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REBAUDIOSIDE A COMPOSITION AND
METHOD FOR PURIFYING REBAUDIOSIDE A

FIELD OF INVENTION

This invention relates generally to polymorphic and amorphous forms of
rebaudioside A, methods for purifying rebaudioside A, and methods for preparing
polymorphic and amorphous forms of rebaudioside A. More particularly, this
invention relates to polymorphic and amorphous forms of rebaudioside A and methods
for the purification or crystallization of rebaudioside A with aqueous organic solvents

or organic solvents to obtain a product in high yield and high purity.
BACKGROUND OF INVENTION

Rebaudioside A is a high-potency diterpenoid glycoside sweetener having the

chemical structure:

[0)33

Rebaudioside A is isolated and extracted, along with other steviol glycosides, from the
Stevia rebaudiana (Bertoni) plant (“Stevia”™), which is commercially cultivated in
Japan, Singapore, Taiwan, Malaysia, South Korea, China, Israel, India, Brazil,

Australia, and Paraguay. It is an alternative non-caloric sweetener with functional and



WO 2007/149672 PCT/US2007/069548

10

I5

20

25

30

sensory properties superior to those of many high-potency sweeteners. Processed
forms of Stevia can be 70 to 400 times more potent than sugar; however, Stevia also has
a bitter component. Of the four major diterpenoid glycoside sweeteners present in
Stevia, rebaudioside A has been identified as the least bitter, and with the least

persistent aftertaste. Bitterness often is significantly due to the impurities in extracts.

Rebaudioside A is generally available at < 80 % pure. The primary impurities
comprise stevioside, steviolbioside, rebaudioside B, rebaudioside C, rebaudioside D,
dulcoside A, rebaudioside F, and other steviol glycosides. 1t is very difficult to obtain a
high purity of rebaudioside A in high recovery because the rebaudioside A and the

impurities have similar solubilities.

Previously reported efforts to purify rebaudioside A from mixtures of
rebaudioside A and stevioside require numerous repeated purification steps. U.S.
Patent No. 5,962,678 discloses the re-crystallization of rebaudioside A using an
anhydrous methanol solution to obtain an 80 % pure rebaudioside A. By repeating the
re-crystallization with anhydrous methanol numerous times, the purity of rebaudioside
A may be increased to over 95 %. U.S. Patent Publication No. 2006/0083838 discloses
purification of rebaudioside A through re-crystallization with a solvent comprising
cthanol and between 4 and 15 % water. Japanese Patent Application No. 55-23756
discloses a method for purifying rebaudioside A and stevioside by crystallization from
aqueous ¢thanol (> 70 %) to obtain an 80 % pure rebaudioside A. U.S. Patent
Publication No. 2007/0082103 discloses a method for purifying rebaudioside A by
recrystallization from aqueous ethanol, asserting a two-step recrystallization from crude
rebaudioside (60 %) results in the formation of > 98 % pure rebaudioside at 97 % yield.
These prior art methods, however, do not provide a substantially pure rebaudioside A

composition using only a single recrystallization step.

Accordingly, there exists a need for a simple, efficient, and economical method

for producing substantially pure rebaudioside A.
SUMMARY OF INVENTION

Exemplary embodiments of the invention address the above-identified need by

providing a substantially pure rebaudioside A, polymorphic and amorphous forms of
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rebaudioside A, methods for purifying rebaudioside A, and methods for making

polymorphic and amorphous forms of rebaudioside A.

In a particular embodiment, the method for purifying rebaudioside A comprises
a simple crystallization. In one embodiment, a method for purifying rebaudioside A
comprises combining crude rebaudioside A and an aqueous organic solvent to form a
rebaudioside A solution, the aqueous organic solution comprising water in an amount
from about 10 % to about 25 % by weight, and crystallizing from the crude
rebaudioside A solution, in a single step, a substantially pure rebaudioside A in a purity

greater than about 95% by weight on a dry basis.

In other particular embodiments, different polymeorphic and amorphous forms of
rebaudioside A and methods for preparing different polymorphic and amorphous forms

of rebaudioside A are provided.

Other objects, features, and advantages of the invention will be apparent from
the following detailed description, drawings, and claims. Unless otherwise defined, all
technical and scientific terms and abbreviations used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention
pertains. Although methods and compositions similar or equivalent to those described
herein can be used in the practice of the present invention, suitable methods and
compositions are described without intending that any such methods and compositions

limit the invention herein.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustrating a method for purifying rebaudioside A in

accordance with an embodiment of this invention.

Fig. 2 is a schematic of the formation and conversion of rebaudioside A
polymorphic and amorphous forms of rebaudioside A in accordance with an

embodiment of this invention.

Fig. 3 is a powder x-ray diffraction scan comparing four rebaudioside A
polymorphs, Forms 1, 2, 3A and 3B, on a plot of the scattering intensity versus the

scattering angle 20 in accordance with an embodiment of this invention.
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Fig. 4 is a powder x-ray diffraction scan comparing rebaudioside A polymorphs,
Form 1 and Form 2, on a plot of the scattering intensity versus the scattering angle 20

in accordance with an embodiment of this invention.

Fig. 5 is a powder x-ray diffraction scan comparing rebaudioside A polymorphs,
Form 3A and Form 3B, on a plot of the scattering intensity versus the scattering angle

20 in accordance with an embodiment of this invention.

Fig. 6 is a powder x-ray diffraction scan comparing rebaudioside A polymorphs,
Forms 2, 3A and 3B, on a plot of the scattering intensity versus the scattering angle 20

in accordance with an embodiment of this invention.

Fig. 7 is a powder x-ray diffraction scan of rebaudioside A polymorph Form 1
on a plot of the scattering intensity versus the scattering angle 20 in accordance with an

embodiment of this invention,

Fig. 8 is a powder x-ray diffraction scan of rebaudioside A polymorph Form 2
on a plot of the scattering intensity versus the scattering angle 26 in accordance with an

embodiment of this invention,

Fig. 9 is a powder x-ray diffraction scan of rebaudioside A polymorph Form 3A
on a plot of the scattering intensity versus the scattering angle 26 in accordance with an

embodiment of this invention.

Fig. 10 is a powder x-ray diffraction scan of rebaudioside A polymorph Form
3B on a plot of the scattering intensity versus the scattering angle 28 in accordance with

an embodiment of this invention,.

Fig. 11 is a powder x-ray diffraction scan of rebaudioside A amorphous Form 4
on a plot of the scattering intensity versus the scattering angle 20 in accordance with an

embodiment of this invention.
DETAILED DESCRIPTICON OF INVENTION

Rebaudioside A is a natural high-potency sweetener that generally is available
at moderate cost at < 80% purity and at > 80 % purity only at high cost. Commercial
samples of rebaudioside A often have a bitter taste that is believed to be due to

impurities. Accordingly, there exists a need for a substantially pure rebaudioside A and
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a simple and economic method for purifying rebaudioside A in order to obtain a

substantially pure rebaudioside A suitable for use as a natural high-potency sweetener.

As used herein, the term "substantially” or "substantially pure” refers to a
rebaudioside A composition that includes at least about 85 % by dry weight of the
rebaudioside A, in another embodiment at least about 90 % by dry weight, in another
embodiment from about 95 % to about 98 % by dry weight, and in yet another
embodiment from about 99 % to about 100 % by dry weight.

Exemplary embodiments of this invention satisfy these needs by providing a
method for purifving crude rebaudioside A to substantially pure rebaudioside A by
crystallizing a crude rebaudioside A from an aqueous organic solution comprising
water in an amount from about 10 % to about 25 % by weight and crystallizing in at
least one step a substantially pure rebaudioside A. Other exemplary embodiments of
this invention encompass a composition of a substantially pure rebaudioside A and
compositions comprising one, or more than one, polymorph(s) of rebaudioside A. Still
other exemplary embodiments of this invention encompass an amorphous form of
rebaudioside A and methods of preparing amorphous forms of rebaudioside A. In yet
another embodiment, a method for converting one form of polymorph into another
form of polymorph or amorphous form is provided. Exemplary embodiments of this

invention are described in detail below and illustrated in Figures 1-11.

Method of Purifving Crude Rebaudioside A Mixture

Crude rebaudioside A products are commercially available comprising
rebaudioside A in purities from about 40 % to about 95 % by weight, about 60 % to
about 85 % by weight, or about 70 % to about 85 % by weight. It is envisioned that
crude rebaudioside A in its raw form as extracted from Stevia plants, may be purified
by recrystallization. The primary impurities, identified by HPLC, are stevioside,
rebaudioside B, rebaudioside C, and rebaudioside D. Rebaudioside D impurities can be
removed by increasing the amount of water in an aqueous organic recrystallization
solvent; however, excessive water content in the crystallization solvent will result in a
lower recovery of rebaudioside A. Rebaudioside B impurity can be reduced
significantly by shurrying the crude rebaudioside A in an organic solvent or an agueous

organic solution or through treatment of the crude rebaudioside A solution with an
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anion exchange resin. Accordingly, the method of purification depends on the

impurities present in the crude rebaudioside A starting material.

