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(57) ABSTRACT

A process for producing the natural sweetener composition
which comprises at least one of steviolbioside (STB) extract,
Rebaudioside B extract and Rebaudioside D extract (“collec-
tively, the “extracts”) comprises the steps of preparing a
mother liquor comprising a mass content of at least 20% of at
least one of the extracts; preparing feed liquid comprising at
least 20 mg/mL of mother liquor; flowing feed liquid through
a porous adsorption column, having a pore size of at least 40
Angstroms, a pore volume of a least 0.8 ml./g and at a flow
rate of at least 1L/min and at a pH of between 4 to 5; eluting
at least one steviolbioside (STB) extract, Rebaudioside B
extract and Rebaudioside D extract with alcohol having a
mass concentration of at least 65%; fractionally collecting
one or more eluates based on chromatographic critical points
for each of the steviolbioside STB extract, the Rebaudioside
B extract and the Rebaudioside D extract; concentrating the
extracts at atemperature of between 60-80° C.; and drying the
extracts so formed.
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PROCESSES OF PURIFYING STEVIOL stable, and do not ferment.! They also do not induce aglyce-
GLYCOSIDES mic response when ingested, making them attractive as natu-
ral sweeteners to diabetics and others on carbohydrate-
FIELD OF THE INVENTION controlled diets. . .
[0005] The chemical structures of the diterpene glycosides
[0001] The present invention relates generally to natural of Stevia rebaudiana Bertoni are presented in FIG. 1. The
sweetener compositions comprising plant glycosides and  physical and sensory properties are well studied generally
methods for producing the same from Stevia rebaudiana. only for Stevioside (STV) and Rebaudioside A. The sweet-
ness potency of Stevioside is around 210 times higher than
BACKGROUND sucrose, Rebaudioside A in between 200 and 400 times, and
Rebaudioside C and Dulcoside A around 30 times. Rebau-
[0002] Inthe food and beverage industry, there is a general dioside A is considered to have most favorable sensory
preference for the consumption of sweet foods, and manufac- attributes of the four major steviol glycosides (see Table 1):
TABLE 1
Optical
rotation
[a?°D
T,@ Mol. (H,0, Solubility Relative Quality of
Name Formula ®@C.  Weight 1%.w/v) inwater,% sweetness taste
Steviol Ca0H3003 212-213 31845  ND ND ND  Very bitter
Steviolmonoside  C,H 4005 ND 480.58 ND ND ND ND
Stevioside CysHgOrs  196-198  804.88  -39.3 0.13 210 Bitter
Rebaudioside A CyyH, 00,3 242-244  967.01  -20.8 0.80 200-400 Less Bitter
Rebaudioside B CigHgoO1s  193-195 804.88 -45.4 0.10 150 Bitter
Rebaudioside C ~ CyyH7002  215-217  951.01  -29.9 0.21 30 Bitter
Rebaudioside D Cs5oHggOog 248-249 1129.15 -29.5 1.00 220 Like sucrose
(ethanol)
Rebaudioside E =~ C44H74053 205-207 967.01 -34.2 1.70 170 Like sucrose
Rebaudioside F Cy3Hgs057 ND 93699 -25.5 ND
(methanol)
Dulcoside A CygHgOr7  193-195  788.87  -50.2 0.58 30 Very bitter
Steviolbioside C3,Hs00,3 188-192  642.73 -345 0.03 90  Unpleasant
Rubusoside C3,Hs00,3 ND 642.73  642.73 ND 110 Very bitter

@ indicates text missing or illegible when filed

turers and consumers commonly add sugar in the form of
sucrose (table sugar), fructose or glucose to beverages, food,
etc. to increase the sweet quality of the beverage or food item.
Although most consumers enjoy the taste of sugar, sucrose,
fructose and glucose are high calorie sweeteners. Many alter-
natives to these high calorie sweeteners are artificial sweet-
eners or sugar substitutes, which can be added as an ingredi-
ent in various food items.

[0003] Common artificial sweeteners include saccharin,
aspartame, and sucralose. Unfortunately, these artificial
sweeteners have been associated with negative side effects.
Therefore, alternative, natural non-caloric or low-caloric or
reduced caloric sweeteners have been receiving increasing
demand as alternatives to the artificial sweeteners and the
high calorie sweeteners comprising sucrose, fructose and glu-
cose. Like some of the artificial sweeteners, these alternatives
provide a greater sweetening effect than comparable amounts
of caloric sweeteners; thus, smaller amounts of these alterna-
tives are required to achieve a sweetness comparable to that of
sugar. These alternative, natural sweeteners, however, can be
expensive to produce and/or possess taste characteristics dif-
ferent than sugar (such as sucrose), including, in some
instances, undesirable taste characteristics such as sweetness
linger, delayed sweetness onset, negative mouth feels and
different taste profiles, such as off-tastes, including bitter,
metallic, cooling, astringent, licorice-like tastes.

[0004] Steviol glycosides are responsible for the sweet
taste of the leaves of the stevia plant (Stevia rebaudiana
Bertoni). These compounds range in sweetness from 40 to
300 times sweeter than sucrose. They are heat-stable, pH-

[0006] Stevia rebaudiana, after extraction and refinement
is extensively used in the fields of foods, beverages, alcoholic
liquor preparation, medicines, cosmetics, etc. In recent years,
Stevia rebaudiana glycosides as extracts of Stevia rebaudi-
ana have been used even more popularly as natural sweeten-
ers and attractive alternatives to artificial sweeteners. They
have become an excellent sweetening option since their
caloric value is extremely low and they do not cause adverse
effects to dental patients and diabetic patients. The potential
market is huge.
[0007] Stevia rebaudiana glycosides mainly comprise the
following nine components: Stevioside (STV), rebaudioside
A (RA), rubusoside, dulcoside A (DA), rebaudioside C (RC),
rebaudioside F (RF), rebaudioside D (RD), steviolbioside
(STB), and rebaudioside B (RB).
[0008] The diterpene known as steviol is the aglycone of
stevia’s sweet glycosides, which are constructed by replacing
steviol’s carboxyl hydrogen atom with glucose to form an
ester, and replacing the hydroxyl hydrogen with combina-
tions of glucose and rhamnose to form an ether. The two
primary compounds, stevioside and rebaudioside A, use only
glucose: Stevioside has two linked glucose molecules at the
hydroxyl site, whereas rebaudioside A has three, with the
middle glucose of the triplet connected to the central steviol
structure.
[0009] In terms of weight fraction, the four major steviol
glycosides found in the stevia plant tissue are:

[0010] 5-10% stevioside (STV) (250-300x of sugar)

[0011] 2-12% rebaudioside A (RA)—most sweet (350-

450x% of sugar) and least bitter
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[0012] 1-2% rebaudioside C (RC)
[0013] Y2-1% dulcoside A. (DA)
[0014] Rebaudioside B, D, E and steviolbioside (STB) are

known to be present in minute quantities;

[0015] The tastes of these components are different from
one another and can meet the demands of different consumer
populations, for example, the consumers in the United States
of America and Canada are fond of RA, whereas the consum-
ers in Japan and Korea are fond of STV.

[0016] Currently, the marketed Stevia rebaudiana glyco-
side products are mainly RA and STV, and there are still no
products mainly containing RD and/or RB, therefore, the
methods for extracting Stevia rebaudiana glycoside also
mainly focus on the purification and refinement of RA and
STV: there is still no good purification method for the selec-
tive extraction of RD and RB or in fact for very selective
extraction and purification of individual glycosides RB, RD
and steviolbioside (STB). Therefore, it would be highly ben-
eficial to allow for such selective extraction to adapt to the
diverse demands of consumers.

[0017] A process for the general recovery of diterpene gly-
cosides, including stevioside from the Stevia rebaudiana
plant is described (U.S. Pat. No. 4,361,697). A variety of
solvents, having different polarities, were used in a sequential
treatment that concluded with a high performance liquid
chromatographic (HPLC) separation procedure.

[0018] The method for the recovery of RA from the leaves
of Stevia rebaudiana plants is provided in U.S. Pat. No.
4,082,858. Final purification is achieved by liquid chroma-
tography subsequent followed by an initial extraction with
water an alkanol having from 1 to 3 carbon carbons, prefer-
ably methanol. It is also disclosed that water may be used as
the initial solvent, although the preferred solvent at this stage
is a liquid haloalkane having from 1 to 4 carbon atoms. The
preferred second solvent is an alkanol having from 1 to 3
carbon atoms, while the preferred third solvent is an alkanol
having from 1 to 4 carbon atoms and optionally minor
amounts of water.

[0019] U.S. Pat. No. 4,892,938, to Giovanetto discloses a
purification process in which the aqueous extracts of the plant
are purified by passing these aqueous extracts through a series
of'ion-exchange resins which are selected to remove various
impurities. The sweet glycosides remain in the water and are
recovered by evaporation of the water. The advantage is that
everything is done in water, while most other processes
involve the use of'a solvent at some point. The disadvantage is
that the final product is quite impure with only about 70% is
a mixture of the sweet glycosides. The balance is mainly
material more polar than the sweet glycosides which we have
identified as a complex mixture of polysaccharides (about
25%), and a small amount of yellow, oily material less polar
than the sweet glycosides (about 5%).

[0020] The sweet glycosides obtained from Giovanetto
process are always a mixture: namely the two principle sweet
glycosides Stevioside and Rebaudioside A, and the two minor
sweet glycosides Dulcoside and Rebaudioside C.

[0021] Itis generally accepted that Stevioside has an after-
taste which is undesirable. This aftertaste is present in Stevio-
side samples of even greater than 99% purity. On the other
hand, RA does not possess an aftertaste and has a sweetness
flavour comparable to sucrose. Thus it is recognized as having
the most desirable sensory properties. In addition to this
complexity, various impurities are also present and some of
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these possess undesirable flavors. The entire matter is further
clouded by the extreme difficulty of doing analyses.

[0022] The combined use of microfiltration, ultrafiltration,
and nanofiltration is also applied for the purification of stevia
extract (U.S. Pat. No. 5,972,120). The method, while satis-
factory in some respects, is very expensive and as such com-
mercially impractical. In addition, there remains the draw-
back of only isolating a mixture of glycosides, not pure
individual compounds, such as stevioside and RA.

[0023] Itis an object of the present invention to obviate or
mitigate the above disadvantages.

SUMMARY OF THE INVENTION

[0024] The present invention provides processes of selec-
tively purifying one or more of RB, RD and steviolbioside
(STB) from steviol glycoside compositions, compositions of
such purified one or more of RB, RD and steviolbioside
(STB) and uses thereof.

[0025] The present invention further provides a process of
puritying one or more of RB, RD and steviolbioside (STB)
from a stevia leaf extract and provides further optional down-
stream refining steps.

