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HIGH-POTENCY SWEETENER COMPOSITION WITH DIETARY FIBER
AND COMPOSITIONS SWEETENED THEREWITH

FIELD OF THE INVENTION

The present invention relates generally to a functional sweetener and orally

ingestible compositions containing same.
BACKGROUND OF THE INVENTION

Nutrition usually focuses on the relationship between food and human health from
the perspective of ensuring all essential nutrients are adequately supplied and utilized to
optimize health and well being. As diseases typically related to nutritional deficiency
were managed, there has been a recognition that many nutrients have health benefits
beyond basic nutrition. Accordingly, functional ingredients have been identified as

playing a key role in an individual’s overall health.

“Functional ingredients” offer potential health benefits beyond basic nutrition
when inéorporated into foods, beﬁerages, and other orally ingested products. Such
ingredients have been shown to help reduce the risk of or manage a number of health
concerns, including cancer, heart and "cardi(:)vascular disease, gastrointestinal health,
menopausal symptoms, osteoporosis, and vision. Since 1993, the United States Food and
Drug Administration (FDA) has approved numerous health claims for the labeling of food
products with information related to the health benefits of functional food (U.S. Food and
Drug Administration, A Food Labeling Guide (2000)).
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Functional Food Health Benefit

» Potassium = Reduced risk of high blood pressure and

Diets low in sodium stroke

Plant sterol and stanol esters " Reduced risk of coronary heart disease

" Soy protein

* Fruits, vegetables, and grain products
that contain fiber, particularly soluble
fiber

* Diets low in dietary saturated fat and

cholesterol

e S 8 e e S o e S S S iy o e oo, e S W e Wi 2 S e P S e B i e ) e e S o e S e e S

* Calcium » Reduced risk of osteoporosis

» Fruits, vegetables, and fiber-containing | ® Reduced risk of cancer

grain products

*» Diets low in dietary fat

| »  Folate »  Reduced risk of neural tube birth

defects

' ®  Dietary sugar alcohol = Reduced risk of dental caries (cavities)

Although not yet approved by the FDA for the purposes of labeling, numerous other

functional foods are believed to provide health benefits beyond those listed above, such as

reduced imnflammation.

Functional ingredients generally are classified into categories such as carotenoids,
dietary fiber, fatty acids, flavonoids, isothiocyanates, phenols, plant sterols and stanéls
(phytosterols and phytostanols); polyols; prebioticélprobiotics; phytoestrogens; soy
protein; sulfides/thiols; amino acids; proteins; vitamins; and minerals. Functional
ingredients also may be classified based on their health benefits, such as cardiovascular,

cholesterol-reducing, and anti-inflammatory.

Health trends also have promoted an increased use of non-caloric high-potency

sweeteners in consumer diets. Although natural caloric sweetener compositions, such as
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sucrose, fructose, and glucose, provide the most desirable taste to consumers, they are
caloricc. Numerous natural and synthetic high-potency sweeteners are non-caloric;
however, they exhibit sweet tastes that have different temporal profiles, maximal

responses, flavor profiles, mouthfeels, and/or adaptation behaviors than that of sugar.

For example, the sweet tastes of natural and synthetic high-potency sweeteners are
slower in onset and longer in duration than the sweet taste produced by sugar and thus
change the taste balance of a food composition. Because of these differences, use of
natural and synthetic high-potency sweeteners to replace a bulk sweetener, such as sugar,
in a food or beverage, causes an unbalanced temporal profile and/or flavor profile. In
addition to the difference in temporal profile, high-potency sweeteners generally exhibit
(1) lower maximal response than sugar, (ii) off tastes including bitter, metallic, cooling,
astringent, licorice-like taste, etc., and/or (ii1) sweetness which diminishes on iterative
tasting. It 15 well known to those skilled in the art of food/beverage formulation that
changing the sweetener in a composition requires re-balancing of the flavor and other taste
components (e.g., acidulants). If the taste profile of natural and synthetic high-potency
sweeteners could be modified to impart specific desired taste characteristics to be more
sugar-like, the type and variety of compositions that may be prepared with that sweetener
would be expanded significantly. Accordingly, it would be desirable to selectively modify

the taste characteristics of natural and synthetic high-potency sweeteners.