In an exemplary embodiment of a method for purifying rebaudioside A 110,
illustrated in Figure I, crude rebaudioside A 112 may be combined 114 with an
aqueous organic solution 116 to form a rebaudioside A solution 118. The aqueous
organic solution 116 comprises water in an amount from about 10 % to about 25 % by
weight and at least one organic solvent. Alternatively, the aqueous organic solution
116 may comprise water in an amount from about 15 % to about 20 % by weight and at

least one organic solvent.

Aqueous organic solvents, as used herein, refer to mixtures of water and at least
one organic solvent. Non-limiting examples of organic solvents include alcohol,
acetone, and acetonitrile. Alcohol, as used herein, refers to any straight, branched, or
cyclic; substituted or unsubstituted alkyl, alkenyl, or alkynyl group attached to at least
one hydroxyl moiety. Non-limiting examples of alcohols include ethanol, methanol,

isopropanol, 1-propanol, 1-butanol, 2-butanol, tert-butanol, and isobutanol.

In an exemplary embodiment, the aqueous organic solution 116 comprises a
mixture of water and at least one organic solvent. In another exemplary embodiment,
at least one organic solvent comprises an alcohol, the alcohol comprising ethanol,
methanol, or mixtures thereof. In exemplary embodiments wherein the at least one
organic solvent comprises a mixture of ethanol and methanol, the ethanol and methanol
may be combined in the aqueous organic solvent in a weight ratio ranging from about
20 parts to about 1 part ethanol to about 1 part methanol. In another exemplary
embodiment, the ethanol and methanol may be combined in the aqueous organic
solvent in a weight ratio ranging from about 3 parts to about 1 part ethanol to about }

part methanol.

In an exemplary embodiment, the rebaudioside A solution 118 comprises the
aqueous organic solvent 116 and the crude rebaudioside A 112 in a weight ratio ranging
from about 10 to about 4 parts aqueous organic solvent to about 1 part crude
rebaudioside A. In another exemplary embodiment, the rebaudioside A solution 118

comprises the aqueous organic solution 116 and the crude rebaudioside A 112 in a
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weight ratio ranging from about 5 to about 3 parts aqueous organic solvent to about 1

part crude rebaudioside A.

In an exemplary embodiment, the method 110 may be carried out at
approximately room temperature. In another embodiment, the method 110 further
comprises the step of heating 120 the rebaudioside A solution 118. In an embodiment,
the step of heating 120 the rebaudioside A solution 118 comprises heating the
rebaudioside A solution to a temperature in a range from about 20°C to about 70°C,
from about 20°C to about 60°C, from about 20°C to about 46°C, or from about 40°C to
about 60°C. In another embodiment, the step of heating 120 the rebaudioside A
solution 118 comprises heating the rebaudioside A solution to about reflux temperature.
The step of heating 120 the rebaudioside A solution 118 comprises heating the
rebaudioside A solution for about 0.25 hours to about 8 hours. In another exemplary
embodiment, wherein the method for purifying rebaudioside A 110 comprises the step
of heating 120 the rebaudioside A solution 118, the method further comprises the step
of cooling 122 the rebaudioside A solution. In an embodiment, the step of cooling 122
the rebaudioside A solution 118 comprises cooling the rebaudioside A solution to a
temperature in the range from about 4°C to about 25°C. The step of cooling 122 the
rebaudioside A solution 118 comprises cooling the rebaudioside A solution for about

0.5 hours to about 24 hours.

The method for purifying rebaudioside A 110 further comprises the step of
crystallizing 124 from the rebaudioside A sclution 118 in a single step a substantially
pure rebaudioside A composition 126 comprising rebaudioside A in an amount greater
than about 85 % by weight on a dry basis, greater than about 90 % by weight on a dry
basis, greater than about 95 % by weight on a dry basis, greater than about 97 % by
weight on a dry basis, greater than about 98 % by weight on a dry basis, or greater than
about 99 % by weight on a dry basis. The rebaudioside A solution 118 during the

single crystallization step may be stirred or unstirred.

[n an exemplary embodiment, the method 110 may further comprise the
optional step of seeding 128 the rebaudioside A solution 118 at an appropriate
temperature with substantially pure crystals of rebaudioside A 130 sufficient to
promote crystallization of the rebaudioside A to form pure rebaudioside A. An amount

of rebaudioside A 130 sufficient to promote crystallization of substantially pure
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rebaudioside A 126 comprises an amount of rebaudioside A from about 0.0001 % to
about 1 % by weight of the rebaudioside A present in the solution. In another
embodiment, an amount of rebaudioside A 130 sufficient to promote crystallization of
the rebaudioside A to form a composition of a substantially pure rebaudioside A 126
comprises an amount of rebaudioside A from about 0.01 % to about 1 % by weight. An
appropriate temperature for the step of seeding 128 comprises a temperature in a range
from about 18°C to about 35°C.

In another exemplary embodiment, the method further comprises the steps of
separating 132 and washing 134 the substantially pure rebaudioside A composition 126.
The substantially pure rebaudioside A composition 126 may be separated from the
aqueous organic solution 118 by a variety of solid-liquid separation techniques that
utilize centrifugal force, that include, without limitation, vertical and horizontal
perforated basket centrifuge, solid bowl centrifuge, decanter centrifuge, peeler type
centrifuge, pusher type centrifuge, Heinkel type centrifuge, disc stack centrifuge and
cyclone separation. Additionally, separation may be enhanced by any pressure,
vacuum, or gravity filtration methods, that include without limitation, the use of belt,
drum, nutsche type, leaf, plate, Rosenmund type, sparkler type, and bag filters and filter
press. Operation of the rebaudioside A solid-liquid separation device may be
continuous, semi-continuous or in batch mode. The substantially pure rebaudioside A
composition 126 also may be washed 134 on the separation device using various
aqueous organic solvents 136 and mixtures thereof. The substantially pure
rebaudioside A composition 126 can be partially or totally dried on the separation
device using any number of gases, including, without limitation, nitrogen or argon, to
gvaporate residual liquid solvent 136. The substantially pure rebaudioside A
composition 126 may be automatically or manually removed from the separation
device using liquids, gases or mechanical means by either dissolving the solid or

maintaining the solid form.

In still another exemplary embodiment, the method 110 further comprises the
step of drying 138 the substantially pure rebaudioside A composition 126. Such
methods are known to those skilled in the art and include, but are not limited to, the use
of a rotary vacuum dryer, fluid bed dryer, rotary tunnel dryer, plate dryer, tray dryer,
Nauta type dryer, spray dryer, flash dryer, micron dryer, pan dryer, high and low speed
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paddie dryer and microwave dryer. In an exemplary embodiment, the step of drying
138 comprises drying the substantially pure rebaudioside A composition 126 using a
nitrogen or argon purge to remove the residual solvent 120 at a temperature in a range

from about 40°C to about 60°C for about 5 hours to about 100 hours.

In yet another exemplary embodiment, wherein the crude rebaudioside A
mixture 112 comprises substantially no rebaudioside D impurity, the method 110
further comprises the step of slurrying 140 the composition of substantially pure
rebaudioside A 126 with an organic solvent or an aqueous organic solvent 142 prior to
the step of drying 138 the substantially pure rebaudioside A composition. The slurry
may be a mixture comprising a solid and an aqueous organic solvent or organic solvent,
wherein the solid comprises the substantially pure rebaudioside A composition 126 and
is only sparingly soluble in the aqueous organic solvent or organic solvent 142. In an
embodiment, the substantially pure rebaudioside A composition 126 and aqueous
organic solvent or organic solvent 142 may be present in the slurry in a weight ratio
ranging from about 15 parts to about | part agqueous organic solvent to about 1 part
substantially pure rebaudioside A composition. In one embodiment, the slurry may be
maintained at rcom temperature. In another embodiment, the step of slurrying 140
comprises heating the slurry to a temperature in a range from about 20°C to about 40°C.
The substantially pure rebaudioside A composition 126 may be slurried for about 0.5

hours to about 24 hours,

In still yet another exemplary embodiment, the method further comprises the
steps of separating 132 the substantially pure rebaudioside A composition 126 from the
aqueous organic solvent 142 of the slurry and washing 134 the substantially pure
rebaudioside A composition followed by the step of drying 138 the substantially pure

rebaudioside A composition.

If further purification is desired, the method of purifying rebaudioside A 110
described herein may be repeated or the substantially pure rebaudioside A composition
may be further purified using an alternative purification method, such as the column

chromatography.

Purity, as used herein, represents the weight percentage of rebaudioside A

present in a rebaudioside A composition in raw or purified form. In one embodiment, a
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rebaudioside A composition comprises rebaudioside A in a particular purity, with the
remainder of the composition comprising a mixture of other steviol glycosides or any
component that is not rebaudioside A. The purity of the composition may be measured
using methods known to those of ordinary skill in the art. One such method includes
high performance liquid chromatography (HPLC). Those of ordinary skill in the art
also should appreciate that the moisture in the sample may affect the accuracy of purity
measurements.  Accordingly, the composition should be substantially dry when
measured for purity. As used herein, a substantially dry composition comprises up to

about 10 % by weight of moisture.

