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1. A process - for enhancing the < content of
recoverable Tocol products in a biological source,
comprising the steps of:

stabilizing the biolegical source by heating at
a. temperature of 96-500°C for a period of time between 1
second and 4 hours;

extracting the bioli®gical source with a solvent
to obtain an oil-solvent mixture;

removing solvent from said mixture to obtain a
Tocol-rich oil; and

subjecting the Tocol-rich o0il to refining
techniques free of alkalirie conditions, said refining
techniques including low pressure, high temperature
vacuum distillation.

22, A method for treating or preventing

hypercholesterolemic disease in a patient comprising the

step of administering to said patient a pharmaceutically
effective amount of a pharmaceutical composition
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comprising a Tocol product recovered by the process
according to any one of claims 1 to 3 and a

pharmaceutically acceptable carrier.

23. A method for decreasing the levels of total
serum cholesterol and LDL-cholesterol in a human or
animal comprising the step of administering to said human
or animal a cholesterol-lowering effective amount of a
foodstuff comprising a Tocol product recovered by the

process according to any one of claims 1 to 3.

24. A  process for enhancing the content of
recoverable Tocol products in a biological source,
comprising the steps of:

stabilizing the biological source by heating at

a temperature of 96-500°C for a period of time between 1
second and 4 hours;

extracting the biological source with a solvent
to obtain an oil-solvent mixture;

removing solvent from said mixture to obtain a
Tocol-rich oil; and

subjecting the Tocol-rich o0il to reduced-

pressure molecular distillation.
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(54) Title; PROCESSES FOR RECOVERING TOCOTRIENOLS, TOCOPHEROLS AND TOCOTRIENOL-LIKE COM-

The present invention relates to processes for obtaining Tocol products, such as tocotrienols, tocopherols and tocotrienol-
like compounds from plant sources in high yields. More particularly, this invention relates to processes for stabilizing and rec-
overing Tocol products from plant materials, such as cereals, grains and grain oils, The Tocol products recovered according to
this invention are useful in pharmaceutical compositions, food formulations and dietary supplements. These compositions, for-
mulations and supplements advantageously lower the blood level of low density lipoproteins and total serum cholesterol in hu-
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PROCESSES FOR RECOVERING TOCOTRIENOLS,
TOCOPHEROLS AND TOCOTRIENOL-LIKE COMPOUNDS

TECHNICAL FIELD OF INVENTION -

The present invention relates to processes
for obtaining Tocol products, such as tocotrienols,
tocopherols and tocotrienol-like compounds from
biological sources in high yields. More particularly,
this invention relates to processes for stabilizing and
recovering Tocol products from plant materials, such as

‘cereals, grains and grain oils. The Tocol products

recovered according to this invention are useful in
pharmaceutical compositions, food formulations and
dietary supplements. These compositions, formulations
and supplements advantageously lower the blood level of
low density lipdproteins and total serum cholesterol in
hﬁmans and animals.

BACKGROUND OF THE INVENTION

Hypercholesterolemia is a causative agent of
diseases including arteriosclerosis, atherosclerosis,
cardiovascular disease and xanthomatosis. In addition,
high serum cholesterol levels are seen in patients
suffering from diseases including diabetes mellitus,
various liver disorders, such as hepatitis and
obstructive jaundice, familial hypercholesterolenia,
acute intermittent prothyria, anorexia nervosa,
nephrotic syndrome and primary cirrhosis. Improvement
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of lipoprotein profiles has been shown to retard the
progression of such diseases, as well as to induce
regression of clinically significant lesions in
hypercholesterolemic patients.

To date, several classes of therapeutic
agents have been used in the treatment of
hypercholesterolemia. The first class of therapeutics,
directed at reducing cholesterol absorption from the
blood, include cholestyramine, colestipol, colchicine,
neomycin, kanamycin, chloramphenicol, chlortetracycline
and B-sitosterol. The utility of such compounds is
often limited by serious and frequent side effects,
including aberrations in digestive function and
malabsorption of essential nutrients. Furthermore,
these drugs often induce a decrease in cholesterol
absorption and an increase in cholesterol biosynthesis
which, in turn, may effectively prevent or lessen the
degree of total serum cholesterocl reduction.

Agents which block the biosynthesis of
cholesterol constitute another class of
hypocholesterolemic drugs. Such compounds include
mevinolin, synvinolin, eptastin, CPIB, atromid, methyl
clofenapate, Su-13,437, halogenate, benzmalacene,
DH-581 and MER-29. The administration of these
synthesis blockers often leads to a toxic build-up of
cholesterol precursors in blood and tissues.

Other classes of drugs used to treat
hypercholesterolemia include those which act upon
plasma lipoproteins (i.e., nicotinic acid), bile acid
kinetics (i.e., choleic acid), f-adrenergic receptors
(i.e., propranolol), endocrine systems (i.e., growth
hormones) and those with yet undetermined modes of
action (i.e., pyridoxine and inositol).

The reduction of cholesterol level achieved
by any of these classes of drugs is variable and rarely

P

- -




—r
ﬁ})‘-‘ R TR AL A GV TR A

WO 91/17985 PCT/US91/03626

10

15

20

25

30

35

exceeds 25%, while the incidence of side effects may
significantly limit their use.

As an alternative to pharmaceutical treatment
of hypercholesterolemia, surgical procedures, such as
partial ileal bypass and manipulation of the digestive
tract, have been employed (J. Sabine, Cholesterol,

Pp. 237-40, Marcel Dekker Inc., New York (1977)).
Attendant with such treatments, however, are the risks
associated with invasive procedures. Although exercise
regimens and dietary intake restrictions have been
shown to reduce cholesterol levels, patient compliance
with these types of therapy is often sporadic or
insufficient to effect clinical improvement.

There is a low incidence of cardiovascular
disease in populations consuming large amounts of
cereal grains. Soluble and insoluble fibers have, in
the past, been viewed as the agentc responsible for
cholesterol reduction in such populations (see
D. Kritchevsky et al., "Fiber, Hypercholesterolemia and
Atherosclerosis", Lipids, 13, pp. 366=-69 (1978)). More
recently, however, the hypocholesterolemic effects of
cereal grains have been attributed to natural
components of the grains -- tocotrienols ("Ta") and
structurally similar compounds, such as tocopherols
("T"). For example, in United States patent 4,603,142,
d-a-tocotrienol, isolated from barley extracts, was
identified as an inhibitor of cholesterol biosynthesis.
See also A. Qureshi et al., "The Structure of an
Inhibitor of Cholesterol Biosynthesis Isolated From
Barley", J. Biol. Chem., 261, pp. 10544-50 (1986)).
Tocotrienols and tocopherols occur naturally in small
quantities in plant sources, such as rice bran, palm
oil and barley.