It also would be desirable to improve the taste of ingestible compositions that

include functional ingredients to promote their use and the resulting health benefits.
SUMMARY OF THE INVENTION

Generally, this invention addresses the above described need by providing a
functional sweetener composition having improved temporal profile and/or flavor profile
and a method for improving the temporal profile and/or tlavor profile of a functional
sweetener composition. In another particular embodiment, this invention provides a
functional sweetened composition comprising a sweetenable composition in combination
with a functional sweetener composition having an improved temporal profile and/or
flavor profile, and a method for improving the temporal profile and/or flavor profile of the

functional sweetened composition. In particular, this invention improves the temporal
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profile and/or flavor profile by imparting a more sugar-like temporal profile and/or flavor
profile. More particularly, this invention comprises a functional sweetener compositibn or
a functional sweetened composition comprising at least one dietary fiber source; at least

one high-potency sweetener; and at least one sweet taste improving composition.

Objects and advantages of the ivention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of
the invention. 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 practice of the
present mvention, 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 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. 2 1s a powder x-ray diffraction scan of rebaudioside A polymorph Form 2 on a
plot of the scattering intensity versus the scattering angle 20 in accordance with an

embodiment of this invention.

Fig. 3 1s 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. 4 1s a powder x-ray diffraction scan of rebaudioside A polymorph Form 3B on
a plot of the scattering intensity versus the scattering angle 20 in accordance with an

embodiment of this imnvention.

Fig. 5 is a powder x-ray diffraction scan of rebaudioside A polymorph Form 4ona

plot of the scattering intensity versus the scattering angle 20 in accordance with an

embodiment of this invention.
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DETAILED DESCRIPTION OF THE INVENTION

Reference now will be made in detail to the presently proffered embodiments of
the invention. Each example is provided by way of explanation of embodiments of the
invention, not limitation of the invention. In fact, it will be apparent to those skilled in the
art that various modifications and variations can be made in the present invention without
departing from the spirit or scope of the invention. For instance, features illustrated or
described as part of one embodiment, can be used on another embodiment to yield a still
further embodiment. Thus, it is intended that the present invention cover such

modifications and variations within the scope of the appended claims and their

equivalents.

Embodiments of this invention include functional sweetener compositions and
functional sweetened compositions comprising at least one natural and/or synthetic high-
potency sweetener, at least one sweet taste improving composition, and at least one
functional ingredient. Also embodied in this invention are methods for making functional

sweetener compositions and functional sweetened compositions.

I, Functional Ingredients

In a particular embodiment, a sweetener composition comprises at least one natural
and/or synthetic high-potency sweetener, at least one sweet-taste Improving composition,
and at least one functional ingredient. The functional ingredient des irably comprises at
least one dietary fiber source. Dietary fiber, also known as bulk or roughage, is the
portion of food resistant to hydrolysis by human digestive enzymes. Dietary fiber

generally comprises the indigestible portion of plant materials that moves through the

digestive system and stimulates the intestine to peristalsis.

Numerous polymeric carbohydrates having significantly different structures in
both composition and linkages fall within the definition of dietary fiber. Such compounds
are well known to those skilled in the art, non-limiting examples of which include non-
starch polysaccharides, lignin, cellulose, methylcellulose, the hemicelluloses, B-glucans,

pectins, gums, mucilage, waxes, inulins, oligosaccharides. fructooligosaccharides,

cyclodextrins, chitins, and combinations thereof.
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Polysaccharides are complex carbohydrates composed of monosaccharides joined
by glycosidic linkages. Non-starch polysaccharides are bonded with B-linkages, which
humans are unable to digest due to a lack of an enzyme to break the P-linkages.

Conversely, digestable starch polysaccharides generally comprise a(1-4) linkages.

Lignin is a large, highly branched and cross-linked polymer based on oxygenated
phenylpropane units. Cellulose is a linear polymer of glucose molecules joined by a B(1-
4) linkage, which mammalian amylases are unable to hydrolyze. Methylcellulose 1s a
methyl esther of éellulose that is often used in foodstuffs as a thickener, and emulsifier. It
is commercially available (e.g., Citrucel by GlaxoSmithKline, Celevac by Shire
Pharmaceuticals). Hemicelluloses are highly branched polymers consisting mainly of
glucurono- and 4-O-methylglucuroxylans. p-Glucans are mixed-linkage (1-3), (1-4) -D-
glucose polymers found primarily in cereals, such as oats and barley. Pectins, such as beta
pectin, are a group of polysaccharides composed primarily of D-galacturonic acid, which
is methoxylated to variable degrees. In a preferred embodiment, beta pectin is provided at
a concentration between about 150 and about 5500 mg/L.. In another embodiment beta

pectin is provided at a concentration between about 300 mg/L. and about 1250 mg/L.

