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5 The present invention .. relate& to processes 
fer obtaining Tocol ~roduats, such as ~oc~ienols, 
tccopharols and tocotrienol-lika compounds from 
biological sources in Jiigh yield&. Hore particularly, 
this invention rela~s to processes for stabilizing and 

10 ncoverin; ~ecol proclucts from plant materials, such as 

15 

. . 
ciareals, 9J."ains and grain oil&. '.fhe Toaol proclucte 
recovered according to this invention are useful in 
pharmaaeutical cca,ositions, food formulations and 
dietary supplements. 'l'l'lese COJlPasitions, formulations 
and supplements advantaqeously lgyer the blood level of 
low density lipoproteins and ~o~al &SZ'lml choles~l in 

humans and animala. 

\ 

Hypercholesterolamia is a oausative agent of 
20 diseases includinq ar~ariosclarosis, atherosclerosis, 

cardiovascular disease and xanthomatosis. ~n addition, 
··high sarmi cholesterol levels~re seen in patients 

suffering from diseases inaludi119 diabetes 1181litus, 
various liver disorders, such as hapatitis and 

25 obstructive 'aundiae, :familial hyperaholesterolemia, 
acute intera1ttant p~othyria, anore~~~ n~osa, 
nephrotia syndrome and pz-iaary c1rrboais. Xmprova11ent 

i1iiifli~f 
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of lipoprotain protiles has been shown to retard the 
pr09ression of such diseases, as well as to induce 
reqre&&ion of clinically si;nif icant le&ions in 
hyparcholesterolemic patient.a. · 

5 To date,-several cla•aea of therapeutic 
agents have been usad in the treatment of 
hypercholastarolemia. The first cla•a ot therapeutics, 
dira~ed at reducing Cbolestei-ol atieorption from tbe 
blocd, include cholestyraine, c:olaat:ipol, aolchicine, 

10 neomycin, tanamycin, chloramphenieol, Chlortetracycline 
and. p-sitoaterol. The utility of.~ch compounds is 
often limited J:)y serious and frequent aide effects, 
including aberrations in digestive fUnotion and 
malahsorption of essential nutrients. J'Urtharmare, 

15 tbes• drug-a o~en induce a decreue in cholesterol 
absorption an4 an inc~ease in cholesterol biosynthesis 
which, in turn, 11ay effecti"ely prevent or lessen th• 

degree at total ser\ua. cholesterol reduction. 
Agent• which block the bioayntheais of 

20 cholesterol constitute another class at 
hypaeholestarolemic c:truqs. such compounds include 
mevinolin, synvinolin, ep"ta.stin, CP.IB, at.romid., ·JDethyl 
clofenapate, su-13,437, haloqenate, benzmalaoene, 
DH-!581 and MER•29. 'l'he administration of these 

25 synthesis blackera ofteh leads to a toxic build-up of 
Choleste~ol precuragrs 1n ~1ood and tissues. 

Other cla•aea of drugs U&ed to treat 
hypareholeatarolaia include those whic:h act. upon 
pl•51U1 11poproteins (i.e., nicotinic acid), bil• acid 

30 kinetics (i.e., choleic agid), ~-adrenervic receptors 
(i.e., propranolol), endocrine ayatas (i.e., growth 
hormones) and those with yet undeterained modes of 
•ction (i.e., pyridoxine and inositol)." 

!rbe rec!uc:tion of cholesterol level achieved 
35 ~ any of these claasea of dru9s is variable and rarely 
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exceeds 2s•, while tbe incidence of sic:le effects may 
significa~tly limit their use. 

As an alternative to phanacautical treat:men~ 
of hypcoholaateroleaia, surgical procedures, suc:b a& 

5 partial ileal ·bypass and manipulation of the diqestive · 
tract, Jiave ~een employed (3. Sabine,. ChQJJt&t;ar;l, 

pp. 237-40, Marcel Dekku lnc., New York (1977)). 
At:.t.endant with such trea~nts, however, ue the risks 
associated vith invasive procedure•· AlthoWJh exereise 

10 regimens and dietaZ"Y in~ake restrictions have been 
ahown to reduce choleste%"01 levels, patient compliance 
with these types of therapy is often •poradic:s or 
insufficient to effect clinical improveaent. 

Tbere is a low incidence of cardicvaacular 
15 disease i~ popula~ions consu::mi.n; large amount.a of 

cereal grains. Soluble and. insoluble fibeZ's have, in 
'the past, l:Jeen viewed•• the.agents :r:espcmsihle for 
Qholesterol reduction in such populations (see' 
D. I<ritchevcJcy et al., "Fiber, Bypercholesterolemia and 

ao Atheroscleroaisn, Lipigs, 13,·pp.'366-69 (1978))• More 
recently, however, the hypoeholesterole11io effects of 
c:ereal CJr&ins have Oe.en attributed to natural 
components of tba grains -- tocotrienola (•T3~) a12d 
structurally similar compounds, such as tocgp1serols 

25 (8T•). Por exmnple, in TJnited States paten~~4,603,142, 
d-a:•tocotrienol, iso1ateci from barley extracts, was 
identified aa an inhibitor of cbclesterol:b1oeyntbeaia. 
See also A. Qareshi et al. , "lfhe Structure of ·an ' 
Inhibitor of Cholesterol Biosyntbesis %so1ated Proa 

30 Barley", J. liol, Shp., 261,' pp. 10544-50 (1986)). 
Tocotrienols and tocopharola occur na~a11y in small 
quantities in plant sources, auch as rice bran, palm 
oil and Ja:rley, 

Tooct~ieno1a are of special interest as 
35 aholesterol lowei-in; aqents, because 'they decreaae the 
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blood level af th• low density lipcprotein f:actian of 
cbolestarol (t.Dli-cholasterol) and tatal serum · 
chOlestarol: level, vbile inoreasinq the ratio of the 
high density lipoprotein fraction of cholesterol (HDir-

5 cholesterol) ta LDL-Cholesterol. sueh effects are 
~linically signizicant, .becauae JJDL-cholesterol 
beneiieially lowers the risk of heart disease 
(~. Gordon at al., •Hiqh Dansi~y Lipoprotain as a 
Protective Jaotor Against Coronary Heart Disease", 1'h& 

10 Am•rigan Journal ~f M10icift1, 62, pp. 707-14 (1977)). 

lff orts to extract tocootrianols and 
tocotrienol•like compounds, such as tocopharols, from 
various gl:'ains, cereals an4 oils bave resulted in the 
recovery of relatively &111all amounts of the desired 

15 ccmpounda. for example, Canadian patent 480,484.reters 

to a method f ozi p:oeparing maall amounts of tocopherol 
concentrates from a by-product of aniaal and plant oil 
proc::essinq oalled scum. Yields of tocopharols and 
tocotrienols aogo~cling to united Kingdom pa~ent 

20 application 2,090,836 are also low. tt·is believed 
that enzymes present in bioloqical &ources typioallY 
destroy tocopberola, tocotrienols and tocotrienol-like 

. compounds duril'lg 11illin9, extraction and other 
conventional proc:assing techniques (see A. QUreahi 

28 et al., •YBr•)• 
Accor1Un9ly, the need exists for proc:iesaes 

whio~.sta~ilise biologiaal aourcas, theraoy providinq 
bioloqical sources characterised by an increased. 
content of tocoti:ienols, tocopherol& and t.Qc::otriengl-

30 like compound• and facilitatin~ the isolation of 
t1:Jcotrienola, tocopherols and tocotrienol-lika 
cmnpoun4s frma those sources in high yields. 
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SQMlfHX or TD mrPT*ON 
Tbe present invention solves the problems 

retaZ'rad ~o aGove by providing proceaaes' for recoverinq 
'1', !1'3 and '1'3•11ke c=Pounda C"c=olleatively re~arrad to 

5 as Tocol J)ro~ucts"> frDll biological sources in high 
y.1al4s. ·sy virtue ot the preseJit invention, mde 
biological :materials cosrtaininq Tocol products al"e 

treated to yield natural T, '1'3 and '1'-lik• compounds, 
and Tocol-rioh products containing them, in 

10 OOJmle:"Oially feasi~le amounts, fgr a variety Of USeS1 

By virtue of the processes of this invention, 'the 
content of Tocol products in a aiol09ica1 source ia 
enhilncacl. 

The processes of tl\is invention are 
15 Clharacteriaed ~ a dr'j heat staJ:2ilization ata9e Which 

stabilizes ~be biological source. AocordinCJ to one 
embodiment, this invention ia 0!111.ract.erizeCl by a tvo­
ata99 stal:Jilization i=ocass, COJDp:"isinq a first dry 
heat stGilization stap, followed by a sec:ancl wet heat 

20 stabilization step.· 
'l'be processes of this inventian 

advanta9aously provide biological materiala·ata~ilised 
against enzymes, such as lipases, peroxidases, . . 
polyphenol oxida.ses; lipoxyqanaaea and. catalases, whieh 

25 would .otherwise d~~ade_ the !!.', fJ.'3 ~nd T3 .. like oompounda 
'contained therein.· J'Urtheraore, the pracesaes cf this 
invantl~ facili~ate ·~a release Of the 'l', 'l'3 ~ 
T3-like. compounds contained in the b~oloqieal som:ce 
yet ccmstziained therein by int:eracticms, sueh as 

30 hydrogen 1'ands, covalent bond&, ionic J:)ond.s and 
byckophobic int:eractiona. And the processes of tbia 
inven~!on increase.the solu));i.lity of tbe ~1 , '1'3 and ~3-
lik• compounds contained in the bioloqical source. 

liiiiiITflr 
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Acc:orcUm;ly, 1', ': 3 and T 3-like c:cmpounds are 
present in and may 1'e recovered from .biological 
:materials sta~ili•ad.accord.iftCJ to this invention in 
hi;har amounts than those o])tained uaing conventional 

5 techniques f ~r proaaasinq biological materials or 
extracting Tocol products th~efrom. Buch ~~abilized 
natural materials, and the natural proctucta recovered 
therefrom, are useful in the treatment and prevention 
of diseaac11 attributed to hi;h l:llood levels of LDL-

10 ChOlesterol and total serum cholemtcrol. Kore 
particularly, the.Tocol-ricb products of the present 
invention are· useful in pharmaceu.tiaal compositions, 
food. f ormulationa and dietary supplements to lDWer 

. .blood levels of LDL•cbolesterol .and total serum 
15 cholesterol, while inc:reasin;.tha ra~io of HDL­

aholeaterol -co ld>L-choleste.rol in the bloed. 

