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PROCESS OF PRODUCING PURIFIED
GAMMA- AND DELTA-TOCOTRIENOLS
FROM TOCOL-RICH OILS OR
DISTILLATES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional

Patent Application Ser. No. 61/935,065, entitled “Process of 10

Purifying Gamma Tocols from Rice Bran Oil Deodorizer
Distillate,” filed Feb. 3, 2014, which is incorporated herein
by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable.

NAMES OF THE PARTIES TO A JOINT
RESEARCH AGREEMENT

Not Applicable.

REFERENCE TO A SEQUENCE LISTING, A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX

Not Applicable.

STATEMENT REGARDING PRIOR
DISCLOSURES BY THE INVENTOR OR A
JOINT INVENTOR

Not Applicable.
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a process of producing
purified gamma- and/or delta-tocotrienols from tocol-rich
oils or distillates, and more particularly to a process of
producing a gamma- and/or delta-tocotrienol-rich fraction or
extract from rice bran oil deodorizer distillate, palm oil or
other tocol-rich oil or distillate.

2. Description of the Related Art

Rice bran oil (RBO) is generally produced by extracting
oil from the heat stabilized rice bran, either by hydraulic
pressing or solvent extraction. Crude RBO goes through a
series of refining steps, including degumming, neutraliza-
tion, bleaching, dewaxing, winterization and deodorization.
Deodorization employs high heat steam distillation to
remove volatile compounds that could give RBO undesir-
able flavor or odor. Unsaponifiables, such as vitamin E and
sterols, are also removed from the oil resulting in deodorizer
distillate with a high level of these compounds. Up to 90%
of the tocotrienols present in rice bran may be lost to the
deodorizer distillate during the refining process.

Additionally, tocotrienol-rich fractions or concentrates
have been prepared from palm oil sources. Commercial
tocotrienol rich fractions (TRF) isolated from palm oil
contain about 20 to 30% tocols of which gamma tocotrienol
accounts for about half, and alpha tocopherol accounts for
about 20%.

Vitamin E is a family made up of eight major lipid-soluble
antioxidants: d-a-tocopherol (a-T), d-f-tocopherol (B-T),
d-y-tocopherol (y-T), d-d-tocopherol (8-T), d-a-tocotrienol
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(a-T3), d-p-tocotrienol (B-T3), d-y-tocotrienol (y-T3) and
d-d-tocotrienol (8-T3). Tocopherols and tocotrienols, collec-
tively called tocols, have a 6-chromanol ring at the base of
their structure with a hydrocarbon chain at the 2-position.
The structures of these vitamin E groups differ only in the
degree of saturation of their hydrophobic tail, with tocoph-
erols being fully saturated and tocotrienols containing three
double bonds. a-, -, y- and 8-tocols are characterized by the
number and position of methyl substituents on the aromatic
ring.

a-T is the only vitamin E compound to meet dietary
vitamin E requirements due to its preferential retention in
the body by hepatic a.-T transfer protein (a-TTP). All tocols,
however, have antioxidant activity and may protect against
oxidative stress, which has been linked to many diseases,
such as cancer, cardiovascular disease, diabetes, neurode-
generative diseases (e.g., Alzheimer’s, Parkinson’s), among
others. Rice bran (RB) and RBO consumption has been
shown to reduce cholesterol in numerous studies in which
the hypocholesterolemic ability of RB products is due to the
unsaponifiable content, specifically tocotrienols, including
v-T3, and their ability to inhibit HMG-CoA reductase, the
rate-limiting enzyme in cholesterol biosynthesis. Tocot-
rienols have also been shown to have much more potent
antiproliferative and apoptotic effects on carcinogenic cells
than tocopherols. y-T3 and 3-T3 are generally considered to
be the strongest anti-carcinogenic agents of the tocol family.

In addition, tocols, especially y-T3, have been shown to
have the ability to act as radiation countermeasures, and
several studies have been conducted to investigate the
degree to which y-T3 ameliorates radiation injury. Treatment
with y-T3 in irradiated mice resulted in increased survival
rates, improved hematopoietic recovery and reduced vascu-
lar oxidative stress caused by irradiation. It has also been
suggested that 0-T3 may also provide some significant
radioprotective potential. Outside of emergency nuclear
situations, the radioprotective effects of y-T3 and 8-T3 may
be useful in therapy for radiation treatments in cancer
patients as well; however, co-administration of a-T has been
shown to cause interference with the hypocholesterolemic
and anti-carcinogenic effects of y-T3 and 6-T3, and may
adversely affect the radioprotective properties of y-T3.

Several methods have been proposed to recover tocols
from vegetable oil refining by-products including; distilla-
tion, supercritical carbon dioxide, and solvent fractionation
in combination with a cold crystallization step, but these
methods do not result in satisfactory isolation/purification of
individual tocols including gamma or delta-tocotrienol.
Flash chromatography has been used for fractionation of
mixtures, employing short columns packed with intermedi-
ate size particles (40-60 um) with accelerated solvent flow
achieved by modest pressure. Flash chromatography has
been used to isolate a tocol rich fraction from rice bran, with
diethyl ether as elution solvent, but the usage of ether poses
serious safety hazards. Others have used a diol column and
a linear gradient of increasing isopropanol in hexane to
purity tocopherols from corn and soybean oils. Yet another
method for separating tocotrienols from a tocol-containing
mixture involves a combination of heating, distillation, and
series of solvent partitioning steps, but the method does not
result in high purity of gamma-tocotrienol. None of these
prior methods, however, separate individual tocols, includ-
ing gamma- and/or delta-tocotrienol.

It is therefore desirable to provide a process of producing
purified gamma- and delta-tocotrienols from tocol-rich oils
or distillates.
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It is further desirable to provide a process of producing a
gamma- and/or delta-tocotrienol-rich fraction from tocol-
rich oils or distillates that results in a high proportion of'y-T3
and/or 8-T3 while minimizing the presence of alpha isomers
from the tocol-rich oils or distillates.

It is yet further desirable to provide a process of producing
purified y-T3 and/or 8-T3 from tocol-rich oils or distillates
that does not use toxic solvents, such as ether, and that uses
much less organic solvent than semi-preparative HPLC,
resulting in a cheaper and more environmentally friendly
process.

It is still further desirable to provide a process of produc-
ing a y-T3 and/or 8-T3-rich fraction from tocol-rich oils or
distillates where gamma- and/or delta-tocotrienol comprises
about 95% of total tocols, with a gamma-tocotrienol yield of
approximately 10% and/or a delta-tocotrienol yield of about
3%, and with purity in excess of about 95%.

It is further desirable to provide a process of producing a
gamma- and/or delta-tocotrienol-rich fraction from tocol-
rich oils or distillates using a fast flash or low pressure liquid
chromatography.

It is further desirable to provide a y-T3- and/or -T3-rich
extract for use as an antioxidant ingredient in lipid-contain-
ing foods (e.g., pet foods), cosmetics, personal care prod-
ucts, vitamin supplements, pharmaceuticals and/or nutraceu-
ticals.

It is further desirable to provide a y-T3- and/or -T3-rich
extract that can be incorporated into a highly purified y-T3-
and/or 8-T3-tocotrienol or a y-T3- and/or 8-T3-tocotrienol-
rich product for use in the medical field as a radio-protective
compound, i.e., given to cancer patients undergoing radia-
tion treatment, sold as a dietary supplement, and/or used by
individuals exposed to radiation poisoning as a result of a
nuclear accident or terrorist activity.

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

BRIEF SUMMARY OF THE INVENTION

In general, in a first aspect, the invention relates to a
process of producing gamma- and/or delta-tocols from a
tocol-rich oil. In this aspect, the process includes distilling
the tocol-rich oil to produce a tocol concentrate, and then
puritying the tocol concentrate using low pressure chroma-
tography to produce a gamma and/or delta tocotrienol-rich
fraction.

In general, in a second aspect, the invention relates to a
process of producing a d-y-tocotrienol and/or d-tocotrienol
extract from a tocol-rich concentrate. In this aspect, the
process includes producing the d-y-tocotrienol and/or d-to-
cotrienol extract from the tocol-rich concentrate using low
pressure chromatography for a predetermined amount of
time.