Gums and mucilages represent a broad array of different branched structures. Guar
gum, derived from the ground endosperm of the guar seed, is a galactomannan. Guar gum
is commercially available (e.g., Benefiber by Novartis AG). Other gums, such as gum
arabic and gum acacia, have still different structures. Still other gums include xanthan
oum, gellan gum, tara gum, psylium seed husk gum, and locust been gum. In a preferred
embodiment, psyllium seed husk is provided at a concentration between about 25 and
about 3000 mg/L. Psyllium seed husk is a highly branched arabinoxylan. It 1s
commercially available (e.g., Metamucil by Procter & Gamble, Konsyl by Konsyl
Pharmaceuticals). In a preferred embodiment, gum acacia is provided at a concentration
between about 25 and about 3000 mg/L. In another embodiment, gufn acacia is provided
at a concentration between about 25 and about 400 mg/L. In still another embodiment,
oum acacia is provided at a concentration of about 200 mg/L. Gum acacia 1s

commercially available (e.g., Fibregum by Colloides Naturels Inc.).
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Waxes are esters of ethylene glycol and two fatty acids, generally occurring as a

hydrophobic liquid that is insoluble in water.

Inulins comprise naturally occurring oligosaccharides belonging to a class of
carbohydrates known as fructans. They generally are comprised of fructose units joined
by B(2-1) glycosidic linkages with a terminal glucose unit. Oligosaccharides are
saccharide polymers containing typically three to six component sugars. They are
generally found either O- or N-linked to compatible amino acid side chains in proteins or
to lipid molecules. Fructooligosaccharides are oligosaccharides consisting of short chains
of fructose molecules. In a preferred embodiment, fructooligosaccharides are provided n
at a concentration between about 0.1 and about 2.0 % by weight. In another embodiment,

fructooligosaccharides are provided at a concentration between about 0.5 and about 1.0 %

by weight.

Cyclodextrins are a family of cyclic oligosaccharides composed of a-D-
glucopyranoside units. They can be produced from starch by means of enzymatic
conversion. o-Cyclodextrin is a six sugar ring molecule, whereas B- and y-cyclodextrins
have seven and eight sugar ring molecules, respectively. In a preferred embodiment, f3-
cyclodextrin is provided at a concentration between about 0.03 and about 0.5 % by weight.
In another embodiment, B-cyclodextrin is provided at a concentrétion between about 0.2
and about 0.3 % by weight. In still another embodiment, B-cyclodextrin is provided at a
concentration of about 0.25 % by weight. Non-cyclic dextrins are known as maltodextrins
and are generally easily digested by humans. Digestion resistant maltodextrin is
commercially available (e.g., Fibersol-2 by ADM). In a preferred embodiment, digestion
resistant maltodextrins are provided at a concentration between about 0.03 and 0.3 % by
weight. In another embodiment digestion resistant maltodextrins are provided at a

concentration between about 0.125 and 0.25 % by weight.

Food sources of dietary fiber include, but are not limited to, grains, legumes, fruats,
and vegetables. Grains providing dietary fiber include, but are not limited to, oats, rye,
barley, wheat,, Legumes providing fiber include, but are not limited to, peas and beans
such as soybeans. Fruits and vegetables providing a source of fiber include, but are not

limited to, apples, oranges, pears, bananas, berries, tomatoes, green beans, broccoli,
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cauliflower, carrots, potatoes, celery. Plant foods such as bran, nuts, and seeds (such as
flax seeds) are also sources of dietary fiber. Parts of plants providing dietary fiber include,

but are not limited to, the stems, roots, leaves, seeds, pulp, and skin.

Although dietary fiber generally is derived from plant sources, indigestible animal
products such as chitins are also classified as dietary fiber. Chitin is a polysaccharide

composed of units of acetylglucosamine joined by [(1-4) linkages, similar to the linkages

of cellulose.

Sources of dietary fiber often are divided into categories of soluble and insoluble
fiber based on their solubility in water. Both soluble and insoluble fibers are found in
plant foods to varying degrees depending upon the characteristics of the plant. Although
insoluble in water, insoluble fiber has passive hydrophilic properties that help increase

bulk, soften stools, and shorten transit time of fecal solids through the intestinal tract.