[0026] The present invention provides a process for pro-
ducing the natural sweetener composition comprising at least
one of steviolbioside (STB) extract, Rebaudioside B extract
and Rebaudioside D extract (“collectively, the “extracts”™),
said process comprising the steps of:

[0027] a) preparing a mother liquor comprising a mass
content of at least 20% of at least one of the extracts;

[0028] b) prepare feed liquid comprising at least 20
mg/mL of mother liquor;

[0029] c¢) flow feed liquid through a porous adsorption
column, having a pore size of at least 40 Angstroms, a
pore volume of a least 0.8 ml/g and at a flow rate of at
least 1 L/min and at a pH of between 4 to 9;

[0030] d) eluting at least one extract, steviolbioside
(STB), Rebaudioside B extract and Rebaudioside D
extract with alcohol having a mass concentration of at
least 65%;

[0031] e) fractionally collecting one or more eluates
based on chromatographic critical points for each of the
steviolbioside (STB) extract, the Rebaudioside B extract
and the Rebaudioside D extract;

[0032] 1) concentrating the extracts at a temperature of
between 60-80° C.; and

[0033] g) drying the extracts so formed.

[0034] In another aspect, the present invention provides a
process for purifying rebaudioside B, which comprises: pre-
paring a mother liquor into a feed liquid of 20-25 mg/ml;
allowing the feed liquid to flow through a macroporous
adsorption resin column at a rate of 2.0-3.0 L/min with the
average pore size of said macroporous adsorption resin col-
umn being from 50-60 A, with the pore volume thereof being
0.8-0.9 ml/g, and the pH thereof during the adsorption being
in the range of 4.0-5.0; and after substantially complete
adsorption, eluting the Stevia rebaudiana glycoside adsorbed
on the resin column by using ethanol with a mass concentra-
tion of 70%-75%, collecting fractionally the eluates, concen-
trating the eluates at a temperature of 60° C.-80° C., and
separately drying the resulting solid and liquid to give a crude
rebaudioside B Stevia rebaudiana glycoside.

[0035] In another aspect, the present invention provides a
process for purifying rebaudioside D, characterized by pre-
paring a mother liquor into a feed liquid of 25-30 mg/ml,
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allowing the feed liquid to flow through a macroporous
adsorption resin column at a rate of 2.5-4.0 L/min, wherein
the average pore size of said resin column is 40-50 A, with a
pore volume thereof being 0.9-1.0 ml/g, and the pH thereof
during the adsorption being in the range of 4.5-5.5; and after
substantially complete adsorption, eluting the Stevia rebau-
diana glycoside adsorbed on the resin column by using etha-
nol with a mass concentration of 75%-80%; collecting frac-
tionally the eluates, determining the critical points, then
collecting the eluates at the critical points, concentrating at a
temperature of 60° C.-80° C., and separately drying the
resulting solid and liquid to give a crude Stevia rebaudiana
glycoside.

[0036] Inyetanother aspect, the present invention provides
aprocess for puritying steviolbioside (STB), characterized by
preparing a mother liquor of solution into a feed liquid of
25-30 mg/ml,, allowing the feed liquid to flow through a
macroporous adsorption resin column in a rate of 1.0-2.0
L/min, wherein the average pore size of said resin column is
40-50 A, with a pore volume thereof being 0.9-1.0 mL/g, and
the pH thereof during the adsorption being in the range of
4.0-5.0; and after substantially complete adsorption, eluting
the Stevia rebaudiana glycosides adsorbed on the resin col-
umn by using ethanol with a mass concentration of 67%-
72%; collecting fractionally the eluates, determining the criti-
cal points, then collecting the eluates at the critical points,
concentrating at a temperature of 60° C.-80° C., and sepa-
rately drying the resulting solid and liquid to give a crude
Stevia rebaudiana glycoside.

[0037] The crude preparation step described above takes
advantage of the selective adsorption of individual compo-
nents of the Stevia rebaudiana glycoside mixture by a
macroporous adsorption resin column according to differ-
ences in parameters such as polarity, molecular weight and
molecular size and the like so as to enrich RB. Therefore, the
polarity of the macroporous adsorption resin column affects
the enrichment of RB to the greatest extent; then, the concen-
tration of the feed liquid also has a significant effect on the
adsorption capacity of the macroporous adsorption resin col-
umn, with either too low a concentration or too high a con-
centration reducing the adsorption capacity of the
macroporous adsorption resin column; the average pore size
and the pore volume of the resin column also affect, to some
extent, the separation of individual components of Stevia
rebaudiana glycoside and impurities; and the pH of the feed
liquid has also a significant effect on the adsorption capacity
of'the resin column. In the elution step after complete adsorp-
tion, the mass concentration of ethanol directly affects the
content of rebaudioside B in the Stevia rebaudiana glycoside
mixture of the eluates, since the physical and chemical prop-
erties of the individual components are similar to one another,
therefore, variation in the mass concentration of ethanol will
change the composition of the eluted components and affect
the content of rebaudioside B in the eluates. If the eluates are
to be fractionally collected, the leakage points of the eluates
can be determined by liquid phase chromatographic analysis,
and then the eluates are collected. The similar macropore
resin chromatography method and theory are used to enrich
steviolbioside (STB) and RD.

[0038] The present invention further provides a natural
sweetener composition comprising RB as prepared and iso-
lated by the steps herein. The present invention further pro-
vides a natural sweetener composition comprising RD as
prepared and isolated by the steps herein. The present inven-
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tion further provides a natural sweetener composition com-
prising STB as prepared and isolated by the steps herein
[0039] The present invention further provides foods, bev-
erages, nutraceuticals, functional foods, medicinal formula-
tions, cosmetics, health products, condiments and seasonings
comprising one or more of RB, RD and STB as prepared and
isolated by the steps herein

[0040] These and other objects and advantages of the
present invention will become more apparent to those skilled
in the art upon reviewing the description of the preferred
embodiments of the invention, in conjunction with the figures
and examples. A person skilled in the art will realize that other
embodiments of the invention are possible and that the details
of the invention can be modified in a number of respects, all
without departing from the inventive concept. Thus, the fol-
lowing drawings, descriptions and examples are to be
regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Embodiments of the present invention will now be
described, by way of example only, with reference to the
attached Figures, wherein:

[0042] FIG. 1 illustrates the chemical structures of RB, RD
and STB; and
[0043] FIG. 2 is aflow diagram ofthe extraction process for

extracting a primary extract of steviol glycosides from the
leaves of Stevia rebaudiana to yield a mother liquor;

DETAILED DESCRIPTION OF THE INVENTION

[0044] A detailed description of one or more embodiments
of'the invention is provided below along with accompanying
figures that illustrate the principles of the invention. As such
this detailed description illustrates the invention by way of
example and not by way of limitation. The description will
clearly enable one skilled in the art to make and use the
invention, and describes several embodiments, adaptations,
variations and alternatives and uses of the invention, includ-
ing what we presently believe is the best mode for carrying
out the invention. It is to be clearly understood that routine
variations and adaptations can be made to the invention as
described, and such variations and adaptations squarely fall
within the spirit and scope of the invention.

[0045] Inother words, the invention is described in connec-
tion with such embodiments, but the invention is not limited
to any embodiment. The scope ofthe invention is limited only
by the claims and the invention encompasses numerous alter-
natives, modifications and equivalents. Numerous specific
details are set forth in the following description in order to
provide a thorough understanding of the invention. These
details are provided for the purpose of example and the inven-
tion may be practiced according to the claims without some or
all of these specific details. For the purpose of clarity, tech-
nical material that is known in the technical fields related to
the invention has not been described in detail so that the
invention is not unnecessarily obscured.

[0046] In the present disclosure and claims (if any), the
word “comprising” and its derivatives including “comprises”
and “comprise” include each of the stated integers or ele-
ments but does not exclude the inclusion of one or more
further integers or elements. The term process may be used
interchangeably with method, as referring to the steps of
purification described and claimed herein. The term rebau-
dioside B may be used interchangeably with RB (or Reb B),
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the term rebaudioside D may be used interchangeably with
RD (or Reb D) and the term steviolbioside may be used
interchangeably with STB. As used herein, the term “mother
liquor of sugar” or “mother liquor” in the purification pro-
cesses refers to a Stevia rebaudiana glycoside solution con-
taining withrespectto atleast one of RB, RD and STB: a mass
content of 20-30%, which can be prepared from the extract of
Stevia rebaudiana or other Stevia rebaudiana glycoside prod-
ucts.

[0047] For clarity, it is to be noted that “steviol glycosides”
have been referred to as stevia, stevioside, and stevia glyco-
side in the scientific literature. Generally, the term, steviol
glycosides has been adopted for the family of steviol deriva-
tives with sweetness properties that are derived from the
stevia plant. More recently, the term, stevia, is used more
narrowly to describe the plant or crude extracts of the plant,
while stevioside is the common name for one of the specific
glycosides that is extracted from stevia leaves. Stevioside is
distinct from steviolbioside. As used herein, the term “about”
in connection with a measured quantity, refers to the normal
variations in that measured quantity, as expected by a skilled
artisan making the measurement and exercising a level of care
commensurate with the objective of measurement.

[0048] Within the scope of the invention, the mother liquor
which provides a high content level of RB, RD and steviol-
bioside (STB) is prepared from the crystallization of stevia
primary extract (SPE). With the purification process as
described herein (which is the crystallization of stevia
extract) RA, STV and RC, the concentration of RB, RD and
steviolbioside (STB) in the mother liquor are enriched. The
mother liquor, as preferably used herein, is a by-product from
Reb A, Reb C and STV purification (crystallization and
recrystallization) process. Accordingly, after purifying out
(by these known techniques) the major components (such as
RA, RC and STV), the percentage of minor components
(such as RD, RB and STB) will be increased. In other words,
the mother liquor which is the starting material of the present
invention processing is a usually discarded by-product of
conventional stevia leaf processing.

[0049] Natural sweetener compositions that have a taste
profile comparable to sugar are desired. Further, a composi-
tion that is not prohibitively expensive to produce is preferred.
Such a composition can be added, for example, to beverages
and food products to satisfy consumers looking for a sweet
taste. There is provided herein a process to selectively extract
particular steviol glycosides in order to customize sweetening
goals

[0050] The genus Stevia consists of about 240 species of
plants native to South America, Central America, and
Mexico, with several species found as far north as Arizona,
New Mexico, and Texas. They were first researched by Span-
ish botanist and physician Petrus Jacobus Stevus (Pedro
Jaime Esteve), from whose surname originates the Latinized
word stevia.

[0051] Steviol glycosides have highly effective sweet taste
properties. In fact, these compounds range in sweetness up to
380 times sweeter than sucrose. They are safe, non-toxic
heat-stable, pH-stable, and do not ferment making them very
commercially workable in the manufacture of foods and bev-
erages. Furthermore, they do not induce a glycemic response
when ingested (they have zero calories, zero carbohydrates
and a zero glycemic index), making them extremely attractive
as natural sweeteners to diabetics, those on carbohydrate-
controlled diets and to anyone seeking healthy alternatives.
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The glycemic index, or GI, measures how fast a food will
raise blood glucose level. Choosing foods that produce zero
fluctuations in blood glucose is an important component for
long-term health and reducing risk of heart disease and dia-
betes. As such, use of the natural sweetener compositions of
the present invention has enormous advantages over cane,
beet and other sugars.