Rebaudioside A Polymorphic and Amorphous Forms

The purification of rebaudioside A using the method described hereinabove
results in the formation of at least three different polymorphs of rebaudioside A: Form
1: a rebaudioside A hydrate; Form 2: an anhydrous rebaudioside A, and Form 3: a
rebaudioside A solvate. Those of ordinary skill in the art will appreciate that both the
aqueous organic solution and the temperatures of the purification process described
herein may influence the resulting polymorphs of a substantially pure rebaudioside A

composition.

Polymorphism is defined as the ability of a substance to exist as two or more
crystalline states that have different arrangements and/or conformations of the
molecules in the crystal lattice. Approximately 30 % of organic compounds are
believed to exhibit polymorphism (Zell, et al., Tetrahedron 56(36)6603-16 (2000)).
Polymorphism is important in the formulation of pharmaceuticals, pigments and dyes,
sweeteners, explosives, and agrochemicals. Polymorphism may cause physical

properties such as densify, melting point, and rate of dissolution to change.

The polymorphs of rebaudioside A were identified by analysis of samples with
powder x-ray diffraction (XRPD), a technique well known to those skilled in the art.
Figs. 3-11 are XRPD scans of substantially pure rebaudioside A compositions obtained
from the purification process described herein. The XRPD scans of rebaudioside A
polymorphs were created by plotting the scattering intensity versus the scattering angle
26. Samples were analyzed by XRPD using a Shimadzu XRD-6000 X-ray powder

diffractometer using Cu Ko radiation. The instrument was equipped with a long fine
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focus X-ray tube. The tube voltage and amperage were set to 40 kV and 40 mA,
respectively. The divergence and scattering slits were set at 1°, and the receiving slit
was set at 0.15 mm. Diffracted radiation was detected by a Nal scintillation detector.
A 6-20 continuous scan at 3°/min (0.4 sec/0.02° step) from 2.5 to 40° 20 was used. A
silicon standard was analyzed to check the instrument alignment. Data were collected
and analyzed using XRD-60000 v. 4.1. The patterns exhibit resolution of reflections,

indicating that the samples are comprised of crystalline material.

Fig. 3 shows representative patterns for Form 1, Form 2, and Forms 3A
(methanol solvate) and 3B (ethanol solvate). The pattern for Form 2 (top pattern) is
distinctively different from the other patterns. It should be noted that multiple

polymorphs can exist within each classification of Forms 1, 2, and 3.

Fig. 4 highlights the differences between Forms 1 and 2. Additionally, the two
patterns of Form 2 are shown to illustrate the reproducibility in generation of the

different polymorphs under varying recrystallization conditions of the polymorphs.

Fig. 5 shows a significant similarity between the XRPD patterns of Forms 3A
and 3B. Not wishing to be bound by any theory, it is possible that these polymorphs
are isostructural solvates, wherein the only differences between the patierns are the
shifting of certain peaks due to the variation of the solvent identity. This isostructural
refationship between Forms 3A and 3B could be verified by indexing the patterns if
necessary. The asterisks identify the peaks that are shifted to the right by about 0.2
degrees 20 in the pattern for Form 3A. In addition, several peaks in Form 3B are more
intense than the corresponding peaks in Form 3A. For example, the peaks at 5.5, 11.0,

14.2, and 19.4 degrees are more intense for Form 3B than for Form 3A.

Fig. 6 compares Form 2 to Forms 3A and 3B from Fig. 5. Form 2 is more
similar to Form 3A than to that of Form 3B. Although the peaks identified in Fig. 5 as
being more intense in Form 3B than in Form 3A are not observed in the pattern of
Form 2, there are at least three peaks (marked with a double-asterisks underneath the
patterns) that show the reverse trend (i.e., the peaks are present in Form 2, small in
Form 3A, and larger in Form 3B). Finally, a large peak in Form 3B at 17.6 degrees
appears to be shifted slightly to the right in Form 3A (17.9 degrees) and shifted further
to the right in Form 2 (18.0 degrees). Two other sets of peaks between 21 and 23
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degrees show this shifting as well. Not wishing to be bound by any theory, the shifting
of the peaks may be an indication that Form 3A is partially desolvated, thus containing

a mixture of both the solvate and Form 2 crystals.

Figs. 7-10 are XRPD scans of the individual polymorphs Form 1, Form 2, Form
3A, and Form 3B, respectively, from a substantially pure rebaudioside A composition

obtained from the purification process described hereinabove.

As illustrated in Fig. 2, the type of polymorph formed may be dependent on the
factors such as the composition of the aqueous organic solution, the temperature of the
crystallization step, and the temperature during the drying step. Not wishing to be
bound by any theory, Form 1 and Form 3 are believed to be formed during the single
crystallization step while Form 2 is believed to be formed during the drying step after

conversion from Form 1 and Form 3.

Low temperatures during the crystallization step, in the range of about 20°C to
about 50°C, and a low ratio of water to the organic solvent in the aqueous organic
solvent results in the formation of Form 3. High temperatures during the crystallization
step, in the range of about 50°C to about 80°C, and a high ratio of water to the organic
solvent in the aqueous organic solvent results in the formation of the Form 1. Form 1
can be converted to Form 3 by slurrying in an anhydrous solvent at about room
temperature for about 2 to about 16 hours or by slurrying in an anhydrous solvent at
about reflux temperature for about 0.5 to about 3 hours. Form 3 can be converted to
Form 1 by slurrying the polymorph in water at about room temperature for
approximately 16 hours or at about reflux temperature for about 2 to about 3 hours.
Form 3 can be converted to the Form 2 during the drying process; however, increasing
either the drying temperature above about 70°C or the drying time of a substantially
pure rebaudioside A composition can result in decomposition of the rebaudioside A and
increase the remaining rebaudioside B impurity in the substantially pure rebaudioside A

composition. Form 2 can be converted to Form 1 with the addition of water.

In addition to the at least three polymorphic forms of rebaudioside A, the
purification of rebaudioside A may result in the formation of an amorphous form of
rebaudioside A, Form 4, as shown in Fig. 11. Form 4 has a broad amorphous halo that

identifies the composition as being amorphous.
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Amorphous, as used herein, describes a non-crystalline solid material. The
amorphous form of rebaudioside A (Form 4} has an improved rate of dissolution as
compared to the polymorphic forms of rebaudioside A (Forms 1, 2, or 3). Those of
ordinary skill in the art should appreciate that the rate of dissolution of a sweetener
composition may be important in the formulation of solid and liquid sweetenable
compositions, non-limiting examples of which include chewing gum, baked goods, and

beverages.

As described hereinabove, Form 4 may be obtained during the initial
purification of rebaudioside A or directly from any individual polymorph or
combination of polymorphs using methods well known to those of ordinary skill in the
art. In addition, Form 4 may be obtained from a crude rebaudioside A composition or a
substantially pure rebaudioside A composition obtained through purification means
other than those described hereinabove. Non-limiting examples of methods for
preparing amorphous forms of rebaudioside A include ball milling, precipitation,

Iyophilization, cryogrinding, and spray-drying of a rebaudioside A composition.

In a particular embodiment, the purification of rebaudioside A described
hereinabove results in a composition comprising the amorphous rebaudioside A of
Form 4. Those of ordinary skill in the art should appreciate that the parameters of the

crystallization procedure may be modified to enhance the formation of Form 4.

In another particular embodiment, Form 4 can be prepared from a rebaudioside
A composition by spray-drying a solution of the rebaudioside A composition. Briefly
described, spray-drying generally requires the feed of a solution of rebandioside A
through a feed pump into a nozzle atomizer which atomizes the solution into a spray of
droplets with the help of a constant flow of nitrogen/air. The moisture is evaporated
from the droplets under controlled temperature conditions and airflow conditions in the
drying chamber, resulting in the formation of dry particles of amorphous rebaudioside
A. The purity of the amorphous rebaudioside A will depend upon the purity of the

solution of rebaudioside A .

In another particular embodiment, Form 4 can be prepared from a rebaudioside
A composition by milling non-amorphous forms of rebaudioside A. Milling is a

mechanical process that is believed to produce localized areas of energy that convert



WO 2007/149672 PCT/US2007/069548

10

15

20

25

14

crystalline forms of rebaudioside A to the amorphous form. Exemplary milling
techniques include ball milling or air jet milling, both techniques well known fo those
of ordinary skill in the art. Briefly described, non-amorphous forms of rebaudioside A
are milled for a period of time and at a speed effective to form an amorphous
rebaudioside A. These parameters may be determined by those of ordinary skill in the
art. Typical milling time periods may range from about 15 minutes to about 2 hours,

although other time periods also may be employed.