Tocotrienols are of special interest as
cholesterol lowering agents, because they decrease the
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blood level of the low density lipoprotein fraction of

cholesterol (LDL-cholesterol) and total serum

¢ , cholesterol level, while increasing the ratio of the

' | high density lipoprotein fraction of cholesterol (HDL-

!5 checlesterol) to LDL=-cholesterol. 5Such effects are

clinically significant, bacause HDL-cholesterol

beneficially lowers the risk of heart disease

(T. Gordon et al., "High Density Lipoprotaein as a

Protective Factor Against Coronary Heart Digeasgse’; The

10 Aamerican Journal of Medicine, 62, pp. 707-14 (1977)).
Efforts to extract tocotrienols and

tocotrienol-like compounds, such as tocopherols, from

various grains, ceresals and oils have resulted in the

recovery of relatively small amounts of the desired

#5 compounds. For example, Canadian patent 480,484 refers

i to a method for preparing small amounts of tocopherol

' concentrates from a by=product of animal and plant oil

| procéasing called scum. Yields of tocophercls and

| tocotrienols according to United Kingdom patent

20 applications 2,090,836 and 2,117,281 are also low. It

: is believed that enzymes present in biological sources

typically destroy tocopharols, tocotrienols and

becotrienol-like compounds during milling, extraction

and other conventional processing techniques (see

35 A. Qureshi et al., gupra). ‘ !
Accordingly, the need exists for processes ;

which stabilize biological sources, thereby providing !

biological sources characterized by an increased :

: content of tocotrienols, tocopherols and tocotrienol- %

30 1like compounds and facilitating the isolation of

:  tocotrienols, tocopherols and tocotrienol=like

compounds from those sources in high yields.
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SUMMARY OF THE INVENTION

The present invention solves the problems
referred to above by providing processes for recovering
T, T, and T,-like compounds (collectively referred to as
iI5 "Tocol products") from biological sources in high
yields. By virtue of the present invention, crude.
biological materials -ontaining Tocol products are
treated to yleld natural T, Ta'and T-like compounds,
and Tocol=rich products containing them, in
@o commercially feasible amounts, for a ‘variety of uses.
By virtue of the processes of this invention, the
} é content of Tccel products in a biological source is

v

enhanced.

The processes of this invention are
characterized by a dry heat stabilization stage which
stabilizes the biological source. According to one
embodiment, this invention is characterized by a two-
stage stabilization process, comprising a first dry
heat stabilization step, followed by a second wet heat
stabilization step.

The processes of this invention
advantageously provide biclogical materials stabilized
agairst enzymes, such as lipases, peroxidases,

B polyphenol oxidases, lipoxygenases and catalases, wh;ch
mi ' ‘35 would otherwise degrade the T, 'I‘ and T, -like compounds
’ contained therein. Furthermore, the proce-ses of this
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|, invention facilitate the release of the T, T, and
; Ta-liko compounds contained in the biological source
_; yet constrained therein by interactions, such as
‘30 hydrogen bonds, covalent bonds, ionic bonds and
hydrophobic interactions. And the processes of this

invention increase the solubllity of the T, T, and T,-

SOBTRYN, like compounds contained in the biological source.
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Accordingly, T, T, and Ta-like compounds are
present in and may be recovered from biological
materials stabilized according to this invention in
higher amounts than those obtained using conventional
techniques for processing biological materials or
sxtracting Tocol products therefrom. Such stabilized
natural materials, and the natural products recovered
therefrom, are useful in the treatment and prevention
of diseases attributed to high blood levels of LDL-
cholesternl and total serum cholesterol. More
particulariy, the Tocol-rich products of the present
invention are.useful in pharmaceutical compositions,
food formulations and dietary supplements to lower
blood levels of LDL-cholesterol and total serum
cholesterol, while increasing the ratio of HDL-
cholesterol to LDL-cholesterol in the blood.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic of one embodiment of
the processes of the present invention for preparing
Tocol-rich stabilized and cooled rice bran from whole
rice grain.

Figure 2 is a schematic of one embodiment of
the processes of the preserit invention for extracting
Tocol-rich oil from a Tocol-containing grain or other
biological source. The products of this process are a
Tocol-rich oil and a defatted, cooled biological source
in which lysine, cysteine, B vitamins and other
temperature sensitive components thereof have been
preserved.

Figure 3 is a schematic of one embodiment of
the processes of the present invention for treating
Tocol-rich oil and separating that oil into refined and

bleached rice oil, Tocol-rich products and free fatty
acids.
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- DETAILED DESCRIPTION OF THE TINVENTION

In order that the invention herein described
may be more fully understood, the following detailed
description is set forth. In the description, the
following terms are employed:

Biological source - Any natural or
recombinant plant source, microbial source (e.g.,
bacteria), fungi, yeast, algae, higher plant source, or
derivative theréof, which contains tocopherols (T),
tocotrienols (Ty) or tocotrienol-like (T3-1ike)
compounds and which may be effectively stabilized by
the processes of the present invention.

Stabilization - A process effective to
enhance the content of_tocophérols (T), tocotriehols
(T,) or tocotrienol-like compounds (T3-1ike compounds)

in a biological source by one or a combination of:

.(1) inactivating enzymes which_are capable of degrading

T, T, and T,-like compounds in that biological source or
(2) breaking bonds or otherwise interfering wita
interactions -- such as hydrogen bonds, covalent bonds,
ionic bonds and hydrophobic interactions which bind the
desired products to proteins, sugars, lipids,
carbohydrates, membranes, glycoproteins, or
dombinations_thereof, in the biological source =- which
retain T, T, and T3-like,compounds in that biological
source, thus facilitating the release of those desired
compoundé, or (3) increasing the solubility of the T,
T, and T,-like compounds of that biological source
beyond that prior to stabilization or beyond the level
of solubility of the T, T, and Ta-like compounds of a
corresponding non-stabilized biological source or of a
corresponding non-stabilized biological source treated
according to conventional heat treatment processes or
conventional stabilization processes. As a result of
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stabilization, the content of recivawsizde T, T, and T,-
like compounds in a biological sou:..™ .s enrhanced.
Advantageously, therefore, T, T, and T,-like compounds
may be recovered from the stabilized biclogical source
in higher yields than those realized from a
correspoending non-stabilized biological source or a
corresponding non-stabilized biological source treated
according to conventional heat treatment processes or
conventional stabilization processes. 1In a preferrecd
embodiment of this invention, stabilization is effected
by treating the biological source with heat.

Tocol or Tocel Produckg = A mixtura of one or
more compounds seélected from tocopherols (T),
tocotriencls <T3) and tocotrienol-like (Ta-like)
compounds.

Tocotrienol-l1ike = Any biologically active
compound which is contained in a bilological source and
(1) which is released, or whose release is facilitated,
upon stabkilizing that source or (2) whose content in
that source is enhanced by stabilizing that source.
Such tocotrienol-like cempounds include any
biologically active compound displaying the biological
activity of a tocotrienol which inhibits the aynthasis
of HMGR as maeasured by an in vitro HMGR assay, such as
that described in A.G. Gornall et al., J. Biol. Chem.,
177, pp. 751=66 (1949). Tocotrienol-like compounds
includa, but are not limited to, trienols that are rot
tocotrienols and enols that are riot frionela, ahy
electron transfer ring compounds, anti-oxidant type
compounds and compounds similar to or containing the
tocotrienol side chain. Specific examples of Ta-liko
compounds are ubiquinories, plastogquinones, isogquinones,
phyllogquinones, unsaturated terpenoids and cyclic and
acyclic, saturated and unsaturated isoprenoids.
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TRF « A tocotrienol-rich fraction cbtained by
the stabilization of a bioclogical sourca. It is
characterized by an elution profile on HPLC of the
recovered oiis on silica columns (C18 columns) using a
hexane and lsopropanol (99.7%:0.3%) eluant for an
elution time of about .01 to 120 minutes. Detection is
carried out by fluorescencs monitoring at 295 hm and
330 nm or by monitoring at 280 UV to 295 UV,

Tocol-Rich Product - (1) A stabilized
biological source containing Tocol products or (2)
Tocol products recovered from a stabilized biological
aource. : .
Iihhanced - The recoverable Tocol content ia
increased beyond than that of the biological source
prior to stabilization and, therefore, (1) Tocol
products may be recovered from the stabilized source in
higher ylelds than thosa realized from a corresponding
non-stabilized source or a corresponding non-stabilized
source treated according to conventional heat treatment
or stabilization processes or (2) Tocol products may be
more soluble than they were prior to stabilization or
more soluble than those of a corresponding non-
stabilized source or more soluble than those of a non-
stabilized biological scurce treated according to
conventional heat treatment or .stabilization process.