According to either aspect of the invention, the low
pressure chromatography may be flash or low pressure
liquid chromatography, and more particularly may be flash
chromatography with a binary gradient comprising hexane-
acetic acid and ethyl acetate-acetic acid for between about
50 minutes and about 55 minutes. The gamma- and/or
delta-tocotrienol-rich fraction is a d-y-tocotrienol-rich frac-
tion, a d-tocotrienol-rich fraction or mixture thereof, and is
substantially free from ca-tocols. In addition, the gamma-
and/or delta-tocotrienol-rich fraction or the d-y-tocotrienol
and/or d-tocotrienol extract include about 95% total tocols,
with a gamma-rich yield of about 10% and a delta-rich yield
of about 3%, each having purity in excess of approximately
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95%. Moreover, the tocol concentrate contains between
about 20% and 50% total tocols, and may be obtained by
distillation of a tocol-rich oil, such as rice bran oil or palm
oil.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a chromatogram obtained using HPL.C showing
separation of a balanced mixture of tocopherols and tocot-
rienols on a Phenomenex Luna silica column using hexane-
ethyl acetate-acetic acid (97.3:1.8:0.9 v/v/v) at 1.23 ml/min,
where the peaks represent: a-T (a-tocopherol), a-T3 (a-to-
cotrienol), B-T (P-tocopherol), y-T (y-tocopherol), p-T3
(B-tocotrienol), y-T3 (y-tocotrienol), 8-T (d-tocopherol) and
3-T3 (d-tocotrienol);

FIG. 2 is a chromatogram obtained using HPL.C showing
separation of a balanced mixture of tocopherols and tocot-
rienols on a Phenomenex Luna silica column using various
mobile phases: (A) hexane-ethyl acetate-acetic acid (98.4:
0.8:0.8 v/v/v) at 1.23 ml/min; (B) hexane-1,4-dioxane (96:4
v/v) at 1.23 ml/min; and (C) hexane-methyl-tert-butyl ether
(90:10 v/v) at 1.23 ml/min;

FIG. 3 is a chromatogram obtained using HPL.C showing
separation of a balanced mixture of tocopherols and tocot-
rienols on a Phenomenex Luna silica column using mixtures
of isopropanol in hexane as mobile phases: (A) hexane-
isopropanol (98.8:1.2 v/v) at 1.00 ml/min; (B) hexane-
isopropanol (99:1 v/v) at 1.00 ml/min; and (C) hexane-
isopropanol (99.3:0.7 v/v) at 1.00 ml/min;

FIG. 4 is a chromatogram obtained using HPL.C showing
separation of a balanced mixture of tocopherols and tocot-
rienols on a Phenomenex Luna silica column using various
mobile phases: (A) hexane-methyl-tert-butyl ether (96:4
v/v) at 1.23 ml/min; (B) hexane-isopropanol (99.8:0.2 v/v)
at 1.00 ml/min; and (C) isooctane-ethyl acetate (97.6:2.4
v/v) at 1.23 ml/min;

FIG. 5 is a chromatogram of tocols in rice bran oil
deodorizer distillate;

FIG. 6 graphically illustrates total tocol concentration in
RBODD using all combinations of concentration variables,
where the bars represent +£SEM (n=3);

FIG. 7 graphically illustrates the distribution of tocols in
RBODD;

FIG. 8 is a chromatogram obtained using flash chroma-
tography with 0.125 g extract mixed with Celite 545 and
packed into an empty 5-g cartridge, where the gradient
mobile phase was 100% hexane-cthyl acetate-acetic acid
(97.3:1.8:0.9 v/v/v) (17 min) and 100% ethyl acetate (3
min);

FIG. 9 is a chromatogram obtained using flash chroma-
tography with 0.260 g extract mixed with Celite 545 and
packed into an empty 5-g cartridge, where the gradient
mobile phase was 100% hexane-cthyl acetate-acetic acid
(97.3:1.8:0.9 v/v/v) (17 min) and 100% ethyl acetate (3
min);

FIG. 10 is a chromatogram obtained using flash chroma-
tography with 0.502 g extract mixed with Celite 545 and
packed into an empty 5-g cartridge, where the gradient
mobile phase was 100% hexane-cthyl acetate-acetic acid
(97.3:1.8:0.9 v/v/v) (17 min) and 100% ethyl acetate (3
min);

FIG. 11 is a chromatogram obtained using flash chroma-
tography with 1.007 g extract mixed with Celite 545 and
packed into an empty 5-g cartridge, where the gradient
mobile phase was 100% hexane-cthyl acetate-acetic acid
(97.3:1.8:0.9 v/v/v) (17 min) and 100% ethyl acetate (3
min);
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FIG. 12 is a chromatogram obtained using flash chroma-
tography with 0.129 g extract loaded into a pre-packed 5-g
silica cartridge, where the gradient mobile phase was 100%
hexane-ethyl acetate-acetic acid (97.3:1.8:0.9 v/v/v) (17
min) and 100% ethyl acetate (3 min);

FIG. 13 is a chromatogram obtained using flash chroma-
tography with 0.127 g extract loaded onto a 5-g prepacked
silica cartridge, where the gradient mobile phase was 100%
hexane-ethyl acetate-acetic acid (97.3:1.8:0.9 v/v/v) (50
min) and 100% ethyl acetate (5 min), and where the letters
indicate individual peaks;

FIG. 14 is a chromatogram obtained using flash chroma-
tography with 0.132 g extract loaded onto a 5-g prepacked
silica cartridge, where the gradient mobile phase was slow
addition of 0.8% ethyl acetate-acetic acid (99.1:0.9 v/v) to
hexane-acetic acid (99.1:0.9 v/v) (50 min) and 100% ethyl
acetate-acetic acid (99.1:0.9 v/v) (5 min), and where the
letters indicate individual peaks;

FIG. 15 is a chromatogram obtained using flash chroma-
tography with 0.127 g extract loaded onto a 5-g prepacked
silica cartridge, where the gradient mobile phase was slow
addition of 1.3% ethyl acetate-acetic acid (99.1:0.9 v/v) to
hexane-acetic acid (99.1:0.9 v/v) (50 min) and 100% ethyl
acetate-acetic acid (99.1:0.9 v/v) (5 min);

FIG. 16 is a chromatogram obtained using flash chroma-
tography with 0.130 g extract loaded onto a 5-g prepacked
silica cartridge, where the gradient mobile phase was slow
addition of 1.8% ethyl acetate-acetic acid (99.1:0.9 v/v) to
hexane-acetic acid (99.1:0.9 v/v) (50 min) and 100% ethyl
acetate-acetic acid (99.1:0.9 v/v) (5 min);

FIG. 17 is a chromatogram obtained using flash chroma-
tography with 0.130 g extract loaded onto a 5-g prepacked
silica cartridge, where the gradient mobile phase was slow
addition of 2.3% ethyl acetate-acetic acid (99.1:0.9 v/v) to
hexane-acetic acid (99.1:0.9 v/v) (50 min) and 100% ethyl
acetate-acetic acid (99.1:0.9 v/v) (5 min);

FIG. 18 graphically illustrates the composition of frac-
tions obtained using System 1 gradient mobile phase of
0.8% ethyl acetate-acetic acid (99.1:0.9 v/v) to hexane-
acetic acid (99.1:0.9 v/v) (50 min) and 100% ethyl acetate-
acetic acid (99.1:0.9 v/v) (5 min), where the fraction letters
correspond with letters in FIG. 14, and where the relative
percentages of the predominant isomers in each fraction are
shown; and

FIG. 19 graphically illustrates the composition of frac-
tions obtained using obtained System 5 gradient mobile
phase of 100% hexane-ethyl acetate-acetic acid (97.3:1.8:
0.9 v/v/v) (50 min) and 100% ethyl acetate (5 min), where
the fraction letters correspond with letters in FIG. 13, and
where the relative percentages of the predominant isomers in
each fraction are shown.

DETAILED DESCRIPTION OF THE
INVENTION

The compositions and processes discussed herein are
merely illustrative of specific manners in which to make and
use this invention and are not to be interpreted as limiting in
scope.