The material properties of the three rebaudioside A polymorphs and the

rebaudioside A amorphous form are summarized in the following table:

Table 1: Rebaudioside A Polymorph and Amorphous Forms

Form 1 Form 2 Form 3 Form 4
Polymorph Polymorph Polymorph | Amorphous
Rate of Very low (<0.2 | Intermediate High > 30 High (> 35
dissolution in % in 60 (<30%in 35 %in 5 %in 5
H20 at 25°C minutes) minutes) minutes) minutes)
Alcohol content | <05 % <1% 1-3 % <0.05 %
Moisture content | > 5% <1% <3 % <6%

The above-described material properties are only illustrative of particular embodiments
of the polymorphic and amorphous forms of rebaudioside A. Those of ordinary skill in
the art should appreciate that the anhydrous rebaudioside A polymorph (Form 2),
rebaudioside A solvate polymorph, and amorphous rebaudioside A are hygroscopic and

may absorb moisture to an amount up to about 10 % by weight on a dry basis.

Those of ordinary skill in the art should appreciate that the rebaudioside A
composition may be modified to obtain a desired mixture of rebaudioside A
polymorphic and amorphous forms depending on the desired qualities of the
rebaudioside A composition (i.e., rate of dissolution, etc.). In one embodiment, a
substantially pure rebaudioside A composition may comprise a particular polymorphic
or amorphous form of rebaudioside A in an amount in the range of about 1 % to about
100 % by weight. For example, a substantially pure rebaudioside A composition may
comprise a polymorphic or amorphous form of rebaudioside A in an amount greater
than about 25 % by weight, more particularly in an amount greater than about 50 % by
weight, still more particularly in an amount greater than about 75 % by weight, or still
even more particularly in an amount greater than about 85 % by weight, Suitable

amounts of rebaudioside A polymorphic or amorphous forms also may be used within
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these ranges. In another embodiment, a substantially pure rebaudioside A composition
may comprise a combination of particular polymorphic and/or amorphous form of

rebaudioside A.

The present invention is further illustrated by the following examples, which are
not to be construed in any way as imposing limitations upon the scope thereof. On the
contrary, it is to be clearly understood that resort may be had to various other
embodiments, modifications, and equivalents thereof which, after reading the
description therein, may suggest themselves to those skilled in the art without departing
from the spirit of the present invention and/or the scope of the appended claims. Unless

otherwise specified, percentages (%6s) are by weight.
EXAMPLES

The purity of the rebaudioside A compositions described in the examples
hereinbelow was determined using HPLC. Methods of performing HPLC analysis are
well known to those of ordinary skill in the art. Briefly described, the HPLC analysis
was performed using a ZORBAX NH; column (150 x 4.6 mm, 5 um) at a temperature
of 30°C. The mobile phase comprised a solution of 20 % buffer (0.0125 % acetic acid
and 0.0125 % ammonium acetate) and 80 % acetonitrile at a flow rate of 1.5 mL/min.
12 uL of each sample was injected in duplicate and the sample was analyzed using a
UV detector at 210 nm (4 nm bandwidth) with a reference of 260 nm (100 nm
bandwidth). The HPLC analysis required a run time ranging from 40 to 60 min.

A buffer solution of 0.0125 % acetic acid and 0.0125 % ammonium acetate was
prepared by dissolving 0.125 g ammonium acetate and 125 pL glacial acetic acid in one
liter of water. The retention time of rebaudioside B was adjusted by varying the ratio
of ammonium acetate to acetic acid while maintaining a total of 0.025 % of both
combined. Increasing the amount of acetic acid decreased the retention time of

rebaudioside B.

The mobile phase was prepared by mixing the buffer solution with acetonitrile
to achieve a rebaudioside A retention time of 7.0 + 0.5 min. Initially, this was
approximately 20 % buffer (200 mL of buffer and 800 mL of acetonitrile). Increasing
the amount of acetonitrile by 1 to 2 % increased the retention time of rebaudioside A by

about one minute.
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A diluent solution was prepared by mixing 750 mL of acetonitrile and 250 mL
of the buffer solution. Rebaudioside A standards were prepared by diluting 20.0 + 0.5
mg (recorded to the nearest 0.1 mg) of the rebaudioside A standard with 4 mL of the
diluent solution to make a standard solution of approximately 5000 mg/L. The
rebaudioside A standard solution was injected at 10.8, 11.4, 12.6 and 13.2 pL.. The
moisture content was measured by Karl Fischer analysis every time a standard was
prepared and corrections were made based on the solvent purity according to the
certificate of analysis. Alternatively, rebaudioside A standards were prepared by
diluting individual samples of 18, 19, 21 and 22 (each + 0.2) mg of rebaudioside A
standard with 4 mL of the diluent solution (correcting for moisture and purity). The

individually prepared samples were injected at the same level as the samples (12 pL}.

Stevioside standards were prepared by diluting 12.5 + 0.5 mg (recorded to the
nearest 0.1 mg) of the stevioside standard with 5 mL of the diluent solution to make a
standard solution of approximately 2500 mg/L standard (stock A) (correcting for
moisture and parity). The stevioside standard was then diluted using one mL of stock
A to ten mL of diluent to produce a 250 mg/L standard (stock B), and stock standards

were diluted to final concentrations ranging from 2.5 to 50 mg/L.

Samples of the rebaudioside A compositions were prepared by diluting 125 £2
mg (recorded to the nearest 0.1 mg) of the rebaudioside A composition with 25 mL of
the diluent solution to make a sample solution of approximately 5000 mg/L. (correcting
for moisture). If the samples were not analyzed immediately, they were stored without

headspace, under nitrogen, and desiccated.

The following table provides a guideline for retention times (RT) for
rebaudioside A and other steviol glycosides. However, those of ordinary skill in the art

should appreciate that the retention times may be modified as needed.
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Table 2: HPLC Retention Guidelines
Compound RT (min)
Stevioside 453
Rebaudioside C 5.21
Rebaudioside F 5.62
Rebaudioside A 7.07
Rebaudioside D 15.79
Steviolbioside 18.35
Rebaudioside B 35.83
EXAMPLE SET A
Table 3: Summary of Examples A1-3
Crude Solvent Heating | Drving | Yield HPLC
Rebaudioside A Ethanol Methanol | Water | T (() T(CC) () Purity
{z) (95 %)} mL) | (99 %) (mL) | (mL) {wtiwt %)
Al 400 1200 4040 320 50 50 130 98.9
A2 100 320 120 50 30-40 50 72 98 3
A3 50 160 60 25 ~ 30 6 273 98.2
EXAMPLE Al

Crude rebaudioside A (77.4 % purity) mixture was obtained from a commercial
source. The impurities (6.2 % stevioside, 5.6 % rebaudioside C, 0.6 % rebaudioside F,
1.0 % other steviol glycosides, 3.0 % rebaudioside D, 4.9 % rebaudioside B, 0.3 %
steviolbioside) were identified and quantified using HPLC on a dry basis (moisture

content 4.7 %).

Crude rebaudioside A (400 g), ethanol (95 %, 1200 mL), methanol (99 %, 400
ml.) and water (320 mL) were combined and heated to 50°C for 10 minutes. The clear
solution was cooled to 22°C for 16 hours. The white crystals were filtered and washed
twice with ethanol (2 x 200 mL, 95%) and dried in a vacuum oven at 50°C for 16-24

hours under reduced pressure (20 mm).

The final composition of substantially pure rebaudioside A (130 g) comprised
98.91 % rebaudioside A, 0.06 % stevioside, 0.03 % rebaudioside C, 0.12 %
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rebaudioside F, 0.13 % other steviol glycosides, 0.1 % rebaudioside D, 0.49 %
rebaudioside B and 0.03 % steviolbioside, all by weight.

EXAMPLE A2

Crude rebaudioside A (80.37 %) was obtained from a commercial source. The
impurities (6.22 % stevioside, 2.28 % rebaudioside C, 0.35 % dulcoside A, 0.78 %
rebaudioside F, 0.72 % other steviol glycosides, 3.33 % rebaudioside B, 0.07 %
steviolbioside) were identified and quantified by HPLC on a dry basis {moisture
content 3.4 %).

Crude rebaudioside A (100 g), ethanol {(95%, 320 mL), methanol (99%, 120
mL) and water (50 mL) were combined and heated to 30-40°C for 10 minutes. The
clear solution was cooled to 22°C for 16 hours. The white crystals were filtered and
washed twice with ethanol (2 x 50 mL, 95 %). The wet filter cake (88 g) was slurried
in ethanol (95 %, 1320 mL) for 16 hours, filtered, washed with ethanol (95 %, 2 x 100
mL) and dried in a vacuum oven at 60°C for 16-24 hours under reduced pressure (20

mm).

The final composition of substantially pure rebaudioside A (72 g) comprised
98.29 % rebaudioside A, 0.03 % stevioside, 0.02 % rebaudioside C, 0.17 %
rebaudioside F, .06 % rebaudioside D and 1.09 % rebaudioside B. Steviolbioside was
not detected by HPLC.