. . 
Pi;ure l is a schematic of one embodiment of 

the processe• of the praseQt invention for preparing 
20 Tocol-rich stabilized and ooolad ~ice ~an trom whole 

rice grain. 
· 7igure 2 is a schematic of one ~od.i:mant of 

the procemaes of the present invention tor extracting· 
Tocol-ricll oil frCJll a Tocol-cantaining grain or other 

25 l:>iol09J.cal smirce. 'l'ha prOduets of this proce~s are a 
'roaol-rich oil and a defatt.ed, coclacl bioloqic.al source 
in which lysine, eyateine, B vitaainis ·.nd.other · 
temperature sensitive c:omponants t:h8Z"eof bave been 
preserved. 

30 Fi;ure 3 is a schematic.of one embOdiaent of 
the procesaea of 1:be present invention for treatinq . 
Tocol-rich oil and saparatinq that oil into refined and 
hleaehed rice oil, Tocol•rieh produc~s and free fatty 
acids. 
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In order that the invention herein 4escri))ed 
may .be more fully 1U1der&tood, the following detailed 
description is set forth. In the description, the 

!J following- tans ara employed: 
Biolgqiaal seurae .. 'Any natural or. ·. 

l'ecmabinant plant aource, :mimoobial source (e.g., 
baat:eria), fun9i, yeast, al9ae, hi~her plant source, er 
derivative thereof, which contains tocopherols (T), 

10 tocotrienola (T3 ) or tocgtrienol-like (T3•1ike) 

compounds and which :may ba effectively stabilized by 

tha prcx:esses of the present invention. 
Stahiligaiten - A process eftactive to 

enhance the content of toaopberals (T), tacotrianols 
15 CT3) or tocotz:ienol-like compounds (T3•like compounds) 

in a biological aource by one or a COJ!mination of; 
(1) inaativatin; en1yiaes Which are capable of degrading 
'l', T3 and !1'3•like compounds in that biola9iaal source or 
(2) hreald.119 :bonds or otherwise J.nterferinq with 

20 interactions -- auc:=h as hydrogen ~nd.s, covalent bonds, 
ionic . .bonds and hydrophobic interactions which bind the 
desired products to proteins, suqars, lipids, 
carl:»Ohydrates, :membranes, glyaoproteins, or 
combination& thereof, in the bioloqical source ~- which 

29 retain T, T3 and ~3-like compounds in that bioloqical 
souroe, thus facilitating the relea•e of ~oae demired 
compounds, ·or (3) increasing the aoluili~y of t.b• '!, 

T3 and T3-like ccm.paunds of that biological source 
·beyond that prior to stabilization· or beyond"the level 

30 of solubility of tbe T, T
3 

and T3•like compounds of a 
corresponding non-stabilized ~iological source ar of a 
co2:1:'asponding non-stabilized biological source treated 
accord~q'to conventional heat tzeatment processes er 
ocmventional stab111aation processes. As a result cf 
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stal»ilization, the content of T, T3 and ~3-like 
compound• in a biological source is enhanced. 
Advantageously, therefore, '1', T

3 and '1'3-lilce compounds 
may be recovered from tbe stabilized biol09iaal source 

5 in bi9her yields than those realiz:ad from a · 
corresponding non-stabilised biological aourae or a 
corresponding non-atabili1ed biolagiaal source treated 
according ~o conventional heat treatment processes or 
conventional stabiliaatio~processes. In a preferred 

10 embodiment of tbis invention, stahilization is effected 
hy treating tbe biological source with heat. • 

. Tpcol or Wqeol Produc;t.s - A mixture of one or 
aore compounds selected from t.ocopherols (~), 

tocotricnols (T3) and tcaotrienol-like (T3-lika) 
15 compounds. 

fg,c!ot;rienol-lik• - ~y biolo;ically active 
compound Wb.icb is contained in • biological source and 
(1) which ia released, or whose release is facilitated, 
upon ste.llizing that souroe or (2) nose content in 

20 that source is enhanced by sta~ilizin9 that source. 
such tocotrienol•li.Jce campounds include any 
biologically active comp~d displaying the ~iological 
activity of a toc:;otrianol vhich inhibits the syn~esis 
ot mm:a as measu:red by an ll vit;ro DGR assay, such as 

25 that described in A.G. Cornall et al., J, Bipl. Cl:Hmh,, 
177, pp. 751-66 (1949). Tocotr:i.enol-like COlllP,:»unds . 
include, :bat are not limited to, trienols that are not 
tacot.rienols and enols .that are not trianols, any 
electron transfer rinq compounds, anti-oxidant type 

30 compounds and compounds similar to or containing the 
tocotrienol side chain •. Specific examples of ~3-like 
compounds are uhiquinones, plaatoqµ:lnones, isoquinones, 
pbyllcquinones, unsaturated terpenoids and cyclic and 
acyclic, saturated and unsaturated isoprenoids. 

... : . .. 
·' 
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~ ~ A toaotrienol-rich fraction obtained ))y 

the stabili1ation of a biological ao\U:'ce. lt is 
aharac:t:.ariaad by an elution prnf ila an BPLC of the 
recovered oil• on milica eolwana (Cll co1U111Uri) usinq a 

s hexane and isopropanol (99.7t:o.3•) eluant for an 
elution tiJle of amut. .01 to 120 minutes. Detection is 
carried out by ~luorescence 11011itori129 at 295 mD and 
330 nm or by monitoring at 280 UV to 295 UV. ·· 

Tpc91-gieh f~pduet - (1) A stabilised 
10 ~ioloqical aouzice con~inin9 Tocol product.a or (2) 

Tacol products recovered from a stabili1e4 ~ioloqieal 
source. · 

J!nhanced - 'l'he Togol content is increased 
beyond than that of the 1'iclo;ical source pJ:ior to 

15 stabiliaation and, therefore, Cl) Tocol products may lie 
recovered from the stabilised source in higher yields 
than those realised from a corresponding non­
sta~ilized. source or a corresponding non-stabilized 
source trea~ed according to conventional beat tJ:eatment 

20 . o:r.' :stabilization processes or (2) Tocol products may be 

more soluble than they ware prior to stabilization or 
more soluble ~an those of a correspon4.ing non­
li'taJ:>ilizad source or more solu1'le than t:bose of a non­
ataJ) iliaed ~iol09ic:al source treated aoC10rding to 

25 conventional heat treataent or sta~ili1ation pi-oceas. 
The processes of tbe present invention permit 

the stabilization of biological aourcses containin9 ~. 
T3 and 'rJ•lika coapounda, so that the content of those 
Tocol products in the som:ce is enhanaed. As a result, 

30 T, 113 and S'~-lilce comp~ds :may be recovered frcm these 
sta~iliaed acnzraaa i~ hi9h yields. Accordin9 to one 
eJllbcxU.mant of this invention, biological JU1terials are 
treated fly dry heat, usinq reaction conditions which 
stabilise the materials witbcnit deatroy:1.n9 the desired 

35 T, T3 and T3-like acmpounds present ~•rein. In a 
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pref c:z:ed embOcliment ior rice bran, or anot:her material 
having hiCJh peroxidase content or a hiqh de;raa of 
fines, followin9 thia dry heat &ti!ll>ilisation step, the 
biological materials are suojeatad ~o a wet hea~ 

5 ataailization step, pref arably carried out in sequence 
in the same appar~tu1 as that used for the dry beat 
stabilization, under reaction conditions effective to 
further stabilize the ma~ials without deatroyinq the 
desired T, ~3 and T3-like ccmpounds. 

10 Following staltilization, the Tocol-rioh 
~iologioal materials may be extraoted and the Tocol 
products recovered therefrom in hiqher yields than 
those realized from non-stabilized :matm:"ial• or 
materials subjected to conventional beat treatment or 

15 conventional stabilization processes. ln turn, these 
materials may be processed usin9 conventional methods 
such as, demolventization, deodorization, degwm:1in9, 
bleaching and refining, to yield an edible, extracted 
food product. Alternatively, the Tocol•rich proc.tucts 

20 are retained in the biological materials, which are 
then processe4 for eonsumption. 

'l'he processes of this invention :may be used 
to treat all types Qf ~iological materials including, 
~ut not limited to, oats, wheat, rye, l::»arley, brewers• 

2S grain, soybean, wheat germ, wheat bran, corn, rice, 
cottonseed, flax, aeeue, uuanth, ric::a ~ran, 
parl:2oilad brown rica, brawn rice flour, spit 'brewers• 
malt, vegeta~le oil distillant, fruit concentrate 
evaporate, ~arley :bran, pal.21 oil,· wheat 9erm oil, rice 

30 :bran oil, brewers• grain oil, barley oil, coconut oil, 
cottonseed oil, soy~ean oil, other plant malts, other 
cereal grains and ether cereal ;rain oila, plant 
tissues, leaves, stems, bark, roots, nuts and l89W1les, 
or portions thereof. Preferably, the hiol09ical source 

~5 is rice J:ran. 
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Advan~agaously, 'the biological source 

containing the T, T3 and T3-like compound& need not l1e 

subjected to any particular meehanical, chemical or 
an1ymatic pre-treat.aent in order to permit recovery ot 

5 those desired pi:"oducts. Optionally, however, materials 
to be treated uy be produaed, prepared ar pra-t:raat.ed 
by employing conventional techniqUes. such techniques 
shauld be those which do not destroy the content ot T, 
T3 or T3-like compounds in the b1olOCJical materials. 