While the compositions and processes have been
described with a certain degree of particularity, it is to be
noted that many modifications may be made in the construc-
tion and the arrangement of the chemical constituent and
function details disclosed herein without departing from the
scope of the invention. It is understood that the invention is
not limited to the embodiments set forth herein for purposes
of exemplification.
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Vitamin E tocol compounds have many health benefits
with gamma-tocotrienol being the most effective and non-
toxic radio-protector identified to date. Rice bran oil deodor-
izer distillate (RBODD), a by-product of rice bran oil
processing, is a rich and abundant source of tocols, including
gamma- and delta-tocotrienol. In addition to RBODD, other
oils and distillates, such as palm oil, are rich in gamma- and
delta-tocotrienols. The process of producing gamma- and/or
delta-tocotrienols isolates gamma- and/or delta-tocotrienol
from other tocols, especially alpha-tocopherol, which dimin-
ishes the radio-protective effect of gamma-tocotrienol. The
process disclosed herein uses a fast flash chromatography
step to effectively isolate gamma- and/or delta-tocotrienol
from the gamma- and/or delta-tocotrienol-rich oil or distil-
late, and results in a tocol fraction where gamma- and/or
delta-tocotrienol comprises 95% of the tocols present, with
little to no detectible level of alpha-tocopherol. The process
provides a gamma-tocotrienol yield of about 10% and purity
in excess of 95% and a delta-tocotrienol yield of about 3%
and purity also in excess of 95%. Further, the process may
be used to produce purified gamma-tocotrienol, delta-tocot-
rienol or a mixture of both from tocol-rich concentrates
(20-50% total tocols) that are commercially available.

The process of producing purified gamma- and/or delta-
tocotrienols from tocol-rich oils or distillates uses a low
pressure chromatography method for isolating y-T3 and/or
3-T3 with little presence of other tocol isomers in the
tocotrienol extract. Automated column chromatography sys-
tems that operate at pressures of about <75 psi are consid-
ered low pressure chromatography, including but not limited
to flash chromatography or low pressure liquid chromatog-
raphy. A binary linear gradient system of 0.8% ethy] acetate-
acetic acid (99.1:0.9 v/v) to hexane-acetic acid (99.1:0.9 v/v)
(50 min) and 100% ethyl acetate-acetic acid (99.1:0.9 v/v) (5
min) provides a fraction (F) with about 96.5% vy-T3, con-
tained about 69.3 mg/g extract y-T3, which is about 2-fold
lower than the most pure y-T3 fraction obtained using
hexane/ethyl acetate/acetic acid (97.3/1.8/0.9) as an isocratic
mobile phase. y-T3, however, accounted for 96.5% of total
tocols with addition of 0.8% EA/AA (with yield of 6% and
purity of 90%), while y-T3 accounted for 47% of total tocols
with the isocratic mobile phase.

Due to its excellent health-promoting activities of
gamma- and delta-tocotrienol, the d-y-tocotrienol-rich and/
or d-d-tocotrienol-rich fraction or extract can be incorpo-
rated as an active ingredient into pharmaceutical, nutraceu-
tical and food compositions for its antioxidant activity to
protect against oxidative stress, which has been linked to
many diseases, such as cancer, cardiovascular disease, dia-
betes, neurodegenerative diseases (e.g., Alzheimer’s, Par-
kinson’s), in addition to its hypocholesterolemic and radio-
protective abilities. These compositions incorporating the
d-y-tocotrienol-rich and/or d-d-tocotrienol-rich fraction or
extract may further contain protective hydrocolloids, such as
gums, proteins, modified starches, binders, film forming
agents, encapsulating agents/materials, wall/shell materials,
matrix compounds, coatings, emulsifiers, foaming agents,
surface active agents, solubilizing agents, e.g., oils, fats,
waxes, lecithins etc., adsorbents, carriers, fillers, co-com-
pounds, dispersing agents, wetting agents, processing aids
(solvents), flowing agents, flavoring agents, sweetening
agents, coloring agents, weighting agents, jellyfying agents,
gel forming agents, anti-oxidants, anti-microbial and other
preservative agents.

Moreover, a multi-vitamin and mineral supplement may
be added to the compositions incorporating the d-y-tocot-
rienol-rich and/or d-d-tocotrienol-rich fraction or extract to
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obtain an adequate amount of an essential nutrient. The
multi-vitamin and mineral supplement may also be useful
for disease prevention and protection against nutritional
losses and deficiencies due to lifestyle patterns. In addition,
the compositions having the d-y-tocotrienol-rich and/or d-9-
tocotrienol-rich fraction or extract may be incorporated into
beverages, e.g., non-alcoholic and alcoholic drinks, soft
drinks, sport drinks, energy drinks, fruit juices, lemonades,
teas and milk-based drinks, along with other dairy products
and/or fortified food and bakery goods.

Further, the pharmaceutical, nutraceutical and food com-
positions containing the d-y-tocotrienol-rich and/or d-9-
tocotrienol-rich fraction or extract may be in any galenic
formulation that is suitable for administrating to the human
body, especially in any form that is conventional for oral
administration, e.g., in solid form such as (additives/supple-
ments for) food or feed, food or feed premix, fortified food
or feed, tablets, pills, granules, capsules, and effervescent
formulations, such as powders and tablets, or in liquid form,
such as solutions, emulsions or suspensions, e.g., beverages,
pastes and oily suspensions. The pastes may be filled into
hard or soft shell capsules, whereby the capsules feature,
e.g., a matrix of (fish, swine, poultry, cow) gelatin, plant
proteins or ligninsulfonate. Examples for other acceptable
forms of administration are transdermal, parenteral and
injectable. The pharmaceutical, nutraceutical and food com-
positions may be in the form of controlled immediate or
sustained release formulations.

EXAMPLES

The process of producing purified gamma- and/or delta-
tocotrienols from tocol-rich oils or distillates disclosed
herein is further illustrated by the following examples,
which are provided for the purpose of demonstration rather
than limitation. Although RBODD was used in the following
examples, any tocol-rich oil or distillate can be used.

Example 1

The objective of Example 1 was to optimize parameters
for isolating tocols from RBODD. NP-HPLC analysis of
tocol standards was optimized by testing ten (10) mobile
phases on a silica column. Extraction of tocols was opti-
mized by testing three concentration solvents (acetonitrile,
methanol, ethanol) using various solvent:RBODD ratios
(5:1, 10:1, 15:1, 20:1) at two temperatures (4° C. and -20°
C.). Hexane/ethyl acetate/acetic acid (97.3:1.8:0.9) provided
baseline resolution of all eight tocols. All interactions
including solvent*ratio*temperature had a significant effect
on tocol levels in the extracts (p<0.0001). Acetonitrile (10:1
ratio, 4° C.) was the most efficient solvent with extracts
containing 57.4 mg total tocopherols/g concentrate and 61.4
mg total tocotrienols/g concentrate. These conditions pro-
vided extracts with 1.55- and 1.34-fold higher total tocoph-
erols and 2.23- and 1.82-fold higher total tocotrienols than
extracts obtained with ethanol and methanol, respectively.
Tocol contents in acetonitrile and ethanol extracts were
highest when concentrated at 4° C., while tocol content in
methanol extracts were highest at —20° C. Under optimal
conditions, tocopherol composition was determined to be
34.0% o-T, 3.4% f-T, 44.9% y-T and 17.4% 6-T and
tocotrienol composition was 25.5% a-T3, 72.8% v-T3 and
1.7% 8-T3.

Apparatus.

Chromatographic measurements were made on an HPL.C
system consisting of a Waters Alliance 2690 separations
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8
module, a Waters 474 fluorescence detector, and Empower
Pro 2 Software (Waters Corp., Milford, Mass.). Peaks were
detected at an excitation wavelength of 294 nm and an
emission wavelength of 326 nm.

Materials.

Rice bran oil deodorizer distillate (RBODD) samples
were provided by Riceland Foods (Jonesboro, Ark.). The
samples were combined and thoroughly mixed to ensure
consistent tocol distribution, and divided into screw-top
50-ml bottles, with 50-60 g per bottle. Samples were stored
at 80° C., and individual bottles were thawed when needed
for extraction by incubating bottles at room temperature for
4-5 hours, or until product was free of ice crystals. After
thawing, each bottle of RBODD was mixed thoroughly
before removing subsamples. Standards of a-, p-, y- and
d-tocotrienols and a-, p-, y- and d-tocopherols (94-95%
purity) were purchased from Yasoo Health, Inc. (Johnson
City, Tenn.).

