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radocing the level of carcinogsos i mammals.
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CANCER CHEMOPROTECTIVE FOOD
PRODUCTS

This epplication is s divisional appﬂaﬂon Ser. Ne.
331;528.858. filed Sep. 15, 1995, now U.S. Pat. No. 5725, s
The US. Government has @ puid-up license in this
invention and the right in Imited drcumstances io require
the patent wner to Hoense othars on reasonable terms a5
providsd for by the tertus of grant PO1 CA 44530, entided
*Wovel Strategics for Chemoprotection Against Canest”,
(Paul Tulalay, Princlpal Investigator) awarded by the
National Cancer Institute, Department of Health and Hurnan
Serviees.
BACKGROUND OF THE INVENTION
L Feld of lovention
This invention relates to a dietary approach to reducing
the level of carclnogens in animals and thelr cells agd
thereby reducing the risk of developing cancer, In particulas,
this ipvention relates to the production and consumption of
foods which are rich in cancer chemnoprotective sompounds.
More specifically, this {avention relates to chetnoprotective
nds that modolate vammalian enzymes which are
invalved in metabolism of carcitogens. This invention
relates to food sources which are extretoely rich in com-
pounds that induce the activity of Phase 2 énzymes, without
{ndicing biclogleally significant activitles of those Fhase 1
enzymes that activate carcinogens.
I Background
uismddymaguizedlhntdmphysahrgcmkm
controlling the risk of developing cancers and that inrreased
eongumption of fruits and vegetables reduces cancer bci-
dencs in humans, It is believed that 8 major machanism of
protgction depends on the presence of chemical componsats
in plants thst, wher delivered to mammalian cells, elevals
levels of Phase 2 enzymies that detoxify curcinogens.
Early studies on the mech of chemcprotection by
certain chemicals assumed that these chemoprotectoes
induced activities of monoaxygenases, also known as Phase
Te or cytociromes P-450. However, Talalay ¢ ak,
[reviewed in “Chemical Protection Against Cancer by
Inductios of Blectrophile Detoxication (Phase ) Enzymes”
In: CELLULAR AND MOLECULAR TARGETS OF
CHEMOFPREVENTION, L. Watterberg ¢ af.. CRC Press,
Boca Raton, ¥la., pp 469478 (19923) determined that
administration of the: known chemoprotector butylated
hydoxyanisole (BRA) to rodents resulted in litlle change in
cytochromes P-450 (Phase 1 enzyme) aciivitics, but pro-
foundly elevated Phase 2 enzymes, Phase 2 enzymges suchas 50
glutathione transferases, NAD(PYH quinons reductase (QR)
and glucuronesyliransferases. detoxify DNA-damaging
electrophilic forms of nltimate carcinogens. Selective induc-
ers of Phase 2 eazymes ase designated monofunctional
inducers. Procbasks & Talalay, Concer Res. 48; 47764782
(1983} The monsfunctionsl inducers are-tearly all elecko-
philes and belodg to 8 distinet chemical classes including (1)
diphennl,s, phenylenediamines and quinones: (2) Michael
reaction acceptors containing olefins or acetylencs conju-
gated to clecron-withdsawing groups; (3 fsothlocyanates;
) ll-dﬂhmled-ﬂnms. %) hydroperoxides; (6) trivalent
inorganie and organic arsenic derivatives; (7) heavy metals
whhpomdumhtedw(hewafﬁmﬁesfartbiolgmups
fncluding Hg™, and Cd>"; and (8) vicinal Laus.
Prestera ot al, Proe. Nadl. Acad, Sci. USA 90: 2963-2969 65
{1993). The only apparent commop property shaved by all of .
these induoers 1s thelt ability to react with thiol groups,

2
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2

Chemoprotective agents can be used to reduce the sus-
ceptibility of maramals to the toxic and neoplastic effects of
carclnogens. These chermoprotectors can be of plant origin
o synthee compounds, Syathetic analegs of naturally
oceurring {nducers have also been geacrated and shown to
block chemical carcinogenesls in andinals, Posner ¢ al., J.
Med. Chem. 37: 170~176.{1994) . Zhang et al., Proc. Nazl,
Acad. Sei. UEA 911 3147-3150(1994); Zheng cf al., Cancer
Res. (Suppl) 54: 19765-1981s (1954).

Highly efficient methods have been developed for mea-
suring the potency of plant exiracts to increase or induce the
activitles of Phase 2 enzymes. Prochasks & Santamaria,
Anal Biocher. 169! 328-336 (1988) and Prochaska et al.,
Proc. Natl. Acad. Sci. USA 89; 2394-2398 {1992). In
addition, mesc mothods have been emp!ayed for wola!mg
the ponsitie for the i activities in
plants and for g the ahticarcinogenic aetivities of
these compounds and thelr synthetic analogs. Zhang et al.,
Proc. Nal. Acad, Sci. USA 89 2399-2403 (1992) and
Posner e al, J. Med, Chem. 17: 170-176 (1994).

Although inducer activity has been found in many differ-
eoi families of edible plants, the amounts ase highly
varisble, depanding on family, gepus, species, variety, or
cultivar of the plast selection and on growth and harvesting
conditions. Thus, there 15 & need in the art o dentify
particular edible plants and methods of growing end pre-
paring them that yield high levels of Phase 2 cnzyme-
todincer activity for chessoprotection. There is also e need
for methods. of growing and prqsaxing edible plants that
produce a known 4p of spreeifi¢ i 3 of Plase 2
enzyme activify in order to increase the efficiency with
which specific carcinogens, or classés of carcinogens, are

rgeied for insctivation. In addition, thers is & need for
methods of plant breeding and selection to increase the Jevel
of Phase 2 Inducer activity and to manipulate the specirum
of inducers produced in partioular cultivars.

SUMMARY OF THE INVENTION

¥t is an object of the present invention to provide feod
products and food additives that are rich ip cancer chemo-
profective componnls,

Another object of the present invention is 10 provide food
products which contain substantial quantities of Phase 2
enzyme-inducers and are essentially free of Phase 1 enzyme-
inducers.

Tt is & further object of the present invention 1o provide
Tood products which contain substantial quantitics of Phase
2 enzyme-inducing potential and noatoxic levels of indole
glucosinolsies and their breakdown products and goitro-
genic hydroxybuatenyl glucosinolates.

These olijects, and others, are achicved by providing
cruciferous sprouts, with the exception of cabbage. cress.
mustard a0d radish sprouss, harvesied prier to the 2-Jeaf
stage. ‘The cruciferous sprouts include Brassics oleraces
vasicties acephala, alboglabra, botrytis, costata, gemmifera,
gongylodes, italica, medullosa, palmifolia, ramoss, sshauda,
sabellica, and selensia.

Another embodiment of the present {nvention pravides
crucifirous spronts, with the excaption of pabbage, cress.
musterd and radish sprouts, barvested priar to the 2-leaf
stage, whevein the sprouts are substantially free of Phase 1
enzyme-indicing potential,

Yet another embodiment of the present invention provides
a non-toxic solvent extract of crucifearous sprouts, with the
exception of cabbage, cress, mustard and radish sprouts,
harvested prior to the 2-leaf stage. The nop-toxic solvent

Page 6 o1 17
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£xiract can be a water extract, In addition. the water extract
cap comprise 8 cruciferous vegetable, such as a cruciferous
vogetable of the gemus Raphanus, comprising an active
myrosinase cnzyme,

4
Phase 2 enzymes in a rammal, comprising the step of
aidministering an effective quantity of cruciferous sprouts
harvested prior to the 2-leaf stage, wherein the sprouts hiave
at Jeast 200,000 units por gram fresh weight of Phase 2

Another embodiment of the present i i s
food product comprising aruciferous sprout& With che
exception of cabbage, cress, mustard and radish sprouts,
harvested prior to the 2-leaf stage; exteacts of the sprouts o
cruciferous seeds; or any combination of the sprouts or
extracts. 10

A further embodiment of the present invention provides a
naethod of increasing the chemoprotective amouns of Phase
2 ehzymes in a mammal, comprising the step of admiis-
tering an effective quantity of cruciferous sprouts, with the
exception of cabbage, cress, mustard and radish sprouts,

+ harvested prior to the 2-1eaf stage.

Yet another embodiment of the present inventlon provides
a rethod of in the chemoprolective ank of
thZemm:shnmmmamepnmgthempof

-
@

nzyme-inducing potentdal whes measured afier 3 days of
growth from seeds that produce the sprouts and contain
non-toxic levels of indole glucosinolates and their brsak-
dowa products and goitrogenic hydioxybutenyl glucosine-
lates,
Yer apother ¢mbodimeat of the present invention provides
a method of increasing the chemoprotective amount of
Phase 2 enzymes I & marmal, comprising the step of
sdmigistering an effective guantity of a food product com-
prising sprouts Harvested prior io the 2-leaf stage, wherein
thie sprouts have at laast 200.000 units  pLT gran fresh weight
of Phase 2 1 when d aftes
3 days of gmw‘h from seeds that peoduce the sprows and

* contain non-toxic: levels of indole glucosinolates and their

products and goitrogenle hydrosybutenyl glu-

edministering an effective quantity of 4 food prod "
peliing cruciferous sprouts, with the cxceptmn of \:ibbage.
aess, mustspd wad radish sprouts. harvesied priot to the
Zeleaf stage.