[0052] During the extraction process, as increasing levels
of purity of RB, RD, steviolbioside (STB) extracts are pro-
duced, the costs associated with achieving such increasing
levels of purity also increases. Those skilled in the art will
understand that purifying steviol glycoside extracts, includ-
ing RB, RD and STB extracts, to higher levels of purity,
especially purity levels greater than 95%, can be very costly,
which can be limiting on the use of these steviol glycosides in
sweetener compositions. This is the problem addressed
herein.

[0053] Typically, steviol glycosides are obtained by
extracting leaves of Stevia rebaudiana Bertoni with hot water
or alcohols (ethanol or methanol); the obtained extract is a
dark particulate solution containing all the active principles
plus leaf pigments, soluble polysaccharides, and other impu-
rities. Some processes remove the “grease” from the leaves
with solvents such as chloroform or hexane before extraction
occurs. There are dozens of extraction patents for the isolation
of'steviol glycosides, such processes often being categorized
the extraction patents into those based on solvent, solvent plus
a decolorizing agent, adsorption and column chromatogra-
phy, ion exchange resin, and selective precipitation of indi-
vidual glycosides. Methods using ultrafiltration, metallic
ions, supercritical fluid extraction with CO, and extract clari-
fication with zeolite are found within the body of more recent
patents.

[0054] At the 68th Joint Expert Committee on Food Addi-
tives (“JECFA”) meeting in 2007, steviol glycosides were
defined as the products obtained from the leaves of Stevia
rebaudiana Bertoni. As cited by JECFA, the typical manu-
facture starts with extracting leaves with hot water and the
aqueous extract is passed through an adsorption resin to trap
and concentrate the component steviol glycosides. The resin
is washed with methanol to release the glycosides and the
product is recrystallized with methanol. Ion-exchange resins
may be used in the purification process. The final product is
commonly spray-dried. Table 2 (at the conclusion of the
disclosure) provides a product monograph of steviol glyco-
sides, including chemical names, structures, methods of
assay and sample chromatogram showing elution times of
nine major glycosides.

[0055] The following provides preferred steps of an extrac-
tion process used to isolate glycoside extracts (yielding
mother liquor) from Stevia leaves. As shown in FIG. 2, the
Reb A and STV extracts are isolated using the following
steps. The Stevia leaves (12) are dried and the dried stevia
leaves are agitated (16) in a volume of water (14) to release the
sweet glycosides from the dried stevia leaves. Preferably, the
sweet glycosides are released from the dried leaves using
between about 1 volume to about 15 volumes of water. Even
more preferably, the sweet glycosides are released from the
dried leaves using about 12 volumes of water. The water-
leaves mixture is agitated (16) for a period of time between
about 10 minutes and about 1 hour, more preferably for a
period of time between about 25 minutes and about 35 min-
utes. Following the agitation (16), the water-leaves mixture is
drained and the filtrate collected (18). The cycle of agitation
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(16) and the collection of filtrate (18) is repeated for a total of
about five cycles. Over the course of the five cycles, the
water-leaves mixture is agitated for a total period of time
between about 1 hour and about 5 hours, more preferably for
a total period of time between about 2 hours and about 3
hours.

[0056] In one embodiment, for each agitation/collection
cycle, the water-leaves mixture is agitated (16) in an environ-
ment having a temperature between about 5° C. and about 50°
C., more preferably at a temperature between about 20° C.
and about 30° C. Following the completion of the agitation/
collection cycles, the pH of the water-leaves mixture is first
adjusted to about pH 8.0 (20). The pH adjusted water/leaves
mixture is then allowed to stand for a period of time between
about 30 minutes and about two hours. The pH of the water-
leaves mixture is then adjusted a second time (22) to about pH
7.0. The water-leaves mixture is subsequently filtered (24) to
obtain an aqueous filtrate. The aqueous filtrate is then applied
to ion exchange columns (26) to purify and decontaminate the
aqueous filtrate. A person skilled in the art would understand
that other methods may also be used to purify and decontami-
nate the aqueous filtrate. The aqueous filtrate is subsequently
de-salted and de-colorized (28) and concentrated (30) using
adsorption resin beds. A person skilled in the art would under-
stand that other methods may also be used to concentrate the
aqueous filtrate. A filtrate solution containing concentrated
steviol glycosides is released from the adsorption resin beds
(34) by rinsing the adsorption resin beds with ethanol (32),
preferably about 70% ethanol (32).

Reb B:

[0057] The present invention provides a Stevia rebaudiana
glycoside prepared using the above-mentioned purification
method (starting with the mother liquor) and in which the
mass content of RB reaches about to 45%. Further concen-
tration and purification steps (further refining) as also
described herein, significantly increase concentration.
[0058] The method for purifying rebaudioside B men-
tioned above, in which the mass concentration of said ethanol
is preferably 72%-75%.

[0059] The method for purifying rebaudioside B men-
tioned above, in which the surface property of said
macroporous adsorption resin is non-polar.

[0060] The method for purifying rebaudioside B men-
tioned above, wherein the particle size of said macroporous
adsorption resin column is preferably in the range of 16-60
mesh.

[0061] The method for purifying rebaudioside B men-
tioned above, in which the specific surface area of said
macroporous adsorption resin column is preferably 1400-
1600 m2/g; and this specific surface area is capable of adsorb-
ing RB to the full extent.

[0062] The method for purifying rebaudioside B men-
tioned above, wherein the water content of said macroporous
adsorption resin column is preferably about 60%-70%.
[0063] The method for purifying rebaudioside B men-
tioned above, wherein the bulk density of the macroporous
adsorption resin column in the wet state is about 0.75-0.85
g/ml.

[0064] The method for purifying rebaudioside B men-
tioned above, in which the mass percentage of the solids after
concentration is about 45%-50%.
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[0065] The method for purifying rebaudioside B men-
tioned above, in which the volume of the resin column is
preferably about 300-600 L.

[0066] The method for purifying rebaudioside B men-
tioned above, in which the crude rebaudioside B may also be
subjected to a refining process, said refining process compris-
ing the following steps:

[0067] preparing a mixed solvent by thoroughly mixing
ethanol with a mass concentration of 80%=2% and
45%=x2% methanol at a ratio of about 3:1, and heating it
to 55-65° C.; placing said crude Stevia rebaudiana gly-
coside into the mixed solvent, with the mass ratio of the
mixed solvent to said crude Stevia rebaudiana glycoside
being about 2.0-2.5:1, allowing the crude Stevia rebau-
diana glycoside to dissolve in the mixed solvent so as to
form a liquid mixture, cooling down said liquid mixture
to ambient temperature within about 4-7 minutes and
then standing, during which the liquid mixture is stirred
at intervals, standing for about 48-72 hours, performing
a solid-liquid separation, and separately drying the
resulting solid and liquid to obtain a refined Stevia
rebaudiana glycoside.

[0068] In the above mentioned refining steps, since the
polarities of individual components of Stevia rebaudiana gly-
coside (RB, RD and STB) are extremely similar to one
another, the polarity of the solvent must be adjusted precisely,
and a small difference in the polarity of the solvent will affect
the solubility of individual components in the solvent, and for
this reason the precise proportioning of the solvent is
extremely critical, so that not only will the individual com-
ponents and impurities thoroughly dissolve in the solvent, but
also the solubility of the target product after being cooled
down decreases most rapidly and it precipitates most rapidly;
in addition, a precise dissolution temperature is not only
advantageous for the thorough dissolution of the target prod-
uct RB, but also advantageous for temperature control during
an industrial process. Furthermore, the time for cooling dur-
ing the cooling process also has a certain effect on the crys-
talline liquid, and either excessively rapid or excessively slow
cooling is not advantageous for improving the purity of the
target product after crystallization.

[0069] The method for purifying rebaudioside B men-
tioned above, the mixed solvent being cooled down to ambi-
ent temperature within about 5 minutes.

[0070] The method for purifying rebaudioside B men-
tioned above, the mixed solvent being preferably heated to
about 57° C.-62° C.

[0071] The method for purifying rebaudioside B men-
tioned above, wherein the separate drying processes for the
solid and liquid obtained from the solid-liquid separation
comprise the following steps: adding non-saline water to
dissolve the solid to give a solution with a mass concentration
01 25%=+2%, and then concentrating the solution to a concen-
tration of 45%=+2%, followed by drying the concentrated
solution to give a product; evaporating off methanol, ethanol
and superfluous water from the liquid, adjusting the mass
concentration of the liquid to 45%=2%, and drying the solu-
tion to obtain a product.

[0072] The method for purifying rebaudioside B men-
tioned above, in which the solution is stirred every 4-6 hours
for about 3-7 minutes each time during the standing period.
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[0073] As compared with the prior art the present invention
has the following advantages:

[0074] With the method for purifying rebaudioside B of
the present invention, a Stevia rebaudiana glycoside
product with an RB content higher than 45% can be
obtained,

[0075] a Stevia rebaudiana glycoside product which
mainly contains RB is provided, which meets the differ-
ent demands of consumers

[0076] Regarding elution to remove each of the desired
glycosides, HPL.C (High Performance Liquid Chromatogra-
phy) is preferably used to check the glycosides content in the
eluate and to remove selected glycosides based on their
known elution profiles.

Reb D:

[0077] The present invention provides a Stevia rebaudiana
glycoside prepared using the above-mentioned purification
method (starting with the mother liquor) and in which the
mass content of RD reaches about to 40%. Further concen-
tration and purification steps (further refining) as also
described herein, significantly increase concentration.
[0078] The method for purifying rebaudioside D men-
tioned above, in which the surface property of said
macroporous adsorption resin is non-polar. The method for
puritying rebaudioside D mentioned above, in which the
mass concentration of said ethanol is preferably 75%-77%.
The method for purifying rebaudioside D mentioned above,
wherein the particle size of said macroporous adsorption
resin column is in the range of 16-60 mesh. The method for
puritying rebaudioside D mentioned above, in which the spe-
cific surface area of said macroporous adsorption resin col-
umn is preferably 1300-1400 m2/g; and this specific surface
area is capable of adsorbing RD to the full extent. The method
for purifying rebaudioside D mentioned above, wherein the
water content of the macroporous adsorption resin column is
preferably 65%-75%.

