 10 inrckvats erdofesous ayrosinase, as woil
aF evivacling plucosinnines and othiouysasics Sront the
Fhamt s, Water was returmed 4o Bodl and madntslied #1
i roliag borl for 3 min. Sprists weee 15ea sieaincd Srom the
brited infuston ftea, soup] and 1he infusion was lyophifined
and Rtored 45 & dry powder 31 20" €. {desipoated Piop A,
Other spravts, simbarly prepared wer extraclod will bodl.
g water, cooked o 257 O, and were amended with 3
ety of 7 day o dadlopn sprouks squivalent o appoxi-
smrtethy 00555 of e arfginad frosh weight of braocet sprolts,
This myixibes was homopenived using 3 Thrdakian Pelyiron
Homageniver amil nculnted a8 377 C far 3 hows f03lowing
which # was Bliored shrougth o sinbernsd phuis Blior, Iyo-
phitized a5 above aed siorod 55 & drivd powder of ~30°% £
fdesfpnnied Brep B

QR Inducor sotivity aml ingaces potentia) of plam
eadthots, prepiict a5 deroribed edive, was deemvincd by
the sviveotiter plate Pioassay muthtdd ki depcribed abose, The
nduetion of QI aclivity in prepaiation A 22 Jergely duo o
plcosinolates; prodiminantly glicotapkanin, which i the
gloctsinodate of mulfprapkane, bul 1his preparation alse
contzing some pheoopnecln, which ix dbe selfide amalop of
glucuraphanin, The fmduction G achivily of propantion N
Bs ntmoy exclwsively dye 1o isothiocyanstes arsiag Trom
srentmend of gleossineisies witl mymstice.

Female Sprague-Ilaeioy tils rceived o7 35 duys of age
wepe andomiaed; 4 anintids per plagic cage. A xnimads
reccivesd 180 mg DMBA, by gavags in § sl sisame o al ape
50 days. Spmal propaiations {A o B) or vebicle coniipd
ware given by gavage at 3, 2 & 1 day prior i DMNA, on the
doy of TMBALR br pricr 4o the DM BAdiee) ind on he day
Cofowing BMTA dosdap, The selicle used was S5 Tl
phor G20F JS0% water Apimalc were miintaised &0 3
semi-purificd AIN-TOA dict ad {ibfiven from the time of
rocaip il dnrmiation of {he oxporiment (367 days of ane),

TARLE 4
ANTICASCIRO B2 E ALTLVITIER OF ARG Sy
1A A RAT MAMMARY FUNCE MODE,
BREL A M3
OF FIACTTY:
ANMALS TRIMIFIAE,
Ar TR o
TERMTA  TUMOGR  TUNOLS
QRCUp TREAT NN Y TN FUMARE PRER AT
LR LEREA anly 1 2] 1w
TRERARAITON 324 maidocs 18 ] 1485
r\ {3040 gemo|
{Hurarinclalsy  esifmghans
R TR
PREFARATION  #2d myiber i HH .55
n L300 gl
{lphivoyaaridy  mifomphnne
g

The development of paipabls mmoss was delayed for o8
much a5 woels by e aoministradicn of sproul oo,
Raty bregdid with oitlor Proparation A or 13 bud sigalfoasty
ey fagmers than the aotreniod comttad, and the melipticity
af bpesors (famods por rat) wias significaatly boeer in the
animils seoiving Mroparations A ar T,

DAMPME 2

Thwh 71430, HOM-SHROHIRG vohmmieer ages A5 and 4l yoars,
sach f gopd heabth, were pud on u Jow vepotabie diel in
whish 49 frecn or voiow wegeishies, or condiments,

Y
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muslar, Sorseradish, aloos oF pRpayss were tonsemed,
Ader 24 howes on ok & gind, A wrine wan chiiecied in f iy
agguqls. Adter 24 bours of baseline duiz, ssbiedts tytestod
100 m) of bmcooli sprowt soup fprepared s delowd, can-
tniping F20 remot of gluoosinokates,