The processes of the present invention psrmit
the stabilization of biological sourcea containing T, |
T, and T,-like compounds, so that the content of those
Tocol products in the source is enhanced. As a rasult,
T, Ty and T,-like compounds may be recovered from those
stabilized sources in high yilelds. According to one
embodiment of this invention, bieclogical materials are
treated by dry heat, using reaction conditions which
stabilize the materials without destroying the lesired
T, T, and Ta-liko compounds present therein. 1In a
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preferred embodiment for rice bran, or another material
having high peroxidase content or a high degree of
fines, following this dry heat stabilization step, the
biological materials are subjected to a wet heat
stabilization step, preferably carried out in sequege:
in the same apparatus as that used for the dry heat
stabilization, under reaction conditions effective tco
further stabilize the materials without destroying the
desired T, T, and Ta-like compounds.

Following stabilization, the Tocol-rich
biological materials may be extracted and the Tocol
products recovered therefrom in higher yields than
those realized from non-stabilized materials or
materials subjected to conventional heat treatment or
conventional stabilization processes. In turn, these
materials may be processed using conventional methods
such as, desolventization, deodnrization, deyumming,
bleaching and refining, to yield an edible, extracted
food product. BAlternatively, the Tocol-rich products
are retained in the biological mateiials, which are
then processed for consumption.

The processes of this invention may be used
to treat all types of biological materials including,
hut not limited to, oats, wheat, rye, barley, brewers'
qrain, soybean, wheat germ, wheat bran, corn, rice,
cottonseed, flax, sesame, amaranth, rice bran,
parboiled brown rice, brown rice flour, spit brewers!'
malt, vegetable oil distillant, fruit concentrate
evaporate, barley bran, palm oil, wheat germ oil, rice
bran oil, brewers' grain oil, barley oil, coconut oil,
cottonseed o0il, soybean oil, other plant malts, other
cereal grains and other cereal grain cils, plant
tissues, leaves, stems, bark, roots, nuts and legunmes,
or portions thereof. bPreferably, the biological source
is rice bran.
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Advantagecusly, the biological source
containing the T, T, and Ts-lika compounds need not be
subjected to any particular mechanical, chemical or
enzymatic pre-treatment in order to permit recovery of
those desired products. Optionally, however, materials
to be treated may be produced, prepared or pre-treated
by employing conventicnal tachnigues. Such techniques
should be those which do not destroy the content of 7T,
T, or T,-like compounds in tha biolcjical materials.

In accordance with this invention,

stabilization of biological materials is carried out

using a combinatio: ot parameters of: (1) temperature

(2) pressure (3) treatment time and (4) moisture in the

stabilizatien apparatua.

' Generally, during the dry heat or wet heat

stabilization stage, conditions are as follows. The i

pressure should be in the range of about 0 atm i

(atmospharic presure) ~30 inches Hg to about 681 atm ;
]
|
|

3

(10,000 PSI). The praferred pressure for dry heat
stabilization is about 136 atm (2,000 PSI) and the
prefarred pressure for wet heat stabilization is
between about 54 and about 136 atm (800 and 2,000 PSI).
THa temperature should be in tha range of about 0°C to
about 500°C. The preferred temperature for dry heat '
stabilization is between about 150°C and about 250°C }
and the preferred termperature for wet heat ‘
stabilization is between about 100°C and about 150°C. !
The treatment time should be in the range of about 1
sacond to about 4 houra. The preferred treatment'time
for dry heat stabilization is between about 20 seconds
and about 90 seconds and the preferred treatment. time
for wet heat ntabilization is between about 10 and
about 60 seconds. The moisture level should be in the
range of about 1% to about 95% -- i.e., the moisture
lavel of the biological material is between about 1%

QUBSTITUTE SHEET
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and about 95% by weight. The preferred meisture level
‘for dry heat.stabilization is
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between about 5% and the preferred moisture level for
wet heat stabilization is between about 15% and about
30%. It should be understood, however, that the
specific choice within a range for a given parameter
will depend upon one 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 of
ordinary skill in the art, these parameters may by
varied in concert from the ranges exemplified herein,
while still providing a stabilized biological material.
For example, if a desired temperature for stabilization
is lower than the range specifically set forth herein,
it may be employed in combination with a pressure,
treatment time or moisture level greater than those
illustrated, in order to stabilize a biological
material. Accordingly, the present invention also
includes various combinations of the four parameters of
temperature, pressure, treatment time and moisture
other than those illustrated herein, as long as those
combinations result in the production of a stabilized
biological material. This invention also contemplates$
combinations of less than all of these four parameters,
as long as those combinations yield a stabilized
biological material. The only constraints on such
combinations are that the temperature, pressure,
treatment time and moisture, or the combination
thereof, should not be increased to a level which would
result in destruction of the desired Tocol products,
decompositicn of the non-Tocol containing by-products
or unwanted side reactions, such as oxidizing pyrolytic
or Maillard reactions. It should also be understood
that the optimal treatment conditions for stabilization
will depend on factors such as the type aljd volume of
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biolecgical material to be treated and the form of the
desired end product.

Any form of heat may be used to effect
stabilization of the biological muterial. Accordingly,
stabilization may be carried out using any conventional
extruder, crop cooker, microwave, polarized microwave
or other heating oven or coocker equipment. The choice
of specitic equipment“ﬁay vary, depending upon the
desired production scale, type of bisclogical material
to be treated, throughput, timescale, moisture content,
operating environment and availability of electricity,
steam and gas. Typically, stabilization may be carried
out in any vessal in which provision has been made for
the desired temperature, pressure, oxygenation,
agltation, moisture and treatment tima for the
particular bioclogical material. According to preferred
embodimenta of this invention, stabilization of a
biological material is carried out in an Anderson
extruder, a Wenger axtruder or a polarized microwave
apparatus. The use of heat as the agent for
stabilizing biological materials may accelerate the
oxidation of the desired T, T, and'Ta-like compounds
Present in those materials. Accordingly, heat
treatment should preferably be carried out under
conditions that minimize or eliminate oxidative
effects. Such conditions irclude the creation of a
pressurized vacuum or the use of'sup.rhea%ed steam, an
inert gas or the evacuation of air in the heating
egquipnment.

Following stabilization, the bkiological
material is characterized by an increasad content of
recoverable Tocol products relative to the content cf
Tecol products in thae starting material -- {.s., it is
a Tocol=-rich product. The total recoverable Tocol
content of the stabilized biological material is
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about 100% over that of the non-stabilized starting
material. The Tocol content, measured in ppm, may be
determined by conventional methods, such as those
described in V. Piironen et al., "High Performance

5 Liquid Chromatographic Determination Of Tocopherols And
Tocotrienols And Its Application To Diets And Plasma Of
Finnish Men", Internat. J. Vit. Nutr. Res., 53, pp. 35-
40 (1984) and B. Tan et al., "Separation Of Tocopherol
And Tocotrienol Isomers Using Normal- And Reverse Phase

10 Liquid Chromatography", Anal. Biochem., 180, pp. 368-
373 (1989).

In a preferred embodiment of this invention,
the biological source is a plant material. Typically,
the plant materials to be treated in the processes of

15 this invention are first selected and then harvested.
Preferably, the plant source chosen contains low

B ]

AN AV

l | concentrations of enzymes, such as lipases,

peroxidases, catalases, polyphenol oxidases and
lipoxygenases, which may begin to degrade the Tocol

20 products once the outer husk of the plant source is
removed in the milling process. The concentration of
these enzymes in the plant source may be determined,
for example, using tributyrin under N,, at pH 7.5 and
35°C.

25 After harvesting, the plant source is
subjected to the process steps illustrated in Figure 1
for preparing Tocol-rich stabilized rice bran from rice

B Sy o e 8 e 7y 35 o e e e - -
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whole grain, the most preferred plant source.