10 In accordance w:I.~ this invent.ion, 
·stabilization cf biol09ical llaterial• is carried out 
using a acmh!nation of parameters ot: (1) temperature 
(2) pressure (3) treatment time and (4) moisture in the 
st~ili1aticn apparatus. 

15 Generally, durin; the dry heat er wet heat 
stabilization sta9e, gonditions are as follows. 'l'ha 
p:essure 5bould be in the range of abQut -30 inches Hq 
t.o abo~t 10,000 PSI. '.rhe 1u:-efer:rea pressure for dry 

heat s~abilization is about 2,000 PSI and the pref8%red 
20 pressure for wet heat staltilisation is between al>out 

aoo and ~t 2,000 PSI. The temperature should be in 
the Z"llnge of about o•c to about 5oo•c. · The preferred 

· temperature for dry heat stabilization is ~etween al:lout 
1ao•e and about 2so•c and the preferred temperat'IU:'e for 

25 wet heat stabilizaticm. is between a~out 1oo•c·ana about 
15o•c. Th• treatment time Should. 'be in the range of 
al:IOut 1 second to uout 4 hours~ The preferred. 
treatiaent time for dry heat stabilization is between 
about zo 11econa. and a:bout 90.iseggnds and the preferred 

30 treatment time for vat heat stabili1ation is between 
abaut 10 and allout &D seconds. 'l'ha moisture level 
Should be in the range of about 1• to about 95t --
1. e., the 11oisture level of the biological 'material is 
.between abOUt lt and about 95t by weight. The 

39 preferred moisture level for dry heat_st.a))ilization is 



WU Y 1117!1115 PCT/US91103'26 

- l.2 -

lletwaan about si and the pref erred moisture level for 

vat heat stabilization is :between about 1st and about 
30•. · It should be understood., however, that tbe 
spacitic choice within a range for a given parameter 

8 will depend upon ona or :more of .the other parameters 
chosen, as well as the type of biological material to 
be stabilized.. 

As will be appreciated. by a person af 
ordinaiiy skill in the art, these parametars may by 

10 varied in concert fr~ the ranges exemplified. herein, 
while still provi~ing a stabiliaed biologi~al aaterial. 

For example, if a desired temperature for stabiliza~ion 
is lower than the ran9e specifically set forth herein, 
it may be employed in COJDJ:)ination with a pressure, 

15 treat:aent time or :moisture level greater 'tban those 

illustrated, in order to stabilize a bioloqical 

material. Acaardin9ly, the present invention also 

inclWias various combinations of the four parameters of 
temperature, pressure, treatment t:ime and :moisture 

20 other than those illustrated harein, as long as those 
camhinations result in the prodUction of a stabilized 
~iological 1natarial. This invention also contemplates 
cmlhinations of less than all of these fcnzr parameters, 

as long as those combinat~ons yield a staJ:»ilized 

25 biological material •. The only canstraints on such 
com!1inations are that t:he temperature, prusure, 

treataent ti.ma and moisture, or the c:cmbination 
thereof, should not be 1ncreaaecl to a level which would 
result in Cleat:zuc:tion of ~. desired '!oool pJ:"od.ucts, 

30 decomposition of the non•Toaol containing by-products 

or unwanted aide reactions, such as oxidizing pyrolytic 

or Kai1:lard .z-eactions. It &hould also be understood 
that tha optimal treatment conditions for stabilization 
will depend on factors such as the type and vol'UIDe of 
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biol09iaal mat.e:oial 'to J:Ma t:reat:ecl and the f ana of the 

desired end product. · 
Any form of heat uy be used to ~.ff aat 

atabiliaation of the biol09"ical material. Accordingly, 

5 stabilization may 119-c&rl'ied aut usinq any conventional 

extrucSer, crop oooker, micravave, polari1ed. aicrowave 
or ether heating oven or oooter equipaant. l'be choice 

o:f apac:ific equipment may vary; depending upon the 

desired production scale, type ct bi~logical :material 

10 ta be treated, throughput, timesc:ale, moiatura content, 
operating enYironment an4 availal1ility cf elect~iaity, 

steaa •nd gas. Typically, stal:lilization may be carried 

out in any vessel in which provision has been made for 

the deaired temperature, pressure, oxyqanation, 
15 agitati~n, moisture ancl treabent time for the 

»artiaular biological material. Accordinq to preferred 
ambocliments of this invention, ~11ization of a 

bioloc;ical material i• carried out in an Anderson 
~ruder, a·wen9ar axt:rwier or a polarized. microwave 

20 appara'tus. !'he use of heat as the a9ent. for 
sta~ilisinq bioloc;ical·materials may accelerate the 

.oxidation of the d~sired T, T3 and T~-like coapound• 

present in those materials. Accordin9ly, heat 

treatment ahould pref eral:tly he c:arried out under 
25 conditions that ainimiza o.r eliminate oxida~ive 

effects. Sueh cond.ition&.inclucla the creaticn of 11 

pressurized vacuum or the use of superheated steam, an 
inert 9as or the evacuation of air in the heating 
equipment. 

30 Following sta~ilization, the biolog'ical 

:material ill oharacterized by an inc:reased c:ontent of 
~ocol-produats ralativa to th• content of ~oeol 

products in the Startin~ material -- i.e., it is a 
'rocol•ricll product. The total '!ecol c:ont.ent of the 

JS stabilized biolg9ical material ie ty!)ically increased 
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about lOOt over that at the non•stabilizad starting 
ma:teria1. The Tocol content, measured in ppm, •Y be 

·da'temined J>y conventional met:hods, 11uch aa those 

desariJ:aed in v. P.U.ronan et: al. , •siJJh Performance 
s Liquid Cbrcmatographic Determination Of Tocopherols And 

Tocotrienols And Its Application !L'o Diets And Plasma Of 
. Finnish Men•, Intarnat; • .!, yit .. Nutt• Bes., 53 1 PP• l5-

40 (1984) and B. Tan et al., •separation ot ~ocopharol 
And Tocotrienol ls~s Using Normal- And Reverse Phase 

10 Liquid Chromato;raphy", Anal .. Bigchp.., 110, pp. 368-
373 (1989). 

In a preferred embod.iJftent of this invention, 
'the biological source is a plant material. ~iea11y, 

the plane mate~ials to ~e treated in the processe• of 
15 this invention are firat selactad and·thfm harvested. 

Preferably, the J)lant source chosen contains lov 
ooncentraticns of enzYJles, such as lipasesr 
pe~oxidasee, catalases, polypbenol oxi4ases and 
lipoxygenases, which may begin to de9rade the Tocol 

20 product• once t.he outer husk of the plant source is 

2.S . 

• 
removed in the milling process. 'l'he concentration of 
these enzymes in the plant source may ~e determined, 
tor example, using tributyziin under H2, at pB 7.S arid 

35•c. 
After harvesting, the plant source is 

suJ)jected to the process step& illu•t~ated in Pigura 1 

far preparing Taaol-rich atabiliaec:l riae ~ran from rice 
Wbola ;rain, the most preferred plant source. 
Preferably, the stahiliaatian process is initiated 

30 witbin as short a time as possible after harvesting, so 
that enzymes in t!J.e unstabili1ecs·plant source do not 
b09in to degrade.the desired !reaol product.a. Aa shown 
in Pigure 1, the first step for plant sources such as, 
for example, rice,.wheat, rye, oats, flax, sesame and 

31!5 amaranth, is to remove the husk, br~n coat and 9erm 

.. ~,·.:...,:. 
-~~ ..... ~ 
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fram the grain or seed by milling. For example,· after 
raoval of hueta from. whole rice grain, bran is t:hen 
removed t.o provide Wlii'ta rice and rice bran proclucts. 

Following' milling, enzyme& present in 
! unstabilizad plant aources, such as lipas .. , 

peroxidases, aatalasem, polypbenol oxidaaas •nd 
liPOX}'9enases, aay. beam1a active. In activated form, 
these en1Y11es cause 'tbe undesired alteration or 
destruction of the T, T3 and T3-like oomponents ot the 

10 plant material. Accordin9' to a preferred embodiment of 
this invention, ~erefore, plant materials are 
subjected to sta~ilization in o~e or t.wo stages, 

immediately after milling. In each stage, 
.stabilization is carried out under conditions effective 

15 to do one or mare of the following: (1) inactivate 
enzymes capable ot destroyinq the Tacol products 
contatnad in the plant material, or (2) break ~oncls·or 

otherwise interfere with .interactions Which retain T, 
!l.'3 and !l.'3-like G0111pouncl11 in 'the mat:erial, or 

20 (3) ·:tnorease tba solubility of the T, '1'3 and T3-1:ike 

compound& of that blol09ieal source beyond that prior 
to stal)ilizatian or beyond the level of solubility of 
the 'l', 'l'J and '1'3-lika compounda ot a correaponcUnq nan­

sta~iliaed ~ioloqical source or of a correapondinq non-
25 stabiliaed ~ioloqiaal source treated accordi~ to 

conventional heat treataent processes or aonventional 
· stabilisation processes. 