The wpois wite prepaiad by Frst wrfuce steriiziag
secds of Hrassica oforaner variely itafleq (brocect) cottivar
aygd with ¢ 1 paim troabntond in TO% etharol, foliowed by 15
min i 1.3 sodien hypodhionite with ca, 20035 Aloieon
dejerpent. Soeds were grown ja siedle plaskic coniainers ol
a densily of sppeowinaicly $ seedstom” for T2 hours on 2
0% sgar suppard tiat Gid a0t contala added matkerts. The
savireament wos carsfully sontolled with hrosd spoctmmn
fuorasoent Yphiing, humdity and wempoeratiore costeot {10
hoves light, 25% O howrs dark, 20° G The plants werd
expithly and pently cplleched frem e surfuce ol‘p thi Agar t
minimize plrcosinodate hydrolyeis by ondogenons mymg-
pase feleased wpon plunl wounding. A jaoge garantily of
sprants wis Saevestod by immediatedy ard rupidly planged
inta approximeiely 3 velomes of boiling water in gedor to
ingclivie cRdngenols myosinge 35 well 35 10 onitac
gleosinoiates andd duatbionyanaies Tiem e phan thaue,
Water wod sottcned 10 7 bol) prd msdatained of o selling boil
for 3 min, Follpwing the boiling step, sprouls were homop-
eqived directly io thuir infusicn water for | min nsing a
Yirimkorsn Polyton Homogenionr sod e foparibions wers
feomsts wl 79" O, antil e

Trthumer potenstlih of frhant exinacks, propared o5 dosgribed
shove, wan detenplaed by the micwiler plue Biesssay
mathed a5 descriped sbove, Induosr posmtial is gearly ai
due to glrcinolaies; prodominanty ghecoriphaaia, which
i the glucosisoine of sulfaraphene, bt some pluceervein
whith & the subide snaloy of plucerapusia was abeo
proseal, When convenied (o sothineyanaies Iy ke sddition
of putified myrorinasg, Phise 2 encyme-inducing poteplist
wag 100,000 unfisfe] ard cogtaiued 5.2 pmod of isithiooy-
anabe pr o, @ doimndned by e cyclodondinstion
reaction desoribed in Exminple 7. Thes, the suliecls oone
sumed & ksl of 53¢ amol of plicosimofates.

Collection of 8 howr wrin: sankeples was conlinued far s
atilittons] 30 hours, Urinary excretion of fnotbiocyanais
conjugates {tithicoarlamites) wes monluned wslog e
evelocondonsation rescdion a3 destsibod in Bxample 7,

TARIE 5

ENCAITCN OF DITHIDCATRIAMALTES 317 W SURITCTS
PAERETER S0 MICTROAMOES OF GLUCOSINGLATES
EXTRACTIE PADM SA54 HROCOT

Colbertinn Time Jreand Prichdosarhamnce
L . b b urins eoitecrlen
TIME CORPOTON SURIECT 1 BRI R
i Berlins 14 T
i Junehite: bA e
2 Iakylioe 1.7 Fa
b3 14 & facr w3 R
okldise
i A & hiar ue MR
ot
4 Jard £ hoyr LE 4
paosl-tose
b2 1k 5 oy &3 A7
frithirG o
Tochl pent-Joes alcnR 3R R
Avedrpn bepadine:
Toenl &5 Perrenl af duses LA I

The twi subiests studied merboioHy somvetied 3 sig-
mificart fraction of the mpeshed ghaondcol Fes 3 e allifo-
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cyanates which veere converisd o cogoate dittiocarbanates
e measarad ia he wooe,

ERAMPLE 32

Effocts of Physical Tnterventinns on Speomt Growth
on Production of Indveers of Ouinong Reduelise