Another ermbodiment of the present lavention provides
crycifirous sprouts harvestsd prior to the 2-leaf stage.,
whereln the sprogts have at lsast 200,000 units per gram
fresty weight of Phase 2 enzyme-inducing potentlal when
measured after 3 days of growth from secds that produce
sald sprouts and contsin non-toxic levels ofindole glucosi-

cosinolates.
A furthes embodinent of the present mwendon provldcs F
method of preparing o food pr rich in gl

comprising germinating criciferous seeds, with the excep.
tion of cabbage, cress, mustard and redish sceds, and bar-
westing sprouts. prior to the Z-leaf stage to form a food
product comprising a plurality of sprouts. The cuciferous
sprouts include Brassice oleraces varetics sccphala,
alboglabea, boirytis, costara, gesnmifern, gongylodss, italica,

dull pabmifolis. ramosa, ssbauda, sabellica, and

nolgtes and their treakdown p and 0
hydroxybuicayl glucosinolates. The erucifarous sproucs
include Brosdlen oleravea varietes acephala, -alboglabwa,
boirytls, costata, gemumifers, gongylodes, italica, meduifosa,
palmifolid, ramoss, sabaida, sabellica, and selensia,
A funther exmbodiment of the present inveption provideaa ¢
food prodiict comprising sprouts hacvested prior to the 2-leaf
stage, wherein the sprouts have at least 200,000 units per
pram fresh weight of Phaze 2 enzyme-inducing potendal
when measured after 3 days from growth of seeds that
produce the sprouts and contsin nontoxic levels of indole 45
plucosinolates and thedr breakdown products and goliro-
geuie hydeoxybutenyl glucosinolases; exuacts of the sprouts
oc cruciferous seeds; or any combination of the sprouts ar
extracis.
Yet another umbodiment of the present invention provides 43
crugiferous sprouts hervested prior 6o the 2-leal stage.
. wherein the sprouts have at least 200,000 units per gram
frosh weight of Phase 7 enzyme-inducing potential when
messured after 3 days of growth frosm seeds that produce the
sprouts and contain neu-toxde levels of indole glucosinolates s
and their teealidown products and goitrogeaie hydroxybute-
nyl glucosinolates and are substantially free of Phase 3
cazyme-inducing potenrial
Ancther embodiraent of the present invention provides a
non-vaxic solvent extract of aruciferous sprouts harvested sx
peiar to the 2-leaf stage, whersn the sprouis have at feast
200,000 vnits per gram fresh weight of Fhase 2 enzyros-
indocing potzatial when measured after 3 days of growth
“from sceds that produce the sprouts and contain aop-foxie
levels of ludele glucosinalatts and thedr breakdown products 6
#nd goitrogenic Sydroxybutenyl glucosinolstes. The not-
toxle solvent exiract can be a water extract, In addition, the
water Extract can comprise & cruciferous vegetable, such as
a arusiferous vegetable of the genns Raphaaus, comprising
‘o active myroslosse enzyme. &
- Yet aniother embodiment of the present invention provides
2 method-of increpsing the chemoprotective amount of

scleasia and contain nontexic levels of Indole glucosinalates
andg thair teeakdown products end goitrogends Aydroxybate-

nyl glucosinolates.
“Yet another ebodimment of the present inventiop provides
afoodp fich in glucosinolates made by germinating

cruciferons sesds, with the exception of cabbage, cress,
mustard and radish seeds, and harvesting sprouts pricr tothe
2-leaf stage to form & food product comprising 4 plurality of
sprogts,

Yet another embodiment of the present invention provides
a muhod of preparing 8 food product comprisiing extracting

lates and tsothio from ruciferous sprouts,
with the exception of cabbaga cress, musiard and radish
sprouts, harvested psicr o the 2-leaf siage, with & pon-toxic
solvent and secovering the extracted glucosinolates and
isodnocyanms Mymsmase enzyme, cravegmble. such as
g the enzyme is mixed with the

cauciferous § sproum, the extrect, or both the sprouts and the
cxtract.

An etbodiment of the present mve.xmon prowdes a
method of preparing s food p rich:in gl
comptising germinnting cruciferous seeds having at least
200,000 units per gram fresh weight of Phase 2 enzyme-
inducing potential when messured after 3 days of growth
from: seeds that produce the sprouts and which contain
non-toxic Tevels of indole glucosinolates and their break-
down products aod goitrogenic hydroxybutenyl
glucoginolatés, and harvesting sprouts prior to the 2-leaf
stage 0. form a food product comprising a plusality -of
sprouts. The seeds miy be Brassica wleraces, including the
varictics acephala. alboglabre, botrytis, costata, gemimifera,
gongylodes, lalica, madullosa, paimifolia, ramosa, ssbauda,
sabellica, and scicnsia.

Yet another embodiment of the preszat invention provides
& food product rich in glucosmnlntcsmdcbygumiuaung
cruciferous seeds. having at least 200,000 units per gram
fresh welght of Phase 2 enzyme-inducing poteutisl when

e EEE———— ]
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measured after 3 days of growth from seeds that produce the
sprouts and which contain Bop-toxic levels of indole glu:
ooslngletes and thel treakdown products and ioitrcgsnlc
hydroxybutery! glucosinolstes, 4nd. elther harvesting
sprouts at the 2-1eaf stage to form a food groduct comprisiog
Y of sprowts. The nurrmon&r product contains
non-toxic levels of indole glucosinelates and their break-
!T:sn Products and goikogeaic hydroxybutenyl glucosino-

Afurther embodimant of the present ifvention provides a
method of preparing a food product ising extracting
glucosinolates apd isothjocyanates with u solveni from au-
cifdrous seads, sprouts. plants ox plant parts, whezein seeds
that produce the sprouts, plants or plant pacts producing
sprouts having at least 200,000 units per graa fresh weight
of Phase Z enzyme-inducing potential when measured after
3 days of growth and wherein the seeds, gprouts, plaats o¢
plant pagts have non-tonie levels of Indole glucosivolates
and thelr breakdown prodicts and geitrogenic hydroxybute-
oyl glucosinolates, and recovering the exacted ghicosing-
lates and isothiocyanates, The non-ionic extraction solvent
can bz water: Myrosinase 2nzyrae, or u vegetable, such as
Raph peci juing the 15 rifxed with the
crucifeyous sprouts, seeds, plants, plant parts o <ruact, of
any conbination theseof.

A

0

6
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the total inducing potential of organic
solvent exeacts of broceoli and daikon cultivars as & fune-
tion of age.

FIG, 2 showa the high resolutdon NMR specus of lstlated

laolates obiained from hot ag i of 3-day
old Sags broccoll sproats,

DETAILED DESCRIFTION

L Definiticns
Tt the deseription that follows, a numher of terms are used

- extensively. The following definiticns are provided 1o facili-

&

Late und ling of the

A bifusctonat isducer is a moleonle which increases
activities of both Phase 1 enzymes such as cytochromes
P-450 and Phase 2 cozymes and gequires the partdelpation of
Aryl hydrocarbon (Ali) receplor and its cognate Xenobiotic
Response Element (XRE). Examples {pcluds flat planar

B sromatics such a5 polysyelle hydrocasbons, aze dyes of

2.3.7.8-tetrachloro-dibeazo-p-dioxio (TCDD).

A chemoprotector of ctant s & synthetie or
naturally occuming chemical agent that reduces susceptibil-
ity In & mammal % the toxic and neoplastic' affects of

A further embodi of the pr invention p a
method of Teducing the level of carcinogens in mammials,
comprising sdndnistering cruciferous sprouts, with the
exception of cabbuge, cress. mustard and radish sprouts.

Yet snother embodiment of the present invention provides
4 method of reducipg the level of carcinogens jo mammals,
comprising administering cruciferons sprouts having af least
200,000 units per gram fresh weight of Fhiase 2 enzyros-
inducing potentinl when meagured after 3 days of growth
from seeds that produes the sprouss and nog-toxic levels of
indole glucosinclates snd thelr breakdowsn products and
goitrogenic hydroxybutenyl glucosinolates.

Anoflier eubodiment of the present invention provides a
nethod of preparing a food product by introducing coeif-
erous seads, having at least 200,000 wnits per gram fresh
weight of Phase 2 enzyme-inducing potential when mea-
sured after 3 days of growth from seeds that produce the
sprouts and nonstoxic levels of indole glicosinolates and
goltrogenic hydroxybutenyl glucosinolates, ints an edible
ingredient.

* Afuher embodiment of the present invention provides a
hod of extracting glucosinol and isothl
from: plant tissue which comprises homogeniziag the plant
tssue in an exepss of & mixture of dimethyl sulfoxide,
jtrile, and dimethylf ide (DMF/ACN/DMSO)
ata tergp that po ts myyrosi activity.

Another embodiment of the present inventlon provides
cruciferous. sprolits harvested privr to the 2-leaf stage,
wherein the ratic of monofenctional 19 bifunctional indusers
is nt least:20 30 1,

w
1

45

53

Ancther object of the present invention Is to provids a

food product supplemsated with & purified or partiatly
parified glucoalnolate.