:. When active, enzymes which are capable of 
4eatr~ing the '!oaol »rodua'ts contained in th• plant 

lO material also cause a rapid ~uild-up of free fatty 

acidS (PFAJ 'Wieh in turn, aan destroy '1'3 and possibly 

. th~ T3·1~Jte compounds via a radical :mechanism. '?he 

yiel4 of T, Ta and T3-1_ike compounds is optimized when. 

the FFA content in the plant material ie reduced to 
is •ba\lt 4t o:r: le:iia. Prafe:r:Gly, the l'PA content is 1ero. 
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rrA cont~nt may ba monitored usi119 the official AOCS 
-~od ca sa-40. Preferably, the FFA content in the 

plant material after •~abili&ation i• the same as that 

prior to stabilization. Xaediate proceaaing of the 

5 plant source after.milling provides a stabilised 

product with a lo- FFA content and a high concentration 

of 'l', T3 and !r3-lika. compound.a. 
The dry heat stal::lil:L1ation step typically 

inactivates lipases and other hydrolytic enzymes in the 

10 plant. source. 'l'he subsequent wet stabilization stage 

primarily inactivates peroxidaaes and other oxidative 

enzyJaes in tha plant source, as well as any other 

enzymes which :became reqenerated during stQrage of the 

plant source for a time between the dry heat 

15 stabilisation ata9e and the wet heat stabilization 

stage. 
The dry beat stabilisation step aay be 

. . 

c:an:ied out in any apparatus that accmmodatas the 

desired paraa~ers cf temperature, 110isture, treatment 

ao time and preasure required to inaotivate 'l'oool­

dastroying enzymes, to pe:rmi~ or faeilitate the release 

of 'l'ocol prod\lcts from the plant source or 1:0 inarease . . 
the solubility of the Tccol products. Durin; the dry 

heat ati\~ilization sta9e, V7A build-up increases with 

25 •tabilisation teaperature. ':herafore, lower 

temperatm'e• ancl • snort reaidanc:e time in the 

apparatus are pra~errad. In one eatiodiment of 'this 

~vention, a p~ant source is preferably dry atabil11ad 

in an extru4er under the pref erred parama~ers of 

30 temperature, traat•nt tima, moisture and pressure. 

Some plant materials, such as grains and cereals, are 

preierably subjected to microwaving, or oth~ beating, 

~ef ore or attar exti'u&ion, to increase the extraction 

rate and d•creasa the residence time in the heat 

35 providinq apparatus, thereby faoi~itatinq reoovery of 
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tl\a desired 'J!ocol pz:oduct:a. Kic:row•vinv ~fora or 
after extrumion may alao aid in rupturing the cells of 
tba plant source and 11\inimis.ing enzymatio destruction 
or undesirable alteration ot the Tocol products. 

5 Since i:r, '1'3 and T3-like compounds present in 
plant sources are biqhly 11Uscepti~le to oxidation 
4uz'i~g stabili•atign,· a.blanket·of .superhaated steam., 

an inert:. gas, such as H2, or a vacuum is uaed to 
protect the plant sQJ.lrce trom oxygen and, therefore, t.o 

lO prevent hi;h peroxide value (PV) from. developing. 
superheated steam is preferred, 1'eaause it is readily 
available and can also serve as an even source of heat 
in tbe apparatus. During stabili&at:i.on, PV may be 

monitored using' official AOCS ae'thod Cd 8-53. 
15 When the plant material to .be stabilized is 

rica bran, or another·aa~erial having hi;h·peroxidase 
content or a hic;h de;ree of fines, following- the dry 

heat stabilisation step, the plant material ia 
preferably further stal:tilize4 in a wet heat 

20 stabilization step carried aut under-the preferred 
parameters of temperature., treatment time, moisture and 
pressure tor wet heat stabilization. This wet heat 
stabilization step further reduces a~y residual enzyme 

activity that may aause destruction of !, T
3 

and 
25 ~3-like produc:ta in tba stabilization apparatus. 

Additionally, tha wet heat stabilization •tep •ay break 

bond& or otherwise interfere with interactions whicb 

retain T, T3 and 113-lJ.Jte cmupounds in the plant material 

or it may increase the sol~ility of the T, T3 and 

30 T_,-U.ke c~ds gf that bi~l.ogical •om:-ce beyond that 

prior to stabilisation. or l:leyond the level gf 

aolu1':ll.ity of t:ha T, !1'3 and T3•1.lk• cosp~ds of a 
oorreapondinv non-s~ahili1ed biol09ical source or of a 
COJ:'2:8Spondin~ non•st:abiliza~ bioloqical source treated. 

35 aacordin; ta conventional heat treatJaent processes or 
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conventional atabiliaation processes. ln order to 
optimize overall recovery of '1', !'3 and T3-1ike products, 

the wet haat ata~ilisation a~ep is preferably c:arrie4 
out il!ll!!ediately following the dzY hea~ •tabiliaaticm 

!S atep, in aequenc:e, in the &td>iliaatian apparatus. 
Howevw, depenclin.; on how the:plant source is stored 
a~er dry heat sta!:»ilization, the wet heat· · 
stabilisation can be po&tJ?Oned up to about one month. 
Optimal condition& tor 1toraqe are those that do not 

10 per11it re9enerat1on of enzymes which have 1'aen 
inactivated in the dry heat sta))ili1ation step. such 

conditions are those of low temperature and low 
:moisture. 

ln the wet heat stabilization stage, moisture 
.15 is introduced into the apparatu. by means of water 

mixture, atomising dispenser or conaeneing steam. AS 
wit:h the dry hea~ st~iliaation s~a9e, wet heat 
sta~ilization is also carried out under a blanket of 
superheat.ad steam, inert 9aa ar vacuum.. superheated 

20 steaJll ia preferred. 
During wet heat stabilization, !TA 1'Uild-up 

in plan~ material is more responsive to ~esidance time 
in tbe stabilization apparatu& than ta tamparatura. 
Typically, the residence time ot the plant material is 

25 bet.ween Mout 10 a:nd about soo aeoonds to miniaiae the 
occurre~ae af ansymatic activity oefore stabilization 
is coapletad. The J'l'&ferred. residence time is 
typically about 50 seoon4s, depending on pre•sure, 
temperature and aois~ure. These conditions insure the 

30 inactivation cf any enzymes which remain active after 
tlle tirst dry heat sta):)ilization sta9e and further aid 
in the release of Tocol product.a contained in the plant 
material. · 

AcSvanta9ecus1y, colle~a are formed durinq the 
35 vet heat s~ilisaticn step. These.serve to faoi1itate 
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the extraction of oil and si;nif iaantly reduce the 
fine-content af that oil. Pines cause proeluct loss and 
removinq them makes the separation steps more 
difficult. !'bis second sta~ilization step t:hus 

5 minimizes tbe destruction of Tocol prad.Dcts and 
aiaplifiea their recovery process. As in ~a dry heat 
stabiliaaticn step, llicrowaving the plant source ~efore 
or afl:ar extz:Usion uy aid in rupt:uring- t:he cells of 
the plant •~ca and minimi1in9 enzymatic destruction 

:LO of the Tocol products. 
ln the second stabilization •ta9e, the 

parameters of temperature, pressure, treatment tima and 
moisture. uy be varied in concert from the ranges 
illustrated herein, while still providing a stabiliaed 

15 plant material. one gf ordinary &kill in the art can 
readily select • apec1f 1c combination of treatment 
concU.tians, as 10119 as those conditions are effective 
to inactivate Toeol-dest.roying enzymes, interfere with 
interactions which ratain.Tocol products in the plant 

20 mate~ial, or :both. In addition, the treatment 
conditions should not lead to destruction of the 
oesixed ~ecol products, decomposition of the non-~ocol 
containing by-product& or unwanted side reactions, such 
as oxidi&inf pyrolysis and Maillard reactions. 

25 Aft:er a ane or two stage staJ)il.t.sation, the . . . 
st.abilised plan't. source is cooled.. 'l'he 11ou.roe may be 

cooled vithi21 t~. using cold water and a cold water . . 
))lanket or a re!riqerant. ~ compressed gas • .. 
P:'eferably, ccolin9 is acc0mplished with cold water in 

30 the tubas of a cooler. The stabilized plant material . . . 
is plac:ed in the cooler and should J:ie blanketed with an 
inert gas, sucb u N2, to prevent; an increase in 
peroxide value of the Tocol-oontaininq products. 'l'he 

• a •• 

re,ult1ng produot is ~ Tocol-rich stabilizad, cooled, 
35 pl~t •teriala An example of one aucb p::ociuct, as 
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shown in Figure 1, 11 a Tocol-r~ch stabilized, aoole4 
ric:a bran. 

After stabilization and cooling, fUrthar 

proc:essinf of 1:be atabiliaed plant material is· 
5 optional. Su~ processing is desirable when separating 

oil and Tocol praducts. 
AB i_11ustrated in !'igura a, the 'l'ocol 

product• uy be recovered from the '.roool-rich 
stahilisea and cooled plant So\JJ.'oe a~ low temperatures, 

10 a~cb as between al:Jout s•c and 45•c, depending on tbe 
apecific •olvant, using conventional techniques and 

equipment, such as oommercial solvent extraction. 
Preferably, the extraction i& carried out at 
temperatures at or below about 3S•c, as opposed to the 

15 temparatUJ:es af so•e to Ga•c U•ed in conventional 
hexane lllethccls. At 'the low temperatures uint.ained ta 
recaver the Tocol products from the stabilised plant 
sow:ee according to this inventicn, the yield of 11', ~3 
an4 T3-like compounds is maximized. Por exaJDple, the 

20 yield of Tocol proauats at cold extraction (about 21•c) 
is much higher than at hot extraction (do•c:). Und.er 
such condi~ions, 'the residual maal of a plant eourc:e 
retains waxes without retainin~ the desired ~J 

produc:ts. Waxes are difficult to raove from 1:he T3 
25 products because they are non-polar ecmpounds anc! are 

very •i11ilu in structure 1:0 11'3. EXt:raction is 
preferably canduc:tad in a continuous extraatian unit 
with an org"anie solvent. such as, for example, propane, 
pentane, bUtane, hexane, heptane, ethyl alcohol, 

30 diethyl ether, ether and ethanol acetate. Extraction 
may be aarziied oiit, for exaaple, in a Rot.oc:al. 