Sorows were propared by finsl serrfroe sterilizing peads of
Raphagus satban (daikon) by o 1 mintee treatmest with
0% ethanol, followed by 1 15 min freafment with 1.3
sedium hypechiprite with approsimasly $.001% Alconoy
dotergent, Soeds were prown i siorite plashie contafers 2!
w denaity of appronigiately § ssodsion® for 7 dayy on a .75
agar supporl (e did ot contain added mnnenis. The
envimamert wan carclfidly cantrollod with broad specirum
Huaresosn! Hphting, bwmldity snd tompatatiee conted (36
Sl digdt 25 8 Bowes darks, 307 €.,
Troated sprowls were Trraldisted with gornicidal UV diph!
for 0.5 bron days 5 and 6, Trated seents wero only hall the
fieight of the unireated controdn, Plants woie larvosicd on
day ¢ by rapidly and geatly colfecting the plapts fom the
surface of e agar 10 minimize giuoosinstaie bydrolysis by
cipheprnons myomnase releesed wpon plagd wounding,
Sprouts were harvesied by immediate and rapid plisgiog
i approwimately 10 volames of DIMEACHTDMEQ
{h:EX) ot approwimadely ~$6" O, a0 order b leactivile
Lintoperg myrosinase ox well as 16 et glucosincalalce
apd igethipoyansiak, Sproms were Breodialely omop-
gnized with a grovnd plass monar end pesile sed sored 3
- O,
Inthzcet potentiel of pland oxiracts, prepared a5 deserilod
dlove, was elenndned by e viereifies plate hicwsy
method a8 deserBed above, ledweer polosliad of the
¥breted spropds wis gl Sieee Umes tha of sniremed
contbols. Treatmintaf sprowis wills viicaviolol finht dbrrefore
mereaned the Phise 7 chryme-fndueet poiential of the plast
1issue.
Although the foregoing mfess o pantieHsr proforred
embodimonts, it Wil be updersioml fal e pssenl inven-
10 iR 0oL 50 Jimvited. 10 will oo 1o Bose of dedisary skill
ip dhe at thal wiriogs modificetions may be wade 40 the
dlsclosed embodiments and sy such modificstions are
imicnded 40 ba within 1he weope of the prosert invenion,
which i gefined by the folluwing claims. Al publlcations
apd paent npplicstions memioned in this spocification e
indicative of the tovel of vkil of those 1a e ard 4o wlich e
wveitbon portains.
ATE publications andd patent spphestiong are herein ingoe-
porxied by reforenes to tho same exfent as i cach individual
mitlshication of palest apphention were spocifically and fndi-
wvithiadly indlcsted to ho incorpurawed By sefermnor in s
LG
What i5 clatmed is:
1, Anetiod of prepering & humen Rod product Sompris-
ing envciferous spromty containing bigh Phase 2 epzyvme-
aducing poteniiat and noo-texic leveds of indode ghucosis
pedates and Migir broakdown proshicis and goiirogonic
hydrosylntenyl pluconinolaies, comprisiag he steps of:
{3 idenTilysng soclds wiich produce xadd spreuts, with fie
eupeption of Brexvlen mlerapen cipiinty, Lapidiem
Fdrvinn, Simapds olke, Sty sigea, sl Rapheanes
SAMVE ARIous;

() sveningting sadd soeds; nod

{C) barvexTing wid sprovts botweon the oneel of geemi-
mation wp e and inclediog the 2-3oad stagpe. 1o form o
frmen food producd oomprising & plurdlity of xaid
O,

ke

i

b+

il

%

v

2,"Fhe method according 10 clrim 1, wherein s0id sprouts
st JramEsted 3 b 314 daps pest-nermination and contain @
feagl 26000 uni per grom fresh weipht of Phae 2
snmyme-inducing potembs] when meamared afler J-days of
grival and pos-oic Jovels of indele plicosinolaiis and
their brombedowen prodiets sod geiropenic Wdreaybatenyl
glonsindiates,

3. The el acddrding 1o ohdy L oor 2, vwhersin said
seeds a0 2 Mrgssien plerroe selecied Rom e gorp of
watholins consisting of aeplala, afbagizhea, Sbevedis,
coslaiy, pomaifcra, gengeledes, fefica, medeifors,
prafefafia, romess, solimwda, sefeliicn, ymd selmiske,