[0079] The method for purifying rebaudioside D men-
tioned above, wherein the bulk density of the macroporous
adsorption resin column in the wet state is 0.65-0.70 g/ml.
The method for purifying rebaudioside D mentioned above,
in which the mass percentage of the solids after concentration
is 45%-50%. The method for purifying rebaudioside D men-
tioned above, in which the volume of the resin column is
preferably 300-500 L. The method for purifying rebaudioside
D mentioned above, in which the crude rebaudioside D may
also subjected to a further refining process, said refining
process comprising the following steps:

[0080] preparing a mixed solvent by thoroughly mixing
ethanol with a mass concentration of 88%=+2% and 40% 2%
methanol at a ratio of 3:2, and heating it to 65-75° C.; placing
said crude Stevia rebaudiana glycoside into the mixed sol-
vent, with the mass ratio of the mixed solvent to said crude
Stevia rebaudiana glycoside being 3.0-3.5:1, allowing the
crude Stevia rebaudiana glycoside to dissolve in the mixed
solvent so as to form a liquid mixture cooling down said liquid
mixture to ambient temperature within 4-7 mins and then
standing, during which the liquid mixture is stirred at inter-
vals, standing for 48-60 hours, performing a solid-liquid
separation, and separately drying the resulting solid and liq-
uid to obtain a refined Stevia rebaudiana glycoside.

[0081] In the above mentioned refining steps, since the
polarities of individual components of Stevia rebaudiana gly-
coside are extremely similar to one another, the polarity of the
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solvent is preferably adjusted precisely, and a small differ-
ence in the polarity of the solvent will affect the solubility of
individual components in the solvent, and for this reason the
precise proportioning of the solvent is extremely critical, so
that not only will the individual components and impurities
thoroughly dissolve in the solvent, but also the solubility of
the target product after being cooled down decreases most
rapidly and it precipitates most rapidly; in addition, a precise
dissolution temperature is not only advantageous for the thor-
ough dissolution of the target product RD, but also advanta-
geous for temperature control during an industrial process.
Furthermore, the time for cooling during the cooling process
also has a certain effect on the crystalline liquid, and either
excessively rapid or excessively slow cooling is not advanta-
geous for improving the purity of the target product after
crystallization.

[0082] The method for purifying rebaudioside D men-
tioned above, the mixed solvent being cooled down to ambi-
ent temperature within 5 mins. The method for purifying
rebaudioside D mentioned above, the mixed solvent being
preferably heated to 67° C.-72° C. The method for purifying
rebaudioside D mentioned above, wherein the separate dry-
ing processes for the solid and liquid obtained from the solid-
liquid separation comprise the following steps: adding non-
saline water to dissolve the solid to give a solution with a mass
concentration of 25%=+2%, and then concentrating the solu-
tion to a concentration of 45%z+2%, followed by drying the
concentrated solution to give a product; evaporating off
methanol, ethanol and superfluous water from the solution,
adjusting the mass concentration of the liquid to 45%=%2%,
and drying the solution to obtain a product. The method for
puritying rebaudioside D mentioned above, in which the
solution is stirred every 4-6 hours for 3-7 mins each time
during the standing period.

[0083] Ascompared with the prior art the present invention
has the following advantages: With the method for purifying
rebaudioside D of the present invention, a Stevia rebaudiana
glycoside product with a RD content higher than 40% can be
obtained, and a Stevia rebaudiana glycoside product which
mainly contains RD is provided, which meets the different
demands of consumers.

[0084] Regarding elution to remove each of the desired
glycosides, HPLC (High Performance Liquid Chromatogra-
phy) is preferably used to check the glycosides content in the
eluate and to remove selected glycosides based on their
known elution profiles.

Steviolbioside (STB)

[0085] The present invention provides a Stevia rebaudiana
glycoside prepared using the above-mentioned purification
method (starting with the mother liquor) and in which the
mass content of RB reaches about to 40%. Further concen-
tration and purification steps (further refining) as also
described herein, significantly increase concentration.
[0086] The method for purifying steviolbioside (STB)
mentioned above, in which the surface property of said
macroporous adsorption resin is non-polar. The method for
puritying steviolbioside (STB) mentioned above, in which
the mass concentration of said ethanol is preferably 75%-
77%.

[0087] The method for purifying steviolbioside (STB)
mentioned above, wherein the particle size of said
macroporous adsorption resin column is in the range of 16-60
mesh. The method for purifying steviolbioside (STB) men-
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tioned above, in which the specific surface area of said
macroporous adsorption resin column is preferably 1300-
1400 m*/g; and this specific surface area is capable of adsorb-
ing STB to the full extent. The method for purifying steviol-
bioside (STB) mentioned above, wherein the water content of
the macroporous adsorption resin column is preferably 65%-
75%. The method for purifying steviolbioside (STB) men-
tioned above, wherein the bulk density of the macroporous
adsorption resin column in the wet state is 0.65-0.70 g/mL.
The method for purifying steviolbioside (STB) mentioned
above, in which the mass percentage of the solids after con-
centration is about 45%-50%. The method for purifying ste-
violbioside (STB) mentioned above, in which the volume of
the resin column is preferably about 300-500 L.
[0088] The method for purifying steviolbioside (STB)
mentioned above, in which the crude steviolbioside (STB) is
also subjected to an optional additional refining process, said
refining process comprising the following steps
[0089] preparing a mixed solvent by thoroughly mixing
ethanol with a mass concentration of 90%=+2% and
35%=+2% methanol at a ratio of 1:3, and heating it to
65-75° C.; placing said crude Stevia rebaudiana glyco-
side into the mixed solvent, with the mass ratio of the
mixed solvent to said crude Stevia rebaudiana glycoside
being 3.0-3.5:2, allowing the crude Stevia rebaudiana
glycoside to dissolve in the mixed solvent so as to form
a mixed solution, cooling down said mixed solution to
ambient temperature within 4-7 mins time and then
standing, during which the mixed solution is stirred at
intervals, standing for 48-60 hours, performing a solid-
liquid separation, and separately drying the resulting
solid and liquid to obtain a refined Stevia rebaudiana
glycoside.
[0090] In the above mentioned refining steps, since the
polarities of individual components of Stevia rebaudiana gly-
coside are extremely similar to one another, the polarity of the
solvent should preferably be adjusted precisely, and the small
differences in the polarity of the solvents will affect the solu-
bility of individual components in the solvents, and for this
reason the precise proportioning of the solvent is extremely
critical, so that not only will the individual components and
impurities to thoroughly dissolve in the solvent, but also the
solubility of the target product after being cooled down
decreases most rapidly and it precipitates most rapidly; in
addition, dissolution temperature is not only advantageous
for the thorough dissolution of the target product STB, but
also advantageous for temperature control during an indus-
trial process. Furthermore, the time for cooling during the
cooling process also has a certain effect on the crystalline
liquid, and either excessively rapid or excessively slow cool-
ing is not advantageous for improving the purity of the target
product after crystallization.
[0091] The method for purifying steviolbioside (STB)
mentioned above, the mixed solvent being cooled down to
normal temperature within 5 mins. The method for puritying
steviolbioside (STB) mentioned above, the mixed solvent
being preferably heated to 67° C.-72° C.
[0092] The method for purifying steviolbioside (STB)
mentioned above, wherein the separate drying processes for
the solid and liquid obtained from the solid-liquid separation
comprise the following steps: adding non-saline water to
dissolve the solid to give a solution with a mass concentration
0t 25%=2%, and then concentrating the solution to a' concen-
tration of 45%=2%, followed by drying the concentrated

Jan. 2, 2014

solution to give a product; evaporating off methanol, ethanol
and superfluous water from the solution, adjusting the mass
concentration of the liquid to 45%=2%, and drying the solu-
tion to obtain a product. The method for purifying steviolbio-
side (STB) mentioned above, in which the solution is stirred
every 4-6 hours for 3-7 mins each time during the standing
period.

[0093] Ascompared with the prior art the present invention
has the following advantages: with the method for purifying
steviolbioside (STB) of the present invention, a Stevia rebau-
diana glycoside product STB with a content higher than 40%
can be obtained, and a Stevia rebaudiana glycoside product
which mainly contains STV is provided, which meets the
different demands of consumers.

[0094] Regarding elution to remove each of the desired
glycosides, HPLC (High Performance Liquid Chromatogra-
phy) is preferably used to check the glycosides content in the
eluate and to remove selected glycosides based on their
known elution profiles.

[0095] The sweetener compositions of the present inven-
tion (comprising one or more glycosides prepared by the
processes described herein) may be used in the preparation of
various food products, beverages, medicinal formulations,
chemical industrial products, among others. Exemplary
applications/uses for the sweetener compositions include, but
are not limited to: (a) food products, including canned food,
preserved fruits, pre-prepared foods, soups, (b) beverages,
including coffee, cocoa, juice, carbonated drinks, sour milk
beverages, yogurt beverages, meal replacement beverages,
and alcoholic drinks, such as brandy, whisky, vodka and wine;
(c) grain-based goods—for example, bread and pastas, cook-
ies, pastries, whether these goods are cooked, baked or oth-
erwise processed; (d) fat-based products—such as marga-
rines, spreads (dairy and non-dairy), peanut butter, peanut
spreads, and mayonnaise; (d) Confectioneries—such as
chocolate, candies, toffee, chewing gum, desserts, non-dairy
toppings (for example Cool Whip®), sorbets, dairy and non-
dairy shakes, icings and other fillings, (¢) drug and medicinal
formulations, particularly in coatings and flavourings; (f) cos-
metics and health applications, such as for sweetening tooth-
paste; and (g) seasonings for various food products, such as
SOy sauce, soy sauce powder, soy paste, soy paste powder,
catsup, marinade, steak sauce, dressings, mayonnaise, vin-
egar, powdered vinegar, frozen-desserts, meat products, fish-
meat products, potato salad, bottled and canned foods, fruit
and vegetables.

[0096] The natural sweetener compositions of the present
invention may be formulated into premixes and sachets. Such
premixes may then be added to a wide variety of foods,
beverages and nutraceuticals. The purified natural sweetener
compositions may, in one preferred form, be table top sweet-
eners.

[0097] In an alternative embodiment, the sweetener com-
positions of the present invention (comprising one or more
glycosides prepared by the processes described herein) addi-
tionally comprise a secondary sweetening component. The
secondary sweetening component is preferably selected from
the group consisting of sucrose, erythritol, fructose, glucose,
maltose, lactose, corn syrup (preferably high fructose), xyli-
tol, sorbitol, or other sugar alcohols, inulin, miraculin, mon-
etin, thaumatin and combinations thereof, and also non-natu-
ral sweeteners such as aspartame, neotame, saccharin,
sucralose and combinations thereof. Preferably, for a 50%
reduced calorie table top product, the ratio of a secondary
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sweetening component (most preferably sucrose) to the
blends is preferably about 24.7:1. Such a natural sweetener
composition can easily be added to food products and bever-
ages, or can be used as a table top sweetener. The ratio of
secondary sweetening component to the blends is more pref-
erably between about 5:1 and 1:1. The natural sweetener
compositions may be used alone or in combination with other
secondary sweeteners, as described herein, and/or with one or
more organic and amino acids, flavours and/or coloring
agents.