EXAMPLE A3

Crude rebaudioside A (80.37 %) was obtained from a commercial source. The
impurities (6.22 % stevioside, 2.28 % rebaudioside C, 0.35% dulcoside A, 0.78 %
rebaudioside F, 0.72 % other steviol glycosides, 3.33 % rebaudioside B, 0.07 %
steviolbioside) were identified and quantified by HPLC on a dry basis (moisture
content 3.4 %).

Crude rebaudioside A (50 g), ethanol (95 %, 160 mL), methano!l (99 %, 60 mL)
and water (25 mL) were combined and heated to approximately 30°C for 10 minutes.
The clear solution was cooled to 22°C for 16 hours. The white crystals were filtered

and washed twice with ethanol (2 x 25 mL, 95 % ). The wet filier cake (40 g) was
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slurried in methanol (99 %, 600 mL) for 16 hours, filtered, washed with methanol (99
%, 2 x 25 mL) and dried in a vacuum oven at 60°C for 16-24 hours under reduced

pressure (20 mm).

The final composition of substantially pure rebaudioside A (27.3g) comprised
5  98.22 % rebaudioside A, 0.04 % stevioside, 0.04 % rebaudioside C, 0.18 %
rebaudioside F, 0.08 % rebaudioside D and 1.03 % rebaudioside B. Steviolbioside was

not detected by HPLC.

EXAMPLE SET B
Table 4: Summary of Examples B1-19
|

Solvent | !
Crude Ethanol Organic Co- | Water Wash Selvent Yield | HPLC
Rebaudioside | (95%)}(mL) | solvent (mlL)} {mL) {g) Purity
Alg) (¥e)
Bl 3 16 Methanol (6) 2 FtOH/MeOH 32 >97
{4:1.5 viv)
B2 3 16 Methano! (4) 2 EtOH/MeOH 31 >97
(4:1 viv)
B3 3 9.5 1-Butanel 1 EtOH/1-Butanoi 3.2 >835
(9.5} {1:1 v/v}
B4 3 95 1-Butanol (9) i EtOH/MeOH 33 >96
(1:1 viv)
B5 5 12.5 Methanol (6) 2 *EtOH/MeOH 33 >47
(4:1 viv)
B6 3 12.5 Acetoniirile 1.5 *EHOH/Acetonitrile 34 >45
(6) {6:3 viv)
B7 3 14.5 Ethyl acetate 4 *EtOH/Ethy] Acetate 34 >93
4 (7:2 viv)
B8 5 16 Methanol (6} 2 EtOH/MeOH 32 >97
(4:1.5 viv)
B9 3 16 Methanol (4) 2 EtOH/MeOH 31 >97
{4:1 viv)
B10 3 14.5 Methanol (4) 15 EtOH/MeOH 34 >97
(7.2 viv)
B11 5 16 Methanol (6) 15 EtOH/MeOH 32 >97
{8:3 v/iv)
B12 3 16 Methanol {6) 2 * EtOH/MeOH 32 >96
(8:3 viv)
B13 5 16 Methano! {6} 2 * EtOH/MeOH 34 >06
(8:3 viv)
Bi4 5 15 Methanol (5) 25 EtOH/MeOH 32 =97
(3:1 viv)
B15 5 15 Methanol (5} 3 EtOH/MeOH 2.7 >97
{3:1 viv)
Bl16 5 15 Methanol (6) 35 EtOH/MeOH 26 >99
(3:1 vA)
B17 5 15 Methanol (5) 4 EtOH/MeOH 23 >99
(3:1 viv)
BIS 5 16 Methanol (6) 23 *EtOH/MeOH 3.0 =97
(8:3 viv)
B19 5 16 Methano! (6} 23 *EtOH/MeOH 32 >98
(8:3viv)

10
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EXAMPLE Bl

Crude rebaudioside A (77.4 % purity, 5 g), ethanol (95 %, 16 mL), methanol (6
mL) and water (2 mL) were combined and heated to reflux for 10 minutes. The clear
solution was cooled to 22°C for 16 hours. The white crystalline product was filtered,
washed twice with ethanol:methanol (5 ml., 4:1.5, v/v) mixture and dried in a vacuum
oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.2 g of purified
product (> 97 % by HPLC). |

EXAMPLE B2

Crude rebaudioside A (77.4 % purity, 5 g), ethanol (95 %, 16 mL.), methanol (4
mL) and water (2 mL) were combined and heated to reflux for 10 minutes. The clear
solution was cooled to 22°C for 16 hours. The white crystalline product was filtered,
washed twice with ethanol:methanol (§ mL, 4:1, v/v) mixture and dried in a vacuum
oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.1 g of purified
product (> 97 % by HPLC).

EXAMPLE B3

Crude rebaudioside A (77.4 % purity, 5 g), ethanol (95 %, 9.5 mL), 1-butanol
(9.5 mlL.) and water (1 mL) were combined and heated to reflux for 10 minutes. The
clear solution was cooled to 22°C for 16 hours. The white crystalline product was
filtered, washed twice with ethanol:1-butanol (5 mL, 1:1, v/v) mixture and dried in a
vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.2 g of
purified product (> 95 % by HPLC).

EXAMPLE B4

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 9.5 mL), methanol
(9 mL) and water (1 ml) were combined and heated to reflux for 10 minutes. The clear
solution was cooled to 22°C for 16 hours. The white crystalline product was filtered,
washed twice with ethanol:methanol (5 mL, 1:1, v/v) mixture and dried in a vacuum
oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.5 g of purified
product (> 96 % by HPLC).
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EXAMPLE B35

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 12.5 mL), methanol
(6 mL) and water (2 mL.) were combined and heated to reflux for 10 minutes. The clear
solution was cooled to 22°C. The solution was seeded with 10 mg of 98 % pure
rebaudioside A and the mixture was left at 22°C for 16 hours. The white crystalline
product was filtered, washed twice with ethanol:methanol ( 5 mL, 4:1, v/v) mixture and
dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to
yield 3.3 g of purified product (> 97 % by HPLC).

EXAMPLE B6

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 12.5 ml),
acetonitrile (6 mL) and water (1.5 mL) were combined and heated to reflux for 10
minutes. The clear solution was cooled to 22°C. The solution was seeded with 10 mg of
98 % pure rebaudioside A and the mixture was left at 22°C for 16 hours. The white
crystalline product was filtered, washed twice with ethanol:acetonitrile (5 mL, 6:3, v/v)
mixture and dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure
(20 mm) to yield 3.4 g of purified product (> 95 % by HPLC).

EXAMPLE B7

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 14.5 mL), ethyl
acetate (4 mL) and water (1.5 mL) were combined and heated to reflux for 10 minutes.
The clear solution was cooled to 22°C. The solution was seeded with 10 mg of 98 %
pure rebaudioside A and the mixture was left at 22°C for 16 hours. The white
crystalline product was filtered, washed twice with ethanol:acetonitrile (5 mL, 7:2, v/v)
mixture and dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure

(20 mm) to yield 3.4 g of purified product (> 95 % by HPLC).
EXAMPLE B8

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 16 mL), methanol
(6 mL} and water (2 mL) were combined and heated to reflux for 10 minutes. The clear
solution was cooled to 22°C for 16 hours. The white crystalline product was filtered,

washed twice with ethanol:methanol (5.5 ml., 4:1.5, v/v} mixture and dried in a
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vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.2 g of
purified product (> 97 % by HPLC).

EXAMPLE B9

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 16 mL}, methanol
(4 mL) and water (2 mL) were combined and heated to reflux for 10 minutes. The clear
solution was cooled to 22°C for 16 hours. The white crystalline product was filtered,
washed twice with ethanol:methanol (5.0 mL, 4:1, v/v) mixture and dried in a vacuum
oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.1 g of purified
product (> 97 % by HPLC).

EXAMPLE B10

Crude rebandioside A (80.37 % purity, 5 g), ethanol (95 %, 14.5 mL), methanol
(4 mL) and water (1.5 mL) were combined and heated to reflux for 10 minutes. The
clear solution was cooled to 22°C for 16 hours. The white crystalline product was
filtered, washed twice with ethanol:methanol (5.0 mL, 7:2, v/v) mixture and dried in a
vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.4 g of
purified product (> 97 % by HPLC).

EXAMPLE B11

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 16 mL), methanol
(6 mL) and water (1.5 ml) were combined and heated to reflux for 10 minutes. The
clear solution was cooled to 22°C for 16 hours. The white crystalline product was
filtered, washed twice with ethanol:methanol (5.0 mL, 8:3, v/v) mixture and dried in a
vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.2 g of
purified product (> 97 % by HPLC).

EXAMPLE B12

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 16 mL}, methanol
(6 mL) and water (2 mL) were combined and heated to reflux for 10 minutes. The clear
solution was cooled to 22°C and seeded with 10 mg of pure rebaudioside A (> 98 %).
The mixture was kept at room temperature for 16 hours. The white crystalline product

was filtered, washed twice with ethanol:methanol (5.0 mL, 8:3, v/v) mixture and dried
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in a vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.2
g of purified product (> 98 % by HPLC).