Per plant aouziaes such as soybean, 
c:cittonaeed, wheat qena, c01:n qerm and ric• .bran, the 
preferred organic solvent is pentane. With pent.ane, 

3S t;ba ~iling point 1• about 35•c an4 extraction can J2e 

.! 
i 

' 

~ I, 

! ~ . 
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oa:n:ied out at a»out 2s•c, without creating an 
expl011ive lla1ard. With hexane, however, the boili119 
point is U.Out. eo•c and extraction cuannot. be carriad 
cut in a practical manner much l>elow .so•c, without 

. 5 allowing air to en~er the extractor and therey 
creating the riak of explosion. Por extractions 
conducted. at temperatures J:»elow about as•c, othar 
aolvent•i sucb as propane, heptane or ethyl alcohol, 
far exEUDPle, 95t ethyl alcohol, can also be used. 

10 Alternatively, pentane, hexane, heptane or ethyl 
alcohol, or mixtures thereof, •Y·he used foi:­
extraotion. ~e most preferred extraction solvent is a 
mixture of propane, .butane and hexane. ·Aclvantaqeously, 
when.this mixture of solvents is·used, the staaili1ed 

15 extraetian temperature may ~ lowered to about s•c. 
Altez:natively, a haxane-operatin; systam may 

ha wrapped with pentane or butane. Thia all.ows the 
extraction to J:>e aarried out at'low.temperaturaa -­
down to 40•c with pantane and down to s•c with butane. 

20 zn order to :retain t:he '!ocol prodUcts in the 
stabilised plant material, extraction is caJ:ried out at 
about lo•c or leas tar ~etween about 15 to about 40 
•inutea. To maximize recovery of Tacol products from a 
stabilized plant material, while·retaining the maxillWI 

zs yield of Tocal products in the oil and.a considerable 
quantity ot waxes in tha meal, extract.ion ia caniad 
.out at about s•c to about·4s•c:. · Tbe:extraction time 
will dapand on the utm:ial bad formed durinq 
extraction. BXtraction may also be carried out usin9 

30 supercritical conditions, auch as auperci:"itical carilon 
dioxide. superoritical car>:aon dioxide axtrac~ion u.y 
be aarried out under about 5 t.~ abaUt·1s,ooo PSI 
praaau:r:e at a temperature above abaut 31.e•c for 
approximately 1 minute. Preierably, extraction may be 

35 carried out using aupercritical carbon dioxide under 
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abou~ 10,000 to about 12,000 PSI pressure for &DoUt l 
111nute, Uter which the pressure is released. 

Por certain plant sources; the coaercial 
feasibility of recoverift9 ~ocol-ric:h products at low 

s temperature. ia in=aased if the extraction is preceded 
by col4.pi:'&&&in9 the sta~ili1ed plant source using a 
screw press under an inert 9as blanket to reeluce oil 
content from·about 1s-2ot down to a!»out 3.s-a.st. .Any 
remaining oil 211ay then :be extracted usinq·cold ethanol, 

10 methanol, isapropanol or another organic solvent at a 
temperature l::lelow about as•c. 

!'he products of ext::action of a sta~iliaed 
plant source are a mixture of solvent and a Tocol•rich 
oil and an extracted plant source which preferably 

15 retains its nutritive value. The oil-solvent mixture 
is conventionally separated fro• the :meal and &olvent 
.by a gravity drain. Den tbe eolvent is evaporated and 

atau.·strippad. ':be recovered oil, depending on the 
-taperature of extract.ion, contains a low aancantration 

20 of FFA and waxes and a high concentration of .Tocol 
products. Mlvantageou&lYt maintenance of cald 
taaperatures durin9 extraction leads to retention of 

· .l'PA and waxes in the meal, and a hi!Jh concentration of 
'l'ocol products in the oil. 

25 Any residual solvent is removed from the 
.extracted plant aource ming a vapor cleaolventiser­
:deodoriser, a flasb desolvant.izer-daodorizar, or an 
aq\iivalent system, using recirculated superheated vapor 
in the deaolventizer ataqe 'to remove more than 9St of 

30 'the solvent frca t.be ex=-acted plant source. :en 'the 
deod02:"i1er stage, the sys'tell is typically operated in a 
pressure rancre of less than al>out l a to 6 IDll Hg. 
Preferably, the pressure i• helow about 1 atmosphere in 
order to ~amove solvent down to an acceptable level. 

35 Praferuly, less than 600 ppm. solven.t raJDains in the· 
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aKtracted plant source aiter ~ba dasolventisation 
stage. This assure• ainiawll destruction of .valuable 
prOCSUc:t&s, auah a& lysine, cyateine, and B-vit:.amin11 
contained in the llleal. 

5 The desolventized plant source is further 
. cooled by conventional aeans, for exaple, by 

contacting it with' air or .by cooling with water in the 
mi.a ot t!ae cooler. The desolvent.iaed extracted 1111&1 
aay be used as an edible source of lysine, cysteine, 

10 B•vitamina and other essential nutrients. An inert 
9••, auch as nitr09en, can be employed t:o maintain tha 
mixture of solvents and qaaea in the apparatus Mlow 
the explosive limit and also t.o help re11ove·so1vent 
tro:m.tbe meal. Spaz.'9& steam may also~ introduced to 

15 aid in the removal ot solvent. Typically, the sp11r9a 
steam is introduce4 counter current to the meal in 
order to ramove the solvent to an accepta~le level. 

The recovered Tocol•ricb oil aay also ~ 
procea.sed further. Far example, the oil •Y be 

20 degummed. D8CJWIUD.inq may .be c:arried out, rar example, 
-by washing ~· oil with water, tb.erekty diasolvin9 the 
qQllll.y aulJstances in the water layer. And tbe oil uy 

be bleached to reaave calored. bodies. Bleaching 
techniques involve heating t.hG r~~ined oil together 

25 with an adsorl:Mnt powdc, sw:h as natural, or aa14-, . 
act1vated . .bleach1Jlg earths, preferely with activated . . . 
alay (clay to Whioh non-compressible clay has bean . . . . . 
added as a ti;terin; aid). As a resul~ of bleaching, 
colored materials are physically adDOJ:!Had onto 

30 activated clay, Whic:h is then filtwec:I. Preferably, 
1::.his step. isaaXTied_ out under.vacuum.· to avoid 
oxidation of tb• oil and to improve bleaehinq 
ettioienoy. 

Th• bleaehed '?ocol-rieh oil uy then be 

35 suJ:dected to physical refinin9 tacmniques, reduced-

!! I j 1· 
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pressure aolecular distillation (preferably in tbe 
range of &J:aout 5 '6K Hg to about 6 a Hg), or ~th, t.o 
provide a 4ist111ate containing only the Toaol prOducts 
and nA. Phyaic:al refinement techniques inclU4e low 

s pressure, biCJh·taperatura vacuum distillation. Darin; 
physical refinement, sparge steaa is preferably used to 
remove the taaol products and PPA from the oil. When 
physical raf ining is employed, molaaul.ar distillation 
is used to separate ~e FFA from the Tocol traction. 

l.O Alternati'Vely, either ethanol or uthanol may :be used 
t.o acbi.eve phase aeparati011. with the oil. The alcohol 
can then :be distilled off, thereby sepilratinq the ITA 
and Tocol producta. Molecular distillation is 
preferred for recoverinq the Toc:ol products. 

15 f!he tacopherol-rich fraction, toeotrianal-
rich fraction and taaotrienol-like compound-rieh 
tractions may ~ aeparated from the Tocol-rich products 
J:)y any conventional technique ueed·to separate chemical 
structures, such as supercritical extraet:ion. A 

20 preferred teehnique comprises passing the Tacol mixture 
throuqh a silica gal colwm. Advantageously, the !'3 or 
T3-lika products are retained on the silica qal, while 
the T products pass thrOWJh and are collected.. The T3 

or T3-1ika compounds 11ay ~an be recovered by washing 
25 the silica gel with an organic solvent aucb as diethyl 

ether, pen'tane, hexane, bEaptane, et.banal, 11athano1, or 
combinations thereof. The solvent is then evaporated 
using conventional means to yield purified'T3 or T3-

lilte compounds. 
J:n addition to a process for recoverin;­

'l'Ocol•rieh oil frma sta~ilized ~iological sources, this 
invention also provides a procesa'whicb yields a 
4efatted, Tacol--rich stabil1ze4 bioloqical se>Uroc, 
preferably a plant •ourc:e. Por example, a polar 

35 111!,dium, aueh aa aupercritical co2, may aclvantaqaously i _ 

I 
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be uaed to raaove the oil products fl:'am a stabilized 
plant sourc:a while retaining mast of the Tocol products 
in the meal. !l'he operatinq condition• (i.e., 
temperature and preesure) can be adj118ted 1:.o uximize 

5 tbe amount of 'l'Ocol retained in the defatted meal. 

10 

Thia proc:eaa may also be used. to extract TJ or Ta-like 
amapounds from 'l'ocol-riah oil and to break down 
components ef the '1'.:s fraction or T3 ... like ooapound 
fraction. 

The 'l'ocol-rich praduc:ts obtained 1'y the 
proceases of this invention are useful in . 
:phanaceut.ical compositions and food formulations. As 

used herein, the teZ'l!I. "food formulation" reters to any 
food additive, dietary supplement, foodSt.uff, ar edible· 

15 CDlDposition auita~le tor consumption by hwaans and 
aniuls. Advantageou111y, these praducte are 
bypocholesterolamic and hypolipidaemic a9ents. 