Mobile Phase Optimization. Mixture of tocol standards
(a-, B-, v- and d-tocotrienols and tocopherols) in hexane
were used for testing. HPL.C separations were carried out on
a Luna Silica column (250x4.6 mm i.d., 5 um particle size)
(Phenomenex, Torrance, Calif.). The ten mobile phases
tested for performance are listed below in Table 1. Run time
was 35 min.

TABLE 1

The different mobile phases used for normal-phase HPLC

No. Components Ratio of components Flow rate
1 Hexane-ethyl acetate-acetic acid 97.3:1.8:0.9 1.23 ml/min
2 Hexane-ethyl acetate-acetic acid 98.4:0.8:0.8 1.23 ml/min
3 Hexane-1,4-dioxane 96:4 1.23 ml/min
4 Hexane-tert-butyl methyl ether  90:10 1.23 ml/min
5 Hexane-tert-butyl methyl ether  96:4 1.23 ml/min
6 Hexane-isopropanol 98.8:1.2 1.00 ml/min
7 Hexane-isopropanol 99:1 1.00 ml/min
8 Hexane-isopropanol 99.3:0.7 1.00 ml/min
9 Hexane-isopropanol 99.8:0.2 1.00 ml/min

10 Isooctane-ethyl acetate 97.6:2.4 1.23 ml/min

Calculation of Peak Resolution.

Peak resolution (Rg) was calculated as a measure of the
separation between two peaks and the efficiency of the
column. This value was expressed as the ratio of the distance
between the two peak maxima to the mean value of the peak
width at base. A value of Rg>1.0 indicates acceptable
resolution between peaks, while R:>1.5 indicates complete
baseline separation. The peak resolution was calculated as
follows, where RT=retention time, W=peak width measured
at baseline, a=peak with shorter retention time, b=peak with
longer retention time:

RS 2(RTa - RTh
T Wa+ Wb

Concentration of Tocols from RBODD.

Extraction variables tested include solvent, solvent-to-
RBODD ratio and concentration temperature (Table 2).
Stock samples of 5 g RBODD were mixed with a solvent in
the ratios described below in a 250-ml flat-bottom flask
(24/40 joint size).
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TABLE 2

Concentration variables tested

Solvent:
Solvent RBODD ratio Temperature (° C.)
Acetonitrile 5:1 4
Methanol 10:1 -20
Ethanol 15:1
20:1

The flask was fitted with a reflux condenser and the
mixture was brought to boiling then refluxed on a hot plate
for 30 min to destroy volatiles and aggregative residues. The
mixture was cooled to ambient temperature and stored for 24
hours at 4 or -20° C. in order to precipitate the cold
insoluble sterols from the soluble tocols. A sintered glass
absorption filter was used to separate the liquid fraction from
the insoluble residue. The solvent was evaporated from the
liquid fraction using a Speed Vac concentrator (ThermoSa-
vant, Holbrook, N.Y.).

Extraction of Tocols from Concentrates.

Triplicate samples of 0.5 g were taken from stock con-
centrates prepared using each combination of concentration
variables. Each 0.5 g sample was mixed with 4 ml of 5%
(w/v) pyrogallol in ethanol and 30 ml of ethanol in a 120-ml
flat-bottom flask along with a stir bar. The flask was fitted
with a reflux condenser and the mixture heated to boiling.
Once boiling, the condenser was removed and 1 ml of 50%
(w/v) aqueous potassium hydroxide solution was added to
the mixture. The tocols were saponified at 70° C. for 30 min
with constant stirring. The flask was placed in an ice bath to
stop the reaction. The mixture was transferred to a 500-ml
reparatory funnel, and 30 ml diethyl ether and 20 m1 distilled
water were added. The diethyl ether extraction was repeated
two times and the ether fractions were pooled. The pooled
diethyl ether was washed three times with 20 ml distilled
water, and then filtered through anhydrous sodium sulfate
for 30 min to remove any excess water. The diethyl ether
was evaporated using the Speed Vac concentrator.

Sample Preparation for HPL.C Analysis.

Extracts were resolubilized with hexane to a volume to 5
ml and filtered through a 0.45 um Millipore membrane
before injection into the HPLC. The tocols were analyzed in
triplicate using the HPL.C conditions.

Quantification of Tocols.

The tocol peaks for each sample were identified and the
concentration was calculated by comparing peak area
against the standard curve equation.

peak area — intercept Equation 1

tocol concentration (ppm) =
(ppm) slope

This value was converted to display mg tocol isomer/g
RBODD extract.

mg tocol Equation 2

g extract

tocol concentrationX final volumex dilution factor

initial sample weight

Statistical Analysis.
Reported values represent the mean of duplicate samples
prepared using each gradient system. Isomer concentrations
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and relative percentages for each fraction were analyzed by
means comparison with student’s t-test (p<0.05) (JMP soft-
ware v. 10.0, Cary, N.C.).

Analysis by Normal Phase-HPLC.

With NP-HPLC, tocol separation occurs by adsorption
based on polarity, which is determined by the degree of
methylation on their chromanol rings. The unsaturation on
the C16 tail makes tocotrienols slightly more polar than their
corresponding tocopherols. Beta and gamma isomers have
the same number of methyl groups, making complete sepa-
ration challenging. Gamma isomers have 7.8-dimethyls,
which increases their asymmetry and polarity compared to
beta isomers with 5,8-dimethyls. The observed elution order
in this example corresponded with structural characteristics
of the tocols and was as follows: a-T (9.6 min), a-T3 (11.6
min), §-T (14.3 min), y-T (16.2 min), $-T3 (17.7 min), y-T3
(20.3 min), 6-T (25.2 min), 5-T3 (32.0 min).

Peak resolution was best using an isocratic mobile phase
consisting of hexane (HX)/ethyl acetate (EA)/acetic acid
(AA) (97.3:1.8:0.9, v/v) (FIG. 1). Resolution ranged from
1.4 to 4.1, indicating that the eight vitamin E isomers were
baseline separated. The lowest resolution (R ,=1.4) was seen
between y-T and p-T3, due to their structural similarities.

There was a lack of separation of beta and gamma isomers
with use of HX/MTBE and HX/IPA mobile phases (FIGS. 2
and 3). Co-elution of these isomers resulted in R,=0 for
those mobile phases, indicating incomplete separation of the
vitamers. Use of 1,4-dioxane (4%) in hexane provided
satisfactory separation of all eight E-vitamers, though reso-
Iution of beta and gamma isomers was not as strong as when
HX-EA-AA (97.3:1.8:0.9 v/v/v) was used. The chromato-
grams obtained using HX-EA-AA (98.4:0.8:0.8 v/v/v), HX-
MTBE (96:4 v/v) HX-IPA (99.8:0.2 v/v), and isooctane-EA
(97.6:2.4 v/v) failed to resolve the peaks within the 35-min-
ute run time, making these mobile phases less than ideal for
tocol analysis in this example (FIGS. 2A, 2B, 3A and 4C).

Retention Time Drift with New Column.

A new Luna Silica column (250x4.6 mm id., 5 pm
particle size) (Phenomenex, Torrance, Calif.) was purchased
for analyzing tocols in RBODD samples. This coincided
with a retention time drift for all tocol isomers, resulting in
a new run time of 50 min. A chromatogram of tocols in an
RBODD sample is seen in FIG. 5. In all samples, only seven
tocol isomers were detected: a-T, p-T, y-T, 6-T, a-T3, y-T3
and 8-T3. The elution order remained the same, though the
new retention times were as follows: o-T (13.8 min), a-T3
(16.4 min), p-T (21.2 min), y-T (23.5), y-T3 (29.0 min), 6-T
(36.6 min), 6-T3 (45.9 min).

Concentration of Tocols from RBODD.

Total tocol concentration was significantly affected by
solvent*ratio*temperature (p<0.0001).

Solvent Effects.

Three solvents, including acetonitrile, methanol and etha-
nol were tested for their effects on tocol concentration from
RBODD. The level of total tocols was highest when acetoni-
trile was used, followed by methanol and ethanol. Tocol
content ranged from 118.8 mg/g using acetonitrile (10:1 at
4° C.) to 76.5 mg/g using methanol (10:1 at -20° C.) to 64.5
mg/g using ethanol (10:1 at 4° C.). Acetonitrile in 10:1 ratio
at 4° C. proved to be the most efficient combination of
variables for all isomers, especially y-T3 (44.6 mg/g). This
concentration is significantly higher than those obtained
using methanol (10:1 at —20° C.) and ethanol (10:1 at 4° C.)
at their best ratio/temperature combinations (25.5 mg/g and
20.0 mg/g, respectively) (Table 3). Ethanol fractionation is
commonly used in industrial purification of tocopherols
from soybean oil deodorizer distillate because sterols are
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insoluble in cold ethanol while tocopherols are soluble,
though some tocopherols co-precipitate with sterols. This
example, however, found acetonitrile to be the ideal solvent
for tocol concentration from RBODD.