EXAMPLE B13

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 16 mL), methanol
(6 mL) and water (2 mL) were combined and heated to reflux for 10 minutes. The clear
solution was cooled to 22°C and seeded with 10 mg of pure rebaudioside A (> 98 %).
The mixture was kept at room temperature for 16 hours while stirring. The white
crystalline product was filtered, washed twice with ethanol:methanol (5.0 mL, 8:3, v/v)
mixture and dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure

(20 mm) to yield 3.4 g of purified product (= 96 % by HPLC).
EXAMPLE Bi4

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 15 mL), methanol
(5 mL) and water (2.5 mL) were combined and heated to reflux for 10 minutes. The
clear solution was cooled to 22°C for 16 hours while stirring. The white crystalline
product was filtered, washed twice with ethanol:methanol (5.0 mL, 3:1, v/v) mixture
and dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to

yield 3.2 g of purified product (> 97 % by HPLC).

EXAMPLE B15

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 15 mL), methanol
(5 mL) and water (3.0 mL.) were combined and heated to reflux for 10 minutes. The
clear solution was cooled to 22°C for 16 hours while stirring. The white crystalline
product was filtered, washed twice with ethanol:methanol (5.0 mL, 3:1, v/v) mixture
and dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to
yield 2,7 g of purified product (> 97 % by HPLC).

EXAMPLE B16
Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 15 mL), methanol
(5 mL) and water (3.5 mL) were combined and heated to reflux for 10 minutes. The

clear solution was cooled to 22°C for 16 hours while stirring. The white crystalline

product was filtered, washed twice with ethanol:methanol (5.0 mL, 3:1, v/v) mixture
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and dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to
yield 2.6 g of purified product (> 99 % by HPLC).

EXAMPLE B17

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 15 mL), methanol
{5 mL) and water (4.0 mL) were combined and heated to reflux for 10 minutes. The
clear solution was cooled to 22°C for 16 hours while stirring. The white crystalline
product was filtered, washed twice with ethanol:methanol (5.0 mL, 3:1, v/v) mixture
and dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to
yield 2.3 g of purified product (> 99 % by HPLC).

EXAMPLE B18

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 16 mL), methanol
(6 mL) and water (2.5 mL) were combined and heated to reflux for 10 minutes. The
clear solution was cooled to 22°C. This mixture was stirred at room temperature for 15-
30 minutes during which time crystals started to appear. The stirring was stopped and
the mixture was kept at room temperature for 16 hours. The white crystalline product
was filtered, washed twice with ethanol:methanol (5.0 mL, 8:3, v/v) mixture and dried
in a vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.0
g of purified product (> 97 % by HPLC).

EXAMPLE B19

Crude rebaudioside A (80.37 % purity, 3 g), ethanol (95 %, 16 mL), methanol
(6 mL) and water (2.5 mL) were combined and heated to reflux for 10 minutes. The
clear solution was cooled to 22°C for 2 hours. During this time crystals started to
appear. The mixture was stirred at room temperature for 16 hours. The white crystalline
product was filtered, washed twice with ethanol:methanol (5.0 mL, 8:3, v/v) mixture
and dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure (20 mm) to
yield 3.2 g of purified product (> 98 % by HPLC).
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EXAMPLE SET C
Table 5: Summary of Examples C1-9

Solvent
Crude Organic Organic | Water Wash Solvent Yield | HPLC
Rebaudioside Solvent Co-solvent | (mL) (g) | Purity
A (g) (mL) {mL) (%)
Cl 5 Isopropanol | Methanol 1 Isopropanol/MeOH | 3.83 >
(9.5) (9.5} (11 viv)
C2 5 sec-Butanol | Methanol 1 MeOH/sec-Butanol 4.0 =91
(9.5) {9.5) (1:1 v/v)
C3 3 1-Propanol Methanol 1 MeOQOH/1-Propanol 355 »91.2
{9.5) (9.5) {1:1 v/v)
C4 5 Ethanol (9.5) | 1-Propanol 1 E1OH/1-Propanol 25 >94
{9.5) (1.1 viv)
Cs 3 1-Butanol Methanol 1 MeOH/{-Butanol 7 >91.5
(9.5) {9.5) (1:1 viv)
Cé 3 Ethanol (9.5) | 2-Propanol 1 EtOH/2-Propanol 24 | >93.5
{9.5) {1:1 v/v)
Cc7 5 Ethanol (9.5} sec- 1 EtOH/sec-Butanol 29 >93
Butanol (1:1 v/v)
{9.5)
C8 5 tert-Butanol | Methanol 1 MeQH/tert-Butanol 3.9 >83
(9.5) (9.5} {(1:1 vivy
Cco 5 Ethanol (9.5) tert- I EtOH/tert-Butanol 2.9 >88
Butanol (L1 viv)y
(9.5)

EXAMPLE C1

Crude rebaudioside A (80.37 % purity, 5 g), methanol (99 %, 9.5 mL),
isopropanol (9.5 mL) and water (1 mL) were combined and heated to about 40-50°C
for 10 minutes. The clear solution was cooled to 22°C for 2 hours and then stirred at
room temperature for 16 hours. The white crystalline product was filtered, washed
twice with an ethanol:methanol (5.0 mL, 8:3, v/v) mixture and dried in a vacuum oven
at 50°C for 16-24 hours under reduced pressure (20 mm) to yield 3.85 g of purified
product (> 91.0 % by HPLQO).

EXAMPLE C2

Crude rebaudioside A (80.37 % purity, 5 g), methanol (99 %, 9.5 mL), sec-
butanol (9.5 mL) and water (I mL) were combined and heated to about 40-50°C for 10
minutes. The clear solution was cooled to 22°C for 2 hours and then stirred at room
temperature for 16 hours. The white crystalline product was filtered, washed twice with
a methanol: sec-butanol {10.0 mL, 1:1, v/v) mixture and dried in a vacuum oven at
50°C for 16-24 hours under reduced pressure (20 mm) to yield 4.0 g of purified product
(> 91.0 % by HPLC).
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EXAMPLE C3

Crude rebaudioside A (80.37 % purity, 5 g), methanol (99 %, 9.5 mL), 1-
propanotl (9.5 mL) and water (1 mL) were combined and heated to about 40-50°C for
10 minutes. The clear solution was cooled to 22°C for 2 hours and then stirred at room
temperature for 16 hours. The white crystalline product was filtered, washed twice with
a methanol: I-propanol (10.0 mL, 1:1, v/v) mixture and dried in a vacuum oven at 50°C
for 16-24 hours under reduced pressure (20 mm) to yield 3.55 g of purified product (>
91.21 % by HPLC).

EXAMPLE C4

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 9.5 mL), 1-propanoc}
(9.5 mL) and water {1 mL) were combined and heated to about 40-50°C for 10 minutes.
The clear solution was cooled to 22°C for 2 hours and then stirred at room temperature
for 16 hours. The white crystalline product was filtered, washed twice with an ethanol:
I-propanol (10.0 mL, 1:1, v/v) mixture and dried in a vacuum oven at 50°C for 16-24
hours under reduced pressure (20 mm) to yield 2.5 g of purified product (> 94.0 % by
HPLC).

EXAMPLE C5

Crude rebaudioside A (80.37 % purity, 5 g), methano! (99 %, 9.5 mL), 1-
butanol (9.5 mL) and water (1 mL) were combined and heated to about 40-50°C for 10
minutes. The clear solution was cooled to 22°C for 2 hours and then stirred at room
temperature for 16 hours. The white crystalline product was filtered, washed twice with
a methanol: [-butanol (10.0 mL, 1:1, v/v) mixture and dried in a vacuum oven at 30°C
for 16-24 hours under reduced pressure (20 mm) to yield 3.7 g of purified product (>
91.5 % by HPLC).

EXAMPLE C6

Crude rebaudioside A (80.37 % purity, 5 g), ethanol (95 %, 9.5 mL), 2-propanol
(9.5 mL) and water (1 mL) were combined and heated to about 40-50°C for 10 minutes.
The clear solution was cooled to 22°C for 2 hours and then stirred at room temperature
for 16 hours. The white crystalline product was filtered, washed twice with an ethanol:

2-propanol (10.0 mL, 1:1, v/v) mixture and dried in a vacuum oven at 50°C for 16-24
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hours under reduced pressure (20 mm) to yield 2.4 g of purified product (> 93.5 % by
HPLC).

EXAMPLE C7

Crude rebaudioside A (77.4 % purity, 5 g), ethanol (95 %, 9.5 mL)}, sec-butanol
(9.5 mL) and water (1 ml) were combined and heated to reflux for 10 minutes. The
clear solution was cooled to 22°C for 2 hours and then stirred at room temperature for
16 hours. The white crystalline product was filtered, washed twice with an ethanol: sec-
butanol (10.0 mL, 1:1, v/v) mixture and dried in a vacuum oven at 50°C for 16-24
hours under reduced pressure (20 mm) to yield 2.9 g of purified product (> 93.0 % by
HPLC).