Other objects, features and advantsges of the preseot
investion will beooaue apparent from the following detafied
description. ‘It should be undersiood, however, that the
detifled description and the specific examples, while indi-
cating preferred embodiments of the invention, are given by
wiy of illustration coly, since various changes and modfi-
cations ‘withidl the-spirit and scope of ihe ipvention will
bechme appazent to those skilled in the art from this detailed
description,

0

63

CiDORENS,

A food product is any ingestible preparation g
Bhe sprouts of the fisiant invention, or extracis or prepara-
tions made from these sprouts, which ere capable of deliv-
ering Phase: 2 inducers to the mammal ingesting the food
product. The food produst can be freshly prepared such as
salads, drinks o sandwiches costzining sp of the
jnstant fnvention. Aliernatively, the food product containing
sprouts of thic instant invention canbe dried, cooked. bolled,
Iyophilized or baked, Breads, téas, soups, cercals, pills and
tablets, are among the vast number of different food products
contamplated,

- Inducer activity or Phase 2 enzyme-Inducing activity is a
measure of the ablity of & compouad(s} vo induce Phase 2
¢nzyme sctvity. In the present invention, inducer activity is
measured by means of the murine hepatoma cell bioassay of
QR activity in vitro. Inducer activity 15 defined herein as QR
inducing activity in Hepa lclc7 cells (murise hepatoms
cells) incubated with extracts of sprowts, steds o5 Sther plant
paris Untreated with myrosinase. Inducer activity is mea-
sured o Hepa lcl¢? murine hepatoma cells grown in
96-well microtiter plates, Typically 10,000 Hepa 1cle7 cells
ase Introduced into egch well, Hepatorma cells are grows for
24 howrs and a plant extract containlng microgram quanties
of fresh plant tesue is secially diluted across the microtiter
plates into-fresh culture redium containing 0.15 ol o MEM
culture mediurn amended with 10% Fetul Calf Serum (FCS)
aad streplomycin aed penicillin, The celis are further incu-
bated for 48 hovrs. QR activity {based on the formation of
the blue-brown reduced tetrazolium dye) is measured with
an pptical microtiter plate scanper in coll lysates prepared in
one plate, and related 1o iis protein concentration. Guant-
tative information on specific activity of (R is obtalned by
wompuber analysis of the shscrbaoves. One voit of inducer
activity is the amount that whed added to & single microtiter
well doubles the QR activity. (Se¢ Prochaska and
Santamacis, Anal. Bochem. 169: 328-336 (1588) and
Prochapka et al., Proc, Nasl Acad. Scl. USA §9: 23942398
{1592)).

Taduces patestial or Phass 2 enzyme-fnducing potential Is
& measure of the combined amounts of inducer ectivity in
plant tissue provided by isottiocyanates, plus glucosinolates
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that can be vonverted by mymsmm to isethiceyanates.
lates are oot th Ives inducers of mammatian
Phase 2 thzymics. whereas isothiocyanates are Inducers.
Inducer potential thezefore is defined herein as QR activity
in murine 1elc? hepatoms colls incubated with mymmasn«

&uwd exiracts of the : SErouts, seeds or other plam pasts. In
]
ty means of the murine hepstoma ceil lnmussy of QR
gedvity in vitrs as described above, Inducey potential is
measured in Hepa lele? murine hepstoma cells grown in
96-well micyatiter plates. Typically, 10,000 Hepa lele7 cells
arg introduced into cach well. Hepatoma cells ate growe for
24 hours and a plant extract containing microgram quantities
of feesh plant tssue is sealally diluted scross the microtiter
Plates {nto fresh culture mediom contalning 0.15 ral AMEM
cujture medjum amended with 10% Fetal Calf Serum (FCS)
and streptomyeln and pepicillin. Myrosinase (6 uudits/ml
plant: exivasy) is added o the plant extract. Myrosinase Iy
purified by modification of the technique of Palmieri et al..
Anal, Bipchem, 35: 320-324 (1982) from 7 day old Daikon
goroits grown on- eger suppart containing no added nutrd-
¢nts, Pollowing 234-fold purification, the myrosinase had a
specific activity of 64 units/mg protein (unit=smount of
enzyme required o hydrolyze 1 pmol sinigrin/min]. Plant

3

8
cultivars. Qfien increases of between 10 and 1000-fold have
been observed.

Harvesting plants &t an eagly seedling or sprout stage, or
otherwise asresting sheir growih. leads to the greatest
inducer potential and yields 8 food product of @ typs to
which consumdrs are already accustomed, The Phase 2
enzyme-indueing potential of such sprouts may be as much
as several hundred titnes higher than that observed fg adult,
moarket stage vegetables cbisined from the sare secds, Thus
1t is possible that humans can consume the same quantities
of indiscer potential by eatlog relatively small quantitics of
sprouts, rather than large quantities of murket-stage veg-
ctables.

B has now heen found that most of the Inducer potential
of erucifer plants i due to thelr content of isothiocyanates
&nd their bl i Glucosing-

gl
lares:are cmwmd to isothioeyanates by the enzyme myro-

sinas: which is & thiogluaosidase, Wormally myrosinase and
ol d.in the cell and if the cell is

w damagcd, with !oss of compartmsnsalization, myrosigese

exiract i diluted 200-fold into e fnitial wells of the .,

raiixotiter plate fallowed by 7 serial dilutjons. The cells are
further Incubated for 48 hours. QR sctivity (based oo the
formation of the blue-brown reduced tetrazolium dye) Is
tacasured with as opiical microtiter plate scanner im cell
Iysates prepared in one plate, and velaied to its proteln
concentration: Quanﬁtanve information on specific sctivity
of QR is obtained by lysiz of absorbances. One
unitofmduearpotendamﬂz. amount that when added to a
single microtiter well doubles the QR sctivity. (See

Frochasks and Santemaria, Amal. Blockem. 169 328-336
(1968) and Prochasks ef al, Proc: Notl, Acad. Sci. 184 89
2394-2398 (19923},

A monofunctiondl indocsr increases the activity of Fhase
2 enzymes selectively wishoui siguificantly sltering Phase }
enzyme sctivities. Monofunctional inducers do ot depend
on a fuactiomal Ab receptor but suhance tanscription. of
Phase 2 enzymes by means of an Antjoxidant Respousive
Element (ARE).

A crucifercus sproot is a plant or seedling thae is at an
carly stage of development following seed germibation.
Cruciferous seeds are placed in an environment in which
they germivate and grow. The avclferaus sprodts of the
tnstant inventfon are harvested following secd germination
through and including the 2-eaf siage. The cruciferois
sprouts of fnstast invention have at least 200,000 widls per
gram fresh weight of Phase 2 enzyme-inducing potcatial at
3-days foliowing incubation uoder conditions ip which
cruciferons seeds germinaie and grow,

1L Desoripion

A major mechanism of protection provided by $iultz and
vegetables in seducing the cander Incideocs in busdaps
depends on minor chemdcal components which, when deliv-
ered to mamumalian cells, elevate lovels of Phase 2 enzymas
that detoxify carcinogens. It has now been discovered that
the aaticarcinogenic actlvity of cartain edible planis can be
{nereased. Plants such as Brassica oleraces vaziety falica
{broceolf) are normally pot harvested unil they form heads.
By growing thege plants only to the scedling of sprout stage,
thai {5 betwoen thie onset of germination and the 2-leaf stage,
the lavels of Inducers of enzyroes that detoxify carcinogens
and protect agalnst cancer can be increased at least five-fold
over those found in fal stage bles of the same

[y
a

45

53

&

comes Into contact with glucosinolates, which are then
converted to iscthiocyanaies.

In order to screen latge numbers of edible plants apd 0
evaluae the effects of envisoamental periirbation on Phase
2 enzyme~inducer potendal in thost vegstables, it was
necessary 1o mprove upon the previously described tech
niques for homogenization and exgacton. of those veg-
etables, Techniques initially deseribed. for thi extraction of
Phase 2 inducers from vegetables involved homogenization
of the vegetahles in cold water, lyophilization, extraction of
the resultant powder with acetoniwile, filtration and ¢vapo~
rative concetiwation, Prochaska & al., Proc. Nl Acad. Sl
{754 89: 23042398 (1992).

Following identification of sulfaraphanz as the prmapai
Phase 2 lnducer from by li
pexformed iato hot 80% mzthnno]. yiul«iuzg simﬂar inducer
activity ae the afor When
myrosingse Was added to thess hot mhanol extracts in
which inolates are freely soluble, there wasa d
enhianicement of the Phase Zinducer activity of these extracts
(data summarized In Table 1), The deliberate conversion of
these plucosinoldtes ta isothiocyasates using exogenous
nayrosipase thiss gave 8 better index of the indricers for Phase
2 anzymes of the vegeiables tested, It was thus clesr that the
Tagjoclty of the potential Phase 2 inducers in crucifers was
usually present in whole plants as the glucosinalate procur-
sors of isothiucyanatcs.

The p of gincosinolates and the rapldity with
which, l]pﬂn wounding ef criciferous pluat tissue, glucosi-
nolates are convarted to Isothiocyanates, led to the devel-
opment of an mproved extraction procedure. By manipu-
latigh of solvent mixtuses and of the water actvity of fresh
vegetablefsolvent homogeiates, & procediane was developed
that parmaits botls ghucosinolate and bsothiooyanate quantifi-
cation from the same, gon-concentrated sample. In addition
to being the rate-limiting step in an extraciion protocol,
evapopative concentiation sliows volatile Inducers to escaps
detection. The improved provedure is both simple and
efficient, requizing only that the plant saople be completely
homogenized in sokvent. Using this techaique, the present
laventors have thus been shle 1o demonstrate dramatic
i in the ery of inducer activity and inducer
poteatial from cruciferous vegetables over previously

s described technigues.

I fresh-picked vegetables are promptiy and gently
harvested; directly into organic sofvents comprising 4 mix-

‘Page 9 of 17
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ture of DMPIQCMDMSO and a temperatire that prevents  inereased or decressed Light inteasity, temperature or humid-
myroalnase activity, both glucosinolates and Isothiocyanates  jty; exp to uliraviolet light or other stresses; or addltion
are- efficiently extracted into the organic solvent of exogy outrieats or plant growth regulstors

Preferatily, the DMF. ACN and DMSO are mixed in equal
volumes. However: the volumes of the three solvents In the
mixture can be vagied 10 optimize extraction. of specific
glucosinulmx ad iwthiocymms from any plant tissue.