[0098] While the forms of processes and compositions
described herein constitute preferred embodiments of this
invention, it is to be understood that the invention is not
limited to these precise forms. As will be apparent to those
skilled in the art, the various embodiments described above
can be combined to provide further embodiments. Aspects of
the present composition, method and process (including spe-
cific components thereof) can be modified, if necessary, to
best employ the systems, methods, nodes and components
and concepts of the invention. These aspects are considered
fully within the scope of the invention as claimed. For
example, the various methods described above may omit
some acts, include other acts, and/or execute acts in a different
order than set out in the illustrated embodiments.

[0099] Further, in the methods taught herein, the various
acts may be performed in a different order than that illustrated
and described. Additionally, the methods can omit some acts,
and/or employ additional acts.

[0100] These and other changes can be made to the present
systems, methods and articles in light of the above descrip-
tion. In general, in the following claims, the terms used should
not be construed to limit the invention to the specific embodi-
ments disclosed in the specification and the claims, but should
be construed to include all possible embodiments along with
the full scope of equivalents to which such claims are entitled.
Accordingly, the invention is not limited by the disclosure,
but instead its scope is to be determined entirely by the fol-
lowing claims.

[0101] The following examples illustrate preferred
embodiments of the present invention.
EXAMPLES
Example 1

Extraction of Steviol Glycosides from Stevia
rebaudiana Leaves-Preparation of Mother Liquor

[0102] One kg of the stevia leaves known to have a high
content of Rebaudioside A were steeped with 2 kg of room
temperature water having a pH of 7.3 in an agitation centri-
fuge. The leaves were agitated for 0.5 hour. The sweet water
was filtered, the filtrate collected and the process repeated for
atotal of 5 steep/separation cycles. The pH of the sweet water
filtrate solution was adjusted to pH 8.0 with approximately 30
grams of calcium hydroxide. After a rest time of about 1 hour,
50 grams of FeCl; was added to the sweet water filtrate
solution to further adjust the pH to 7.0. The solution was
filtered and the resulting filtrate had a transmittance of about
68+2% at325 nm. The filtrate flows through the resin bed, and
the glycosides was eluted from the resin bed by using 75% of
ethanol. The eluate was concentrated to 45-50% of solid
content, and then was vacuum dried. This dried eluate is
called stevia extract or Stevia Primary Extract (SPE).
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[0103] The mother liquor which content high level of RB,
RD and steviolbioside (STB) is prepared from the crystalli-
zation of stevia primary extract (SPE). With the purification
process (which is the crystallization of stevia extract) of RA,
STV and RC, the concentration of RB, RD and steviolbioside
(STB) in the mother liquor is enriched.

Example 2

[0104] A mother liquor was taken, the RB content thereof
was 27.12% as shown by the liquid phase chromatographic
analysis, the mother liquor was prepared into a feed liquid
with a concentration of 20 mg/ml, and the feed liquid was
allowed to slowly flow through a 600 L DA-201-E resin
column produced by Jiangsu Suqing Water Treatment Engi-
neering Group at a flow rate of 2.0 L/min; the resin column
selectively adsorbed the feed liquid according to the polarity
of'the individual components of Stevia rebaudiana glycoside
as the feed liquid flowed through the resin column, the pH of
the adsorption environment was 5.0, the feed liquid adsorp-
tion was completed after 15 hours, and Stevia rebaudiana
glycoside adsorbed on the resin was desorbed by using 1600
L of 75% ethanol. The eluates were taken fractionally with
100 L as a unit, the RB contents were detected using liquid
phase chromatographic analysis, it was found that a large
amount of rebaudioside B was eluted out when the collected
eluates reached the range of 800-900 L, and the parameters
for the content of individual components of Stevia rebaudi-
ana glycoside in the eluates after reaching 900 L relative to
the content of the individual components in the feed liquid are
shown in the following Table:

Liquid phase
chromatographic RB content
analysis object STV RC RB improvement
Feed liquid 12.51% 4.88% 27.12%
900 L 16.40% 4.07% 42.40% 15.63%
1000 L 18.59% 4.91% 41.42% 14.65%
1100 L 11.74% 16.24% 42.91% 16.14%
1200 L 13.07% 16.49% 43.83% 17.06%
1300 L 11.69% 15.81% 40.42% 13.65%
1400 L 14.47% 17.03% 42.20% 15.43%
1500 L 13.73% 16.07% 40.59% 13.82%
1600 L 17.35% 18.40% 44.45% 17.68%
[0105] It can be seen from the above table that the RB

contents in all of the eluates were higher than 40%, the RB
content in the eluate at the volume point of 1600 L even
reached 44.45%, and the increase in RB content also reached
17.68% as compared with the RB content in the feed liquid.
Therefore, preferably only the eluate at the volume point of
1600 L was taken during production, and the volume of the
eluate was preferably equal to 2-2.5 times the volume of the
resin column.

[0106] The eluate taken at the volume point of 1000 L was
concentrated under the condition of 75° C., the solid content
after concentration was controlled at 47%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of RB in the crude Stevia
rebaudiana glycoside was measured as 50.16%.

[0107] The eluate taken at the volume point of 1200 L was
concentrated under the condition of 70° C., the solid content
after concentration was controlled at 48%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
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diana glycoside, and the content of RB in the crude Stevia
rebaudiana glycoside was measured as 53.36%.

[0108] The eluate taken at the volume point of 1300 L was
concentrated under the condition of 60° C., the solid content
after concentration was controlled at 45%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of RB in the crude Stevia
rebaudiana glycoside was measured as 45.63%.

[0109] The eluate taken at the volume point of 1600 L was
concentrated under the condition of 80° C., the solid content
after concentration was controlled at 50%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of RB in the crude Stevia
rebaudiana glycoside was measured as 54.91%.

Example 3

[0110] 10 kg of crude Stevia rebaudiana glycoside pre-
pared in example 2 with an RB content of 50.16% was taken
and mixed with 22 kg of a mixed solvent prepared by mixing
ethanol with a concentration of 78% and methanol of 43% in
a proportion of 3:1, the resulting mixture was allowed to
dissolve completely at 55° C. and rapidly cooled down to
normal temperature within 5 mins, the mixture was stirred for
3 mins every 4 hours, it was left standing for 48 hours, the
mixture after dissolution was subjected to solid-liquid sepa-
ration, non-saline water was added to the solid which was
filtered out to adjust its concentration to 27%, followed by
concentrating to 43% and drying the solution to give 4 kg of
refined Stevia rebaudiana glycoside.

[0111] The rebaudioside B content in the refined Stevia
rebaudiana glycoside was 95.63%; and ethanol and the
superfluous water were evaporated off from the liquid
obtained by the solid-liquid separation, the concentration of
the aqueous Stevia rebaudiana glycoside solution was
adjusted to 47%, 4.5 kg of refined Stevia rebaudiana glyco-
side was obtained after drying, and the total recovery rate of
Stevia rebaudiana glycoside was 85.2%.

Example 4

[0112] 10 kg of crude Stevia rebaudiana glycoside pre-
pared in example 2 with an RB content of 54.91% was taken
and mixed with 25 kg of a mixed solvent prepared by mixing
ethanol with a concentration of 80% and methanol of 45% in
a proportion of 3:1, the resulting mixture was allowed to
dissolve completely at 57° C. and rapidly cooled down to
normal temperature within 7 mins, the mixture was stirred for
5 mins every 5 hours, it was left standing for 60 hours, the
mixture after dissolution was subjected to solid-liquid sepa-
ration by using a plate-and-frame filter press, non-saline
water was added to the solid which was filtered out to adjust
its concentration to 25%, followed by concentrating to 45%
and drying the solution to give 4 kg of refined Stevia rebau-
diana glycoside. The rebaudioside B content in the refined
Stevia rebaudiana glycoside was 95.34%; and ethanol and the
superfluous water were evaporated off from the liquid
obtained by the solid-liquid separation, the concentration of
the aqueous Stevia rebaudiana glycoside solution was
adjusted to 45%, 3.8 kg of refined Stevia rebaudiana glyco-
side was obtained after drying, and the total recovery rate of
Stevia rebaudiana glycoside was 86.1%.
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Example 5

[0113] 10 kg of Stevia rebaudiana glycoside powder with
an RB content of 53.36% was taken and mixed with 20 kg of
a mixed solvent prepared by mixing ethanol with a concen-
tration of 82% and methanol of 47%, the resulting mixture
was allowed to dissolve completely at 65° C. and rapidly
cooled down to normal temperature within 4 mins, the mix-
ture was stirred for 7 mins every 6 hours, it was left standing
for 72 hours, the mixture after dissolution was subjected to
solid-liquid separation by using a plate-and-frame filter press,
non-saline water was added to the solid which was filtered out
to adjust its concentration to 23%, followed by concentrating
t0 47% and drying the solution to give 5.4 kg of refined Stevia
rebaudiana glycoside. The rebaudioside B content in the
refined Stevia rebaudiana glycoside was 96.52%; and ethanol
and the superfluous water were evaporated off from the liquid
obtained by the solid-liquid separation, the concentration of
the aqueous Stevia rebaudiana glycoside solution was
adjusted to 45%, 3.7 kg of refined Stevia rebaudiana glyco-
side was obtained after drying, and the total recovery rate of
Stevia rebaudiana glycoside was 89.3%.

[0114] It can be seen from the present examples described
above that the RB content of Stevia rebaudiana glycoside can
reach above 45% after crude preparation and can reach above
95% after the refining steps, and the recovery rate of Stevia
rebaudiana glycoside was higher than 85%, and the purity
thereof was very high.

[0115] The Stevia rebaudiana glycoside described above
can be a powder or in crystalline form; the surrounding steam
heating in the present invention denotes that a heating process
is performed via steam which is introduced into a circular
space formed by jacketing a big storage tank around a small
storage tank; and the drying can be an existing drying means
which is suitable for the present invention, for example,
vacuum drying.