Unlike insoluble fiber, soluble fiber readily dissolves in water. Soluble fiber
undergoes active metabolic processing via fermentation in the colon, increasing the
colonic microflora and thereby increasing the mass of fecal solids. Fermentation of fibers
by colonic bacteria also yields end-products with significant health benefits. For example,
fermentation of the food masses produces gases and short-chain fatty acids. Acids
produced during fermentation include butyric, acetic, propionic, and valeric acids that
have various beneficial properties such as stabilizing blood glucose levels by acting on
pancreatic insulin release and providing liver control by glycogen breakdown. In addition,
fiber fermentation may reduce atherosclerosis by lowering cholesterol synthesis by the
liver and reducing blood levels of LDL and triglycerides. The acids produced during
fermentation lower colonic pH, thereby protecting the colon lining from cancer polyp
formation. The lower colonic pH also increases mineral absorption, improves the barrier
properties of the colonic mucosal layer, and inhibits inflammatory and adhesion irritants.
Fermentation of fibers also may benefit the immune system by stimulating production of

T-helper cells, antibodies, leukocytes, splenocytes, cytokinins and lymphocytes.

Dietary fiber has been demonstrated to have assorted health benefits despite not
being absorbed by the gastrointestinal tract. Dietary fiber can potentially reduce the

incidence of an assortment of chronic diseases, especially those involving the
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gastrointestinal tract. Consumption of dietary fiber has been demonstrated to alter
metabolism of carbohydrates, lipids, and proteins. Medical studies show that diets high in
fiber reduce the risk of colon cancer, coronary heart disease, type-2 diabetes, diverticular
disease, irritable bowel syndrome, and constipation. High fiber diets also reduce the risk
of developing obesity, high blood cholesterol, and inflammatory bowel diseases such as
ulcerative colitis and Crohn’s disease. Accordingly, it would be desirable to supplement

foods and beverages with dietary fiber.

It 1s well knoWn to those of ordinary skill in the art that phytonutrients, plant
extracts, and herbal compositions may be used in their natural and/or modified form.
Modified phytonutrients, plant extracts, and herbal compositions include phytonutrients,
plant extracts, and herbal compositions which have been altered naturally. For example, a
modified phytonutrient includes, but is not limited to, phytonutrients which have been
fermented, contacted with enzyme, or derivatized or substituted on the phytonutrient. In
one embodiment, modified phytonutrients may be used individually or in combination
with unmodified phytonutrients. For the sake of brevity, however, in the description of
embodiments of this invention, a modified phytonutrient is not described expressly as an
alternative to an unmodified phytonutrient, but it should be understood that modified
phytonutrients can be substituted for or combined with phytonutrients in any embodiment
disclosed herein. The same embodiments would be applicable to plant extracts and other
herbal compositions. Plant extracts include extracts from foliage, stems, bark, fruit, seed,

and any other plant matter.

As used herein, the at least one dietary fiber source may comprise a single dietary
fiber source or a plurality of dietary fiber sources as a functional ingredient for the
sweetener compositions provided herein. Generally, according to particular embodiments
of this invention, the at least one dietary fiber source is present in the sweetener
composition or sweetened orally ingestible composition in an amount sufficient to
promote health and wellness. In a preferred embodiment, dietary fiber is provided in the
dietary fiber composition in an amount from about 0.5 to about 6.0 g per single serving.
In a more preferred embodiment, dietary fiber is provided in the dietary fiber composition

in an amount from about 2.0 to about 3.0 grams per single serving.
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According to particular embodiments of this invention, the sweetener compositions
provided herein further may comprise at least one functional ingredient different than the
dietary fiber sources described above. According to particular embodiments of this
invention, non-limiting examples of such functional ingredients include naturally nutrient-
rich or medicinally active food, such as garlic, soybeans, antioxidants, fibers, glucosamine,
chondroitin sulfate, ginseng, ginko, Echinacea, or the like; other nutrients that provide
health benefits, such as amino acids, vitamins, minerals, carotenoids, fatty acids such as
omega-3 or omega-6 fatty acids, DHA, EPA, or ALA which can be derived from plant or
animal sources (e.g., salmon and other cold-water fish or algae), flavonoids, phenols,
polyols, prebiotics/probiotics, phytosterols and phytostanols and their esters,
phytoestrogens, sulfides/thiols, policosanol, saponin, rubisco peptide, appetite
suppressants, hydration agents, autoirmmune agents, C-reactive protein reducing agents, or
anti-inflammatory agents; or any other functional ingredient that is beneficial to the

treatment of specific diseases or conditions, such as diabetes, osteoporosis, inflammation,

or cholesterol.