‘ ' Preferably, the stabilization process is initiated

30 within as short a time as possible after harvesting, so
that enzymes in the unstabilized plant source do riot
begin to degrade the desired Tocol products. As shown
in Figure 1, the first step for plant sources such as,
for example, rice, wheat, rye, oats, flax, sesame and

35 amaranth, is to remove the husk, bran coat and germ
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from the grain or seed by milling. For example, after
removal of husks from whole rice grain, bran is then
removed to provide white rice and rice bran products.

Following milling, enzymes present in
unstabilized plant sources, such as lipases,
peroxidases, catalases, polyphenol oxidases and
lipoxygenases, may become active. In activated form,
these enzymes cause the undesired alteration or
destruction of the T, T3 and Ta-like components of the
plant material. According to a preferred embodiment of
this invention, therefore, plant materials are
subjected to stabilization in one or two stages,
immediately after milling. 1In each stagii,
stabilization is carried out under condifi:ung effective
to do one or more of the following: (1) inactivate
enzymes capable of destroying the Tocol products
contained in the plant material, or (2) break bonds or
otherwise interfere with interactions which retain T,
T, and T3-like compounds in the material, or
(3) increase the solubility of the T, T, and T,-like
compounds of that biological source beyond that prior
to stabilization or beyond the level of solubility of
the T, T, and T3-like compounds of a corresponding non-
stabilized biological source or of a corresporiding non-
stabilized biclogical source treated according to
conventional heat treatment processes or conventional
stabilization processes.

When active, enzymes which are capable of
destroying the Tocol products contained in the plant
material also cause a rapid build-up of free fatty
acids (FFA) which in turn, can destroy T, and pcssibly
the Ts-like compounds Via a radical mechanism. The
yield of T, T, and Ta-like compounds is optimized when
the FFA content in the plant material is reduced to
about 4% or less. Preferably, the FFA content is zero.
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FFA content may be monitored using the official AOCS
method Ca Sa-40. Preferably, the FFA content in the
plant material after stabilization is the same as that
prior to stabilization. Immediate processing of the
5 plant source after milling provides a stabilized
product with a low FFA content and a high concentration
of T, T, and T3-like compounds.
The dry heat stabilization step typically
inactivates lipases and other hydrolytic enzymes in the
10 plant source. The subsequent wet stabilization stage
primarily inactivates peroxidases and other oxidative

¢ enzymes in the plant source, as well as any other
' enzymes which become regenerated during storage of the

S Ty

plant source for a time between the dry heat
15 stabilization stage and the wet heat stabilization
stage.

The dry heat stabilization step may be
carried out in any apparatus that accommodates the
desired parameters of temperature, moisture, treatment

20 time and pressure required to inactivate Tocol-

destroying enzymes, to permit or facilitate the release
of Tocol products from the plant source or to increase
the solubility of the Tocol products. During the dry

heat stabilization stage, FFA build-up increases with
25 stabilization temperature. Therefore, lower
temperatures and a short residence time in the

apparatus are preferred. In one embodiment of this

'

P 3

invention, a plant source is preferably dry stabilized
in an extruder under the preferred parameters of

30 temperature, treatment time, moisture and pressure.
Some plant materials, such as grains and cereals, are
preferably subjected to microwaving, or other heating,
before or after extrusion, to increase the extraction
rate and decrease the residence time in the heat

35 providing apparatus, thereby facilitating recovery of
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the desired Tocol products. Microwaving before or
after extrusion may also aid in rupturing the cells of
the plant source and minimizing enzymatic destruction
or undesirable alteration of the Tocol products.

Since T, T, and Ta-like compounds present in
plant sources are highly sucsceptible to oixtidation
during stabilization, a blanket of superheated steanm,
an inert gas, such as Nz' or a vacuum is used to
protect the plant source from oxygen and, therefore, to
prevent high peroxide value (PV) from developing.
Superheated steam is preferred, because it is readily
available and can also serve as an even source of heat
in the apparatus. During stabilization, PV may be
monitored using official AOCS method cd £2-53.

When the plant material to be stabilized is
rice bran, or another material having high peroxidase
content or a high degree of fines, following the dry
heat stabilization step, the plant material is
preferably further stabilized in a wet heat
stabilization step carried out under the preferred
parameters of temperature, treatment time, moisture and
pressure for wet heat stabilization. This wet heat
stabilization step further reduces any residual enzyme
activity that may cause destruction of T, T, and
T3-1ike products in the stabilization apparatus.
Additionally, the wet heat stabilization step may break
bonds or otherwise interfere with interactions which
retain T, T, and T3-1ike compounds in the plant material
or it may increase the solubility of the T, T, and
Ta—like compounds of that biological source beyond that
prior to stabilization or beyond the level of
solubility of the T, T, and Ta-like compounds of a
corresponding non-stabilized biological source or of a
corresponding non-stabilized biological source treated
according to conventicnal heat treatment processes or
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conventional stabilization processes. In order to
optimize overall recovery of T, T, and T,-like products,
the wet heat stabilization step is preferably carried
out immediately following the dry heat stabilization
step, in sequence, in the stabilization apparatus.
However, depending on how the plant source is stored
after dry heat stabilization, the wet heat
stabilization can be postponed up to about one month.
Optimal conditions for storage are those that do not
permit regeneration of enzymes which have been
inactivated in the dry heat stabilization step. Such
conditions are those of low temperature and low
moisture.

In the wet heat stabilization stage, moisture
is intrcduced into the apparatus by means of water
mixture, atomizing dispenser or condensing steam. As
with the dry heat stabilization stage, wet heat
stabilization is also carried out under a blanket of
superheated steam, inert gas or vacuum. Superheated
steam is preferred.

During wet heat stabilization, FFA build-up
in plant material is more responsive to residence time
in the stabilization apparatus than to temperature.
Typically, the residence time of the plant material is
between about 10 and about 500 seconds to minimize the
occurrence of enzymatic activity before stabilization
is completed. The preferred residence time is
typically about 50 seconds, depending on pressure,
temperature and moisture. These conditions insure the
inactivation of any enzymes which remain active after
the first dry heat stabilization stage and further aid
in the release of Tocol products contained in the plant
material.

Advantageously, collets are formed during the
wet heat stabilization step. These serve to facilitate
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the extraction of o0il and significantly reduce the
fine-content of that oil. Flines cause product loss and
removing them makes the separation steps more
difficult. This second stabilization step thus
minimizes the destruction of Tocol products and
simplifies their recovery process. As in the dry heat
stabilization step, microwaving the plant source before
or after extrusion may aid in rupturing the cells of
the plant source and minimizing enzymatic destruction
of the Tocol products.

In the second stabilization stage, the
parameters of. temperature, pressure, treatment time and
moisture, may be varied in concert from the ranges
illustrated herein, while still providing a stabilized
plant material. One of ordinary sKill in theé art can
readily select a specific combination of treatment
conditions, as long as those conditions are effective
to inactivate Tocol-destroying enzymes, interfere with
interactions which retain Tocol products in the plant
material, or both. In addition, the treatment
conditions should not lead to destruction of the
desired Tocol products, decomposition of the noi-Tocol
containing by-products or unwanted side reactions,; such
as oxidizing pyrolysis and Maillard reactions.

After a one or two stage stabilization, the
stabilized plant source is cooled. The source may be
cooled within tubes using cold water and a cold water
blanket or a refrigerant or compressed gas.

Preferably, cooling is accomplished with cold water in
the tubes of a cooler. The stabilized plant material
is placed in the cooler and should be blanketed with an
inert gas, such as Nz' to prevent an increase in
peroxide value of the Tocol-containing products. The
resulting product is a Tocol-rich stabilized, cooled,
plant material. An example of one such product, as
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shown in Figure 1, is a Tocol-rich stabilized, cooled
rice bran.