Example 6

[0116] A mother liquor was taken, the RD content thereof
was 25.66% as shown by the liquid phase chromatographic
analysis, the mother liquor of sugar was prepared into a feed
liquid with a concentration of 30 mg/ml, 1400 L of the feed
liquid was taken, and the feed liquid was allowed to slowly
flow through a 500 L. DA-201-L resin column produced by
Jiangsu Suqing Water Treatment Engineering Group at a flow
rate of 2.5 L/min; the resin column selectively adsorbed the
feed liquid according to the polarity of the individual com-
ponents of Stevia rebaudiana glycoside as the feed liquid
flowed through the resin column, the pH of the adsorption
environment was 5.5, the feed liquid adsorption was com-
pleted after 15 hours, and Stevia rebaudiana glycoside
adsorbed on the resin was desorbed by using 1400 L of 77%
ethanol. The eluates were taken fractionally with 100 L as a
unit, the RD contents were detected using liquid phase chro-
matographic analysis, it was found that a large amount of
rebaudioside B was eluted out when the collected eluates
reached 700 L, and the parameters for the content of indi-
vidual main components of Stevia rebaudiana glycoside the
eluates after reaching 700 L relative to the content of the feed
liquid are shown in the following Table:
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Chromatographic RD total glycoside
analysis content glycoside content
object STV RC RD  improvement content improvement
Feed 22.43% 14.85% 25.66% 69.86%
liquid

700 L 19.76% 13.82% 34.95% 9.29% 73.73% 3.87%

800 L 20.53% 14.89% 33.42% 7.76% 74.36% 4.50%

900 L 20.21% 13.09% 33.38% 7.72% 72.89% 3.03%
1000 L 20.96% 13.43% 35.32% 9.66% 76.49% 6.63%
1100 L 24.93% 1591% 37.21% 11.55% 84.89% 15.03%
1200 L 27.87% 18.29% 38.82% 13.16% 92.64% 22.78%
1300 L 26.26% 17.41% 33.76% 8.10% 83.88% 14.02%
1400 L 26.89% 17.00% 32.95% 7.29% 83.88% 14.02%
[0117] It can be seen from the above Table that the RD mixture after dissolution was subjected to solid-liquid sepa-

contents in all of the eluates were higher than 32%, the RD
content in the eluate at the volume point of 1200 L even
reached 38.82%, the increase in RD content also reached
13.16% as compared with the RD content in the feed liquid,
and the total glycoside content increased by 22.78% as com-
pared with the total glycoside content in the feed liquid. The
RD contentatboth 1100 L and 1200 L. increased by more than
10%, and the total glycoside content starting from 1100 L was
increased by more than 14%, therefore the volume of the
eluates was preferably equal to 2-2.4 times the volume of the
resin column. The eluate at the volume point of 1200 L was
selected because the RD content enrichment reached a maxi-
mal value at this volume.

[0118] The eluate taken at the volume point of 1000 L was
concentrated under the condition of 75° C., the solid content
after concentration was controlled at 47%, the resulting solid
and liquid were separately dried to give a crude Stella rebau-
diana glycoside, and the content of RD in the crude Stevia
rebaudiana glycoside was measured as 43.16%.

[0119] The eluate taken at the volume point of 1200 L was
concentrated under the condition of 70° C., the solid content
after concentration was controlled at 48%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of RD in the crude Stevia
rebaudiana glycoside was measured as 49.77%.

[0120] The eluate taken at the volume point of 1300 L was
concentrated under the condition of 60° C., the solid content
after concentration was controlled at 45%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of RD in the crude Stevia
rebaudiana glycoside was measured as 42.63%.

[0121] The eluate taken at the volume point of 1400 L was
concentrated under the condition of 80° C., the solid content
after concentration was controlled at 50%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of RD in the crude Stevia
rebaudiana glycoside was measured as 40.31%.

Example 7

[0122] 10 kg of crude Stevia rebaudiana glycoside pre-
pared in example 6 with an RD content of 49.77° A was taken
and mixed with 30 kg of a mixed solvent prepared by mixing
ethanol with a concentration of 86% and methanol of 42% in
a proportion of 3:2, the resulting mixture was allowed to
dissolve completely at 65° C. and rapidly cooled down to
normal temperature within 5 mins, the mixture was stirred for
3 mins every 4 hours, it was left standing for 48 hours, the

ration, non-saline water was added to the solid which was
filtered out to adjust its concentration to 27%, followed by
concentrating to 43% and drying the solution to give 3.2 kg of
refined Stevia rebaudiana glycoside. The rebaudioside D
content in the refined Stevia rebaudiana glycoside was
95.73%; and ethanol and the superfluous water were evapo-
rated off from the liquid obtained by the solid-liquid separa-
tion, the concentration of the aqueous Stevia rebaudiana gly-
coside solution was adjusted to 47%, 5.6 kg of refined Stevia
rebaudiana glycoside was obtained after drying, and the total
recovery rate of Stevia rebaudiana glycoside was 88.0%.

Example 8

[0123] 10 kg of crude Stevia rebaudiana glycoside pre-
pared in example 6 with an RD content 0of 49.77% was taken
and mixed with 32 kg of a mixed solvent prepared by mixing
ethanol with a concentration of 88% and methanol of 40% in
a proportion of 3:2; the resulting mixture was allowed to
dissolve completely at 67° C. and rapidly cooled down to
normal temperature within 7 mins, the mixture was stirred for
5 mins every 5 hours, it was left standing for 60 hours, the
mixture after dissolution was subjected to solid-liquid sepa-
ration by using a plate-and-frame filter press, non-saline
water was added to the solid which was filtered out to adjust
its concentration to 25%, followed by concentrating to 45%
and drying the solution to give 2.8 kg of refined Stevia rebau-
diana glycoside. The rebaudioside D content in the refined
Stevia rebaudiana glycoside was 95.34%; and ethanol and the
superfluous water were evaporated off from the liquid
obtained by the solid-liquid separation, the concentration of
the aqueous Stevia rebaudiana glycoside solution was
adjusted to 45%, 5.7 kg of refined Stevia rebaudiana glyco-
side was obtained after drying, and the total recovery rate of
Stevia rebaudiana glycoside was 85.0%.

Example 9

[0124] 10 kg of Stevia rebaudiana glycoside powder with
an RD content of 49.77% was taken and mixed with 35 kg of
a mixed solvent prepared by mixing ethanol with a concen-
tration of 90% and methanol of 38%, the resulting mixture
was allowed to dissolve completely at 75° C. and rapidly
cooled down to normal temperature within 4 mins, the mix-
ture was stirred for 7 mins every 6 hours, it was left standing
for 72 hours, the mixture after dissolution was subjected to
solid-liquid separation by using a plate-and-frame filter press,
non-saline water was added to the solid which was filtered out
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to adjust its concentration to 23%, followed by concentrating
t0 47% and drying the solution to give 3.5 kg of refined Stevia
rebaudiana glycoside. The rebaudioside D content in the
refined Stevia rebaudiana glycoside was 96.52%; and ethanol
and the superfluous water were evaporated off from the liquid
obtained by the solid-liquid separation, the concentration of

Jan. 2, 2014

matographic analysis, it was found that large amount of
rebaudioside B was eluted out when the collected eluates
reached 800 L, and the parameters with respect to the content
of individual main components of Stevia rebaudiana glyco-
sides after reaching 800 L relative to the content of the feed
liquid were shown in the following Table:

total mean value of

Chromatographic total glycoside  mean value of glycoside

analysis STB content glycoside content STB content content

object STV RC STB  improvement content improvement improvement  improvement

Feed 21.02% 14.64% 23.74% 66.25%

liquid

800 L 21.72% 14.71% 36.92% 13.18% 77.05% 10.80% 12.05% 8.22%
19.77% 13.76% 34.65% 10.91% 71.88% 5.63%

900 L 23.25% 15.49% 35.88% 12.14% 78.92% 12.67% 11.16% 9.67%
21.19% 14.35% 33.92% 10.18% 72.92% 6.67%

1000 L 24.95% 16.44% 36.21% 12.47% 82.16% 15.91% 10.35% 10.94%
21.82% 14.33% 31.96% 8.22% 72.22% 5.97%

1100 L 25.40% 16.48% 32.28% 8.54% 79.11% 12.86% 9.67% 16.06%
26.80% 17.38% 34.54% 10.80% 85.50% 19.25%

1200 L 27.99% 18.74% 33.45% 9.71% 86.75% 20.50% 9.32% 19.82%
27.90% 18.22% 32.66% 8.92% 85.39% 19.14%

1300 L 26.96% 18.02% 31.31% 7.57% 83.16% 16.91% 6.99% 15.42%
26.40% 17.33% 30.15% 6.41% 80.17% 13.92%

1400 L 26.98% 17.93% 30.45% 6.71% 82.08% 15.83% 6.03% 14.57%
25.69% 17.55% 29.09% 5.35% 79.56% 13.31%

the aqueous Stevia rebaudiana glycoside solution was [0128] It can be known from the above table that each

adjusted to 45%, 5.5 kg of refined Stevia rebaudiana glyco-
side was obtained after drying, and the total recovery rate of
Stevia rebaudiana glycoside was 90%.

[0125] It can be seen from the embodiments described
above that the RD content of Stevia rebaudiana glycoside can
reach above 40% after crude preparation and can reach above
95% after the refining steps, and the recovery rate of Stevia
rebaudiana glycoside was higher than 85%, and the purity
thereof was very high.

[0126] The Stevia rebaudiana glycoside described above
can be a powder or in crystalline form; the surrounding steam
heating in the present invention denotes that a heating process
is performed via steam which is introduced into a circular
space formed by jacketing a big storage tank around a small
storage tank; and the drying can be an existing drying means
which is suitable for the present invention, for example,
vacuum drying.

Example 10

[0127] A mother liquor was taken, the STB content thereof
was 23.74% as shown by the liquid phase chromatographic
analysis, the mother liquor of sugar was prepared into a feed
liquid with a concentration of 30 mg/ml., 1400 L of the feed
liquid was taken, and the feed liquid was allowed to slowly
flow through a 500 L. DA-201-L resin column produced by
Jiangsu Suqing Water Treatment Engineering Group at a flow
rate of 1.5 L/min; the resin column selectively adsorbed the
feed liquid according to the polarities of the individual com-
ponents of Stevia rebaudiana glycoside as the feed liquid
flowed through the resin column, the pH of the adsorption
environment was 5.5, the feed liquid adsorption was com-
pleted after 15 hours, and Stevia rebaudiana glycoside
adsorbed on the resin was desorbed by using 1400 L of 70%
ethanol. The eluates were taken fractionally with 100 L as a
unit, the STB contents were detected using liquid phase chro-

fractional eluate as analyzed and tested and mean value was
calculated. The STB contents in all of the eluates were higher
than 31%, the STB content in the eluate at the volume point of
800 L evenreached 36.92%, and the mean increase inthe STB
contents also reached 12.05% as compared with the STB
content in the feed liquid. The mean content of STB for the
points at 800 L and 1000 L increased more than 10%, there-
fore, the volume of the eluates was preferably equalto 1.5-2.0
times of the volume of the resin column. The eluate at the
volume point of 800 L was selected because the STB content
enrichment reached a maximal value at this volume.

[0129] The eluate taken at the volume point of 800 L. was
concentrated under the condition of 75° C., the solid content
after concentration was controlled at 47%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of STB in the crude Stevia
rebaudiana glycoside was measured as 48.86%.

[0130] The eluate taken at the volume point of 900 L. was
concentrated under the condition of 70° C., the solid content
after concentration was controlled at 48%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of STB in the crude Stevia
rebaudiana glycoside was measured as 44.77%.

[0131] The eluate taken at the volume point of 1000 L was
concentrated under the condition of 60° C., the solid content
after concentration was controlled at 45%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of STB in the crude Stevia
rebaudiana glycoside was measured as 45.63%.