11. Natural and/or Synthetic High-Potency Sweeteners

The sweetener compositions provided also comprise at least one natural and/or
synthetic high-potency sweetener. As used herein the phrases “natural high-potency
sweetener”, “NHPS”, “NHPS composition”, and “natural high-potency sweetener
composition” are synonymous. “NHPS” means any sweetener found in nature which may
be in raw, extracted, purified, or any other form, singularly or in combination thereof and
characteristically have a sweetness potency greater than sucrose, fructose, or glucose, yet
have less calories. Non-limiting examples of NHPSs suitable for embodiments of this
invention include rebaudioside A, rebaudioside B, rebaudioside C, rebaudioside D,
rebaudioside E, rebaudioside F, dulcoside A, dulcoside B, rubusoside, stevia, stevioside,
mogroside IV, mogroside V, Luo Han Guo sweetener, stamenoside, monatin and its salts
(monatin SS, RR, RS, SR), curculin, glycyrrhizic acid and its salts, thaumatin, monellin,
mabinlin, brazzein, hernandulcin, phyllodulcin, glycyphyllin, phloridzin, trilobatin,
baiyunoside, osladin, polypodoside A, pterocaryoside A, pterocaryoside B,
mukurozioside, phlomisoside I, periandrin I, abrusoside A, and cyclocarioside I. NHPS

also includes modified NHPSs. Modified NHPSs include NHPSs which have been altered
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naturally. For example, a modified NHPS includes, but is not limited to, NHPSs which
have been fermented, contacted with enzyme, or derivatized or substituted on the NHPS.
In one embodiment, at least one modified NHPS may be used in combination with at least
one NHPS. In another embodiment, at least one modified NHPS may be used without a
NHPS. Thus, modified NHPSs may be substituted for a NHPS or may be used in
combination with NHPSs for any of the embodiments described herein. For the sake of
brevity, however, i the description of embodiments of this invention, a modified NHPS is
not expressly described as an alternative to an unmodified NHPS, but it should be

understood that modified NHPSs can be substituted for NHPSs in any embodiment

disclosed herein.

In one embodiment, extracts of a NHPS may be used in any purity percentage. In
another embodiment, when a NHPS is used as a non—extréct, the purity of the NHPS may
range for example from about 25% to about 100%. According to other embodiments, the
purity of the NHPS may range from about 50% to about 100%; from about 70% to about
100%:; from about 80% to about 100%:; from about 90% to about 100%: from about 95%
to about 100%:; from about 95% to about 99.5%; from about 96% to about 100%: from

about 97% to about 100%; from about 98% to about 100%: and from about 99% to about
100%.

Purity, as used here, represents the weight percentage of a respective NHPS
compound present in a NHPS extract, in raw or purified form. In one embodiment, a
steviolglycoside extract comprises a particular steviolglycoside in a particular purity, with
the remainder of the stevioglycoside extract comprising a mixture of other

steviolglycosides.

To obtain a particularly pure extract of a NHPS, such as rebaudioside A, it may be

necessary to purity the crude extract to a substantially pure form. Such methods generally

are known to those of ordinary skill in the art.

An exemplary method for purifying a NHPS, such as rebaudioside A, is described
in the co-pending patent application no. 60/805,216, entitled “Rebaudioside A

- Composition and Method for Purifying Rebaudioside A,” filed on June 19, 2006, by
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inventors DuBois, et al., the disclosure of which is incorporated herein by reference in its

entirety.

Briefly described, substantially pure rebaudioside A is crystallized in a single step
from an aqueous organic solution comprising at least one organic solvent and water in an
amount from about 10 % to about 25 % by weight, more particularly from about 15 % to
about 20 % by weight. Organic solvents desirably comprise alcohols, acetone, and
acetonitile. Non-limiting examples of alcohols include ethanol, methanol, isopranol, 1-
propanol, 1-butanol, 2-butanol, tert-butanol, and isobutanol. Desirably, the at least one
organic solvent comprises a mixture of ethanol and methanol present in the aqueous
organic solution in a weight ratio ranging from about 20 parts to about 1 part ethanol to 1

part methanol, more desirably from about 3 parts to about 1 part ethanol to 1 part

methanol.