TABLE 3

12

(varying proportions of hexane-acetic acid (99.1:0.9 v/v)
and ethyl acetate-acetic acid (99.1:0.9 v/v)) were evaluated.
Among the loading sizes tested, the smallest sample size
(~0.125 g) provided the best peak resolution. Loading the

Tocol concentrations in RBODD obtained using optimal ratio for each solvent at 4 and —20° C.}

Temp Tocopherols Tocotrienols Total

(° C.) Solvent Ratio o-T B-T y-T o-T a-T3 v-T3 &T3  Tocols®

4 Acetonitrile  10:1  19.5¢ 1.9¢ 25.8¢ 1029  15.6° 44.67 119 118.8¢
164> (1.6 (21.7)°  (8.6)° (13.2)* (37.6)° 0.9)®

4 Methanol 15:1  14.3% 1.3b°  18.6° 6.8b°  7.8° 23.9b¢ 0.8a®>  73.3°
(194 (1.8® (253)* (9.2 (10.6)° (32.6)° (1.0)°

4 Ethanol 10:1  12.8%  1.1° 16.8%  6.3¢ 6.9° 20.0%¢ 0.6° 64.5%¢
(19.8)  (1.7)"  (26.1)* (9.8)° (10.7)> (30.9)¢  (0.9)®

-20 Acetonitrile 5:1 6.47 1.7%% 8.29 9.4% 6.8° 19.2%4 1.1¢ 52.8¢
(12.2)°  (3.2¢ (155)° (1777 (129° (364 (2.1)°

—-20 Methanol 10:1  12.0%  1.7%% 199 9.24% 7.0% 25.8° 0.9  76.5%
(15.7)% (2.3 (26.0)* (12.1)°  (9.2)°  (33.7)% (1.1

-20 Ethanol 15:1  11.1° 1.2¢ 14.1° 5.8¢ 5.7° 16.0¢ 0.7° 54.5¢
(20.3)  (2.2)%  (25.8)° (10.6)° (10.5)® (29.4)7 (1.3)%

*Means of three replicates (mg/g concentrate). Values in parenthesis refer to the percent distribution of each tocol.

Means within columns followed by the same letter are not significantly different (p < 0.05).

§Tocols: tocopherols + tocotrienols.
T, tocopherol; T3, tocotrienol.

Solvent-to-RBODD Ratio Effects.

The optimal solvent-to-RBODD ratio was 10:1 across all
solvents (FIG. 6). For the best solvents at each temperature
(acetonitrile at 4° C. and methanol at -20° C.) the higher
ratios (15:1, 20:1) were less efficient in tocol concentration.
This may be due to excess solvent facilitating tocol crystal-
lization, specifically at -20° C.

Tocol Distribution in RBODD.

The tocol composition of RBODD obtained using
acetonitrile (10:1 at 4° C.) is shown in Table 4 below:

TABLE 4

Tocol Composition of RBODD Deodorizer

Tocol (percent)

Tocopherol Tocotrienol
Alpha 34 25
Beta 3 —
Gamma 45 73
Delta 18 2

The distribution of the tocol isomers in RBODD is shown
in FIG. 7. y-T and y-T3 were the predominant tocols,
followed by the alpha isomers. a-T has shown an antago-
nistic effect on health benefits of y-T3 and §-T3. In order to
produce a tocol-rich fraction from RBODD that is high in
v-T3, purification measures were developed in Example 2 to
minimize the proportion of alpha isomers present in the
fraction.

Example 2

The objective of Example 2 was to test various flash
chromatography conditions for the purification of a fraction
with a high proportion of y-T3 and a minimal amount of
alpha isomers from tocol extract obtained from rice bran oil
deodorizer distillate. Load size (0.125 g, 0.250 g, 0.500 g,
1.000 g), sample cartridge type (prepacked silica cartridge,
empty cartridge+Celite 545) and mobile phase gradient

35

40

45

50

55

60

65

sample onto a silica cartridge allowed for enhanced peak
separation, due to a double pass of sample through silica gel.
A linear addition of 0.8% ethyl acetate/acetic acid (99.1:0.9
v/v) to hexane/acetic acid (99.1:0.9 v/v) provided a fraction
with 69.3 mg/g extract y-T3, which was 2-fold lower than
the most pure y-T3 fraction obtained using hexane/ethyl
acetate/acetic acid (97.3/1.8/0.9) as an isocratic mobile
phase. However, y-T3 purity was 96.5% (with no alpha
isomers present) with addition of 0.8% EA/AA compared to
47.0% with the isocratic mobile phase. Therefore, the ideal
flash chromatography method should be determined based
on end usage of y-T3.

Apparatus.

Separations were made using a CombiFlash Rf system
with a 340CF evaporative light scattering detector (ELSD)
(Teledyne Isco, Inc., Lincoln, Nebr.). Fractions were ana-
lyzed by normal phase HPLC consisting of a Waters Alli-
ance 2690 separations module, a Waters 474 fluorescence
detector, and Empower 2 Pro Software (Waters Corp.,
Milford, Mass.). Peaks were detected at an excitation wave-
length of 294 nm and an emission wavelength of 326 nm.
HPLC separations were carried out on a Luna Silica column
(250x4.6 mm i.d., 5 um particle size) (Phenomenex, Tor-
rance, Calif.). Mobile phase was hexane-ethyl acetate-acetic
acid (97.3/1.8/0.9 v/v/v, 1.23 ml/min).

Materials.

RBODD samples were obtained from Riceland Foods
(Jonesboro, Ark.). The samples were combined and thor-
oughly mixed to ensure consistent tocol distribution, and
divided into screw-top 50-ml bottles, with 50-60 g per
bottle. Samples were stored at -80° C., and individual
bottles were thawed when needed for extraction by incubat-
ing at room temperature for 4-5 hours, or until product was
free of ice crystals. Each bottle of RBODD was mixed
thoroughly before removing individual sample. Standards of
a-, -, y- and d-tocotrienols and a-, -, y- and d-tocopherols
(94-95% purity) were purchased from Yasoo Health, Inc.
(Johnson City, Tenn.).

Sample Preparation. Tocol extracts were prepared as
prepared in Example 1 above. In short, 5 g RBODD were
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mixed with 50 ml acetonitrile in a 250-ml flat-bottom flask
(24/40 joint size). The flask was fitted with a reflux con-
denser and the mixture was brought to boiling then refluxed
on a hot plate for 30 min to destroy volatiles and aggregative
residues. The mixture was cooled to ambient temperature
and stored for 24 hr at 4° C. in order to precipitate the cold
insoluble sterols from the soluble tocols. A sintered glass
absorption filter was used to separate the liquid fraction from
the insoluble residue. The solvent was evaporated from the
liquid fraction using a Speed Vac concentrator (ThermoSa-
vant, Holbrook, N.Y.) to produce tocol concentrate. The
resulting tocol concentrate (~1.75 g) was mixed with 14 ml
of 5% (w/v) pyrogallol in ethanol and 105 ml ethanol in a
250-ml flat-bottom flask along with a stir bar. The flask was
fitted with a reflux condenser and the mixture was heated to
boiling. Once boiling, the condenser was removed and 3.5
ml of 50% (w/v) aqueous potassium hydroxide solution was
added to the mixture. The tocols were saponified at 70° C.
for 30 min with constant stirring. The flask was placed in an
ice bath to stop the reaction. The mixture was transferred to
a 500-ml reparatory funnel, and 105 ml diethyl ether and 70
ml distilled water were added. The diethyl ether extraction
was repeated two times and the ether fractions were pooled.
The pooled diethyl ether was washed three times with 70 ml
distilled water and then filtered through anhydrous sodium
sulfate for 30 min to remove any excess water. The diethyl
ether was evaporated using the Speed Vac concentrator to
produce tocol extract.

Load Capacity.