The of the i 15 preferably less
the 0° C., and most prufcrably less than =50° L. The
temperatuee: of the eatraction solvent must be kept above
freezing. At the same time the enzyrme myrosinase, which
invariably npaniss these i inthe plants and
rapidly converts glucosinolates into isothiocyanates. is inac-
tive. Such eonracts fypically contain high quantities of glu-
cosinolates apd nagug;blc quantities of isothiveyanates. The
i planta myrosinase acivity vares betwoen different plant
species,

€3 T el nkie

are. ot themselves inducers of
ian Phase 2 engyimes, whereas sothiccyanates spe mono-
functional inducers in the murine heputoma cell bloassay of
QR activity. The inducer potential, as distinct from inducer
activity, of plant extracts can be messured by adding purified
myrosinase, obtained from the same, or other plant sources,
to the assay aystem.

Gluccsinolates ase convared at least partially to isothio-

. tyanates in humans. Tf, however, it Is. desirable to accelerate

this conversion, brocooll or ather vegetable sprouts, high in
glucosinolates, can be mixed with myrosinase. The mixture
can be in water, or some ofbér pon-toxic solvent that does
B0t inactivale myresinase. The myrosinase can be from a
partially purified or parified prepasation. Allernatively, the
myrosinase can be present in plant tissue, such a5 & small
quantity of crucifer sprouts rich ip myrosinase, including
Raphanys sagivus o dalkon. Such 2 préparation can bé used

0

28

15
™

{hormaones). The sprowt is then immediately incorporated
into & food product, such as for fresh copsumption in salads,
Alternagively, the growih of the sprout is amested and/or
further rested by means of tyophilization, drying, extracting
with water or other solvents, fisezing. baking. cooking, or
boiling, among others.

A sprout is suitable for human copsumption if it does Dot
have non-edible sub such as s0il attached ar clingi
it. Typlcally the sprouts are grown on a pou-sutritive su]id
sapport, such as agar, paper fowel, blotling paper.
Vermicuwlite, Perlite, eto,, with water and light supplied.
Thus, if a sprout is aot grown in soll, tiut-on & selid wippart.
it does not need to be washed to remove non-cdible soil If
a sprout Is growa in a particulate solld suppast, such ss-soil,
Vermiculits, or Petlite, washing may be required to schlove
& sprout suisable for human consumption.

Sprouts can be grows in ¢ which are suitable for
shipping and marketng, Typically such contaliers are plas-
tic boxes or jars which contais & wetied pad st the botform.
The contalners allow light to penetrate while providiog a
oechanically protective berrier. Numerous methods for the
cultivation of sprours are known, 45 exemplified by 1.5, Pat.
Nos. 3,733,745, 3,643,376, 3,945,148, 4,130,964, 4,292.760
or 4,086,725. Food products containing the sprowts of the
insient invention can be stored rud shipped in diverse types
of coutainers such as jars, bags and boxes, Among many
others,

Sprouts suitable ad sources of cancer chemoprotectants
are. generally cruciferous sprouts, with the exception of
cabbage (Brosslca oleraces capitata), cress
(Lepidivmsarivn). mustard (Sinapls alba and §. nlger) ad

to produce a “soup® for ingestion that is high in isothiocy
abates and low in glucosisolates. Inducer potential can be
measured using & multwell plate screen with murine

radish (Raph sativas) sprouts, The selecied eprouts are
typically from the fayily Crucifesss, of the tribe Brassicesae,
and of the sublnbe Brassicinae, Breferably the sprouts are

hepatoma cells for in vitro meast of QR specifi
activity a5 described above,

The ratio of monofunctional to bifuncticnal indueer astiv-
ity of plant tissus is measured by bicassaying plant exacts,
as described above, net only in wild-type Hepa Iele7 colls,
but also, in tutants desigoated ¢ and BP/¢1 that have either

defective Ab teceptors or defective cytochrome P-450

geneg, respeciively. Prochaska and Talalay, Cancer
Regearch 43 4776~4752 (1988).

Abarvestad sprout accoxding to the present invention can
be 1y {mmediately fnto food productz such as
fresh salads, sandwiches oc drins. Alternatively, the growth
of the harvested sprout. can be arrested by some active
huaan intezrvention, for example by refrigeration, at & stage
of growth prior to-the 2-leaf stage, typically between 1 and
14 daya after geriminaton of seeds. Growth arpest cun also
be accomplished by removing a sprout froum its subswate
andior water source, : Freszing, drying, bukisg, cooking,
Iyophilizing and bofling are among the many treatments that
<hill be used to atvest growth. These may also be useful for
clther preserving myrosinase activity o the sprout {e.g.
Iyophilizing) or for luactivating myrosinase activity is the
sprout {e.g., bailing}, ss is desired in & particular application.

The harvested sprout can also be allowed to mature
fusther, woder different growdng sonditions, prior to incor-
porstion inio a ford product, For example, the sprout cin be
harvested at o very young sge of developtaent, such as 1 to
2 days efter seed Imbibition. The sprout-can then be allowed
o mature uider different growing conditions, such as

53

[

lected from the group of varleties
eonsliting of scephala (kale, collards, wild cabbage, anly
kale), medullosa {marrowsien kale), rasnosa (thowsand head
kale), alboglabrs (Chinese kale), botrytis (cauliflower,
sprouting beoccall), costata (Portiguese kale), gemimifera
(Brusssls sprouts}, godgylodes (kohlrabi), italica (broccoli),
palmifolia (Jersey kade), sabauda (savoy cabbage), sabellica
(coliards), and selensia (horecsls), mmong others.
Particulary useful broceoll cultivars 10 be used in the
claimed method are Saga, DeCicee. Bverest, Emerald City,
Packmag, Corvet, Dandy Barly, Emperos, Mariner, Green
Comet, Green Vallaot, Arcadia, Calabrese Caravel,
Chaccellor, Citation, Cruiser; Bardy Purple Spsouting Red
Arrow. Bureka, Excelsior, Galleon, Ginga, Goliath, Green
Duke, Greenbelt, Hallan Sprouting, Late Pusple Sprouting,
Late Winter Sprouting White Star, Légend, Leprechaus,
Marathon, Mariner, Migaret (Romanesco), Paragon, Patriof,
Premiurg Csép, Rapine (Spring Raab), Rosalind, Salade
(Fall Raab), Samural. Shogun, Sprister. Sultan, Taiko, and
Trixe. However, many other brocooll cultivars are sujtable,
Particylasly wsefl caulifiowes coltlvars are Alverda,
Amazing, Andes, Burgundy Queen, Candid Charm,
Castumere, Christrass White, Domipant; Elby, Extra Barly
Snowball, Fremont, Incline, Milkywey Minutemen,
Rushmore, $-207, Serrano, Slewrs Nevada, Siria, Snow
Crown, Soow Flake, Snow Grice, Snowbred, Solide,
Tajpan, Viclet Queen, White Baron, White Bishop, White
Contessa, White Corana, White Dove, White Flash, White
Fox, White Knight, White Light, Whits Queen, White Rock,
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White Sails. White Summer, White Top. Yukon, However,
raany. other cauliflosver cultivars are suitable,

Suitable sprovts will have at Seast 200.000 units per gram.
of fresh weight of Phase 2 cteyme-inducing potential fol-
Jowing 3-days incubation of seeds under conditions i1 which
‘the seeds germinate and grow. Prefarably the sprouts will
have at least 250,000 ualts of inducer potential per gram of
fresh weight, or even 300,000 units. 356,000 units, 400,000
units, or 450.000 undts. Same samples have been found to
coptain greater than SOQ.000 units per graia of fresh weight
2t 3-duys of growth from sceds,

The Ievel of inducing sctivity sad Inducing potential has
been found to vary wmong crucifers and even dmong culti-
vars, Mast preferably, the sprouts are substantiafly free of
indole glucosinolstes and their breakd ducts which

12

Bee Feawick et al., CRC Crit. Rez. Food Scl. Nutr 18:
123-201 (1983) end Zhang et al.. Fro. Nal Acad, Sci, USA
BSr 2399-2403 (1992} Purified or partaily purificd
glucosinalate(s) or isothdocyanete(s) can be added to food
products as a supplement. The dose of glucosinolate asd/or
iscthiocyanate added to the food product preferably is in the
range of 1 umol to 1000 pmols, However, the dose of

faolaty and/or isothi supplementipg the food
product can be higher.