Desirably, the weight ratio of the aqueous organic solvent and crude rebaudioside
A ranges from about 10 to about 4 parts aqueous organic solvent to 1 part crude

rebaudioside A, more particularly from about 5 to about 3 parts aqueous organic solvent to

1 part crude rebaudioside A.

In an exemplary embodiment, the method of purifying rebaudioside A 1s carried
out at approximately room temperature. In another embodiment, the method of purifying
rebaudioside A further comprises the step of heating the rebaudioside A solution to a
temperature in a range from about 20°C to about 40°C, or in another embodiment to a
reflux temperature, for about 0.25 hours to about 8 hours. In another exemplary
embodiment, wherein the method for purifying rebaudioside A comprises the step of
heating the rebaudioside A solution, the method further comprises the step of cooling the
rebaudioside A solution to a temperature in the range from about 4°C to about 25°C for

about 0.5 hours to about 24 hours.

According to particular embodiments, the purity of rebaudioside A may range from
about 50% to about 100%: from about 70% to about 100%; from about 80% to about
100%: from about 90% to about 100%:; from about 95% to about 100%; from about 95%
to about 99.5%; about 96% to about 100%; from about 97% to about 100%:; from about
08% to about 100%; and from about 99% to about 100%. According to particularly
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desirable embodiments, upon crystallization of crude rebaudioside A, the substantially
pure rebaudioside A composition comprises rebaudioside A in a purity greater than about
05 % by weight up to about 100% by Weight on a dry basis. In other exemplary
embodiments, substantially pure rebaudioside A comprises purity levels of rebaudioside A
greater than about 97 % up to about 100% rebaudioside A by weight on a dry basis,
greater than about 98 % up to about 100% by weight on a dry basis, or greater than about
99 % up to about 100% by weight on a dry basis. The rebaudioside A solution during the

single crystallization step may be stirred or unstirred.

In an exemplary embodiment, the method of purifying rebaudioside A further
comprises the step of seeding (optional step) the rebaudioside A solution at an appropriate
temperature with high-purity crystals of rebaudioside A sufficient to promote
crystallization of the rebaudioside A to form pure rebaudioside A. An amount of
rebaudioside A sufficient to promote crystallization of substantially pure rebaudioside A
comprises an amount of rebaudioside A from about 0.0001 % to about 1 % by weight of
the rebaudioside A present in the solution, more particularly from about 0.01 % to about 1

% by weight. An appropriate temperature for the step of seeding comprises a temperature

in a range from about 18 C to about 35°C.

In another exemplary embodiment, the method of purifying rebaudioside A further
comprises the steps of separating and washing the substantially pure rebaudioside A
composition. The substantially pure rebaudioside A composition may be separated from
the aqueous organic solution by a variety of solid-liquid separation techniques that utilize
centrifugal force, that include, without limitatioil, 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 of pressure, vacuum, and 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. Opération of the

rebaudioside A solid-liquid separation device may be continuous, semi-continuous or in

- batch mode. The substantially pure rebaudioside A composition also may be washed on

the separation device using various aqueous organic solvents and mixtures thereof. The

substantially pure rebaudioside A composition can be dried partially or totally on the
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separation device using any number of gases, including, without limitation, nitrogen and
argon, to evaporate residual liquid solvent. The substantially pure rebaudioside A
composition may be removed automatically or manually 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 of purifying rebaudioside A
further comprises the step of drying the substantially pure rebaudioside A composition
using techniques well known to those skilled in the art, non-limiting examples of which
include 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 spéed paddle dryer and microwave dryer. In an exemplary embodiment, the step of
drying - comprises drying the substantially pure rebaudioside A composition using a
nitrogen or argon . purge to remove the residual solvent 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
comprises substantially no rebaudioside D impurity, the method of purifying rebaudioside
A further comprises the step of slurrying the composition of substantially pure
rebaudioside A with an aqueous organic solvéntﬁ prior to the step of drying the
substantially pure. rebaudioside A composition. The slurry 1s a mixture comprising a solid
and an agqueous organic or organic solvent, wherein the solid comprises the substantially
pure rebaudioside A composition and is only sparingly soluble in the aqueous organic or
organic solvent. In an embodiment, the substantially pure rebaudioside A composition
and aqueous organic solvent are present in the slurry in a weight ratio ranging from about
15 parts to 1 part aqueous organic solvent to 1 part substantiaily pure rebaudioside A
composition. In one embodiment, the slurry is maintained at room temperature. In
another embodiment, the step of slurrying comprises heating the slurry to a temperature in
a range from about 20 to about 40°C. The substantially pure rebaudioside A composition

is slurried for about 0.5 hours to about 24 hours.