4. The methasd sovending 1o Gadin 3, wheraln said soeds
ate Hrassfea alermoee veriely falico,

5. The meflsd sccerding, 10 claint 3, wheitdn soid seeds
are FArasston Gleracen Yabery bofngis

6. The method according 1o claim 8, whersin said seeds
e Prgsafon oleronn vty balryity sebvariely coaliffors,

7. 'The method socording wolaim 1, wherela said spros
ace sebssntiaily free of Phases 1 snwymme-inducing petostiak,

8. A buman fecd product compeising eruciforoy spres
e acoorag o Y method of claim 3.

9. A methed of grepanag o hoioan food prodoc, com-
prising Guteacting plucosinolates and incifioeysmses Trom
eruciferous fprouts rfich in gluccsinrolbes, with the excephion
of Brayiton slemonn cdpitara, Loplafu splfvom, Sinaply
éefinn, Simupis nigra, and Rephanas setivies sprots, hsmested
hotwenn Yhe onset of poemdnation up do end inclading the
leal siage, o frony creiforous seods, or 2 combimition
thereo!, with & nortoxic solvend, smoving the exiracial
P, sacds, 4 & combination thereo! from rid seivent
and, anod restirisg The oxtoactod plocoainolaics and fsathin-
cyanates.

16, The methed socording fo chadm ¥, whereln the sprows
are harvested 130 34 days poshpoomanation and coblain al
teant 2O00MG upils por pram frenh welght of Phase 2
cpeyme-indrring putentizh when measrod alter 3-days of
prowth and non-towie lovels of dndole plucesinoiates and
their hreahdoon proctiects and goitrogoaic hydroxybelony]
ghucpsinedaius.

. The methia] aubording o <dafm 10, wheroin paid seeds
are a frassiod ohracer sedocted from gie grodp of vt
consising of anephoia, wibegfabes, bty coseite,
gomnifera, gosmplodes, Halion, meduiioss, palmifalia,
renosa, sodanda, sebeilice, and selesin,

£2. The method secording (o claim 1L whoreir said secds
ars feaknien floraees variewy Mol

13, The method ascording w0 clain L, wherein said seeds
aro frawsien efersien varioly Spirefs,

. The muhod aocosdig 1o claim 13, whorein sadd seeds
atn Srassion wloracns varidly forepris subvarioly candiffora.

15, The method acconting o clam 4, whertin said sprotis
are substamiiuily fred of Plase | eampme-inducing polential,

34, The mesthod secondig w0 Glaim 9, faihet comprising
thes step of driing suid exiezcicd pliopsinotates and Bothio-
CYARDIE,

17, The method wcoordiog o clsim % whemin getive
myroiouss syme is mbxed with said crwcifercuy sprouts,
sald crecinrous weds, st extacied plucosinalsics And
Esavhinoyafabes, of & combinatica theepl,

18, Ay exTracd gropared secording 1o the method of any
ome of claims 9, 15 or 17,

£9. The mithod socording to elaim 1, wherein suid seeds
prpdice epacileoous sprows comaining of kst AH0,000 vaits
gt geann fresh woight of Pliase 2 enxyme-incacing polontisl
mussired afier 3-days of growih,

20, o npethodd acvording to eiaim 1, wherdy said soeds
ppeiitet: cruciforons spraonl conlaindngp 57 s 0060 palis



Case 1:07-cv-07844-SAS Document 15-6  Filed 11/20/2007 Page 15 of 15

5,968,567
23 24
por pram Brosh weight of Phase 2 caxyme-inducing potvmial 22, The melbod acconding 1o cladm 1, whersin safd soods
messured after B-hays of growth, produce creciforous uprouts conlaining at Joast F0U000 vnits

24, ‘The moihod scearding 10 cluim 1, whoreln said scods ek geam Feesh woipht of Phase 2 eneymé-inducing potential
produce craciferous sprows conlaining o foast SOO000uasts  measwred wlier Bddays of prowh,
per arar drosh welpht of Phase 2 enmyme-tnducing poteniisd 5
o mpeasured afigr S-daye of griveth. L