The loading study was conducted using prepared tocol
extract and 12 g RediSep Rf Gold normal phase silica
columns (20-40 um particle size) (Teledyne Isco, Inc.,
Lincoln, Nebr.). This column size has a sample load capacity
0.1-1.0%. The following load sizes were tested for peak
resolution: 0.125 g, 0.250 g, 0.500 g and 1.000 g. Samples
were dissolved in hexane, mixed with 5 g Celite 545
(Sigma-Aldrich, St. Louis, Mo.), dried using a rotary evapo-
rator and packed into 5-g sample load cartridges. Single
samples were used in order to preserve extract stock extract.
In this Example 2, the mobile phase consisted of hexane/
ethyl acetate/acetic acid (97.3:1.8:0.9 v/v) for 17 min, fol-
lowed by neat ethyl acetate for 3 min.

Sample Cartridge Type.

The optimal sample load size was tested on two types of
RediSep Rf solid load cartridges (Teledyne Isco, Inc., Lin-
coln, Nebr.): 5-g empty disposable cartridge and 5-g pre-
packed disposable silica cartridge. The empty cartridge was
prepared by filling the cartridge with a slurry mixture of the
dissolved sample and Celite 545 (supporting media). For the
prepacked silica cartridge preparation, sample was pipetted
onto the top of the cartridge. The ideal cartridge was chosen
based on peak resolution. In this Example 2, the mobile
phase consisted of hexane-ethyl acetate-acetic acid (97.3:
1.8:0.9 v/v/v) for 17 min, followed by neat ethyl acetate for
3 min.

Gradient Optimization.

The flash chromatography system allows for easy control
of mobile phase gradient. The mobile phase consisted of a
binary gradient of hexane-acetic acid (99.1:0.9 v/v) (A) and
ethyl acetate-acetic acid (99.1:0.9 v/v) (B). The flow rate
was 30 ml/min with various linear gradients as follows:

30

40

45

60

14
TABLE 5

Binary gradients tested on flash chromatography

Gradient System ID Number

Time 1 2 3 4
0-50 min 0-0.8% B 0-1.3% B 0-1.8% B 0-2.3% B
50-55 min 100% B 100% B 100% B 100% B

The four (4) binary gradient systems in Table 5 were
compared against an optimal mobile phase for tocol HPL.C
analysis, which was an isocratic system (“System 5”) con-
sisting of hexane-ethyl acetate-acetic acid (97.3:1.8:0.9 v/v/
v). The isocratic mobile phase was run for 50 min, followed
by neat ethyl acetate at 50-55 min to ensure removal of all
compounds from System 5.

Comparison of Two Flash Chromatography Gradient Sys-
tems for Isolation of Gamma-Tocotrienol.

The binary gradient system in Table 5 that provided
fractions with the highest levels of y-T3 with minimal
presence of other isomers was chosen for tocol quantifica-
tion. Duplicate samples of 0.125 g extract were pipetted onto
pre-packed silica cartridges and fractionated by flash chro-
matography using Systems 1 and 5. Fractions were col-
lected, dried down using the Speed Vac concentrator and
brought to 5 ml with hexane. Samples were filtered through
a 0.45 um Millipore membrane before injection into the
HPLC. The tocols were analyzed in duplicate using the
HPLC conditions described above in Example 1.

Quantification of Tocols.

Similar to Example 1, the tocol peaks for each sample
were identified and the concentration was calculated by
comparing peak area against the standard curve equation
(Equation 1 above) and then converted to display mg tocol
isomer/g RBODD extract (Equation 2 above).

Statistical Analysis.

Similar to Example 1, reported values represent the mean
of duplicate samples prepared using each gradient system.
Isomer concentrations and relative percentages for each
fraction were analyzed by means comparison with student’s
t-test (p<0.05) (JMP software v. 10.0, Cary, N.C.).

Load Capacity.

Extract samples were loaded onto Celite and packed into
empty sample cartridges. Exact load sizes tested for peak
resolution were: 0.125 g (FIG. 8), 0.260 g (FIG. 9), 0.502 g
(FIG. 10) and 1.007 g (FIG. 11). For all samples, ELSD
detected 6-7 peaks. At the higher load sizes, peak separation
was poor and peaks were very broad with some exceeding
the threshold of the detector. As load size decreased, reso-
Iution improved with the smallest load size providing best
peak resolution. This was expected, as separation efficiency
generally decreases as loading amount increases due to the
larger sample size exceeding the column capacity. Although
all load sizes tested fall within the capacity of the column
(60 mg to 1.2 g), some overload occurred in the larger
sample sizes (0.502 g and 1.007 g). This was evident by an
overlap of neighboring peaks and a decrease in peak reso-
lution.

Sample Cartridge Type.

The sample size that provided best resolution in the
loading capacity study (~0.125 g) was used to determine
which cartridge type gave best peak separation. When
sample was mixed with Celite 545 and packed into an empty
cartridge, 6 peaks were resolved (FIG. 8). These peaks had
slight shoulders, indicating tocol isomers were not fully
separated. When sample was placed onto a pre-packed silica
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cartridge, 9-10 peaks were detected, which were more
clearly separated due to the double pass of sample through
silica (FIG. 12). Use of the silica pre-cartridge allows more
time for interaction between tocols and silica, resulting in
greater separation of the compounds.

Gradient Optimization.

The flash chromatograms for the isocratic mobile phase
and the four binary gradient systems (Table 5) are shown in
FIGS. 13-17. Table 6 shows the tocol compositions of the
labeled fractions in FIGS. 13 and 14. Compounds eluted
very quickly (within 15 min) using 100% HX-EA-AA
(97.3/1.8/0.9 v/v/v), resulting in co-elution (FIG. 13). The
binary gradient system which involved adding 0.8% EA-AA
(99.1:0.9 v/v) to HX-AA (99.1:0.9 v/v) (FIG. 14) provided
the best peak resolution of all gradients tested. As the
proportion of EA-AA (99.1:0.9 v/v) was increased, peak
resolution decreased though co-elution was still evident by
slight shoulders (FIGS. 15-16). Peaks were analyzed by
HPLC to determine which fractions contained the highest
proportion of y-T3 compared to a-T and a-T3. Addition of
0.8% EA-AA yielded more fractions with high levels of
v-T3 and low presence of other isomers, especially alpha
isomers (FIG. 14). Addition of 2.3% of the ethyl acetate
mixture was unable to separate the isomers (FIG. 17). This
resulted in fractions with both alpha and gamma isomers
present in large amounts, and no fractions that contained
only y-T3.

TABLE 6
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their relative percentages is shown for each fraction obtained
using these methods in Table 5 and FIGS. 18 and 19. Elution
order followed the expected pattern, with early fractions
containing alpha isomers, followed by beta, gamma and
delta isomers. 8-T3 was not present in detectable amounts in
any of the fractions.

System 1 (0.8% EA-AA gradient) fractions A and B
contained very small levels of alpha tocols, while fractions
G and H did not contain tocols in any detectable amount.
The majority of tocols eluted in fractions D, E and F for
system 1. Fraction D was composed mostly of equal
amounts of a-T and a-T3, with negligible amounts of §-T
and y-T. Composition shifted from alpha isomers to gamma
isomers in fraction E, with 79.2 mg y-T/g extract and minor
amounts of B-T, f-T3 and a-T3. y-T3 content was low in
fraction E (3.7 mg/g), but it comprised 96.5% of the tocols
present in fraction F with 69.3 mg/g. In a follow-up study
using identical flash chromatography conditions (System 1)
described above, the yield and purity of y-T3 obtained from
fraction F were 11% and 54%, respectively. Through further
fractionation of fraction F, a y-T3 yield and purity of 6% and
90%, respectively, was obtained.

System 5 (isocratic conditions) fractions A, B, F and G
contained no tocols, with the majority of tocols eluting in
fractions C, D and E. As with the equivalent fraction in
System 1, System 5 fraction C contained mostly a-T and T3,
with concentrations of 48.9 mg/g and 4.5 mg/g, respectively.