After stabilization and cooling, further
processing of the stabilized plant material is

optional. Such processing is desirable when separating

oil and Tocol products.

As illustrated in Figure 2, the Tocol
products may be recovered from the Tocol-rich
stabilized and cooled plant source at low temperatures,
such as between about 5°C and 45°C, depending on the
specific solvent, using conventional techniques and
equipment, such as commercial solvent extraction.
Preferally, the extraction is carried out at
tempexatures at or below about 35°C, as opposed to the
temperatures of 50°C to 60°C used in conventional
hexane methods. At the low temperatures maintained to
recover the Tocol products from the stabilized plant
source according to this invention, the yield of T, T,
and T,-like compounds is maximized. For example, the
yield of Tocol products at cold extraction (about 21°C)
is much higher than at hot extraction (60°C). Under
such conditions, the residual meal of a plant source
retains waxes without retaining the desired T,
products. Waxes are difficult to remove from the T3
products because they are non-polar compounds and are
very similar in structure to T,. Extraction is
preferably conducted :n a continuous extraction unit
with an organic solvent such as, for example, propane,
pentane, butane, hexane, heptane, ethyl alcohol,
diethyl ether, ether and ethanol acetate. Extraction
may be carried out, for example, in a Rotocel.

For plant sources such as soybean,
ccttonseed, wheat germ, corn germ and rice bran, the
preferred organic solvent is pentane. With pentane,
the boiling point is about 35°C and extraction can be

PCT/US91/03626
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carried out at about 25°C, without creating an
explosive hazard. With hexane, however, the beiling
point is about 60°C and extraction cannot be carried
out in a practical manner much below 50°C, without
allowing air to enter the extractor and thereby
creating the risk of explosion. For extractions
conducted at temperatures balow about 25°C, other
gsolventa, such as propanae, heptane or ethiyl alcohol,
for example, 95% ethyl alcohol, can also be used.
Alternatively, pentane, hexane, heptane or ethyl
alcohol, or mixtures therecf, may be used for
extraction. The moat preferred extraction solvent is a
mixture of propane, butane and hexane. Advantageously,
when this mixture of solvents is used, the stabilized
extraction temperature may be lowered to about 5°C.
Alternatively, a hexane-operating system may
be wrapped with pentane or butane. This allows the
extraction to be carried out at low temperatures =--
down to 40°C with pentane and down to 5°C with butane.
In order to retain the Tocol products in the
stabilized plant material, e¢:traction is carried out at
about 30°C or less for batween about 15 to about 40
ninutea. To maximize recovery of Tocol products from a
stabilized plant matesial, while retaining the maximum
yield of Toool products in the oil and a considerable
quantity of waxes in the meal, extraction is carried
out at about 5°C to about 45°C. The extraction time
will depend on the material bed formed during
extraction. Extraction may also be carried out using
supercritical conditions, such as supercritical carbon
dioxide. sSupercritical carbon dioxide extraction may
be carried out under about 0.3 atm to about 1,020 atm
(5 to 15,000 PSI) pressure at a temperatura above about
31.6°C for approximately 1 minute. Preferably,
extraction may be carried out using superuritical
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rarbon dioxide under about 681 atm and about 817 atm
(10,000 to 12,000 PSI) pressure for about 1 minute,
aftar which the prassure is relcased.

For certain plant sourceas, the commercial
feasibility of recovering Tocol=-rich products at lecw
temperatures ias increased if the extracticn is preceded
by celd pressing the stabilized plant source using a
screw pries under an iner gas blanket to reduce oil
corntent from about 15-20% down to about 3.5-8.5%. Any
remaining oil may then be extracted using cold ethanol,
mathanol, isopropancl or another organic solvent at a
temperature below about 25°C. .

The products of extraction of a stabilized
plant source are a mixture of solvent and a Tocol=-rich
oil &nd an extracted plant source which preferably
retains its nutritive value. Thae oil=solvent nixture
is conventionally separated from the meal and solvant
by a gravity drain. Then the solvent is evaporataa and
steam stripped, The recovered oil, depending on the
tamparature of extraction, contains a low concentration
of FFA and waxes and a high concentration of Tocol
producta, Advantageously, maintenance of cold |
temperatures during extraction leads to retention of
FFA and waxes in the meal, and a high concentration of
Tocol products in the oil.

Any residual solvent is removed from the
extracted plant source using a vapor dasolventizer-
deodorizer, a flash desolventizer-decdorizer, or an
equivalent system, using recirculated superheated vapor
in the desolventizer stage to remove more than 95% of
the solvent from the extracted plant source. In the
deodorizer stage, the system is typically operated in a
pressire rangs of leas than about 1 x 10”3 atm to about
8 x 1073 atm (1 mm to 6 mm Hg). Preferably, the
pressure is below about 1 atmosphere in order to remove
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than 600 ppm sol\vint remains .n the
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extracted plant source after the desolventization
stage. This dssures minimum destruction of valuable
products, such as lysine, cysteine, and B-vitamins
contained in the meal.

The desolventized plant source is further
cooled by conventional means, for example, by
contacting it with air or by cooling with water in the
tubes of the cooler. The desolventized extracted meal
may be used as an edible source of lysine, cysteine,
B-vitamins and other essential nutrients. An inert
gas, such as nitrogen, can be employed to maintain the
mixture of solvents and gases in the apparatus below
the explosive limit and also to help remove solvent
from the meal. Sparge steam may also be introduced to
aid in the removal of solvent. Typically, the sparge
steam is introduced counter current to the meal in
order to remove the solvent to an acceptable level.

The recovered Tocol-rich oil may also be
processed further. For example, the oil may be
degummed. Degumming may be carried out, for example,
by washing the o0il with water, thereby dissolving the
gummy substances in the water layer. And the oil may
be bleached to remove colored bodies. Bleaching
techniques involve heating the refined oil together
with an adsorbent powder, such as natural, or acid-
activated bleaching earths, preferably with activated
clay (clay to which non-compressible clay has been
added as a filtering aid). As a result of bleaching,
colored materials are physically adsorbed onto
activated clay, which is then filtered. Preferably,
this step is carried out under vacuum to avoid
oxidation of the oil and to improve bleaching
efficiency.

The bleached Tocol-rich oil may then be
subjected to physical refini:ig techniques, reduced-
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pressure molecular distillatiorn (preferably in the
range of about 1 x 1076 atm to about 8 x 10™? atm (5 puM
Hy to 6 mm Hg)), or both, to provide a distillate
containing eonly the Tocol products and FFA. Physical
refinement techniqﬁas include low pressure, high
temperature vacuum distillation. During physical .
refinement, sparge steam is-preferably used to remove
the Tocol products and FFA from the oil. When physical
refining is emplcyed, molecular distillation is used to
separate the FFA from the Tocol fractioen.
Alternatively, either ethanol or methanol may be used
to achieve phase separation with the oil. The alcchol
can then be distillaed off, thereby separating the FFA
and Tocol products. Molecular distillation is
préferred for recovering the Tocol products.

The tocopherol-rich fraction, tocotrienol=-
rich fraction and tocotrisnol-like compound-rich
fractions may be separated from the Tocol-rich products
by any conventional technique used to separate chemical
structures, such as supercritical extraction. A
praeferred technigque comprises passing the Tocol mixture
through a silica gel column. Advantagecusly, the T, or

G

T,-like products are retained on the silica gel, while
the T products pass through and are collected. The T,

or. T;-like compounds may then be recovered by washing
the silica gel with an organic solvent such as diethyl
ether, pentane, hexans, heptane, ethancl, methanol, or
combinations thereof. The solvent is then evaporated
using conventional means to yield purified T, or T,-
like compounds. .