Pbantac.utical compositions uy take the form 
of tablets, capsules, emulsions, suspensions and 

20 p01lders for oral administration, sterile solutions or 
emulsions tor parenteral administration and sterile 
solutions for intravenous administration. The 
phEU:maoeutical cC)ll'Lpositions may be acb'l\inistered to 
humans and animals in a ••f e and pharmaceutically 

2! effective a•ount to sUbstantially lower the blood. level 
of WL-cholest:erol and total serum cholesterol. 
Hypercholastaralem1c-related diseases which :may be 

·· treated using such compositions include, but are not 
limited ta, arteriosclerosia, atherosclerosis, 

30 xanthomatoais, byperlipoprotainemias, and. familial 
hypercholestazoleJ1ia. 

These compositions may also ~e used to treat 
hypertension and to increase the production of insulin 
in Type 2 c.Ua.betic patients. In addition, these 

35 OOIQ)ositions ara usetul for prophylactic treatment of 
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those patient& having multiple risk factor& fOJ:' 

hyparcholeaterolamia Wbo 4U'e •• yet aay:mptomatic. 
The pharmaceutical composition• of this 

invention typically comprise a pharmaceutically 
5 affective ilJllount of a Tocol•rich product at this 

invention and a pharmaceutically acceptable ca~iar. 
Therapeutic and prophylactic methods .of this invention 
comprise the step of treating patients in a 
pharmaceuticall1 acceptable :aanne: with those 

10 compositions. As uaed he~ein, the tezim 
''pharmaceutically effective uount" or "Cholesterol­
lowerinq effective amount" r~fera to an amount 
effective to lcwer ~lood levels of LDL-cholesterol and 
total sa:t'WD. choleatarol, while inaraasin; the ratio cf 

15 HDL-c:holesterol to t.DL-Cholesterol in the blood. . . 
Al~ernatively, the term •pharmaceutically affective 
aaount" refers to an amount affective to prevent blood 
levels of LDL-cholesterol ana total seZ'WD Cholesterol . 
associated with bypercholesterolemia. an amount 

20 atreative ta increase produc:tion ot insulin in Type 2 

dial:letio patent. or an amount effective to preven~ or 
decrease bypartanaion. 

'l!he phm:maceutical compositions af this 
invention may be employed in a conventional manner for 

2B the treatment and prevention of hypercholeaterolemia, 
Such Jaathods of treatment and prophylaxis and their 
dosage levels and re-zuirmnents are well~ecognizad in 
the art and may be chosen by those of ordinary skill in 
i:be art from available methods and techniques. ~e 

30 dosage and treatment regi•ens will depend upon factors 
such as the patient's health status, the severity and 

course of the patiant•s hypercholesteroleania or 
disposition thereto an4 the jud9"J1ent of the treatin9 
physician. 
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The Toagl•riOh produot.s of this invention :may 
also ba used in combination with ·conventional 
therapeutic:a ued ill the treatment or prophylaxis of 
hypercholestaroleJllia. SUCh combination therapies 

5 advantageously utilize lower dosa9aa of tbose 
conventional therapeutics, tbus avoiding po&sible 
toxicity incurred when tbose agents are used as 
aonot:herapies. 

In .food fo~lations, the Toaol•riah products 
10 of this invention 211ay be usea in amounts and c~ined 

wi~h any biologically acceptable carrier to provide a 
safe and effective 11eans of aubstantially lowering . 
blood levels of LDl.-cholesterol and total serum 
choleatarol while ineraasin; the ratio of 

1!5 HDL-cholesterol to U>L-chol~sterol. In ad.c:Ution, such 

food f oJ:'Jllulations may be used to inerease production of 
insulin in lfype 2 diabetics or to preven~ or decrease 
hypertension. ~he Tocol•rieb products of this 
invention ••Y be combined witb any foodstuff ~o prcduce 

20 such food foJ:'lllUlations. Tocol-riah oils ohtained by 

the prooesse• of this invention iaay ~ sp:r:ayed on 

foodst.ui:ts, such as cereals. And Tc:icol-rioh oils may 
~used as· a cookin; oil or a aalad oil. 'l'oeol-rich 
;rains may he used in foodstuffs, such as :baked 9oods, 

2! ce:r:eal.s, pastas and aoups. 
'l'h• pharmaceutical compositions and food 

f 01"Jl'l.1lations af tbis invention may :be administeJ:"ed to 
humans and animals sUQh as, for example, livestock and 
poultry. Advantageously, livestoelc and poultry raised 

30 on auch foodstuffs may, in turn, constitute foodstutfs 
useful in the treatment or prophylaxis of 
hypereholes:terolemia. 

tn order that this invention 1>e JDore fully 
understood, the followinq examples are set forth. 

3S 'l'hese axainples ara ior purpose• of illustration only, .. 
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and are not to ~a c:onst:rued as liaitin~ the •cope or 
the invention in any way. 

In each e.xaapla in which the FF.A cont.ant was 
determined, it was so done using the official AOCS 

5 method ca Sa•40. The T and '1'3 concentration&, recorded 
in ppm, were datenined usinq the BPLC utbad& 
dascrihed in v. Piironen et al., "Higb Perfo~oe 
Liquid Cbromatoqrapbic Determination Cf ~capherols And 

~ocoti.-ienola And Its Applica~ion To Diets And Plasma Of 
10 Finnish Men•, +ntsrna;. J. vit. Nnt;:. Res., 83, PP• 35~ 

40 (1184) anct B. Tan at al., •separation Of Tocopherol 
And Tocatrienol Isomers Using Normal- And Reverse Phase. 
Liquid Chroaatocaraphy•, 1an11. lipphem., 110, pp. 368• 

3?3 (1989). 

15 Example 1 . 

Raw bran from f~eshly :milled rice was 
collected in polybaq•lined f it>er drums and helQ for 24 
hours at &Jlll)ient temperatura (3a•c). After 24 hours, 
the free tatty acid oontent of the 1'ran had risen to 

20 a.4t or 11.ot on an oil ba~is (the oil comprised 22' 

w/w of the bran). 
At 12-13• moisture, apJ)roxima.taly 2,700 lbs. 

of the bran was fed into th• #l extruder head of a 
Wenqer X-25 single screw extruder at a rate of 15 

25 lba/ain. An operating pressure of 300-400 PS% and a 

cilaehar;e temperature of 1629 C were uintained. !'ha 

retention time of the eX'l:Z'Uder wa• approximately 30 

sec:onds. 
The bran was then ground to a fine powder 

30 (ap12roximaqly :zoo ush). Hexane was adlled and 
extraction was performed at room temperature (24°C) for 
ao •inutes. The hexane/oil mixture waa deeanted and 
then the hexane was evaporated under aspiration vacuum. 
The residual oil was then analyzed _'by BPLC. 
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'rhe result of BPLC !l'Ocol analysis is 
displayed in Table 1. 

1ample a 
Pr•-•ta.bilization and stabilization 

S conditions were as descru.d in baJQ.ple 1, except that 

the stabilization apparatus was an Anderson s inch 
single aorew expander with a 5/1611 x 1• die. At 12-
13t moisture, approximately 540 lbs. of the bran was 
ta4 into the extruder at a rate of 3.2 l.bc/min. No 

10 steam or water injection was cai:"ried out. The screw 
rPJll was 125, resultin~ i~ a discharqe temperature of 
96°C. The retention time was appro~imately so eaconds. 

lxtraction wa• performed. usin~ the procedure 
detailed in IXample 1. 

15 !'he result of HPLC Tccol analysis is 
displayed in Ta~le 1. 

gample :I 

Pre-stabilization and atabilization 
conditions were as descri~ed in EXample 2, except that 

20 the stabilization apparatus was fitted with a 1/4" x l" 
die to improve collet shape and the bran treated was a 
sample of approximately 360 lbs. In addition, stea 
was in,eated at the tow:th J:lolt hole at a rate of 12 
lhs/hr. The screw rpm was 275, resu.lt:in9 in a 

25 diacharqe temperatu~e of 101•c. The retention tiae was 
approxaately 30 seconds. 

zxtziaction was perf oraed using tbe procedure 
de~ailed in IXa11Ple 1. 

The result of HPLC crocol analyais ia 
30 displayed in Table 1. 

1ii~iliiiii 
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B>cuml•·' 
PreMstabilizaticn conditions and sample 

treated ware am dasc::ri1'ed in lxamplc 1 1 except that the 
a&UDple size was 2 lba. H~ s~ili1ation was carried 

.S out. 

10. 

BXtraction was performed using the procedure 
detailed in lxample 1. 

The result of HPLC '.l'ocol analysis is 
displayed in Table 1. 

Bxample § 

Pre-stal:lilization conditions were as 
desc:=ibed in Exa11ple l, except tbat the sample size ~ .. 
approximately 1800 l~s. 

sta~ilisation was initiated wi'thin 5 minutes 
15 of bran removal in a Wenc;er X-25 extruder with a 5/169 

x l" die. The jaeka't:iZMJ ban'al was cooled with water 
to 121•c. No steam o~ water injection was carriea out. 
The operating pressure was aoo PSX. ~e retention time 
was a.bout ~o secionas. 

20 :sxtraction was performed with heXane at so•c 
until the reaidual oil weighed leaa than lt of the 
total weight of the ~~an. The hexane/oil mixture was 
daoa.n~ed. ~ian, 1:he bran was washed with hexane anci 

· the combined hexane e~acts were evaporated under 
25 aspirator vacuum. 'l'he residunl oil was waahed with 

water t.o dtMJD and was then analyzed by HPLC. ' :· 

The FFA content was approximately 4t on an 
oil basis. The PFA content roae over time. 

!'he result cf BPLC Tccol analysis is 
30 displayed in Tabla 1. 

B · n Replaced 

l\i\ i\\\ ~\l\ \\\\ ...... 
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11a.1ml• § 

Pre-sta~1iiaat1on and atabiliaa~ion 
conditions and the atabili1ation apparatus were t:be 
same as in lxaaple s. 

s · · 'lri this example, however, tbe jaoket:.int 
barrel was not cooled, resulting in a stabilization 
temperature of ieo•c, ':he retention time waa eout 30 
seconds .. 