The selection of plants having high Phase 2 eszyme-
itiducer potegtial in sprouts. seeds or other plant parts can be
ircorporated inio Cruciferne treeding programs. In addition,
these sams breediog programs can include the ideatification
and selection of cullivars that produce specific Phase 2
mzym—lnduws. ar a particular spectrum of Phase 2
Sirategies for the wrossing, selection and

bave Phase 1 enzymie-lnducing potential in inali
c2lls, and substantally free of toxic fevels of goitrogenie
nitrites and glucosinolates such as hydroxybutenyl
slucosinolates, which upon hydrolysia yield oxazolidoneth-
lones which are golirogenic. Mature Brossels sprouts and
rapeseed are rich In these undesivable glucosinolates.
MNowstaxic selvent extracts acebrding 1o the invention are
useful a3 healthful infusions or soups. Non-toxic of easily
removable solvents ugeful for ¢xtrardon zcconding to the
paesent invention include water, liquid carbon dioxide or

0

breeﬂu:g of new cultivars of Cruciferae ate well known to
the skilied artisan in thds Held. Brussice Crops and Wild
Allies: Biology & Breeding: 8. Tsunoda et al. {#ds), Japan
Scientific Societles Fross. Tokyo pp. 354 (1980). Progeny
pleats are gorecnsd for Phase 2 inducer activity or the
chemical 1dentity of specific Phase 2-enzyme-inducers pro-
duced at specific plant developmental stages, Plants carrying
the mait of interest are identified and the characteristic

- uncns:ﬂcd or combined with other impostant agronoinic

g

well known in the

ethianol, among others. The sprouts can be extracted with
cold, warm, or prefersbly hot or bolling water which dena-
tare of inactivate myrosinase. The residue of the sprouts,
post-exgacdon; may of may not be removed from the
extract The extraction procedure may be used to inavtivate
myrosinase present n the sprouts. This may contribute to the
stability of the inducer patential, The extract can be ipgested
diveetly, or can be further treated, It can, for example. be
evaporated to yield a dried extracted product It cah be
copled, frozen, or freeze-deisd. Tt can be mixed with a
arugifer vegetatle which constalns an active myrosinase
engyme, This will accomplish a rapid cotiversion of the
glucosinolates to {sothiocyanates, prior to ingestion. :Suit-
sble vegetables that contain active miyrosinase are of the
genué Raphanus, espacially dalkon, 8 type of radish.
Seeiis, a8 well a5 sprouts have boen found to be extremiely
rich in fnducer potential, Thus it s within the scope of the
invention 1o use crucifer sseds ju food products, Suitable
crugifer seeds rosy be ground into a flour or meal for use as
a food ox drink suppleraent. The Aour or meal §s incorporated
ingo breads, other baked goods, or health drinks or shakes.
Aleroatively, the sceds ay be extracied with a nos-toxic
solvent such as watsr, iquid carbon dioxide o ethinol to

prepars soups, teas or other drinks and iofusions. The steds o

can also be ncceporated into 8 food product without grind-
ing. The seeds can be used in-many different foods such ag
salads, gragolas, breads sud other baked goods, among
others,

Foud products of the instant invention may include
sproqts, sceds or exiracis of sprouts or seeds taken from one
o yoore differsnt crucifes geners, species, Yarietics, subva-
rigties o cuftivare. It has beeir found that genetically distinet
aucifers produce chemically distinct Phase I eazyme-
isducers. Different Phase 2 enzyme-inducers. detoxify
chemically distinct carcisogens at different rates.
Accordingly, food prodisets composed of genetically distingt
crucifer sprouts or seeds, or exiracis or preparations mads
from these sprouts o seads, will detoxify a broader range of
carcinogens.

Glucosinolates and/os isothiocyenates can be purified
from seed or plant extracts by methods well known iy the art,

50

(4]

41 Fnd

uslog b
art of plant breeding,

EXAMPLE 1
Comparison of Cruciferous Sprout Inducing
Potential

Sprouts were prepared by first swifsce steriliziog seeds of
different species from the cruciferae farnily with a 1 min
treatment in 70% ethanol. followed by 15 min in 1.3%
sedium hypochlorite coptaining approximately 0.001%
Aleonox detesgent. Seods were grown in sterile p!asﬁc
contaivers at a density of approximately § seedsfem® for
from 1 to 9 days on 8 (.7% sgar support that dld pot contain
added nutrisnts. The envirowment was carefully conirolled
with troad spectrum fluarescent lighting, homidity and
temsperature control. The seeds and sprouts were incubated
under 3 daily cyéle of 16 hours light at 25° C. and 8 hours
dark st 20° C,

Sprouts: were harvested following 3-days of incubation
and immediately plinged inte 10 volimes of 2 mixwre of
equal voluines of DMF/ACN/DMS 0 at ~50° C. This solvent
mixture has & freezing point of approximately ~33° C., but
when adnitixed with 10% water, as found in plant material,
the freezing point is depressed o below —64° C, The actual
freezing point depression is even gréater with plant material,

Ho: was accomplished either by Uy
grinding rhe samples i a glasa—on-glsss hotuogenizer in me
presence of a small amount of the total solvent used, then
gradually adding more solvent or homogenlzing the sawple
in 10 voluiues of solvent usisg a Brinkman Polywon
Homogenizer for 1 min at half-reaximam powes. The homo-
genate was then ceatrifuged to remove temalning partics-
lates and stored as ~20° €. until gssayed.

Inducer potential of plast extracts prepared as degcribed
above. was determined by the microtiter plate boassay
method as described {p the Definitions section above.

Broceoli und cautifiower sprouts harvested and asssyed at
3-days afier incubation of seeds under growth conditions
have Phase 2 enzyme-inducey potential greater than 200.000
units/g fresh welght. On the other hand, cabbage, radish.
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runstard and cress have Phase 2 enzyme-inducer potential of
tesy than 200,000 units/g fresh weight when assayed at the
same tims potnt.

EXAMPLE 2

Varistion fn Inducer Pixentisl Among Different
Broccoli Cultivars

There is variation in inducer potential among differct
brocool] cultivars, In-addition, mest of the inducer potendal
In crucifers s peeseat as precursor glucosinolates. The
inducer activity and inducer potsatinl of market stage broc-
ool heads was determingd following DME/ACN/DMSO
extractions and assay of QR activity as described above,

Bivassay. of homogepates of such market stage broceoli
heads, with and without the addition of purified plant
nuyrosinase, showed that the amoupt of QR actvity found in
the absence of myresinase wag less than 5% of that observed
with added myrosinase. Thess observations confitmed pre-
vious suggestons (ssc Matlle ot al, Slochen:. Physiok
Planzen 179 5-12 (1984}) that uninjured plants contain
almpst o fres Isothiveyanates.

TABIEB 1
Bifect of Myrosinusa op Taducsr Acuvity
—of Market:Stnge Broccoli Plant Heods
Unity per gram {wet weight)
Yegetable
Brocenli culttvir ~myrosiene iy rosinaze
Delicto 5882 374637
Calabreso Comvet 1,250 41,666
Brdsost ° 3333
Dandy Basly . 20000
4 13,333
Sage 5,004 18,333
Broerild City . 12,500

“Below Limita of desnction {833 unite/g).

Az can be observed ip Teble 1, most of the plant inducer
potental Is derdved from glucosinolates followlng hydsoly-
sis by myrosinase to form isothiocyanates, Hence, Bydroly-
ks is required fur biologicul activity,

EXAMPLE 3

Inducer Potential is Highest ip Seeds and Decresses
#§ Sprouts Matuie

Phase 2 enzyme-inducer potestial is highest in seeds and
decresse gradually during curly growth of ssedlings. Plonts
were prepared by first surface sterilizing seeds of Brassica
oleracea varlcty falica cultivars Saga and DeClcoo with a
t min geat: in 70% ethanol, followed by 15 minln 1.3%
sodium hypochlorite contsining approximately 0.001%
Alconox detergent. Seeds were grown in sterile ghsuc
contalners at a density of appmmnawly 8 seedsiem® o8 a
0.7% agar suppact that did not contain added nutrieots, The
environmezat was carefully lied with broad sp
Buorescent lighting, hurmidity aad teinpearsiurs control. The
seeds and sprouls were incubated under a ds.ily cyclc of 16
hours light at 25° C. and 8 bours dark at 20° C.

Bach day plams wers rapidly and gently cnuucwd from
the susfecs of the agay from replicate containers. The plants
were harvested gently to minimize glucosinolate hydrolysis

“by endogenous myrosinese released upon plant wounding.

Samiples containing apperoximately 40 sprouts wers humog-

£

E-]
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enized in 10 volumes of DMF/ACN/DMSO solvent at -50°
C. which dissolves nearly all the non-lignecellilogic plant

Harvestzd plants were homogealzed and QR activity with
and without myrosinase, was determined s described
above. As can be seen in FIG, I, Phase 2 enzyme-induces
potental per gram of plant is highest in seeds, but decreases
gradually following germination, Ne & ble: (less than
1000 units/g) QR inducer activity was present in the absence
of added myzoginase,

EXAMELE 4

Sprocts Heve Higher Induser Potendal Than
Market Stage Flants

The cruciferous sprouts of the instant investion have
higher Phase 2 enzyme~inducer potential than market stage

plants, More specifically, sproats have at least s 5-fold .

greater Phase 2 enzyme-inducing potential than maiure
vegetables. For example, total inducing poteatial of 7-day-
old troceoli sgrouts, extracted with DMF/ACN/DMSO and
treated with myrosinase, as desaibed sbove, were 238.000
and 91,000 unit fresh weight, compared to 25.000 and
20.000 units/g fresh. weight for field-grown heads of broe-
coli cultivars Saga and DeCicco. respectively,

Sprout cxtracts of over 40 different members of the
Ctuciferae have now heen bloassayed and broocoll sprouts
remain the most Phisse 2 énzyme-nduces-rich plants tested
Total inducing potental of crganic solvent extracts of mag-
ket stage and sprout stage broocoli and daikon is shown in
Table 2.