Concentration and relative percentage of tocol isomers for fractions obtained by flash
chromatography using different gradient conditions®

Tocopherols Tocotrienols Total Total Total
Gradient  Fraction a-T B-T y-T o-T a-T3 B-T3 v-T3  8-T3 Ts T3s  Tocols®
0.8% A 0.3 0.6 0.3 0.6 0.9
EA/AA! (33.3) (66.7) (33.3) (66.7)
0.8% C 0.3 0.3 0.3
EA/AA (100) (100)
0.8% D 55.9 1.6 0.9 55.5 57.1 55.5 112.6
EA/AA (49.6) (1.3) (0.8) (49.3) (50.7)  (49.3)
0.8% E 5.3 79.2 0.3 1.0 3.7 81.9 5.0 84.4
EA/AA (5.5) (94.7) (0.3) (1.0) (3.8) 97.4) (5.2)
0.8% F 1.5 4.2 0.4 69.3 5.7 69.5 72.3
EA/AA (1.7) (4.8) (0.5) (96.5) (6.5)  (96.8)
0.8% G
EA/AA
0.8% H
EA/AA
Isocratic? A
Isocratic B
Isocratic C 48.9 4.5 48.9 4.5 53.4
(91.8) (8.2) 91.8) (8.2)
Isocratic D 1.6 1.5 2.4 27.1 5.4 27.1 324
(5.1) 4.9) (7.9) (82.1) (17.9) (82.1)
Isocratic E 3.1 106.7 46.2 2.3 138.2 156.0 139.4 295.3
(1.0) (36.0) (15.7) 0.7) (47.0) (52.7)  (47.3)
Isocratic F
Isocratic G

"Means of two replicates (mg/g extract). Values in parentheses refer to the relative percent distribution of each tocol per total concentration of tocols

in each respective fraction.

Indicates the gradient system consisting of 0.8% ethyl acetate-acetic acid (99.1:0.9 v/v) + hexane-acetic acid (99.1:0.9 v/v) (50 min) and 100% ethyl

acetate-acetic acid (99.1:0.9 v/v) (5 min) (System 1).

“Indicates the gradient system consisting of 100% hexane-ethyl acetate-acetic acid (97.3:1.8:0.9 v/v/v) (50 min) and 100% ethyl acetate (5 min) (System

5).
$Tocols: tocopherols + tocotrienols.

T, tocopherol; T3, tocotrienol.

Comparison of Two Flash Chromatography Gradient Sys-
tems for Isolation of Gamma-Tocotrienol.

Fraction D contained mostly a-T3 (27.1 mg/g) with minor
amounts of a-T, p-T and y-T. Fraction E consisted of 47%

Tocols were quantified for both the fractions obtained by ¢s5 y-T3 with 138.2 mg/g. However, this fraction still contained

the 0.8% EA-AA gradient (FIG. 14) as well as the isocratic
mobile phase (FIG. 13). The concentration of tocols and

a large amount of y-T (106.7 mg/g) as well as low levels of
p-T, 6-T and a-T3.
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Both of the methods in Example 2 were able to isolate
fractions that contain a high proportion of y-T3 with minimal
presence of alpha isomers, with much higher y-T3 purity.
This example used hexane-cther elution by flash chroma-
tography to prepare a tocol-rich fraction from rice bran
extracts, which contained only 33.5% y-T3, in addition to
6% o-T, 12.5% a-T3, 10% d-T and T3, 9.6% d-P,,-T3,
10.4% d-P,5-T3 and 8% unidentified tocol isomers.

Relative percentages of the predominant isomer in each
fraction are shown in FIGS. 18 and 19. Although System 5
provided a single fraction with a higher concentration of
v-T3, System 1 provided a significantly more pure fraction
of'y-T3 (96.5% of total tocols in fraction F compared to 47%
of total tocols in fraction E with System 5) (p=0.0055).
Therefore, end usage of y-T3 may determine which binary
gradient system is preferred. Clinical trials with y-T3 may
prefer System 1 due to the purity of the y-T3 fraction. The
opposite trend was seen for a-T, with a significantly more
pure (91.8% of total tocols) fraction with System 5 (fraction
C) compared to 49.6% of total tocols a-T fraction with
System 1 (fraction D) (p=0.0002). 8-T purity was also
significantly higher with System 5 (fraction E) compared to
System 1 (fraction F) (p=0.0243), though y-T purity was
better with System 1 (fraction E) compared to System 5
(fraction E) (p=0.0083).

The results of this example provide a fast flash chroma-
tography process for isolating y-T3 with little presence of
other tocol isomers from RBODD tocol extract. Peak reso-
Iution was best with a load size of about 1% column capacity
and a 5-g silica sample cartridge coupled with a 12-g silica
column. A binary linear gradient of 0.8% ethyl acetate-acetic
acid (99.1:0.9 v/v) to hexane-acetic acid (99.1:0.9 v/v) (50
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min) and 100% ethyl acetate-acetic acid (99.1:0.9 v/v) (5
min) gave a fraction (F) with 96.5% y-T3, which contained
69.3 mg/g. The purity of y-T3 using these conditions was
better than the fraction (E) obtained using 100% hexane/
ethyl acetate-acetic acid (97.3:1.8:0.9 v/v) (50 min) and
100% ethyl acetate (5 min), which contained 47.0% v-T3.

Example 3

In Example 3, three pretreatments were compared prior to
conducting flash chromatography of Example 2, namely 1)
applying crude RBODD (Table 7); 2) applying RBODD
following acetonitrile extraction, cold step, and solvent
evaporation (Table 8); and 3) applying RBODD following
acetonitrile extraction, cold step, solvent evaporation,
saponification, ether fractionation, and solvent evaporation
(Table 9). In this study a different lot of RBODD was used
which contained delta tocotrienol. As illustrated, sufficient
purification of the tocols cannot be obtained by applying the
crude RBODD. Using the abbreviated pretreatment 2 above,
i.e., acetonitrile extraction, cold step, and solvent evapora-
tion, 89% purity fractions of gamma tocotrienol
(vield=1.3%) can be obtained. Use of the purified tocol
concentrate from pretreatment 3 above works best (based
upon higher yields) resulting in 100% purity fractions of
gamma tocotrienol (yield=10.6%), delta tocopherol
(vield=4.7%), and delta tocotrienol (yield=3.0%); however,
pretreatment two involves only three steps prior to flash
chromatography compared with six steps for pretreatment
three. Pretreatment two is commercially faster and less
cumbersome, and avoids the use of a toxic solvent (ether)
and caustic alkaline reagent (50% potassium hydroxide)
required for pretreatment three.

TABLE 7

Crude RBODD directly subjected to Flash Chromatography

Yield ((mg
Total mg tocol/mg
Purity (mg tocols/100 mg fraction) tocols in starting
Product Fraction aT aT3 BT T  yT3 8T T3 Total fraction material) * 100)
Crude 1 1.3 0.0 0.0 0.0 0.1 0.0 00 1.4 0.2 0.1
RBODD
Crude 2 1.9 0.0 00 0.0 0.0 0.0 0.0 1.9 0.1 0.0
RBODD
Crude 3 04 18 00 00 0.0 0.0 0.0 2.4 0.2 0.1
RBODD
Crude 4 08 50 00 04 0.0 0.0 0.0 6.2 0.6 0.2
RBODD
Crude 5 0.0 00 20 3.7 0.0 0.0 0.0 5.8 0.4 0.1
RBODD
Crude 6 00 00 03 68 0.0 0.0 0.0 7.1 0.5 0.2
RBODD
Crude 7 0.0 00 1.1 173 0.0 0.0 0.0 18.3 1.0 0.3
RBODD
Crude 8 0.0 00 0.0 137 0.0 0.0 0.0 13.7 0.9 0.3
RBODD
Crude 9 0.0 00 00 86 0.0 0.0 0.0 8.6 0.6 0.2
RBODD
Crude 10 0.0 00 00 21 0.0 0.0 0.0 2.1 0.2 0.1
RBODD
Crude 11 00 00 00 00 185 0.0 00 18.5 1.4 0.5
RBODD
Crude 12 00 00 00 00 338 00 00 338 1.5 0.5
RBODD
Crude 13 00 00 00 00 765 00 00 765 1.2 0.4
RBODD
Crude 14 0.0 00 00 00 72 03 00 7.4 0.2 0.1
RBODD
Crude 15 0.0 00 00 00 0.0 29 00 2.9 0.1 0.0

RBODD
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TABLE 8

20

Crude RBODD extracted with acetonitrile, followed by cold step (4 C./24 hr) and subjected to Flash

Chromatography.