In still yet another exemplary embodiment, the method of purifying rebaudioside A

further. comprises the steps of separating the substantially pure rebaudioside A
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composition from the aqueous organic or organic solvent of the slurry and washing the
substantially pure rebaudioside A composition followed by the step of drying the

substantially pure rebaudioside A composition.

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

chromatography.

It also is contemplated that other NHPSs may be purified using the purification
method described herein, requiring only minor experimentation that would be obvious to

those of ordinary skill in the art.

The purification of rebaudioside A by crystallization as described above results in
the formation of at least four different polymorphs: Form 1: a rebaudioside A hydrate;
Form 2: an anhydrous rebaudioside A; Form 3: a rebaudioside A solvate; and Form 4: an
amorphous rebaudioside A. The aqueous organic solution and temperature of the
purification process influence the resulting polymorphs in the substantially pure
rebaudioside A composition. Figures 1-5 are exemplary powder x-ray diffraction (XRPD)
scans of polymorphs Form 1 (hydrate), Form 2 (anhydrate), Form 3A (methanol solvate),

Form 3B (ethanol solvate), and Form 4 (amorphous), respectively.

The material properties of the four rebaudioside A polymorphs are summarized in

the following table:

Table 1: Rebaudioside A Polymorphs

- Form1 Form 2 Form 3 Form4
| Polymorph Polymorph Polymorph Polymorph
High (> 30 %/5 | High (> 35.0

Rate of dissolution | Very low (<0.2 Intermediate (<30

in H20 at 25°C %/60 minutes) %0/5 minutes) minutes) %[5 minutes)

Alcohol content <0.5 % <1%
Moisture content >5% <1% 6.74 %
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The type of polymorph formed is dependent on the composition of the aqueous
organic solution, the temperature of the crystallization step, and the temperature during the
drying step. Form 1 and Form 3 are formed oduring the single crystallization step while

Form 2 is formed during the drying step after conversion from Form 1 or Form 3.

Low temperatures during the crystallizationu step, i 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 room temperature (2-16
hours) or at reflux for approximately (0.5-3 hours). Form 3 can be converted to Form 1 by
slurrying the polymorph in water at room temperature for approximately 16 hours or at
reflux for approximately 2-3 hours. Form 3 can be converted to the Form 2 during the
drying process; however, increasing either the drying temperature above 70°C or the
drying time of a substantially pure rebaudioside A composition can result in
decomposition of fhe 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.

Form 4 may be formed from Form 1, 2, 3, or combinations thereof, using methods
well known to those of ordinary skill in the art. N on-limiting examples of such methods
include melt-processing, ball milling, crystallization, lyophilization, cryo-grinding, and
spray-drying. In a particular embodiment, Form 4 can be prepared from a substantially
pure rebaudioside A composition obtained by the purification methods described

hereinabove by spray-drying a solution of the substantially pure rebaudioside A

composition.

As used herein, the phrase “synthetic sweetener” refers to any compositions which
are not found in nature and characteristically have a sweetness potency greater than
sucrose, fructose, or glucose, yet have less calories. Non-limiting examples of synthetic

sweeteners suitable for embodiments of this invention include sucralose, potassium

acesulfame, aspartame, alitame, saccharin, neohesperidin dihydrochalcone, cyclamate,
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neotame, N-[N-[3-(3-hydroxy-4-methoxyphenyl)propyl}-L-a-aspartyl]-L-phenylalanine 1-
methyl ester, N-[N-[3-(3-hydroxy-4-methoxyphenyl)-3-methylbutyl}-L-o-aspartyl]-L-
phenylalanine 1-methyl ester, N-[N-[3-(3-methoxy-4-hydroxyphenyl)propyl]-L-o-
aspartyl]-L-phenylalanine 1-methyl ester, salts thereof, and the like.