Vogetibla Cultlver®  Mature Yogetsble  Sprmnt**  -Fold Dificrense
40 _DAIKON
Miwe 625 26316 42
Teosbim 3433 B30 10
Halkai 1421 16,667 1L
Chioars 2857 1,000 1’
a5 _BROCCOLI
Ssga 25,000 496,50 19
DeClicor 8,000 625,000 il
Everezt B33 1,087,000 130
Erosrald City 12,500 §33,000 &7
Packan D0 558,000 -]

LYY

0

a5

*The commenciz) porticn of sach iyl was campled {¢.g. the taprost of
Raphanus satlves variety nedicols {ridiah]), aud heads of Brassicsa pkma
vagioty falics {tvoecol]), Mymmmwu wided 1o alf axtracty tes

#vfiroccolt sproits wete loday old and madlmgawavd—&duyscld

Sprouts of the broccoli cultivar Bverest cantalped 130-
fold mofe inddcer potential (units/g fresh weight) than
pusture vegetables, The indiscer activity in troccoll was
significantly higher thian in daikon.

EXAMPLE 5
Inducer Poteatial of Brocoell Sprout Bxtracts

Tnducer potential of a series of water extracts of 3-day old
broccoli sprowuts of the cultivar Saga were deterinined, Plabls
were prepared by flrst surfacs sterilizing seeds of Brassica
oleraseq variety falica (procool) cultiver Saga by a1 min
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treatment in 70% ethanol. followed by 15 min In L3%
sodium bypochlorte containing: approximately 0.001%
Alconox detergent. Seeds wers grown ln sierile plastic
containers at & desity of approximately § seeds/om’ for 72
howrs on a 0.7% agar support that did pot contain added s
nuirients; The sovironment was carefully controlled with
broad spectrumn Huorescent ighting, huridity aod tempers-
fure control (16 hiours lght, 257 C.48 hours dark, 20° C).

Plants were rapidiy and gently collected from the surface
of thie agar to minimize gluresinolate hydrolysis by endog-
chous myrosinase released upon plant wownding. Sprouts
(approzimately 25 mg fresh wi/sprouty were geutly har-
vested and immediately and rapidly plunged into approxi-
mately 3 volumes of boiling water o ordes to fnactivate
endogenous myrosinase a8 well 45 10 extract glucosinolates
and isothjocysnatzs from the plant tissue. Water was
returned 4o 1 boil and maintained st 4 rolling boil for 3 min.
The. sprouts were then either straitied. from the boiled
infusion [tea, soup) or homogenized in it. and the residue
thien semoved by filtration or cenirifugation. 0

Dats in Table 3 represent both homogeoates and infu-
sions, Preparations were stored at —-20° C, unti] assayed.
Inducer potzatisl of plant extraits, prepared az described
above, was determined a5 dascribed iy Definitions section
above,

(]

@

TABLE 3
Inchcer Potsntialy of Hot Water Extracts
of 2:Dsy Sua Brocooli Sfrouty 30
BXTRACZT NO. unitsly fresh weight
1 500,000
2 30000
3 455000 35
4 333000
5 435,000
6 333,000
7 625,000
8 250,000
4 312,000
0] 357,000 40
H 370,000
12 370,000
12 217,000
14 222,000
3 1,000,000
3] 714,000 45
7 Q33,000
15 1,250,000
1 263,000
AVERACK 484,000+ 61,600 SEM.
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broceoli., QR acdvity, as determined in the Definjtion
section, of the control extracts contalning 0% dalkon was
26300 units/gram fresh welght while QR activity of the
extracts that had reczived daikon as a source of myrosinese
ranged from 500,000 to 833,000 units/gram fresh weight of
troeeoll. Accordingly. myrosinase present in the daikon
sprouts. increased the QR activity s the broccoll extract
greater than 19-fold,

EXAMPLE 7

Glucoraphatin sad Gl cip Are the
Predoraiuani Glucositolates in Hot Water Extracts
or Broceoli (Cultivar Sega) Sprouts

Faired Ion Ciromatography (PIC). Centrifuged hot water
extracts of J-day<ald broccoli (cultivar Saga) sprouts ware
subjected to anziytical and preparative FIC om a reverse
phase C18 Partlsil ODS-2 HPLC column in ACN/HL0 (1.
by vol.) wiih tetracciylammonivm {TOA) tromide s the
counter-jon. Daly three well-sep d wers ditected
peak & eluted 8t 5.5 min, B-at 11.5 min, and C at 13 min at
a molar mtio JA:B:CY of ca. 2.5:1.6:1.0 (monitared by UV
absorption at 235 nm). and they disappeared if the initial
exiracts were first tréated with highly purified myrosinase.
Poaks &, B, and C contained ro significant inducer activity.
and cyclocopdensstion assay of myrosinase hydrolysates
showed that only Peaks A and C produced significant
quantitles of isothiocyanates, gccounting for all the lnducer
activity. See Zhang ¢t al., Anal Biochem. 205 100-107
(1992}, Pesk B was not further characterized. Peaks A and
¢ were eluied from HPLC as TOA salts. but required
cobversion to ammonium salts for successful mass

. spectroscopy, NMR and tioassay. The pure peak materials

were dried [0 2 vacuuin centrifuge, redissolved i aqueous
20 mM NH,CL, apd extracted with chloroform (o remove
excess TOA bromide. The ammoniun. salts of glucosinolates
remained in the:aqueous phase. which was then evaparated,

Tdentification of Glucosinolates, The amm salts of
Pealts A aud C were characterized by roass spectrometric
and NMR tachniques: () pegative ion Fast Atom Bombard-
meat (FAB) on & thioglyerol matrix; this gave values of 436
(Feak A) and 420 (Peak C) amu for the segative molecular
tons; and {b) high resolution NMR. as shown in FIG. 2.
provided unequivecal identification of the structure. Peak A
15 glucaraphanin [4-methylsulfinylbusyl glucosinolate), and
Peak C is the closely related glucoerycin [4-methythiobuiyl
glucosinolate], These ideatlications and purity are also
consisient with the inducer poiencies; Peaks A and C, afies

Sore varsbility lo the amount of Fhase 2 enzyme~
inducer potential was. deiscted. High lovels of Phase 2

cazyme-indiscer potential, b , were y
observed.
EXAMPLE 6 %
Hot Water Broceoll Extracts Treated With Daikon
Myresinase

QR activity in 2 ot watey broccoli extract inareased inthe &
prescnce of & vegetable source of myrosinase. A aqueous
extraction of 3-day old sprouts of broccoll cultivar Saga
grown on water agar, in which myrosinase was inactivated
by bofling for 3 min, was divided into 6 different 150 ral
aliquots. Kiné-day old daikon sprouts, a tich source of the 65
enzyme myrosinsse, were added 1o this cooled infusion in
amounts equivalent to 0, 5, 9, 17,29 and 40% (wiw) of the

oy fydrolysis bad potencies f 36,100 apd 4360
unity/ummol, respeétively, compared with reported CD values
of 0.2 M (33333 unitsfimiol) for sulforaphane and 2.3 WM
(2:500 units/umei) for enicin. CD values are the concznire-
tioas of a composnd required to double the QR specific
activity in Hepa 1c1c7 murine hepatoms cells. Since there
are 1o ather glicosinolate peaks, and the inducer activity of
peak A snd C aceount for the tofal Indecer activity of the
extrects; it s therefore Likely that 1y this cultivar of broceoll,
there are 8o significant quantities of other iaducers, Le., 1o
indole or hydroxyalkenyl glucosinolates, Further, the 1so-
lated compounds are therefors substantially pure.

EXAMPLE 8

Compatison of Aqueous and Crganic Solvent

Techniques for Bxtraction of Inducer Potential
Plants were prepared by fiest surfuce sterilizing sceds of
Brassica oleraces variety jtafica (broceoli) cuitivar Saga.
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with 70% ethagol followed by 1.3% sodlum hypuchlorts
&nd 0.001% alcancx. The sceds were grown In sterlle plastic
contaloess at 8 density of approximately § sesde/cm?® for 72
hours on & 0.7% agar support that did not contain added
sutrients. The environment was carefully conwolled with
broad spectrum ffuorescent lighting, humidity, and tempéra.
wre control {16 hours light, 25° C/8 bowrs dazk. 20° C.).

The plants were rapidly and gendy collecied from the
surface of the agarto minjmize glucosinolate fydrelysis by
endogenous myrosinase released upon plant weunding. A
partion of the plants was homogenized with 10 volures of
the DMF/ACN/DMSO solvent at ~50° C.; as described in
Exsmpls 1, which dissolves nearly ail the non-
lignocellulosic plant material. Alternatively, the bulk of the
harvesied plasts was plunged nio 3 volumes of boiling
water for 3 mia to nactivate esdogencas myrosinase asd to
extract glucosinolates and isothi The cooled mix-
tare was homogeidzed, mmfuged, and the: supernant fuid
way stored at ~20° C.