In addition to a process for recovering
Tocol-rich oil from stabilized biological sources, this
invention also provides a process which yields a
defatted, Tocol-rich stabilized biclogical source,
preferably a ﬁlint source. For example, a polar
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be used to remove the oil products from a stabilized
plant source while retaining most of the Tocol products
in the meal. The operating conditions (i.e.,
temperature and pressure) can be adjusted to maximize
the amount of Tocol retained in the defatted meal.

This process may also be used to extract T3 or Ts-like
compounds from Tocol-rich oil and to break down
components of the T, fraction or T3-like compound
fraction.

The Tocol-rich products obtained by the
processes of this invention are useful in
pharmaceutical compositions and food formulations. As
used herein, the term "food formulation" refers to any
food additive, dietary supplement, foodstuff, or edible
composition suitable for consumption by humans and
animals. Advantageously, these products are
hypocholesterolemic and hypolipidaemic agents.

Pharmaceutical compositions may take the form
of tablets, capsules, emulsions, suspensions and
powders for oral administration, sterile solutions or
emulsions for parenteral administration and sterile
solutions for intravenous administration. The
pharmaceutical compositions may be administered to
humans and animals in a safe and pharmaceutically
effective amount to substantially lower the blood level
of LDL-cholesterol and total serum cholesterol.
Hypercholesterolemic-related diseases which may be
treated using such compositions include, but are not
limited to, arteriosclerosis, atherosclerosis,
xanthomatosis, hyperlipoproteinemias, and familial
hypercholesterolemia.

These compositions may also be used to treat
hypertension and to increase the production of insulin
in Type 2 diabeti¢ patients. 1In addition, these
compositions are useful for prophylactic treatment of
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those patients having multiple risk factors for
hypercholesterolemia who are as yet asymptomatic.

The pharmaceutical compositions of this
invention typically comprise a pharmaceutically
effective amount of a Tocol-rich product of this
invention and a pharmaceutically acceptable carrier.
Therapeutic and prophylactic methods of this invention
comprise the step of treating patients in a
pharmaceutically acceptable manner with those
compositions. As used herein, the term
"pharmaceutically effective amount" or "cholesterol-
lowering effective amount" refers to an amount
effective to lower blood levels of LDL-cholesterol and
total serum cholesterol, while increasing the ratio of
HDL-cholesterol to LDL-cholesterol in the blood.
Alternatively, the term "pharmaceutically effective
amount" refers to an amount effective to prevent blood
levels of LDL-cholesterol and total serum cholesterol
associated with hypercholesterolemia, an amount
effective to increase production of insulin in Type 2
diabetic patents or an amount effective to prevent or
decrease hypertension.

The pharmaceutical compositions of this
invention may be employed in a conventional manner for
the treatment and prevention of hypercholesterolemia.
Such methods of treatment and prophylaxis and their
dosage levels and requirements are well-recognized in
the art and may be chosen by those of ordinary skill in
the art from available methods and techniques. The
dosage and treatment regimens will depend upon factors
such as the patient's health status, the severity and
course of the patient's hypercholesterolemia or
disposition thereto and the judgment of the treating
physician.
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The Tocol-rich products of this invention may
also be used in combination with conventional
therapeutics used in the treatment or prophylaxis of
hypercholesterolemia. Such combination therapies
advantageously utilize lower dosages of those
conventional therapeutics, thus avoiding possible
toxicity incurred when those agents are used as
monotherapies.

In food formulations, the Tocol-rich products
of this invention may be used in amounts and combined
with any biologically acceptable carrier to provide a
safe and effective means of substantially lowering
blood levels of LDL-cholesterol and total serum
cholesterol while increasing the ratio of
¥DL-cholesterol to LDL-cholesterol. In addition, such
food formulations may be used to increase production of
insulin in Type 2 diabetics or to prevent or decrease
hypertension. The Tocol-rich products of this
invention may be combined with any foodstuff to produce
such food formulations. Tocol-rich oils obtained by
the processes of this invention may be sprayed on
foodstufts, such as cereals. And Tocol-rich oils may
be used as a cooking oil or a salad oil. Tocol-rich
grains may be used in foodstuffs, such as baked goods,
cereals, pastas and soups.

The pharmaceutical compositions and food
formulations of this invention may be administered to
humans and animals such as, for example, livestock and
poultry. Advantageously, livestock and poultry raised
on such foodstuffs may, in turn, constitute foodstuffs
useful in the treatment or prophylaxis of
hypercholesterolemia.

In order that this invention be more fully
understood, the following examples are set forth,

These examples are for purposes of illustration only,
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and are not to be construed as limiting the scope of
the invention in any way.

In each example in which the FFA content was
determined, it was so done using the official AOCS
method Ca Sa-40. The T and T, concantrations, recorded
in ppm, were determined using the HPLC methods
described in V. Piircnen et _al., "High Performance
Liquid chromatoqraphié Datermination Of Tocopherols And
Tocotrienols And Its Application To Diets And Plasma Of
Finnish Men", Interpat, J, Vit, Nutx, Res,, 53, pp. 35=
40 (1584) and B. Tan et al., "Separation Of Tocopherol
And Tocotrienol Isomers Using Normal- And Reverse Phase

Liquid Chromatography", Anal). Biochem., 180,
PP, 368=373 (1989).

- :

Raw bran from freshly milled rice was
collected in polybag=lined fibker drums and held for 24
hours at ambient temperature (32°C). After 24 hours,
the free fatty acid content of the bran had risen to
2.,4% or 11.0% on an oil basis (the oil comprised 22%
w/w of the bran).
- At 12-13% moisture, approximately 1,225 kg
(2,700 lbs). of the bran was fed into the #1 extruder
head of a Wenger X-25 sinélo screw extruder at a rate
of 6 kg/min (15 lbs/min). An opgrating'préalurg of 20-
27 atm (300~-400 PSI) and a discharge temperature of
162°C were maintained. The retaention time of the
extruder was approximately 30 seconds. ‘

The bran was then ground to a fine powdor
(approximately 200 mesh). Hexane was added and
extraction was performed at room temperature (24°C) for

20 minutes. The hexane/oil mixture was decanted and
then the hexane was avaporated under aspiration vacuum.

The residual oil was then analyzed by HPLC.
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The result of HPLC Tocol analysis is
displayed in Table 1.

Example 2

Pre-stabllization and stabilization
conditions were as described in Exampla 1, except that
the stabilization apparatus was an Anderson 8 inch’
single screw expander with a 0 8 cm x 2.5 cm (5/186" %
1) die., At 12-13% moisture, approximately 245 kg (540
lbs.) of the bran was fed into the extruder at a rate
of 1.5 kg/min (3.2 lbs/min). No steam or water
injection was carried out. The screw rpm was 125,
resulting in a discharge temperature of 96°C, The
retention time was approximately 50 seconds.

Extraction was performed using the procedure
datailed in Example 1.

The result of HPLC Tocol analysis is
displayed in Table 1.

Example 2

Pre-stabilization and atabilization
conditions were as described in Example 2, excepﬁ that
the stabilization apparatus was fitted with a 0.6 cm x
2.5 cm (1/4" x 1") die to improve collet shape and the
bran treated was a sample of approximately 163 kg (360
lbs). In addition, steanm was injected at the fourth
bolt hol:c at a rate of 5 kg/hr (12 lbs/hr). The screw
rpm was 275, resulting in a discharge temperature of
107°C. The retention time was approximately 30
saeconds.

Extraction was performed using the procedure
detailed in Example 1. v |

The result of HPLC Tocol analysis is
ditpliycd in Table 1.
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Exanply 4

Pre-stabilization conditions and sample
treated were as described in Example 1, except that the
sample size was 0.9 Xg (2 lbs.) No stabilization was
carried out.