Yield ((mg
Total mg tocol/mg
Purity (mg tocols/100 mg fraction) tocols in starting
Product Fraction aT aT3 BT yI'  yI3 8T 8T3 Total fraction material) * 100)
RBODD-cold step 1 04 02 0.0 0.0 0.0 0.0 0.0 0.6 0.2 0.1
RBODD-cold step 2 1.2 02 0.0 0.0 0.0 0.0 0.0 1.3 0.2 0.1
RBODD-cold step 3 1.7 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.2 0.1
RBODD-cold step 4 50 02 0.0 0.0 0.0 0.0 0.0 52 0.3 0.1
RBODD-cold step 5 3.6 05 0.0 0.0 0.0 0.0 0.0 4.1 0.0 0.0
RBODD-cold step 6 1.3 135 0.4 0.5 0.0 0.0 0.0 15.7 0.3 0.1
RBODD-cold step 7 0.0 5.1 2.6 0.0 0.0 0.0 0.0 7.7 0.1 0.0
RBODD-cold step 8 0.0 00 234 1.0 0.0 0.0 0.0 243 0.7 0.3
RBODD-cold step 9 0.0 0.0 6.1 37.1 0.0 0.0 0.0 432 1.3 0.7
RBODD-cold step 10 0.0 0.0 09 68.2 0.0 0.0 0.0 69.0 1.4 0.7
RBODD-cold step 11 0.0 0.0 0.0 0.8 19.2 0.0 0.0 20.1 0.2 0.1
RBODD-cold step 12 0.0 0.0 0.0 0.7 88.1 0.0 0.0 88.8 1.0 0.5
RBODD-cold step 13 0.0 0.0 0.0 0.0 48.0 0.0 0.0 48.0 0.4 0.2
RBODD-cold step 14 0.0 0.0 0.0 0.0 664 0.0 0.0 664 0.8 0.4
RBODD-cold step 15 0.0 0.0 0.0 0.7 88.1 0.0 0.0 88.8 1.7 0.8
RBODD-cold step 16 0.0 0.0 0.0 0.0 0.0 349 0.0 349 0.6 0.3
RBODD-cold step 17 0.0 0.0 0.0 0.0 0.0 50.7 0.0 50.7 1.0 0.5
RBODD-cold step 18 0.0 0.0 0.0 0.0 0.0 0.0 268 268 0.5 0.3
TABLE 9
Purified RBODD subjected to Flash Chromatography.
Yield ((mg
Total mg tocol/mg
Purity (mg tocols/100 mg fraction) tocols in starting

Product Fraction oT aT3 BT T yI3 8T T3 Total fraction material) * 100)
Purified 1 9.0 0.0 00 00 00 0.0 0.0 9.0 0.5 0.6
Purified 2 26.3 0.0 00 00 00 0.0 0.0 263 0.9 1.3
Purified 3 63 178 0.0 0.0 00 0.0 0.0 241 1.4 1.9
Purified 4 222 290 32 00 00 0.0 0.0 545 1.5 2.0
Purified 5 0.0 0.0 0.0 819 00 0.0 0.0 819 1.6 2.2
Purified 6 0.0 0.0 00 102 758 0.0 0.0 86.0 1.9 25
Purified 7 0.0 00 00 14 990 0.0 0.0 100.4 4.1 55
Purified 8 0.0 0.0 00 00 1154 0.0 0.0 1154 3.8 5.1
Purified 9 0.0 0.0 00 00 20 985 0.0 100.5 3.5 4.7
Purified 10 0.0 0.0 00 00 0.0 48.6 0.0 48.6 1.2 1.6
Purified 11 0.0 0.0 00 00 0.0 76.1 0.0 76.1 1.1 1.5
Purified 12 0.0 0.0 00 00 0.0 0.0 1019 1019 1.3 1.8
Purified 13 0.0 0.0 00 00 0.0 0.0 100.7 100.7 0.9 1.2

Whereas, the compositions and processes have been
described in relation to the drawings and claims, it should be
understood that other and further modifications, apart from
those shown or suggested herein, may be made within the
scope of this invention.

What is claimed is:

1. A process of producing a gamma- and/or delta-tocot-
rienol-rich fraction from a tocol-rich oil, said process com-
prising the steps of:

distilling said tocol-rich oil to produce a tocol concen-

trate; and

purifying said tocol concentrate using flash chromatog-

raphy with a binary mobile phase gradient comprising
hexane-acetic acid (99.1:0.9 v/v) and ethyl acetate-
acetic acid (99.1:0.9 v/v) for between about 50 minutes
and about 55 minutes to produce said gamma- and/or
delta-tocotrienol-rich fraction.

2. The process of claim 1 wherein said gamma- and/or
delta-tocotrienol-rich fraction is a d-y-tocotrienol-rich frac-
tion, a d-tocotrienol-rich fraction or mixture thereof.
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3. The process of claim 2 wherein said d-y-tocotrienol-
rich fraction and/or a d-tocotrienol-rich fraction is substan-
tially free from a-tocols.

4. The process of claim 1 wherein said gamma- and/or
delta-tocotrienol-rich fraction comprises about 95% total
tocols.

5. The process of claim 4 wherein said gamma-tocotrie-
nol-rich fraction has a yield of approximately 10% and a
purity in excess of approximately 95%.

6. The process of claim 4 wherein said delta-tocotrienol-
rich fraction has a yield of approximately 3% and a purity in
excess of approximately 95%.

7. The process of claim 1 wherein said tocol concentrate
contains between about 20% and 50% total tocols.

8. The process of claim 1 wherein said tocol-rich oil is rice
bran oil or palm oil.

9. A process of producing a d-y-tocotrienol and/or d-to-
cotrienol extract from a tocol-rich concentrate, said process
comprising the steps of:
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producing said d-y-tocotrienol and/or d-tocotrienol
extract from said tocol-rich concentrate using flash
chromatography with a binary mobile phase gradient
comprising 0.8% ethyl acetate-acetic acid (99.1:0.9
v/v) to hexane-acetic acid (99.1:0.9 v/v) for about 50
minutes and 100% ethyl acetate-acetic acid (99.1:0.9
v/v) for about 5 minutes.

10. The process of claim 9 wherein said d-y-tocotrienol
extract is substantially free from a-tocols.

11. The process of claim 9 wherein said d-tocotrienol
extract is substantially free from a-tocols.

12. The process of claim 9 wherein said d-y-tocotrienol
and/or O-tocotrienol extract comprises about 95% total
tocols.

13. The process of claim 12 wherein said d-y-tocotrienol
extract has a yield of approximately 10% and purity in
excess of approximately 95%.

14. The process of claim 12 wherein said d-tocotrienol
extract has a yield of approximately 3% and purity in excess
of approximately 95%.

15. The process of claim 9 wherein said tocol-rich con-
centrate contains between about 20% and 50% total tocols.

16. The process of claim 15 wherein said tocol-rich
concentrate is obtained by distillation of a rice bran oil or
palm oil.
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17. A process, comprising the steps of:

using flash chromatography with a binary mobile phase
gradient comprising 0.8% ethyl acetate-acetic acid
(99.1:0.9 v/v) to hexane-acetic acid (99.1:0.9 v/v) for
about 50 minutes and 100% ethyl acetate-acetic acid
(99.1:0.9 v/v) for about 5 minutes to produce a gamma-
and/or delta-tocotrienol-rich fraction from a tocol-rich
oil.

18. The process of claim 17 wherein said gamma- and/or
delta-tocotrienol-rich fraction is a d-y-tocotrienol-rich frac-
tion, a d-tocotrienol-rich fraction or mixture thereof.

19. The process of claim 18 wherein said d-y-tocotrienol-
rich fraction and/or a d-tocotrienol-rich fraction is substan-
tially free from a-tocols.

20. The process of claim 17 wherein said gamma- and/or
delta-tocotrienol-rich fraction comprises about 95% total
tocols.

21. The process of claim 20 wherein said gamma-tocot-
rienol-rich fraction has a yield of approximately 10% and a
purity in excess of approximately 95%.

22. The process of claim 20 wherein said delta-tocotrie-
nol-rich fraction has a yield of approximately 3% and a
purity in excess of approximately 95%.

23. The process of claim 17 wherein said tocol-rich oil is
rice bran oil or palm oil.

#* #* #* #* #*
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