The NHPS and synthetic sweeteners may be used individually or in combination
with other NHPS and/or synthetic sweeteners. For example, the sweetener composition
may comprise a single NHPS or a single synthetic sweetener; a single NHPS in
combination with a single synthetic sweetener; one or more NHPSs in combination with a
single synthetic sweetener; a single NHPS in combination with one or more synthetic
sweeteners; or one or more NHPSs in combination with one or more synthetic sweeteners.
A plurality of natural and/or synthetic high-potency sweeteners may be used as long as the
combined effect does not adversely affect the taste of the sweetener composition or orally

sweetened composition.

For example, particular embodiments comprise combinations of NHPSs, such as
steviolglycosides. Non-limiting examples of suitable stevioglycosides which may be
combined include rebaudioside A, rebaudioside B, rebaudioside C, rebaudioside D,
rebaudioside E, rebaudioside F, dulcoside A, dulcoside B, rubusoside, stevioside, or
steviolbioside. According to particularly desirable embodiments of the present invention,
the combimation of high-potency sweeteners comprises rebaudioside A in combination .
with rebaudioside B, rebaudioside C, rebaudioside E, rebaudioside F, stevioside,

steviolbioside, dulcoside A, or combinations thereof.

Generally, according to a particular embodiment, rebaudioside A is present in the
combination of high-potency sweeteners in an amount in the range of about 50 to about
99.5 weight percent of the combination of high-potency sweeteners, more desirably in the
range of about 70 to about 90 weight percent, and still more desirably in the range of about

75 to about 85 weight percent.

In another particular embodiment, rebaudioside B is present in the combination of
high-potency sweeteners in an amount in the range of about 1 to about 8 weight percent of

the combination of high-potency sweeteners, more desirably in the range of about 2 to
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about 5 weight percent, and still more desirably in the range of about 2 to about 3 weight

percent.

In another particular embodiment, rebaudioside C is present in the combination of
high-potency sweeteners in an amount in the range of about 1 to about 10 weight percent
of thé combination of high-potency sweeteners, more desirably in the range of about 3 to
about 8 weight percent, and still more desirably in the range of about 4 to about 6 weight

percent.

In still another particular embodiment, rebaudioside E is present in the
combination of high-potency sweeteners in an amount in the range of about 0.1 to about 4
weight percent of the combination of high-potency sweeteners, more desirably in the range
of about 0.1 to about 2 weight percent, and still more desirably in the range of about 0.5 to

about 1 weight percent.

In still another particular embodiment, rebaudioside F is present in the combination
of high-potency sweeteners in an amount in the range of about 0.1 to about 4 weight
percent of the combination of high-potency sweeteners, more desirably in the range of
about 0.1 to about 2 weight percent, and still more desirably in the range of about 0.5 to

about 1 weight percent.

In still yet another particular embodiment, dulcoside A is present in the
combination of high-potency sweeteners in an amount in the range of about 0.1 to about 4
weight percent of the combination of high-potency sweeteners, more desirably in the range
of about 0.1 to about 2 weight percent, and still more desirably in the range of about 0.5 to

about 1 weight percent.

In yet another particular embodiment, dulcoside B is present in the combination of
high-potency sweeteners in an amount in the range of about 0.1 to about 4 weight percent
of the combination of high-potency sweeteners, more desirably in the range of about 0.1 to
about 2 weight percent, and still more desirably in the range of about 0.5 to about 1 weight

percent.

In another particular embodiment, stevioside is present in the combination of high-
potency sweeteners in an amount in the range of about 0.5 to about 10 weight percent of

the combination of high-potency sweeteners, more desirably in the range of about 1 to
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about 6 weight percent, and still more desirably in the range of about 1 to about 4 weight

percent.

In still another particular embodiment, steviolbioside is present in the combination
of high-potency sweeteners in an amount in the range of about 0.1 to about 4 weight
percent of the combination of high-potency sweeteners, more desirably in the range of
about 0.1 to about 2 weight percent, and still more desirably in the range of about 0.5 to

about 1 weight percent.

According to a particularly desirable embodiment, the high-potency sweetener
composition comprises a combination of rebaudioside A, stevioside, rebaudioside B,
rebaudioside C, and rebaudioside F; wherein rebaudioside A 1s present in the combination
of high-potency sweeteners in an amount in the range of about 75 to about 85 weight
percent based on the total weight of the combination of high-potency sweeteners,
stevioside is present in an amount in the range of about 1 to about 6 weight percent,
rebaudioside B is present in an amount in the range of about 2 to about 5 weight percent,
rebaudioside C is present in an a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>