Indacer potential of plant extracts, propared by the two
methods desiribed above, was detérmined by the microtiter
plate bloassay as deseribed sbove. Typical inducer potentials
in an average of 5 preparations were 702,000 (DMF/ACH/
DMSO extracts) and 503,000 (agueous extractsy unity/g
fmh weight of sprotts,
ophotﬁmdﬁn quanduﬁon of the cyclocondensation
p of ist with 1,2
bcnzenoduhinle was carried ot as described in Zhangetal.,

‘ s

¥

Apal Biockems 205; 100-107 {1992). Glueosinolates were "

sapidly converted 1o isothlocyanates after addition of myro-
sinase, About 6% of the total hot water extractable material
|dissolved solids] consisted of glucosinolaces. These results
demonstrate that (a) isothiecyanate Jevels in the arude plant
extracts are extremely low; (b) myrosinase rapidly converts
gbundant plucosinolates to isothiocyanates; {¢) hot water
extraction releases over 70% of the induper activity extract-
able with a triple solvent mixeute permittiog recovery of
most of the biclogical activity in a preparation that is safe fog
. buman consumption; and (d) over 95% of the inducing
potential in the intact plant is present as glucosinolates and

=
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Sprouts were prepered by first surface steritizing seeds of
Brassica oleracea vaslety italica (broscoll) cultivar
Emnperor with s | miute {n 70% stisnol, followed
by 15 yain i 1.3% sodiwm hypochlorite with approximately
0.001% Alconox detergept. Seéeds were grown in st.m'lc
plastic containers at 4 density of approximately § seedsfom?®
for 72 hours o a (.7% agar suppart that did not contain
added nutrients, The eavironment was carefully controllad;
broad spectrum fluasescent lighting, humidity and tempera-
tuwre control {16 hours Uight, 25% C./8 hours dark, 20° C. »

Plants were rapidly and gently collected from the surface
of the agar to minimize glucosinolate hydrolysis by endog-
enous moyrosinase released upon plant wounding. Sprouts
{approsimately 25 rog fresh wsprout], were gently hare
vasted and ihmediately and repidly plunged into approxi-
mauely 3 volumes of boiling water ip order to inactivate
endogenous suyrosinase as well as to extract glucosinolates
aud isothiocyapates from the plamt tissue. Water was
retursed 10 3 boll and maintalued 4t 8 rolling boll foe 3 rala,
The sprouts were thet strained fromhe bolled infusion {tea.
soup] and the infusion was stared at =20° C. until asssyed.

Market stage heads were obtained by germinating sceds
of the same seediot in a greenhouse in potting soil. trus-
plénting (o an crganically mansaged field in Garyett County.
MD and harvested at market stage. Heads were immediately
frozen upon harvest, o d 16 the lab v oniee and
exiracts were prepared. In an jdentical fashion o those
deseribed above for sprouts €xocpt that approximaiely 3
gram foret vssue samples were used for extraction.

Inducer potzntial of plant exiracts, prepaved as deseribed
above, was determived by the microtiter plate bloassey
method as described in Bxample 1. Paized ion chromatog-
saphy sevealed two major peaks, probably glucobrassicin
and neo-glucobrassicin, in extracts of market stage heads
with similar refention times to glucobrassicin (indole-3-
yimethyl glucosinolate} and nevglucobrassicin
( l-methoxyindale-3-ylmethyl glucosinolate). This ohserva-
tion is consistent with published reparts on the glucosinclate
composidon of mature broecoli plants. However, paired jou
chromatagaphy ander the same conditions of jdentically

therefore no other inducers are présent i biologically sig-
nifieant quantides.
' EXAMPLE 9
Developmental Regulation of Glucosinolate
Production

thmmmy experiments in which field grown broceoli
{cultivar DeCiceo) wag harvested af sequential time points
from the same field lndicated that on a fresh weight basis,
inducer potential declined from the carly vegetative stage
through commercial harvest, but appesred o increase at e
harvest (onset of fowering). Thess dats suggested that
indocer potential might be highest in seeds, Subsequent
studivs have shown that when seeds of 8 troceoli cultivars
were swface sterllized and grown under guotobiotic
conditions, Phase 2 enzyme-induces potential was highest in
sgods and dodlingd progressively {(an a fresh weight basis)
over tirae throughout the first 14 days of scedling growth,

Expressed on a por plast basis, however. activity
remained constant over Whis perlod. suggesting that at this
zarly stage of growth there was no net synthesis of glucosi-
nolates. However, when the glucosinolate profiles of market
stage broccoli heads and 3 day old sprowts {cultivar
Emperor) wers compared. there was 8 profound difference in
thic apparent gucosinalats compositions of these plasts,

4

w4

]

45

tracts of 3-day-old sprouts showed absence of
gluccbrasaicm or sso-glucobrassicin. Additionally, 3-lay-
old sprouts of differeny broccoli culdvars produce different
mixtares of glucosinolates, Accordingly, glucosinolate pro-
ductice is daveloprentally regolaied.

EXAMPLE 10

of dc Activities of
Broceoli Sprout Preparstions ift the Hugglas
DMBA. (9,10 Dimethyl- 1.2-benzanthracana)
Mammary Tamor Model

Sprouts were prepared by first surface stesilizing speds of
Brassica oleracea variety iwliea (bioccoli) cultivar Sags
with & 3 mip treatment in 70% ethanol. followed by 15 min
in L3% sodfum hypochlorits with approximately 0.001%
Alcopox. detergent. Seeds were grown In sterile plasuc
containezs a1 s deasity of approximately § seeds/em® for 72
hours on 8 0.7% agar support that did' pot contain added
nutrients. The caviroameat was carefully controlled with
broad spectrum fuoresoent lighting, humidity and tetupers-
ture costrol (16 hours light, 25° C/8 hours dark, 20° C.).

The plants were rapidly and gently collected from the
surface of the agar to minimize glucasinolate hydrolysis by
endogesous myrosinase released upon plant wounding, A
iarge quantity of sprouts was harvested by immediately and

Bunlnat,
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rapidly plunging inte approximately 3 volumes of boiling
water in order to inactivate endogenous myrosiodse. as well
s extractdng glucosiool and isothlocyanates from the
plent tissue, Water was returned to & boil and maintained at
aroiling boll for 3 min, Sprouts wers then strained from the
‘boiled infusion [tes, soup] and the infusion was lyophilized
and stored as'a dry powder st -20° C. [designated Prep Al
Othier sproyts, similardy prepared were extracied with bog-
ing water. cooled o 25° C. and were smended with 2
quantity of 7 day old daikon sprouts equivalent to approxi-
mately 0.5% of the criginal fresh weight of broceoli sprouts.
‘This mixtire was botmogenized using & Brivkman Polyton
Homogenizer and incubated at 37° C, for 2 hours follpwing
which it was filtered through a sintered glass filter. Jyo-
philized a1 above and stoced as a dried powder at ~20°C,
{designated Brep B].
QR ind and Ind potential of plant
extracts. propared as described above, was determined by
the miceotlier piato bioassay method as desceibed above. The
induction of QR ity i3 tion A ks largely due to
glucosinolates: predominantly- gl banin, which iz the
gjucosmolata of suiforuphane but this preparation also
s, which is the sulfids analeg of
sjuooraphanin The induction QR activity of pmparmon B
it almost exclusively due to isethiocyanaics arising fram
treatment of glycosinolates with rayrosicase.

Female bgmgnn,nnwley rats received at 35 days of age
were randomized ankmlsperplastxccage All animals
reeeived 10mg DMBA, by gavage i 1 ml sesame o, at age
&) days Sprout preparations (A or B) or vehicle control
were given by pavage at 3, 2 & 1 day priar to DMBA, on the
day of DMBA (2 hr prior to the DMBA dose) and on the day
following DMEA dosing. The vehicle used was 30% Emnl-
phor 620PS0% water. Animals were maintained op 2 seml-
purified AIN-76A dict ad lbitur from the time of receipt
until terminatiog of the expsrimeat (167 days of ageh

TABLE 4

AN’I'K‘-AMRUOGEWIC AC‘I‘WII‘IES O‘F Bkﬂfﬁﬁu SPRO'UT

OF ANJ-
MALS AT TOTAL
THBAY- TEEMI. TUMOR OF TUMGORS
GROUP MERT NATION WUMBER - FHR RAT
CONTROL ~ DMBA ooy s ke 179
PREPARATION 324 mg/dose 12 19 108
A {100 wocl
(Ooosinotute  sulforaphane
Squiv.y
PREPARATION 424mgidoss. 20 1 i3
B (100 Ligac)
{Tsothiovyannie). sulforsphans
oquivy

The development of palpable tumars was delayed for as
much #5 5 weeks by the sdministration of sprout extrActs.
Rats treated with either Preparation A or B bad significantly
fewer tumnces thap the untreated coatred, and thie mulupllcxty
of mumors (tumors per rat) was significantly lower in the
animals receiving Freparations A ot B.

EXAMPLE 11

Metabolism and Clearsnes of Glucosinolates ia
Humauns

Two male, non-smoking volunteers ages 35 and 40 years,
each in good health, were put on a low vegetable diet in

5

£5

20

which po green of yellow vegetables, or condiments,
rnstard, horsesadish, tomatoes oF papayss were consimed,
After 24 bours on such a diet, aff uring was collected in § hr
aliguots, After 24 hours of basc:line data, subjects ingested

106 ml of b 31 sprout d a3 below). con~
taining 520 pmo) of glucos!no]ates.
‘The sprouts were prepared by fiest surfase steritizing

seeds of Brasslea oleracea variety balica (broceoll) cultivar
Saga with & 1 min treaivent i 70% ethanol, followed by 15
foia in 1.3% sodivm hypochlerite with aa. 0.001% Alconox
detergent. Seeds were grown in sterile glasﬁc containers a1
a density of approximately 8 seedsfem” for 72 howrs on 2
0.7% agar support that did not comtain added nutrlents. The
gnvironment was carefully controlled with broad spectrura
Tl lighting. humidity and iemperatwre conteol (16
tiours Hgh, 25" CJS hours dark, 20° C.), The plants were
rapidly and gently collected from the surface of the agas to
miniinize glucosinolste hydrolysis by éndogenous myrosi-
pase released upon plant wounding. A large quantity of
sprouls was harvested by inunediately and rapidly plunged
into approximately 3 volumes of boiling water in order to
inactivate eddogenous myrosinase as well s to extract
plucosinolates and isothiocyanates from the plant tssue.
Water was returned to a boil and maintained 6 a solling beil
for 3 min. Following the boiling step, sprouts were bomog-
snized direcuy in their infusion water for 1 min using a

grttun Hotnogenizer and the preparations were
ftuzen at ~79° C. unt use:

Inducer potential of plase ct: d as &
abave, was determpined by the lcrotiter plate bioassay
methsd as described above. Inducer poteaial is nearly all
due 1o glucesinofates; predominantly ghicorsphanin, which
is the plucosinolate of sulforaphane. but some glucoerucin
which is the sulfide analog of gluccraphanin was alse
present. When converted to {sothiocysaates by the sddition
of purified myrosinase, Phase 2 enzyme-inducing potential
was 100,000 units/iml and contained 5.2 pmol of isothiocy-
anates per wml, a5 detemmined by the cyclocondensation
reaction deseribed in Bxample 7, Thus, the subjects con-
sumed a total of 520 umol of glucosinolates.