Extraction was performed using the procedure
detailed in Example 1. B

The result of HPLC Tecol analysis is
diasplayed in Table 1.

Example 5

Pre-stabilization conditions were as
describaed in Example 1, except that the sample size was
approximately 817 kg (1800 1bs).

Stabilization was initiated within 5 minutes
of bran removal in a Wenger X-25 extruder with a
0.8 cm X 2.5 cm (5/16" x 1") die. The jacketing barrsl
was cooled with water to 121°C, No steam or water
injection was carried out. The operating pressure was
54 atm (800 PSI). The retention time was about 30
seconds. . :

Extraction was performed with hexane at 60°C
intil the residual oil weighed less than 1% of the
total weight of the bran. The hexane/cil mixture was
decanted. Then, the bran was washed with hexane and
the combined hexane extracts were evaporated under
aspirator vacuum. The residual oil was washed with
water to degum and was then analyzed by HPLC.

The FFA content was approximately 4% on an
oil basis. The FFA content rose over time.

The result of HPLC Tocol analysis is
displayed in Table 1.
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Example 6

Pre-stabilization and stabilization
conditions and the stabilization apparatus were the
same as in Example 5.

In this example, however, the jacketing
barrel was not cooled, resulting in a stabilization
temperature of 160°C. The retention time was about 30
seconds.

Extraction was performed using the procedure
detailed in Example 5, except that the temperature was
lowered to 21°C.

The FFA content was approximately 4% on an
0oil basis. The FFA content did not rise over a two
month period.

The result of HPLC Tocol analysis is
displayed in Table 1. As shown in that table, rice
bran stabilized according to this invention produced an
0il containing 4179 ppm of Tocol products (T =
2394 ppm and T = 1785 ppm). In contrast, unstabilized
rice bran produced an oil containing in the range of
25 ppm Tocol products (see Example 4). '

Example 7

Pre-stabilization conditions and
stabilization apparatus were the same as in Example 5.

Stabilization conditions were the same as
Example 6, except that after 6 weeks, the bran was
further wet stabilized in the same apparatus using 20%
moisture at 113°C.

Extraction was performed using the procedure
detailed in Example 5.

The FFA content was approximately 4% on an
oil basis.

The result of HPLC Toc¢ol analysis is
displayed in Table 1.
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Example 8

The wax fraction obtained by dewaxing crude
rice bran was analyzed by HPLC to determine the amount
of Tocol products remaining after the degumming and
physical refinement steps.

The result of HPLC Tocol analysis is
displayed in Table 1.

TABLE 1
[T + T,] in oil
Example No. :?mom)v
1 331
2 74
3 73
4 26
5 2512
6 4179
7 2497
8 338 (T only)

As demonstrated in Table 1:

-- the ppm of T and T, products in the oil
was optimized when stabilization was
carried out immediately after milling;

== a high temperature dry stabilization
stage was far superior to a low
temperature dry stabilization stage;

-~ stabilized bran yielded a hig' er degree
of T and T, products in the recovered
oil than unstabilized bran;

-- a delay of 6 weeks between the dry and
wet stage stabilizations allowed
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enzymatic activity of the ilow-: acting
enzymes, such as the peroxidasss to
decrease T and T, content in the oil.

Example S

The following. is a typical protocel tor
carrying out this invention, uaing rice bran as the
sample bicloglcal source. '

Rough rice (paddy rice) from a farm is dried
in a commercial-type contjnuous flow, non-mixing,
heated air dryer. Drying is carried out to lower the
moisturs content of the rice a level of between about
18 and 22 percent to a level between about 10 and 13
percent. The dried rice is then cleaned by removing
dust, stones, seeds and sticks by aspiration in a
commercial rice cleaning machine, followed by gravity
separation in a stoner and parﬁicle size separation in
a disk grader and a drum separator. The husks are then
removed Weing a rubbaer rollar sheller. Paddy (husks or
hulls) were removed using a paddy saparator for tha
first pass, followed by a paddy separator for the
second and third passes., The bran is then removed in a
friction mill to yield polishad rice. The raw bran is
then pnaimatically conveyed to the extrudor or for
storage until stabilization.

When stabilization is desired, the raw bran
is preumatically ConVeyed to a filter/sifter to remcva
residual broken rice. After sifting, the raw bran is
pneumatically conveyed to a mixing/temparing hopper
tank. The raw bran is conveyed from the discharge of
the mixing tank to the extruder inlet valve of a

~clampsd barrel single screw) axtruder by a metered

acrew conveyer feeder. The operating conditions of the
extruder are maintained during stabilization in tho
following range: -

flow rate:  408-907 kg/hr (900-2000 lba/hr)
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preaasura: 54-136 atm (800-2000 PSI)
temperatura: 135°-180°C
tinme: 15-90 seconds.

The dry heat stakillized bran is then fed
directly into the feed hopper of an expander cocker.
Alternatively, the feed to the coocker may ke raw bran
that has bsen cooled with dry ice. Within that '
extruder, the bran is ccnveye2 hy a discontinuous worm
nhaft toward the discharge plate at a rate of around
155 kg/hr (341 lbs/hr): Water and steam are added
throughk injsction ports in the barrel of the extruder
at a rate of around 17 kg/hr (38 lbs/hr) to completely
mix the material and to raise the moisture level. The
ambient temperature is about =3°C. Flow of the
material ie controlled by a discharge die plate at a
rate of about 155 kg/hr (341 lbs/hr). The moisture
level is maintained at about 52 kg/hr (114 lbs/hr) and
the temperature is held between about 90° and 135°C for
between about 15 and 90 seconds.

As the bran 1s extruded through tha die
plate, the sudden decrease in pfoasure causes the
liquid water te vapcrize., During cooking, enzymes are
@enatured and some conatituents of the bran are
gelatinized into a fluid paste which binds the
particlas togyether. A compact pellet is formed.

Vaporization of water causes breakage within the cells

ideally suited for smolvent migration percolation. The
introduction of steam and water during the process '
raiges the moisture content of the bran to about:22-25
parcent, Tha axtruder discharge is then sent
downstreal at a rate of around 155 kg/hr (341 lbs/hr).
to a dryer/cooler. Meoisturae flow is maintained at
about 44 kg/hr (96 1bs/hz) and the temperature is kept
ir the range of 82°C to 130°C. The dimcharge from the
dryer/mcoler is maintained at a
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rate of about 155 kg/hr (341 lbs/hr) and at a
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moisture level of about 14 kg/hr (30 lb/hr). These
conditions allow for storage of the stabilized bran.

The stabilized bran is immersed in hexane in
a ratio by weight of about two to one. Typically,
about 10-100 g of material can be extracted using this
protocol. The hexane is generally heated to about 60°C
using a steam table incorporated inte an explosioﬁ
proof vented hood, but other solvents and other
temperatures may also be employed. The hexane/oil
miscella is removed from the bran by filtration. About
5=-6 washings are necessary to bring the oil content of
th4 bran to less than one percent. - The defatted bran
and the hexane/ocil miscella are both desolventized
under gentle heating with steanm,

' If 45-227 kg (100-500 lbs.) of stabilized
bran is to be extracted, it is more practical to use
the following protocol. The stabilized bran is fed
into a counter=current extraciey at a f£low rate of
about 50 kg/hr (111 lbs/hr). Presh hexane is
introduced at a rate of around 142 kg/hr (312 lbs/hr).
The fresh solvent temperaturs is maintained at about
50°C, while the extractor temperature is maintained at
around 52°C, The residence time in the extractor is
typically around 45 minutes. The product is a defatted
bran with an oil content of less than one percent., The
hexane/oil miscella exiting the discharge of the
extractor is filtered through a blata and frame filter
press. The filtered miscella is then pumped to a steanm
heated still where the hexane is evaporated and
collected by a condenser £or reusa.