[0132] The eluate taken at the volume point of 1100 L was
concentrated under the condition of 80° C., the solid content
after concentration was controlled at 50%, the resulting solid
and liquid were separately dried to give a crude Stevia rebau-
diana glycoside, and the content of STB in the crude Stevia
rebaudiana glycoside was measured as 42.31%.
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Example 11

[0133] 20 kg of crude Stevia rebaudiana glycoside pre-
pared in example 10 with an STB content of 48.86% was
taken and mixed with a mixed solvent prepared by mixing 30
kg of ethanol with a concentration of 88% and methanol of
37% in a proportion of 1:3, the resulting mixture was allowed
to dissolve completely at 65° C. and rapidly cooled down to
normal temperature within 5 mins, the mixture was stirred for
3 mins every 4 hours, it was left standing for 48 hours, the
mixture after dissolution was subjected to solid-liquid sepa-
ration, non-saline water was added to the solid which was
filtered out to adjust its concentration to 27%, followed by
concentrating to 43% and drying the solution to give 6.2 kg of
refined Stevia rebaudiana glycoside. The steviolbioside STB
content in the refined Stevia rebaudiana glycoside was
95.73%; and ethanol and the superfluous water were evapo-
rated off from the solution obtained by the solid-liquid sepa-
ration, the concentration of the aqueous Stevia rebaudiana
glycoside solution was adjusted to 47%, 11 kg of refined
Stevia rebaudiana glycoside was obtained after drying, and
the total recovery rate of Stevia rebaudiana glycoside was
86.0%.

Example 12

[0134] 20 kg of crude Stevia rebaudiana glycoside pre-
pared in example 10 with an STB content of 48.86% was
taken and mixed with a mixed solvent prepared by mixing 32
kg of ethanol with a concentration of 90% and methanol of
35% in a proportion of 1:3, the resulting mixture was allowed
to dissolve completely at 67° C. and rapidly cooled down to
normal temperature within 7 mins, the mixture was stirred for
5 mins every 5 hours, it was left standing for 60 hours, the
mixture after dissolution was subjected to solid-liquid sepa-
ration by using a plate-and-frame filter press, non-saline
water was added to the solid which was filtered out to adjust
its concentration to 25%, followed by concentrating to 45%
and drying the solution to give 6.4 kg of refined Stevia rebau-
diana glycoside. The steviolbioside STB content in the
refined Stevia rebaudiana glycoside was 95.34%; and ethanol
and the superfluous water were evaporated off from the solu-
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tion obtained by the solid-liquid separation, the concentration
of the aqueous Stevia rebaudiana glycoside solution was
adjusted to 45%, 11.5 kg of refined Stevia rebaudiana glyco-
side was obtained after drying, and the total recovery rate of
Stevia rebaudiana glycoside was 89.5%.

Example 13

[0135] 20 kg of Stevia rebaudiana glycoside powder with
an STB content of 53.36% was taken and mixed with a mixed
solvent prepared by mixing 35 kg of ethanol with a concen-
tration of 92% and methanol of 33%, the resulting mixture
was allowed to dissolve completely at 75° C. and rapidly
cooled down to normal temperature within 4 mins, the mix-
ture was stirred for 7 mins every 6 hours, it was left standing
for 72 hours, the mixture after dissolution was subjected to
solid-liquid separation by using a plate-and-frame filter press,
non-saline water was added to the solid which was filtered out
to adjust its concentration to 23%, followed by concentrating
t0 47% and drying the solution to give 7.1 kg of refined Stevia
rebaudiana glycoside. The steviolbioside STB content in the
refined Stevia rebaudiana glycoside was 96.52%; and ethanol
and the superfluous water were evaporated off from the solu-
tion obtained by the solid-liquid separation, the concentration
of the aqueous Stevia rebaudiana glycoside solution was
adjusted to 45%, 11.0 kg of refined Stevia rebaudiana glyco-
side was obtained after drying, and the total recovery rate of
Stevia rebaudiana glycoside was 90.5%.

[0136] It can be known from the embodiments described
above that the STB content of Stevia rebaudiana glycoside
can reach above 40% after crude preparation and can reach
above 95% after the refining steps, and the recovery rate of
Stevia rebaudiana glycoside was higher than 85%, and the
purity thereof was very high.

[0137] The Stevia rebaudiana glycoside described above
can be a powder or in crystalline form; the surrounding steam
heating in the present invention denotes that a heating process
is performed via steam which is introduced into a circular
space formed by jacketing a big storage tank around a small
storage tank; and the drying can be an existing drying means
which is suitable for the present invention, for example,
vacuum drying.
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DEFINITION

Chemical name

C.A.S. number

Chemical formula
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STEVIOL GLYCOSIDES

Prepared at the 73° JECFA (2010) and published in FAO JECFA
Monographs 10 (2010), superseding specifications prepared af
the 69" JECFA (2008) and published in FAQ JECFA Monographs
5 (2008). An ADI of 0 - 4 mg/kg bw (expressed as steviol) was
established at the 69" JECFA (2008).

INS no. 960

The product is obtained from the leaves of Stevia rebaudiana
Bertoni. The leaves are extracted with hot water and the agqueous
extract is passed through an adsorption resin to trap and
concentrate the component steviol glycosides. The resin is
washed with a solvent alcohol to release the glycosides and the
product is recrystallized from methanol or aqueous ethanol. lon
exchange resins may be used in the purification process. The final
product may be spray-dried.

Stevioside and rebaudioside A are the component glycosides of
principal interest for their sweetening property. Associated
glycosides include rebaudioside B, rebaudioside C, rebaudioside
D, rebaudioside F, dulcoside A, rubusoside and steviolbioside
which are generally present in preparations of steviol giycosides
at levels lower than stevioside or rebaudioside A.

Stevioside: 13-[(2-O-3-D-glucopyranosyl-8-D-glucopyranasyt)oxy]
kaur-16-en-18-oic acid, 8-D-glucopyranosy! ester

Rebaudioside A: 13-[(2-O-B-D-glucopyranosyl-3-O-B-D-
glucopyranosyl-B-D-giucopyranosyl)oxy]kaur-16-en-18-oic acid, B-
D-glucopyranosy! ester

Stevioside: 57817-89-7
Rebaudioside A: 58543-16-1

Stevioside: CisHsoOre
Rebaudioside A: CaaH7002;
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Structural Formula

Formula weight

The nine named steviol glycosides:

LCompound name R1 R2
Stevioside B#Glc F-Gle-p-Gic(2—1)
Rebaudioside A AGic B-Glc-p-Gic(2—1)
[';-G|C(3—>1)
Rebaudioside B H FGlc-f-Gle(2->1)
ﬂI-Glc(3——>1)
Rebaudioside C BGle A-Gle-a-Rha(2—1)
lﬂ—G'C(3~—>1)

Rebaudioside D AGlc-AGle(2-51) /}-?lc-/}Glc(Z—H)

SGlc(3-1)
Rebaudioside F pGlc BFGlc-pXyl(2-1)

}%GIC(E}—%)
Dulcoside A pGlc SGle-a-Rha(2—1)
Rubusoside FGlc SGle
Steviolbjoside H SGle-3Gle(2-1)

Steviol (R1 = R2 = H) is the aglycone of the steviol glycosides.
Glc, Rha and Xyl represent, respectively, glucose, rhamnose and
xylose sugar moieties.

Stevioside: 804.88
Rebaudioside A; 967.03

Jan. 2, 2014
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Assay Not less than 95% of the total of the nine named steviol
glycosides on the dried basis.

DESCRIPTION White to light yellow powder, odourless or having a slight
characteristic odour. About 200 - 300 times sweeter than sucrose.

FUNCTIONAL USES Sweetener

CHARACTERISTICS

IDENTIFICATION

Solubility (Vol. 4) Freely soluble in water

Stevioside and The main peak in the chromatogram obtained by following the

Tebaudioside A procedure in Method of Assay corresponds to either stevioside or
rebaudioside A.

pH (Vol. 4) Between 4.5 and 7.0 (1 in 100 solution)

PURITY

Total ash (Vol. 4) Not more than 1%

Loss on drying (Vol. 4) Not more than 6% (105°, 2h)

Residual solvents (Vol. 4)  Not more than 200 mg/kg methanol and not more than 5000
mg/kg ethanol (Method 1in Vol. 4, General Methods, Organic
Components, Residual Solvents)

Arsenic {Vol. 4) Not more than 1 mg/kg
Determine by the atomic absorption hydride technique (Use
Method Il to prepare the test (sample) solution)

Lead (Vol. 4) Not more than 1 mg/kg
Determine using an AAS/ICP-AES technique appropriate o the
specified level. The selection of sample size and method of
sample preparation may be based on the principles of the
methods described in Vol. 4 (under “General Methods, Metallic
Impurities”).

METHOD OF ASSAY Determine the percentages of the individual steviol glycosides by
HPLC (Vol. 4) under the following conditions.

Reagents
Acetonitrile; more than 95% transmittance at 210 nm.

Standards

Stevioside: more than 99.0% purity on the dried basis.
Rebaudioside A: more than 99.0% purity on the dried basis.
Mixture of nine steviol glycosides standard solution: Containing
stevioside, rebaudioside A, rebaudioside B, rebaudioside C,
rebaudioside D, rebaudioside F, dulcoside A, rubusoside and
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steviolbioside. This solution is diluted with water-acetonitrile (7:3)
accordingly and is used for the confirmation of retention times.
Standards are available from Wako Pure Chemical Industries, Ltd.
Japan and ChromaDex, USA.

Standard solution

Accurately weigh 50 mg of stevioside and rebaudioside A
standard into each of two 50-mi volumetric flasks. Dissolve and
make up to volume with water-acetonitrile {7:3).

Sample solution
Accurately weigh 50-100 mg of sample into a 50-m| volumetric

flask. Dissolve and make up to volume with water-acetonitrile
(7:3).

Procedure

Inject 5 pl of sample solution under the following conditions.
Column: Capcell pak Ci3 MG |l {Shiseido Co.Ltd) or Luna Sp
C18(2) 100A (Phenomenex) or equivalent (length: 250 mm; inner
diameter: 4.6 mm, particle size: 5um)

Mobile phase: 32:68 mixture of acetonitrile and 10 mmol/L
sodium phosphate buffer (pH 2.6)

Flow rate: 1.0 mi/min

Detector: UV at 210 nm

Column temperature: 40°

Record the chromatogram for about 30 min.

Identification of the peaks and Calculation

ldentify the peaks from the sample solution by comparing the
retention time with the peaks from the mixture of nine steviol
glycosides standard solution (see under figure). Measure the peak
areas for the nine steviol glycosides from the sample solution.
Measure the peak area for stevioside and rebaudioside A from
their standard solutions.