Collection of 8 howr ting samples wag contiznued for un
addmonax 30 hours Urinary excretion of isethiocyanate

{dith

vl

R b 3 was tored. using the
L,' 4 tion seaction as described In Example 7.
TABLE §
TXCRETION OF DITHIOCARBAMAIES BY TWO SURIBCTS
INGESTING 520 MICROMOLES OF GLUCOSINOLATES
EXTRACTED A BROCCH
SUBIBCT 1 SUBIECT 2
TIME CONDITION Jswol Dithiccarbamats
Calictivn Tice per 8 hour wino
{ooursy collection
3 ‘baseling 14 23
16 baseling 21 09
% ‘brseling 17 54
3 1o 8 Hour 2.2 204
postdose
<0 20wl # bowr 59 363
post-doas
48 3nd 8 bous 44 140
Dostedeas
36 4tk 8 bour 41 4.1
post-done
“Fortal post-doss Tinus: W 632
puerage buscline
'Ma! s Percant ol doss 67% 12.3%

The two subjects studied métabolically converted a sig-
nificant fraction of the ingested glucosinolates o the isothio-
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cyanates which were coaverted to cogoaie dithiocarbatnates
and measured ik the urine,

EXAMPLE 12

Effects of Physical Interventions on Sprout Growth
on Production of Indugers of Quinone Reductase

Sprouts wexs prepared by first surface sterilizisg sceds of
Raphanus sartvam (daikon) by & 1 minute treatment with
0% sthanol, foliowed by a 15 min troatment with 1.3%
sndiym hypochlorite with approximately 0.001% Alconox
detergent. Seeds were growa in sterile plasuc containers ar
s density of approximately 8 seeds/om? for 7 days on a 0:7%
agau' wppoﬂ Lhat dig not contsin sdded putrlents, The

fully « lled with broad spectrumn
ﬂuareseent lig,hﬂng. humldlty and temperature control {16
hiowrs Light 25° CJ8 hours dark, 20° C.).

Treated sprouts were irradiated with gesmicidal UV light
for 0.5 hron days 5.and 6. Treated sprouts were only half the
helght of the untreated controls, Plants were harvested on
day 7 by repidly and gently collecting the plants from the
surface of the agar to minimize glucosinolsts hydrolysis by
endogenous myrosinase released upon plant wounding,
Sprouts ware harvested by immediate and rapid plunging
into approximately 10 volumes of DMF/ACN/DMSO
{1:1:1) st spproximately ~50° C. in order to inactivaie
endogenous myrosinase as well as to exiract glucosinolates
and isothiocyanates. Sprouts were immediately homog.
enired with a ground glass martar and pestle and stored at
—20°C,

Ing 1 of plant

s, prepared as deseribed

28

3

30
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{d) sdministering said food product, ora non-toxic extract

of gald food product, 1o sald mammal.

2. The mathod according o claip I, whereln said sprouts
are harvested 1 to 14 days post-germination aad have at Isast
200,000 unlts per gram fresh weight of Phase 2 enzyme-
inducing potential when rucasured after 3-days of growth
from seeds that produce said sprouts sid non-toxic levels of
indole glucosinolates and their breakdown products and
goitropenic hydroxybutesyl glucosinolates,

3. The method according to claim 2. wherein sald seeds
produce cruciferous sprouts containiag at least 200,000 andts
per gram fresh weight of Phase 2 cozyme-inducing potential
measured after 3-days of growth.

4. The method sccording to claim 2. whereln said seeds
produce augiferous sprouts containing at beast 300.000 units
per gram fresh weight of Phase 2 enzymic-inducing potential
measured after 3-days of prowt.

&, The meathod according to claim 2. wherein said seeds
produce aruciferous sprouts cantaining at least 400,000 units
per gram fresh welght of Phase 2 enzyme-inducing potsatial
measuzed after I-days of growth.

6. The micthod according to clairg 2, whereln said seeds
produce cruciferous sprouts containing at feast 300,000 unlts
per gram frosh weight of Phase 2 énzyme-Inducing potential
measured after 3-dsys of growth.

7. The method acocording to clalm 2. wherein said sceds
‘produce cruciferous sprouts contalalag ot Jeast 200,000 units
per gram fresh weight of Phase 2 enryme-inducing potential
mzasured after 3-days of growth.

8, The method according to cluim 1, wherein said spronts
are a Brassica oleracea sclected from the group of varieties

g of acephals, alboglabra, botrytis; costata,

method @ described above. Inducer potential of the

TV-izcated sprouts was over three tmes that of untreaied

conteols, Treairaent of sprouts Wlth ultraviolet light therefore
i 4 the Phase 2 enzy P ial of the plast
issue:

Although the foregoing refers to particalar prefemed
embodiments, it will be understood that the preseat invet-
tion is ot so Hmited. It will oconr to those of ordisary skill
in the: art that various modifications may be made to the
disclosed embodiments and that such modifications s

"Intended to. be within the scope of the present inveution,

which is defined by the following claims. All publications
and patest applications mentioned in this specificatinn are
indieative of tse fevel of sidll of thiose in the art to which the
inventlon pertains

Al publications and patent applications are hereln incor-
porated by reference to the same extesit as I each Individual
publication or patent application were specifically sad indi-
viduadly iodicated t5 be incorporated by reference lu its

catirety.
What 4 claimed is:
1. A method of g the chem et t of
Phase 2 enxymes. in s ‘manmenal, campﬂsing the steps of:
{a) identifying seeds which producs crucifercus sprouts,
with the exesption of Brussica vleraces capilata, Lepi-
dim sativam, Sinapis alba, Sinapls nigra, and Rapha-
nus saviy sprouts, containing high Phase 2 enzyme-
inducing potential and pon-toxic levels of indole
glucosinolates apd thelr breakdown products and
goitrogenic hydroxybutenyl glucosinolates;
(b} germainsting said seeds;
{c) harvesting said sprouts befween the onset of germi-
natlon up to and including the 2-leaf stage to form &
food product comprising & pluratity of speouts; and
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gemmifera, gongylodes, ialica, medullosa. palmifolis,
ramesa, sabauda, sabeliica, and seleasie.

9. The miethod according ¢ claim 8. wherein sald sprouts
are s Brassica oleradea vaciety italica,

10.The method according to claim 8. wherein said sproats
are a Brossica oleraces vapiety botryiis,

11, The method socerding to claim 10, whereln said
sprouts we s Brasyica oleraces variety botryfls sabvariety
cauliflora.

12. The method sccording to claim 1, wherein said sprouts
ure substantjaily free of Phase 1 enzyme-inducing potential.

13. The method according to claim 1, whereln said
noutoxic solvent extract is water,

14, The method socording to clalm 1, wherzin said
pontoxic solvent extract fiuther comprises 8 cruciferous
vegetable: comprising ap active myrosindse cnzyme.

18, The method according o claim 14 wherein said
cruciferous vegetable comprising an sctve myrosinase
enzyme is of the genus Raphanus.

16, A method of reducing the level of carcigogens in a
mammal. comprisiog the steps of:

(a} Identifylng seeds which pooduce cruclferous sprouts,
with the exception of Brassica wleracen capitata, Lepi-
dium sativien, Sinapty alba, Sinapis nigra, and Rapha-
s sativis sprouts, coutaining high Phase 2 enzyme~
inducing potential and pop-toxic levels of indole
glucosinolates and thelr breakidown products and
goitrogenic hydroxybutenyl glusosinolates;

(b) germinating said seeds;

(<) harvesting said sprouts. between the ohset of germi-
nation up to and including the 2-leaf stige to form a
food product comprising a plurelity of sprouts; and

(d) adenini g said food product, ov a gon-toxic extract
of saidl food product, to said mammal,
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17. The method according to clalm 16, wherein said
swouts are hurvested 1 to 14 days post-germination end
have at lsast 200,000 units per gram freslhy weight of Phase
2 enzyme-indicing potential when measured after 3-days of
growth from seeds that produce sald sprouts and non-toxls 5
levels of indole glucosinolates and their breakdown products
and goitrogenic hydroxybatenyl glucosinolates,

18. The method sccording to claim 17, wherein said seeds
produce crueifercus sprouts containing at least 300,000 units
pes gram fresh weight of Phase 2 enzyme-inducing potential 10
measursd afier 3~days of growth.
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19. The method according to claim 17, whercln dald seads
prodizes guciferous sprouts contalping st least 400,000 units
per gram fresh welght of Fhase 2 enzyme-inducing potentiel
measured after 3-days of growih.

20. The nethod scoording to claim 17, whereln sald seeds
produce cruciferous sprouts containing at least 500,000 units
per grata fresh weight of Phase 2 ¢ozyme-inducing potential
megsured after 3-days of growih.
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