Following extraction and desolventization,
crude rice bran oil is typically degummed, dewaxed,
bleached and physically refined u»ing steam
distillation. Degumming is carried out by a two stage
addition under agitation of 2% water by weight and then
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0.15% phoaphoric acid (85% reagent grade) by weight.
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The temperature is held at about 82°C to 88°C for 10
‘minutes. Then the sludge containing the gums is
removed via ultrafugation. (See United States patent
4,049,686). The degummed bran is cooled to about 5°QC

5 to 8°C and held for 24 hours. The dewaxed oils form a
layer above the waxes which can be dacanted using a

' vacuum pump. Bleaching is carried out according to thae

official AOCS methcd 6c 8a=52.° Physical refining is

carried out in a glass deodorizer at about 250°C and

10 around 4 x 10 atm (3 mm Hg) for about 2 hours.

While we have describsd a number of
embodiments of this invention, it is apparent that our
basic constructions may be altered to provide other
i em?odimants which utilize the processes and products of
15 this invention. Therefore, it will be appreciated that
the scope of this invention is to be defined by the

i appended claims, rather than by the specific
, ~embodiments which have been presented by way of
|  example.
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CLAIMS

1. A process for enhancing the content of
recoverable Tocol products in a biological source,
comprising the steps of:

stabilizing the biological source by heating at
a temperature of 96-500°C for a .period of time between 1
second and 4 hours;

extracting the biological source with a solvent
to obtain an oil-solvent mixture;

removing solvent from said mixture to obtain a
Tocol-rich oil; and

subjecting the Tocol-rich o0il to refining
techniques free of alkaline conditions, said refining
techniques including = low pregsure, high temperature

vacuum distillation.

2. The process of Claim 1, wherein said heat
stabilization is carried out at a temperature between
150°C and 250°C,

3. The process of Claim 1, wherein said heat
stabilization is carried out at a tempersacure between
150°C and 500°cC.

4, The process according to any one of claims 1 to
3, wherein said dry hear stabilization is
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carried out in an apparatus selected from the group
consisting of extruders, microwaves, polarized
microwaves, heating ovens and cookers.

5. The process according to any one of
claims 1 to 3, wherein said dry heat stabilization is
carried out at a temperature. hetween about 150°C and
about 250°¢C. - '

6. The process according to any one of
claims 1 to 3, wherein said dry heat stabilization is
carried out at a temperature betweéen about 100°C and
about 150°C.

7. The process according to any one of
claims 1 to 3, wherein said dry heat stabilization is
carried out for a period of time between about 20
seconds and about 90 saeconds.

8. The process according to claim 2 or 3,
wherein said wet heat stabilization is carried out for
a period of time between about 10 seconds and about 60
seconds.

S, e e — . S ey i+ g

9. The procass according to any one of
claims 1 to 3, wherein said dry heat stabilization is
carried out at a pressure of about 136 atm (2,000 PSI).

10. The process according to claim 2 or 3,
wherein said wet heat stabilization is carried out at a
pressure of between about 54 atm'(aoo PSI) and about
136 atm (2,000 PSI).

-15 ﬂ*'f: j 11. The process acocording to any one of
' claims 1 to 3, ‘whersin said dry heat stabilization is
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cerried out so that the moisture level of the
biological source is hetween about 5% and about 15% by
weight. '

12. The process according to claim 2 or 3,
wharein said wet heat stabilization is carried out so
that the moisture level of the biological source is
between about 15% and about 30% by weight.

13. The process according to any one of
claims 1 to 3, wherein said dry heat stabilization is
carried out under an inert gaas, superheated steam or a
vacuunm.

14. The process according to any one of
claims 1 to 3, wherein the biological source is
nicrowaved prior to or after said dry heat
stabilization.

15. The process according to any one of
claims 1 to 3, wherein said organic solvent is selected
from the group consisting of propane, butane, hexane
and-mixtures thereof.

16. The process according to any one of
claims 1 to 3, wherein the biological source is a plant
source.

17. The process according to any one of
claims 1 to 3, wherein the biological source is
selected from the group consistind.of cerecal grains,
cereal grain oils, cereal brans, leaves, stems, bark,
roots,. legumes, nuts, microbes, yeasts, fungi and
algae. ‘
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18. The process according to claim 17, wherein the
biological source is selected from the group consisting
of oats, oat bran, barley,; barley bran, rice and rice

bran.

19. The process according to any one of claims 1 to
3, further comprising the step of separating from the
recovered Tocol products a tocotrienol~-rich fraction.

20. The process according to any one of claims 1 to
3, further comprising the step of separating from the
recovered Tocol products a tocotrienol-like compound-rich

fraction.

21. A biological source stabilized by the process
according to any one of claims 1 to 3, said biological
source having a Tocol product content of at least 100% of
that of the non-stabilized source.

22, A method for treating or preventing
hypercholesterolemic disease in a patient comprising the
step of administering to said patient a pharmaceutically
effective amount of a pharmaceutical composition
comprising a Tocol product recovered by the process
according to any one of claims 1 to 3 and a
pharmaceutically acceptable carrier.

23. A method for decreasing the 1levels of total
serum cholesterol and LDL-cholesterol in a human or
animal comprising the step of administering to said human
or animal a cholesterol-lowering effective amount of a
foodstuff comprising a Tocol product recovered by the
process according to any one of claims 1 to 3.

24. A process for enhancing the content of
recoverable Tocol products in a biological source,
comprising the steps of:

stabilizing the biological source by heating at

i
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a temperature of 96-500°C for a period of time between 1
secend and 4 hours;

extracting the biological source with a solvent
to obtain an oil-solvent mixture;

removing solvent from said mixture to obtain a
Tocol-rich oil; and

subjecting the Tocol-rich o0il to reduced-
pressure molecular distillation.

25. The process of claim 24, wherein following the
heat stabilization step, the biological source is further
stabilized by wet heat stabilization in a stabilization
apparatus at a temperature between 100-150°C, a pressure
of between 0 atm and 681 atm, and a moisture level of
between 1% and 95% by weight, for a treatment time of
between 1 second and 4 hours.

26. The process of claim 24, wherein said heat
stabilization 1is carried out in an apparatus selected
from the group consisting of extruders, wmicrowaves,
polarized microwaves, heating ovens, and cookers.

27. The process of claim 24, wherein said heat
stabilization is carried out at a temperature between
150°C and 250°C.

28. The process of claim 24, wherein said heat
stabilization 1is carried out at a temperature between
150°C and 500°C.

29. The process of claim 24, wherein said heat
stabilization is rarried out for a period of time between
20 secorids and 90 seconds.

30. The process of claim 24, wherein said heat
stabilization is carried out under an inert gas, super
heated steam, or a vacuurn.
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31. The process of claim 24, wherein said solvent
is an organic solvent selected from the group consisting

of propane, butane, hexane, and mixtures thereof.

32. The process of claim 24, wherein the bﬁbbgkuu\
source is selected from the group consisting of cereal
grains, cereal grain oils, cereal brans, leaves, stems,

bark, roots, legumes, and nuts.

33. The process of claim 32, wherein the bYlolegical
source 1s selected from the group consisting of oats, oat

bran, barley, barley bran, rice, and rice bran.

34, The process of claim 24, further comprising the
step of separating from the recovered Tocol products a

tocotrienol-rich fraction.

35, The process of claim 24, wherein the biological
source is selected from the group consisting of cereal
brans, cereal grain oils, cereal brans, leaves, stems,
bark, roots, legumes, nuts microbes,; yeasts, fungi, and

algae.

DATED this 30th day of November 1995
LIPOGENICS, INC.
By their Patent Attorneys
CULLEN & CO.
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