EXAMPLE C8

Crude rebaudioside A (77.4 % purity, 5 g), methanol (99 %, 9.5 mL), fert-
butanol (9.5 mL) and water (1 mL) were combined and heated to about 40-50°C for 10
minutes. The clear solution was cooled to 22°C for 2 hours and then stirred at room
temperature for 16 hours. The white crystalline product was filtered, washed twice with
methanol (99 %, 7.0 mL) and dried in a vacuum oven at 50°C for 16-24 hours under

reduced pressure (20 mm) to vield 3.9 g of purified product (> §3.0 % by HPLC).
EXAMPLE C9

Cerude rebaudioside A (77.4 % purity, 5 g), ethanol (95 %, 9.5 mL), feri-
butanol (9.5 mL) and water (I mL) were combined and heated to reflux for 10 minutes.
The clear solution was cooled to 22°C for 2 hours and then stirred at room temperature
for 16 hours. The white crystalline product was filtered, washed twice with ethanol (95
%, 7.0 mL) and dried in a vacuum oven at 50°C for 16-24 hours under reduced pressure
(20 mm) to vield 2.9 g of purified product (> 88.0 % by HPLC).
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EXAMPLE SET D
Table 6: Summary of Examples D1-12

Solvent
Crude Organic Solvent Water Wash Solvent | Yield | HPLC
Rebaudioside {mL} {(mlL) (@ Purity
A (g) (%)
D1 50 MeOH (180) 20 MeOH 29.8 96.2
D2 30 MeOH (160) 40 MeOH 31.2 95.5
D3 50 EtOH (188) 12 EtOH 37.3 93.4
D4 50 EtOH (184) 16 EtOH 317 95.3
D3 30 EtOH (180) 10 E:OH 357 94.7
D6 30 EtOH (176} 24 E1OH 38.2 97.3
D7 30 EtOH (172} 28 EtGH 32 98.1
D8 50 EtOH {160} 40 EtOH 19.8 99.5
Do 50 E-Propanol (180} 20 1-Propanol 27 92.9
D16 50 2-Propanol (180} 20 2-Propanol 349 91.4
D11 50 1-Butanol (180) 20 [-Butanol 4.6 93.1
D12 56 2-Butanol (180) 20 2-Butanol 40.4 90.5

EXAMPLE DI

Crude rebaudioside A (77.4 % purity, 50 g), methanol (99 %, 180 mL) and
water (20 mL) were combined and heated to reflux for 30 minutes. The mixture was
then allowed to cool to ambient temperature for 16-24 hours. The white crystalline
product was filtered, washed twice with methanol (99 %, 25 mL), and dried in a
vacuum oven at 60°C for 16-24 hours under reduced pressure (20 mm) to vield 29.8 g
of purified product (96.2 % by HPLC).

EXAMPLE D2

Crude rebaudioside A (80.37 % purity, 50 g), methanol (99 %, 160 mL) and
water (40 ml) were combined and heated to reflux for 30 minutes. The mixture was
then allowed to cool to ambient temperature for 1 week. The white crystalline product
was filtered, washed twice with methanol (99 %, 25 mL), and dried in a vacuum oven
at 60°C for 16-24 hours under reduced pressure (20 mm) to yield 31.2 g of purified
product (95.5 % by HPLC).
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EXAMPLE D3

Crude rebaudioside A (80.37 % purity, 50 g), ethanol (95 %, 188 ml.) and water
(12 mlL.) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperature for 16-24 hours. The white crystalline product
was filtered, washed twice with ethanol (95 %, 25 mL), and dried in a vacuum oven at
60°C for 16-24 hours under reduced pressure (20 mm) to yield 37.3 g of purified
product (93.4 % by HPLC).

EXAMPLE D4

Crude rebaudioside A (80.37 % purity, 50 g), ethanol (95 %, 184 mL) and water
(16 mL) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperature for 16-24 hours. The white crystalline product
was filtered, washed twice with ethanol (95 %, 25 mL), and dried in a vacuum oven at
60°C for 16-24 hours under reduced pressure (20 mm) to yield 31.7 g of purified
product (95.3 % by HPLC).

EXAMPLE D3

Crude rebaudioside A (80.37 % purity, 50 g), ethanol (95 %, 180 mL) and water
(20 mlL) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperature for 16-24 hours. The white crystalline product
was filtered, washed twice with ethanol (95 %, 25 mL), and dried in a vacuum oven at
60°C for 16-24 hours under reduced pressure (20 mm) to yield 35.7 g of purified
product (94.7 % by HPLC).

EXAMPLE D6

Crude rebaudioside A (80.37 % purity, 50 g), ethanol (95 %, 176 mL) and water
(24 mL) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperature for 16-24 hours. The white crystalline product
was filtered, washed twice with ethanol (95 %, 25 mL), and dried in a vacuum oven at
60°C for 16-24 hours under reduced pressure (20 mm) to yield 38.2 g of purified
product (97.3 % by HPLC).
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EXAMPLE D7

Crude rebaudioside A (80.37 % purity, 50 g), ethanol (95 %, 172 mL) and water
(28 mL) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperature for 16-24 hours. The white crystalline product
was filtered, washed twice with ethanol (95 %, 25 mL), and dried in a vacuum oven at
60°C for 16-24 hours under reduced pressure (20 mm) to vield 32.0 g of purified
product (98.1 % by HPLC).

EXAMPLE D8

Crude rebaudioside A (80.37 % purity, 50 g), ethanol (95 %, 160 mL) and water
(40 mL) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperature for 16-24 hours. The white crystalline product
was filtered, washed twice with ethanol (95 %, 25 mL), and dried in a vacuum oven at
60°C for 16-24 hours under reduced pressure (20 mm) to yield 19.8 g of purified
product (99.5 % by HPLC).

EXAMPLE D9

Crude rebaudioside A (80.37 % purity, 50 g), I-propanol (180 mL) and water
(20 mL) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperatuie for 16-24 hours. The white crystalline product
was filtered, washed twice with I-propanol (25 mL), and dried in a vacuum oven at
60°C for 16-24 hours under reduced pressure (20 mm) to yield 27.0 g of purified
product {92.9 % by HPLC).

EXAMPLE D10

Crude rebaudioside A (80.37 % purity, 50 g), 2-propanol (180 mL) and water
(20 mL) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperature for 16-24 hours. The white crystalline product
was filtered, washed twice with 2-propanol (25 ml), and dried in a vacuum oven at
60°C for 16-24 hours under reduced pressure (20 mm) to yield 34.9 g of purified
product (91.4 % by HPLC).
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EXAMPLE D11

Crude rebaudioside A (80.37 % purity, 50 g), 1-butanol (180 mL) and water (20
mL) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperature for 16-24 hours. The white crystalline product
was filtered, washed twice with 1-butanol (25 mL), and dried in a vacuum oven at 60°C
for 16-24 hours under reduced pressure (20 mm) to yield 40.6 g of purified product

(93.1 % by HPLC).
EXAMPLE D12

Crude rebaudioside A (80.37 % purity, 50 g), 2-butanol (180 mL) and water (20
ml) were combined and heated to reflux for 30 minutes. The mixture was then
allowed to cool to ambient temperature for 16-24 hours. The white crystalline product
was filtered, washed twice with 2-butanol (25 mL), and dried in a vacuum oven at 60°C
for 16-24 hours under reduced pressure (20 mm) to yield 40.4 g of purified product

(90.5 % by HPLC).

EXAMPLE SET E
Table 7: Summary of Examples E1-E3

Crude Ethanel Organic Water Methanol Yield | HPLC
Rebaudioside | (95%)(mL) | Co-solvent {mL) Slurry {g) |Purity
Adg) (mL) (mL) (%)
El 50 160 Methanol 23 200 12.7 >97
(60)
E2 50 160 Methanol 25 300 18.6 >97
(60)
E3 50 160 Methanol 25 350 222 >97
(69}
EXAMPLE El

Crude rebaudioside A (41 % purity, 50 g), ethanol (95 %, 160 ml.), methanol
(99.8 %, 60 mlL) and water (25 ml) were combined by stirring at 22°C. A white
product crystallized out in 5-20 hours. The mixture was stirred for additional 48 hours.
The white crystalline product was filtered and washed twice with ethanol (95 %, 25
mL). The wet cake of white crystalline product then was slurried in methanol (99.8 %,
200 mL) for 16 hours, filtered, washed twice with methanol (99.8 %, 25 mL), and dried
in a vacuum oven at 60°C for 16-24 hours under reduced pressure (20 mm) to yield
12.7 g of purified product (> 97 % by HPLC).
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EXAMPLE E2

Crude rebaudioside A (48 % purity, 50 g), ethanol (95 %, 160 mL), methanol
(99.8 %, 60 mL) and water (25 mL) was combined by stirring at 22°C. The white
product crystallized out in 3-6 hours. The mixture was stirred for additional 48 hours.
The white crystalline product was filtered and washed twice with ethanol (95 %, 25
mL). The wet cake of white crystalline product then was slurried in methanol (99.8 %,
300 mL) for 16 hours, filtered, washed twice with methanol (99.8 %, 25 mL) and dried
in a vacuum oven at 60°C for 16-24 hours under reduced pressure (20 mm) to viekd
18.6 g of purified product (> 97 % by HPLC).