Extraction vas performed using the procedure 
10 detailed in Example !S, except that the tmnperature was 

lowered to 21•c. 
The 71A content was approximately 4t on an 

oil basis. The J'FA content did not rise over a two 
:month period. 

15 The result of HPLC Tocol analysis is 
displayed in Table 1. As shown in that tabla, rice 
bz'an stabilized acaordin9 to this invention produced an 
oil containing 4179 ppm of Tocol ~clucta (Ts = 
2394 ppm and T ~ 178~ ppm). ln c:ontrast, unatabiliaed 

20 rice loran producecs an oil containing" in the rl&Jl9e of 
25 ppm Tocol p:l:'oducts (see Example 4). 

25 

Jxampla .z 

Pre-stabilization conditions and 
stabilization apparatus were the &Biiie as in BKaaple s. 

· Stabilization c:onditiona were the same as .. 
EXample 6; except that after 6 weeks, t.he bran was · 
turthe~ wet stabilized in the same a~paratus usinq 2Dt 
aoisture at 113•C. 

IXtraction was perf o:med using the p:l:'oce4ure 
30 detailed in Bxample 5. 

The PFA content was approxi•ately 4t on an 
oil baais. 

'l'he result cf Hi'LC Tocol analysis is 
displayed in Table 1. 
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JxUR1e 8 

!rile wax fraction obtained by dewaxing crude 
rice bran was analyzed :by BPLC to determine the amount 
of Tacol products remaining after the degumming and 

5 physioal refinement steps. 

10 

15 

20 

25 

30 

'l'he result of BPLC 'l'ocol analysis is 
displayed in Table 1. 

. 
TABLE l 

E¥ampla Hp. 
['1' + 'l'f J in oil 

gpm> 

l 

2 

3 

4 

5 

6 

7 

8 

331 

74 

73 

26 

2512 

4179 

2497 

338 ('1' only) 

As demonstrated in Tabla 1: 

the ppm of T and T products in the oil 
was optimized when3stabilization was 
carried out imaediataly a~r milling; 

-- a hiqh temperature dry stab1111ation 
stage was far superior to a low 
i:emperature dry stabilisation •tage; 

stabilized bran yielded a higher d8(Jr•• 
of '! and '1'3 products in the recovared 
oil than unstabili&ed bran; 

a delay ot 6 weeks between the dry a.:nd 
wet •tage ata~ilizati9ns allowed 

:~,,.~ 

~ 
·~~~# 
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enzymatic activity of the slower acting 
enzymes, auc:h, as the peroxidaaes to 
decrease T and '1'3 c:ontant in the oil. 

! ~he f ollowinq is a typieal protocol for 
aan:yinv OQ't 'this invention, usinq rice l1ran •• the 
sample ~iologic:al.aourae. 

Rough rice (paddy ric:e) from a farm is dried 
in a commercial-type continuous flow, non-mixing, 

10 heated air dryer. Drying is carried out to lower the 
moisture content of the rige a level of between a~out 
18 and 22 pe;rcent to a level between ~out 10 and 13 
peroent.. 'l'he d:'ied rice ia then cleaned by remavin9 
dust, stones, seeds and sticks by aspiration in a 

15 commercial rice cleaning machine, followed by gravity 
separation in • stoner and partiale size separation in 
a disk grader and a dn1I separator. 'J:lhe husks are then 
re.moved using a rub))er roller sheller. Paddy (huska or 
bulls) were removed using a paddy separator for the 

20 first P••s, followed 1'y a paddy sepaz:iator for the 
second and third passes. The bran is than removed in a 
friction mill to yield polished rice, The raw bran is 
then pneumatically conveye4 to the extruder or.fer 
stoz-age until st~ilization. 

25 When stabilisation is desired, the raw br•n 
!a pneuaa~ically conveyed to a filter/sifter to remove 
residual broken rice. After sifting, tbe raw bran is 
pneumatically conveyed to a mixinq/tmaperin9 hopper 
tank. The raw bran is conveyed tro:m. the d.t.schar9e of 

30 the mixing tank to the ex'b:'UCler inlet valve of a 
clampe4 ~·~•1 Gingle aaraw) extruder by a metered 
screw conveyer feede~. Th• operating conditions.of the 
extruder are maintained durinq sta~ilization in the 
followin9 ran9e: -35 flow rate: soo-2000 lbs/hr 

1i~iili1~1r 
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pressure: 100-2000 PSl 
temperature: 13s•-1ao•c 
tiaea 15-90 meconds. 

'l'he dry heat stabilised bran is then fed 

5 directly into 1:1\e feed. hopper of an expancler c:ooker. 
Alternatively, the feed to the cooter·may be raw bran 
that has l:>aen cooled witb d%y ice. Within that 
extncter, the bran is conveyed by • discontinuous worm 
shaft toward the disCharge plate at a rate ot around 

10 341. lbs/hr, Water and steam are added throu9h 
injection ports in ~ barrel of the extruder at a rate 
of around 38 .lbs/hr to completely mix tbe ma'terial and 

to raise the moisture level.. The ambient temperature 
is about -3•c. Flow of the material is controlled l)y a 

15 diseharge die plate at a rate of a~out 341 lbs/hr. The 
moisture level is :maintained at about 114 lbs/hr and 
the tesaperature is held between about 90• and 135°C for 
1'etween about 1! and 90 seconda. 

As 'the :brim·1s axt:rw:leCl througb the die 
20 plate, the sudden decrease in pressure causes t'he 

liqgid water to vaporiae. Durin9 aookin9, enzymes are 
denatured and soma constituents of the bran are 
galatiniaed into a fluid paste which Dinds the 
particles 'toqether. A compact pellet is formed. 

29 Vaporization of water aausecl braakaga within the cells 
-ideally suit:ad for solvent migration percolation. The 
introduction of ateam and water during the process 
raises the moisture gontent of. the bran to alxnit 32•25 

percent. 'l'he extruder discharge is then sent 
30 downstream at a rate of around 341 lbs/hr. ta a 

dryer/cooler. Moisture flow waa ~aintained at about 96 
lbS/hr and the temperature is ~apt in the ran9e ot s2•c 
to 13o•c. The dieobar9e fro• the dryer/cooler is 
:maintainacl at a ~ate of about 341 lbS/hr and at a 

.. 
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moisture level of about 30 lb/hr. 'l'hase candit1cms 
allow for storage of the stahiliaed bran. 

'1'he stabilised l>ran is immene4 in hexane in 
a ratio by wei9ht of a:bout.two to one. ~ically, 

5 atlout 10•100 g of material oan be extracted usinq this 
pz:otogol. r.rhe'baxane is 9ene:ally heated to a:bout 6o•c 
using a steam table incor»orated into an exploaion 
proof vented bood, wt other solvents and other 
tempera~s may also be e.ployed. The hexane/oil 

10 •iacalla is removed from the ~ran by filt~ation. ~out 

5-6 washings are necass&rl' to :brin; the oil content of 
the bran t.o less than one percent. The detatted hran 
anc! tbe hexane/oil misaella are both desolventiaed 
under gent:le heatil\9 with stea,., 

11 If 100•500 lbs~ Of stGilized moan is to :be 
extrac:tea, it is 11ore practical to uaa i:b• fol.lowing 
protocol. The stabilised bran is fad into a caunter­
current axtzoac~or a~ a flow ra~e of a~aut 111 lbs/hour. 
Fresh hexane is introduced at a rate of around 312 

.20 ll:Js/hZ'. 'the fresh solvent temperature is maintained at 
about so•c, While the extractor temperature is 
uintainect at around sa•c.. Tb.a residence time 1n the 
extractor is tnically around 45 ainu.tes. fte procluct 
is a defatted l>ran with an oil content of less than one 

25 percent. The hexane/oil ldscella exiting t.he diacharge 
of the axtraator is filtered through a pl•te and fraae 
filter press. The filtere4 JDi&cella. J.11 then pmmped to 
a steam heated. still where the hexane is evaporated and 
collected ~y a condenser for reuse. 

30 following extrac:t:ion and desolventization, 
crude rice bran ail is typically de911Uad., dewaxed., 
l:Jleached and pllysicallY refined. using stea• 
distillation. DeqWmD.ing is carried out by a two stage 
addition under a,itation of at water by weight and the~ 

35 a.1st phosphoric acid (85t reavent 9rade) by weight •. 

iiiiffll1ilii 
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The temperature i~ bald at aboUt s2•c to aa•c for 10 
minutes. Then the sludge containing the CJWllll is 
removed via ultrafuqation. (See United sta~es patent 
4,049 1 688). 'l'he clegwlmecl bran is eooled to ahout !•c 

5 to a•c and held. for 24 hours. 'l'he dewaxed oil• form a 
layer a~ova the waxes which can 11e dcc:a.nted uainq a 
vacuua pump. Bleaching i• cur.led out accorclinq to tbe 
official AOCS method 60 1a-s2. Physical refining is 
car:ied. out in a 9la.ss daodcrizer at -~~ aso•c and 

10 around 3 mm Hq for a~out 2 hours. 
While we bave descri~ec.i a n\Uabar of 

BJDbodiments of 'this inven~ion, it is apparent that 'our 
basic constructions :may be altered to provide other 
embodilllents Which utilize the processes and products cf 

15 this invention. Therefore, it will ~e appreciated that 
the scope of this invention. is to J:Je defined by the 
appended claims, rather tban ~y the specific 
embOdiments which have been pre11ented by way af 
example. 

, . 
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c;ums 

We claia: 

i. A process for enhancing the content of 
Tocol products in a biological sourc:e comprising the 
step of treatin9 said source under .conditions effective 
to st~ilize it. 