Calculate the percentage of each of the eight steviol glycosides
except rebaudioside A in the sample from the formula:

%X = [WsfW] x [fxAx/As] x 100

Calculate the percentage of rebaudioside A in the sample from the
formula;

%Rebaudioside A= [Wa/W] x [Ax/Ar] x 100

where
X is each steviol glycoside;
Ws is the amount (mg) calculated on the dried basis of
stevioside in the standard solution;
Wr is the amount (mg) calculated on the dried basis of
rebaudioside A in the standard solution;
W is the amount (mg) calculated on the dried basis of sample in
the sample solution;
As is the peak area for stevioside from the standard solution;
Az is the peak area for rebaudioside from the standard solution;
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Ay is the peak area of X for the sample solution; and

fy is the ratio of the formula weight of X to the formula weight of
stevioside: 1.00 (stevioside), 1.20 (rebaudioside A), 1.00
(rebaudicside B), 1.18 (rebaudioside C), 1.40 (rebaudioside D },
1.16 (rebaudioside F), 0.98 (dulcoside A), 0.80 (rubusocside)
and 0.80 (steviolbioside).

Calcuiate the percentage of total steviol glycosides {(sum the nine

percentages).
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Figure. Chromatogram of mixture of nine steviol glycosides
standard solution
Column: Capcell pak C1g MG It
Concentration: 0.5 mg/ml each except rebaudioside F (about
0.1 mg/ml)
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1. A process for producing the natural sweetener compo-
sition comprising at least one of steviolbioside (STB) extract,
Rebaudioside B extract and Rebaudioside D extract (“collec-
tively, the “extracts™), said process comprising the steps of:

a) preparing a mother liquor comprising a mass content of
at least 20% of at least one of the extracts;

b) prepare feed liquid comprising at least 20 mg/ml. of
mother liquor;

¢) flow feed liquid through a porous adsorption column,
having a pore size of at least 40 Angstroms, a pore
volume of a least 0.8 ml/g and at a flow rate of at least
1 L/min and at a pH of between 4 to 5;

d) eluting at least one steviolbioside (STB) extract, Rebau-
dioside B extract and Rebaudioside D extract with alco-
hol having a mass concentration of at least 65%;

e) fractionally collecting one or more eluates based on
chromatographic critical points for each of the steviol-
bioside STB extract, the Rebaudioside B extract and the
Rebaudioside D extract;

) concentrating the extracts at a temperature of between
60-80° C.; and

g) drying the extracts so formed.

2. The process of claim 1 wherein the mother liquor is
formed via the steps of

a) drying Stevia leaves;

b) mixing and agitating the dried Stevia leaves with water
to produce a water-leaves mixture; and

c) filtering the water-leaves mixture to obtain an aqueous
filtrate.

3. The process of claim 2 wherein the mixture and agitation
of the dried Stevia leaves with water is conducted with about
1 volume of water to about 15 volumes of water.

4. The process of claim 2, wherein the mixture and agita-
tion of the dried Stevia leaves with water is conducted for
about one hour to about five hours at about 5° C. to about 50°
C.

5. A process for purifying rebaudioside B, which com-
prises: preparing a mother liquor of into a feed liquid 0of 20-25
mg/ml; allowing the feed liquid to flow through a
macroporous adsorption resin column at a rate of 2.0-3.0
L/min with the average pore size of said macroporous adsorp-
tion resin column being from 50-60 A, with the pore volume
thereof being 0.8-0.9 ml/g, and the pH thereof during the
adsorption being in the range of 4.0-5.0; and after substan-
tially complete adsorption, eluting the Stevia rebaudiana gly-
coside adsorbed on the resin column by using ethanol with a
mass concentration of 70%-75%, collecting fractionally the
eluates, concentrating the eluates at a temperature of 60°
C.-80° C., and separately drying the resulting solid and liquid
to give a crude rebaudioside B Stevia rebaudiana glycoside.

6. The process for purifying rebaudioside B according to
claim 5, characterized in that said crude Stevia rebaudiana
glycoside is also subjected to a further refining process, said
refining process comprising the following steps:

a) preparing a mixed solvent by thoroughly mixing ethanol
with a mass concentration of 80%=2% and 45%=+2%
methanol at a ratio of 3:1, and heating the mixed solvent
to 55-65° C.;

b) placing said crude Stevia rebaudiana glycoside into the
mixed solvent, with the mass ratio of the mixed solvent
to said crude Stevia rebaudiana glycoside being 2.0-2.
5:1,
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¢) allowing the crude Stevia rebaudiana glycoside to dis-

solve in the mixed solvent so as to form a liquid mixture,

d) cooling down said liquid mixture to ambient tempera-

ture within 4-7 minutes;

e) letting said liquid mixture stand for 48-72 hours, while

stirring at intervals;

f) performing a solid-liquid separation;

g) separately drying the resulting solid and liquid to obtain

a refined rebaudioside B Stevia rebaudiana glycoside.

7. The process of claim 5, characterized in that the particle
size of said macroporous

adsorption resin column is in the range of 16-60 meshes.

8. The process of claim 5, characterized in that the specific
surface area of said macroporous adsorption resin column is
1400-1600 m2/g.

9. The process of claim 5, characterized in that the water
content of said macroporous

adsorption resin column is 60%-70%.

10. The process of claim 5, characterized in that the bulk
density of said macroporous adsorption resin column in the
wet state is 0.75-0.85 g/ml.

11. The process of claim 5, characterized in that the mass
percentage of the solids in the liquid mixture after concentra-
tion is 45%-50%.

12. The process of claim 6, characterized in that the sepa-
rate drying processes of the solid and liquid resulting from the
solid-liquid separation comprise the following steps: adding
non-saline water to dissolve the solid to give a solution with a
mass concentration of 25%=2%, and then concentrating the
solution to a concentration of 45%+2%, followed by drying
the concentrated solution to give a product; evaporating off
methanol, ethanol and superfluous water from the liquid,
adjusting the mass concentration of the liquid to 45%=%2%,
and drying the solution to obtain a product.

13. The process of claim 6, characterized by stirring every
4-6 hours for at least 3 minutes each time during the standing
period.

14. The process of claim 5 wherein macroporous adsorp-
tion column is a styrene type co-polymer.

15. A composition comprising the rebaudioside B Stevia
rebaudiana glycoside prepared according to the process of
claim 5.

16. A process for purifying rebaudioside D, characterized
by preparing a mother liquor of sugar into a feed liquid of
25-30 mg/ml, allowing the feed liquid to flow through a
macroporous adsorption resin column at a rate of 2.5-4.0
L/min, wherein the average pore size of said resin column is
40-50 A, with a pore volume thereof being 0.9-1.0 ml/g, and
the pH thereof during the adsorption being in the range of
4.5-5.5; and after substantially complete adsorption, eluting
the Stevia rebaudiana glycoside adsorbed on the resin col-
umn by using ethanol with a mass concentration of 75%-
80%; collecting fractionally the eluates, determining the criti-
cal points, then collecting the eluates at the critical points,
concentrating at a temperature of 60° C.-80° C., and sepa-
rately drying the resulting solid and liquid to give a crude
Stevia rebaudiana glycoside.

17. The process of claim 16 wherein said crude Stevia
rebaudiana glycoside is also subjected to a refining process,
said refining process comprising the following steps: prepar-
ing a mixed solvent by thoroughly mixing ethanol with a mass
concentration of 88%=2% and 40%+2% methanol at a ratio
of 3:2, and heating it to 65-75° C.; placing said crude Stevia
rebaudiana glycoside into the mixed solvent, with the mass
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ratio of the mixed solvent to said crude Stevia rebaudiana
glycoside being 3.0-3.5:1, allowing the crude Stevia rebau-
diana glycoside to dissolve in the mixed solvent so as to form
a mixed solution, cooling down said mixed solution to ambi-
ent temperature within 4-7 mins and then standing, during
which the mixed solution is stirred at intervals, standing for
48-60 hours, performing a solid-liquid separation, and sepa-
rately drying the resulting solid and liquid to obtain a refined
Stevia rebaudiana glycoside.

18. The process of claim 16, characterized in that the par-
ticle size of said macroporous adsorption resin column is in
the range of 16-60 meshes.

19. The process of claim 16, characterized in that the spe-
cific surface area of said macroporous adsorption resin col-
umn is 1300-1400 m2/g.

20-22. (canceled)

23. The process of claim 17, characterized in that the sepa-
rate drying processes of the solid and liquid resulted from the
solid-liquid separation comprise the following steps: adding
non-saline water to dissolve the solid to give a solution with a
mass concentration of 25%z=2%, and then concentrating the
solution into a concentration of 45%+2%, followed by drying
the concentrated solution to give a product; evaporating off
methanol, ethanol and superfluous water from the liquid,
adjusting the mass concentration of the liquid to 45% 2%, and
drying the solution to obtain a product.

24-25. (canceled)

26. A composition comprising the rebaudioside D Stevia
rebaudiana glycoside prepared according to the process of
claim 16.

27. A process for purifying steviolbioside (STB), charac-
terized by preparing a mother liquor of sugar into a feed liquid
of 25-30 mg/mlL., allowing the feed liquid to flow through a
macroporous adsorption resin column in a rate of 1.0-2.0
L/min, wherein the average pore size of said resin column is
40-50 A, with a pore volume thereof being 0.9-1.0 mL/g, and
the pH thereof during the adsorption being in the range of
4.0-5.0; and after substantially complete adsorption, eluting
the Stevia rebaudiana glycosides adsorbed on the resin col-
umn by using ethanol with a mass concentration of 67%-
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72%:; collecting fractionally the eluates, determining the criti-
cal points, then collecting the eluates at the critical points,
concentrating at a temperature of 60° C.-80° C., and sepa-
rately drying the resulting solid and liquid to give a crude
Stevia rebaudiana glycoside.

28. The process of claim 27, characterized in that said
crude Stevia rebaudiana glycoside is also subjected to a refin-
ing process, said refining process comprising the following
steps preparing a mixed solvent by thoroughly mixing
90%=x2% of ethanol and 35% 2% of methanol at a ratio of 1:3,
and heating it to 65-75° C.; placing said crude Stevia rebau-
diana glycoside into the mixed solvent, with a mass ratio of
the mixed solvent to said crude Stevia rebaudiana glycoside
being 3.0-3.5:2, allowing the crude Stevia rebaudiana glyco-
side to dissolve in the mixed solvent so as to form a mixed
solution, cooling down said mixed solution to ambient tem-
perature within 4-7 minutes and then standing, during which
the mixed solution is stirred, standing for 48-60 hours, per-
forming a solid-liquid separation, and separately drying the
resulting solid and liquid to obtain a refined Stevia rebaudi-
ana glycoside.

29-33. (canceled)

34. The process of claim 28, characterized in that the sepa-
rately drying processes of the solid and liquid resulted from
the solid-liquid separation comprise the following steps: add-
ing non-saline water to dissolve the solid to give a solution
with a mass concentration of 25% 2%, and then concentrating
the solution into a concentration of 45%=+2%, followed by
drying the concentrated solution to give a product; evaporat-
ing off methanol, ethanol and superfluous water from the
solution, adjusting the mass concentration of the solution to
45%+2%, and drying the solution to obtain a product.

35-36. (canceled)

37. A composition comprising the STB Stevia rebaudiana
glycoside prepared according to the process of claim 27.

38. A composition comprising the rebaudioside B Stevia
rebaudiana glycoside prepared according to the process of
claim 6.