EXAMPLE E3

Crude rebaudioside A (55 % purity, 50 g), ethanol (95 %, 160 mL), methanol
(99.8 %, 60 mL) and water (25 mL) was combined by stirring at 22°C. The white
product crystallized out in 15-30 minutes. The mixture was stirred for an additional 48
hours. The white crystalline product was filtered and washed twice with ethanol (95 %,
25 mL}. The wet cake of white crystalline product was slurried in methanol (99.§ %,
350 mL) for 16 hours, filtered, washed twice with methanol (99.8 %, 25 mL) and dried
in a vacuum oven at 60°C for 16-24 hours under reduced pressure (20 mm) to yield

22.2 g of purified product (> 97 % by HPLC).
EXAMPLEF

A solution of substantially pure rebaudioside A obtained using the purification
technique described hereinabove ( >97 % pure by HPLC ) was prepared in double
distilled water (12.5 gm in 50 mL, 25 % concentration) by stirring the mixture at 40°C
for 5 minutes. An amorphous form of rebaudioside A was formed by immediately using
the clear solution for spray drying with the Lab-Plant spray drier SD-04 instrument
(Lab-Plant Ltd., West Yorkshire, U.K.). The solution was fed through the feed pump
into the nozzle atomizer, which atomized the rebaudioside A solution into a spray of
droplets with the help of a constant flow of nitrogen / air. Moisture was evaporated
from the droplets under controlled temperature conditions (about 90 to about 97°C) and
airflow conditions in the drying chamber and resulted in the formation of dry particles.

This dry powder (11-12 g, H,O 6.74 %) was discharged continuously from the drying



WO 2007/149672 PCT/US2007/069548

33

chamber and was collected in a bottle. The rate of dissolution in water at room

temperature was determined to be > 35.0 %.

While the invention has been described in detail with respect to specific
embodiments thereof, it will be appreciated that those skilled in the art, upon attaining

5  an understanding of the foregoing, may readily conceive of alterations to, variations of,
and equivalents to these embodiments. Accordingly, the scope of the present invention

should be assessed as that of the appended claims and any equivalents thereof.
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We claim:
1. A method for purifying rebaudioside A comprising the steps of:

combining crude rebaudioside A and an aqueous organic solvent to form a
rebaudioside A solution, the aqueous organic solution comprising water in an amount from
about 10 % to about 25 % by weight; and

crystallizing from the rebaudioside A solution in a single step a substantially pure
rebaudioside A composition comprising rebaudioside A in a purity greater than about 95 %

by weight on a dry basis.

2. The method of claim 1, further comprising the step of heating the

rebaudioside A solution.

3. The method of claim 2, further comprising the step of cooling the

rebaudioside A solution.

4, The method of claim 1, wherein rebaudioside A solution in the single

crystallization step is stirred or unstirred.

5. The method of claim 1, further comprising the step of seeding (optional) the
rebaudioside A solution at an appropriate temperature with an amount of rebaudioside A

sufficient to promote crystallization of rebaudioside A.

6. The method of claim 1, further comprising the steps of separating and

washing the substantially pure rebaudioside A composition.

7. The method of claim 6, further comprising the step of drying the

substantially pure rebaudioside A composition.
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8. The method of claim 1, wherein the crude rebaudioside A comprises
substantially no rebaudioside D impurity, and the method further comprises slurrying the
substantially pure rebaudioside A composition in an agueous organic solvent or in an

organic solvent.

9. The method of claim 8, further comprising the steps of separating and

washing the substantially pure rebaudioside A composition.

10.  The method of claim 9, further comprising the step of drying the

composition of a substantially pure rebaudioside A.

11.  The method of claim 1, wherein the aqueous organic solvent comprises a

mixture of at least one organic solvent and water.

12, The method of claim 11, wherein at least one organic solvent comprises an

alcohol.

13.  The method of claim 12, wherein the alcohol comprises ethanol.

14.  The method of claim 12, wherein the alcohol comprises methanol.

15.  The method of claim 12, wherein the alcohol comprises a mixture of

ethanol and methanol.

16.  The method of claim 15, wherein the ethanol and methanol are present in
the aqueous organic solution in a weight ratio from about 20 parts to about 1 parts ethanol

to about 1 part methanol.

17. The method of claim 15, wherein the ethanol and methanol are present in
the aqueous organic solution in a weight ratio from about 3 parts to about 1 part ethanol to

about 1 part methanol.
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18. The method of claim 1, wherein the at least one aqueous organic solvent
comprises an organic solvent selected from the group consisting of acetone, acetonitrile,
methanol, ethanol, 1-propanol, isopropanol, l-butanol, 2-butanol, tert-butanol, and

mixtures thereof.

19.  The method of claim 1, wherein the aqueous organic solvent and the crude
rebaudioside A are present in the rebaudioside A solution in a weight ratio from about 4 to

about 10 parts aqueous organic solvent to about 1 part crude rebaudioside A.

20.  The method of claim 1, wherein the aqueous organic solvent and the crude
rebaudioside A are present in the rebaudioside A solution in a weight ratio from about 3 to

about 5 parts aqueous organic solvent to about 1 part crude rebaudioside A.

21.  The method of claim 1, wherein aqueous organic solvent comprises water in

an amount from about 10 % to about 25 % by weight.

22. The method of claim 1, wherein the crude rebaudioside A mixture

comprises rebaudioside A in a purity from about 40 % to about 95 % by weight.

23. The method of claim 1, wherein the crude rebaudioside A mixture

comprises rebaudioside A in a purity from about 60 % to about 85 % by weight.

24, The method of claim 1, wherein the crude rebaudioside A mixture

comprises rebaudioside A in a purity from about 70 % to about 85 % by weight.

25.  The method of claim 1, wherein the method is carried out at approximately

room temperature.
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26. The method of claim 2, wherein the step of heating the rebaudioside A
solution comprises heating the rebaudioside A solution to a temperature in a range from
about 20°C to about 40°C.

27. The method of claim 2, wherein the step of heating the rebaudioside A
solution comprises heating the rebaudioside A solution to a temperature in a range from

about 40°C to about 60°C.

28. The method of claim 2, wherein the step of heating the rebaudioside A

solution comprises heating the rebaudioside A solution to about a reflux temperature.

29.  The method of claim 3, wherein the step of cooling the rebaudioside A
solution comprises cooling the rebaudioside A solution to a temperature in a range from

about 4°C to about 25°C.

30.  The method of claim 3, wherein the step of cooling the rebaudioside A
solution comprises cooling the rebaudioside A solution for about 0.5 hours to about 24

hours.

31 The method of claim 1, wherein the substantially pure rebaudioside A
product comprises rebaudioside A in a purity greater than about 97 % rebaudioside A by

weight on a dry basis.

32.  The method of claim 1, wherein the substantially pure rebaudioside A
product comprises rebaudioside A in a purity greater than about 98 % rebaudioside A by

weight on a dry basis.

33.  The method of claim 1, wherein the substantially pure rebaudioside A
product comprises rebaudioside A in a purity greater than about 99 % rebaudioside A by

weight on a dry basis.
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34.  The method of claim 1, further comprising the steps of:

heating the rebaudioside A aqueous organic solvent mixture;

cooling the rebaudioside A solution;

separating and washing a substantially pure rebaudioside A composition;
and

drying the substantially pure rebaudioside A composition.

35. A substantially pure rebaudioside A composition made according to the
method of claim 1, wherein the substantially pure rebaudioside A composition comprises a

polymorph having an X-ray diffraction pattern substantially similar to Figure 7.

36. A substantially pure rebaudioside A composition made according to the
method of claim 1, wherein the substantially pure rebaudioside A composition comprises a

polymorph having an X-ray diffraction pattern substantially similar to Figure 8.

37. A substantially pure rebaudioside A composition made according to the
method of claim 1, wherein the substantially pure rebaudioside A composition comprises a

polymorph having an X-ray diffraction pattern substantially similar to Figure 9.

38. A substantially pure rebaudioside A composition made according to the
method of claim 1, wherein the substantially pure rebaudioside A composition comprises a

polymorph having an X-ray diffraction pattern substantially similar to Figure 10.

39. A substantially pure rebaudioside A composition made according to the
method of claim 1, wherein the substantially pure rebaudioside A composition comprises

an amorphous form having an X-ray diffraction pattern substantially similar to Figure 11.

40. The method of claim 1, further comprising the step of forming an

amorphous form of the substantially pure rebaudioside A composition.
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41, The method of claim 38, wherein the step of forming an amorphous form of

the substantially pure rebaudioside A composition comprises a method selected from the

group consisting of ball milling, precipitation, lyophilization, cryogrinding, and spray-

drying.

42. A substantially pure rebaudioside A composition made according to the

method of claim 1.
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