2. 'l'he process acc:ording t.o claila l., 

further comprising the step of recoverin9 'the Tocal 
products from the stabilized aourae uncle oondi-t:ions 
which do not.destroy said products. 

3. The proceas accordinq to clai.D 2, 
further camprisin; the step of separating the recovered 

· Toc:ol produc:rt:s into a tocotrienol-rich fraction, a 
toc:opherol-rich fraction and a tccotrienol-like 
compound-rich iraction. 

4. 'l'he precess according to glai• 1, 
wherein said biolo~ioal source is sta~1lizcd by dry 
heat stabilisation. 

5. . ':rhe pi:oocess aacarcU.n9 to clai• 1, 
Wherein said ~iological source is stl&Rili•ed ~ dry 

heat stal>ilization followed by wet _hea~ st.abilisaticm. 

6. 'l'he process according to olaia 4 or s, 
Wherein said dry beat sta~11ization !a carried ou~ in 
an apparatus selected from 'the group consistinq of 
extrud~s, Jlicrowaves, polarized aicrowaves, beating 
ovens and coolcers. 

7·. 'I'he p:z:"ooeea accordinq to claim 4 or 5, 

wherein aaid dry heat stabiliza~ion ar said wet heat 

I lllllll llllll lllll lllll II 1111 
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stabilization is oarried out at a temperature :be~ween 
' a:bout o•c and about soo•c. 

a. The process ac:oor4ing to olaim 7, 
wherein said dry beat •ta~iliaation 1• cazoried out at a 
'temperatu~ between ahout 150• and about 2!5o•c. · 

t. The pracsus accordincJ to c:laia 1 1 

wherein said wet heat sta~ilization is carried out at a 

temperature between about 1oo•c and about iso•c. 

10. The process according to claim 4 or 5, 

wherein said dry heat ata~ilisaticm or said wet heat 
stabiliaatia~ is carried out for a period of time 

between about 1 second an4 about 4 hours. 

11. The proaess according to elaim 10, 
wherein said dry heat st~ilization is carried out for 
a period of time ·between about 20 sec:;onds and about 90 
second&. 

1a. The process aaaordinq t.a alaim 10, 

wherein said wet heat stabilisation is carried out for 
a period of time between ~ut 10 seconds and about 60 

• sec:oncSs. 
.... 

13. The process accordin9 to c:laim 4 or s, 
Wherein said dry heat.sta~ilization or said wet heat 
stabilization is o~ied out at a pressure 1'etween 

about -30 inches Bg and •bout 10,000 PS?. 

14. The process acaording to claim l.3, 
wherein said dry heat stabilisation is caz:oried out at a 
pressure of a!xlut 2,000 PSI • 

. · I lllllll llllll lllll lllll ll llll 
* C L M S * 



f 
;, 

·-

W091/l798S r\-&I u~:ir ''"'"'""u .I I r l 

- 39 -

15. '1'he proc:ess accordinq to claim 13 1 

wherein said wet heat st~ilization ia ca:"i"ied out at a 
pressure of between about BOO and alxlut 2,000 PSI. 

16. Th• process ac:cordin9 to claim 4 ar 5, 
wherein said dry heat stabili1ation or said wet heat 
stabiliaation·ia c~ied·out so that the moisture level 
ot said biologic:;al source is between alxnat lt .and about 
95t by weight. 

17. 'l'he process accordini to claim 16, 
wherein said dry heat stabilization is carried out so 
that the moisture level of said ~ioloqical source is 
between about 5fr and about 15' by weight. 

18. 'l'he process according to elaim 16 ,· 
wherein aaid wet heat sta):)ili1ation is ca~ried out so 
that the moisture level of said. oioloqiaal source is 
.between a1'out 15t and about 30t ~ wei9bt. 

19. ~he process accordinq to clai• 4 or 5, 
wherein said dry heat stabilisation ia carried out 
uneler an inert 911e, superheated steam or a vacuum. 

:ao. The process according to clahl 4 or s, 
wherein said ~ioloqical source is microwave4 prior ta 
ar after said dry hea~ st~ilization. 

21. The process according to claim 2, 
wherein said !l'ocol produota are recovered froa said 
stabilized biological source by solvent extraction 
using an ar9anic ·aolvent. 

22. The process aocarding to claim 21# 
wherein_said organ1.a solvent-is selected from the group 

I llllllHl\11\ 111\l lllll ll llll 
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consisting of hexane, pentane, hexane and mixtures 
thereof. 

Z3. The proca&G aaaording to claim a, 
wherein said ~ocol_producta are recoveziad frca said 
stabilized biological source by cold pressinq the 
aow:-ca to ol)tain an oil containing sai4 p~aducta. 

24. Tbe proQess according t:o any one ot 
claims 1 to 3, wherein said hiolo9ical source is a 
plant source. 

25. 'rhe process according to any one cf 
claims 1 t:o 3, Wherein said biological sourca i& 
selected from the group consisting of cereal grains, 
cereal grain oil&, cereal ))z:ans, laave11, stems, hrak, 
:roots, la91D11ea, nub, :adcrobea, yeasts, fung-i and 
algae. 

26. 'he p:rogeaa aooordin9 to alaim 25, 
wherein sai4 biological source is selectect from the 
group conaistin; of oats, oat bran, barlay,.barley 
1'ran, rice alld rice l:tran. 

27. A biol09ical aource·s~ilised by the 
proceas according to claia 1. 

21. A Toc:ol prcdu~ recovered by the process 
acgordin9 to claim 2. 

29. A tocotrienol-rieb frac~ion produce4 by 
the proce•s according 'tO clai• 3. 

30. A tocotrienol-like compound-rich 
fraction prOCluced bf the procesa aooordin9 to claia 3. 
-
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31. The biological •ource according to 
claim 21, said biological source being charactari1.ed by 

a ~ocol product ocntant of at least a~out 1ooi tbat of 
the non-sta~ilised source. 

33. A biolo9ical sourae oh'tainaQle by a 
process coapris.ing tba step ot treating a tiial09ical 
saurce containing Tocol products under conditions 
effective to stabilize said source. 

33. A 'l'ocol product obtainable by a process 
comprisinq the steps at: . 

(a) treating a biological souroe 
containing Tocol pro~uats under conditions effective to 
stabilise said source; and 

(b) recovering the Tocol pro4\\Cts from 
the &tabilized sourge under condition• which do not 
de•troy -.id producte. 

34. A tocotrienol-~ich fraction o:btaina~le 
by a progess CQ11prisin9 the at.eps af 1 

(•) treating a biological source 
containing Tocol p1:0ducts under canditiona etfactive to 
stabilize said source; 

(b) recovering the Tocol products from 
t.he •tal:lilisad source under conditions which do not 
destroy said products; and 

(c) aaparatinq from the recovered 'l'aeol 
product& a tacotrienol-rich fraction. 

ss. A toeatrienol•like compound•ric::h 
fraction obtainable by a process comprising the steps 
of: 
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(a) 'traatin9 a biological aource 
containing 'J!Qcol praaucts under conditions effective to 

stabilize it; 
(b) recovering the Toc::ol PJ:"odUc:ts from 

the stabilized source under con41tions whieh do not. 
destroy said products; ana 

(c) separating·frcm. the recove~ed. 'l'ocol 

produc:ts a toootrienol-1ike compound-rich fraction. 

36. A pharmaaeutical:composition for 
treating or preventing hypercholesterolemic-related 

diseases comprisinq a 'l'ocol product accor41ng to 
claim 28 or 33 and a phaZ11aceutically acceptable 

carrier. 

37. A pharmaceutical composition for 
treating or preventing hypercholeste:rolemic-related 

diseases comprising a biologioal source •ccording t.o 

claim 27 or 33 and a phanNt.oeutica.lly ac:oept.able 
carrier. 

38. A pharmaceutical composition for 
treating or preventing hyperoholesteral .. ic-ralate4 

41•••••• comprising a tocot~ienol-rich :raation 
aocor«inCJ to claim 29 or 34, and a pbarmac;;eutically 

. acceptable carrier,. 

·39. A phanaaautical composition tor 

treati119 or ~raventinq hypercbolestarolemic-rela~ad 
diseases comprising a tocotrienol-11ke ooaapound-rich 

traction acoord1nq to claim 30 or 35, and a 
pha:r:111aceutically acceptable carrier. 

40. A toodstuff comprising a Toool product 

according to claim 28 ar 33. 
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41. A foodstuff comprising a ~ialoi;ical 
source according ta clai11 27 or 32. 

42. A foodstuff comprising a tocotrienol­
ricb !raction according to claim 29 or 34. 

43. A foodstuff oomprisin9 a tocot.rienol• 
like compound-rich fraction according to claim 30 or 
35. 

44. A dietary supplement comprising a Tocol 
product accordin9 to claim 21 or 33, 

45. A dietary supplement comprising a 
biological source according to claim 2'7 or 32. 

41. A dietary supplement comp:ising a 
tocotrienol-rich fraction agggrding to claim 29 or 3,. 

47. A dietary supplement camprisi119 a 
tocotrienol-like co•pound-ricb traction accordinc; to 
claim 30 or 3!5. 

48. A matho4 for treatin9 o~ preventing 
hypereholesterolemic disease in a patient aompriaing 
the s~ap of adlllinisterinq to said patient a 
pharmaceutically effective amount of pharmaceutical 
composition according to any one of claims 3e-39. 

49. A method for decreasing the levels of 
total se"1Ul obolesterol and l.DL-c:holesterol in a hwaan 
ar animal comprising the step of administering to &aid 
buaan ar ani11al a cholesterol-lowering e~fective amount 
of a foodstuff aacordin9 to any ane af ·o~aims 40-43. 
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50. !ha process according to alaia 2, 
Wherein said Tocol producta are recovered from said 
a'bll:1ili1ed biolac;ical source ~Y solvent extraction 
using a hexane-operating system wrapped with pentane or 
wt.ane. 
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