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PROCESS FOR PRODUCTION OF STEVIOSIDES FROM STEVIA REBAUDIANA
BERTONI

Field of the invention

The present invention relates to a process for the production of steviosides froxrn Stevia
rebaudiana Bertoni. The present invention relates to a method for recovering steviosides from
dried plant material of Stevia rebaudiana using ecofriendly extraction and pur-ification
procedures. Water for extraction of the plant material and the ion exchange resins used in the
present invention are ecofriendly, non-toxic in nature and are reusable which will ultimately
have a tremendous impact on the process economics. The yield of product obtained in the
present invention is high and intensity of its sweetness is superior to the plant raw material
with milky white in appearance.

Background of the invention

Reference is made to R.H. Giovanetto, Method for the recovery of steviosides from
plant raw material; US Patent 4,892,938; January 9, 1990 wherein the method involves
recovering steviosides from dried plant material of Stevia rebaudiana Bertoni by extraction
and purification. An extract is obtained through treatment in water at a temperature from room
temperature to about 65 °C with stirring and subsequent filtration and centrifugation. This
extract is treated with calcium hydroxide, whereupon a precipitate is obtained by means of
filtration or centrifugation. This precipitate is treated with a strongly acidic ion exchange resin
and subsequently with a weakly basic ion exchange resin, for three to five times, filtered and
then dried. The major drawbacks are that the precipitate was further used to produce
steviosides by passing through strongly acidic ion exchange resin and subsequently with a
weakly basic ion exchange resin at least for three to five times, which will not only in crease the
processing time but also affect the overall cost of production. The overall yield of the end
product could be low as the steviosides were recovered only from the precipitate instead from
the filtrate and this fact was not mentioned any where in the patent specification.

Reference is made to J.D. Payzant; J.K. Laidler; Method of extracting selected sweet
glycosides from the Stevia rebaudiana plant, US Patent 5,962,678; October 5, 1999 wherein
the method involves production of individual sweet glycosides. A mixture of sweet glycosides
extracted from the Stevia rebaudiana plant is processed to remove impurities by usinig two ion
exchange columns. After removing the mixed sweet glycosides from the second column with

methanol, the solution is dried. Upon refluxing the dried solids in a methanol soluticn and then

-cooling the solution, stevioside precipitates out. The filtrate is further concentrated and cooled

to precipitate out Rebaudioside A. This Rebaudioside A can be further purified as the
1
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previously obtained Stevioside. The major drawbacks are that the solvent like methanol, which
was used for extraction of the steviosides and precipitate steviosides, is harmful to humans and
not recommended in the food products all over the world. The steviosides extracts are passed
through ion exchange resins without charging the feed and will not give good results and,
therefore, this step is more time consuming with low yields. The adsorbent resins used in this
process are not advantageous until the stevioside solution is pretreated to remove the metal
chelating and colouring impurities. Moreover, the stevioside solutions are needed to be eluted
very slowly through these adsorbent resins. Therefore, it is again a time consuming step and
usage of many resin columns again contribute to the loss of steviosides. Removal of solvents
and re-dissolution of steviosides consumes a lot of energy, heating effect increases the
darkening of the colouring impurities and also affects the overall production economics.

Reference is made to Uenishi Hideaki et al., Purification of Stevia sweetening agent;
Japan Patent 54030199; 6™ March, 1979 wherein the process involves to prepare stevia
sweetening agent free from characteristic small and bitter taste, by extracting leaves of Stevia
rebaudiana Bertoni with water, treating the extract with a non-polar synthetic adsorbent resin
followed by desorption, and further treating with an ion exchange resin, etc. The major
drawback is treating the aqueous extract with non polar synthetic adsorbent where the non-
polar adsorbent will have less affinity for steviosides and more to less polar non-sweet
compounds. Therefore, in this process the steviosides are lost partly in eluted water, and when
fhe adsorbed portion is desorbed in water miscible solvent which has to be concentrated. The
removal of solvent needs a lot of energy and time. After solvent removal, the concentrate is
redissolved in water and treated with ion exchange resins which will not only increase the time,
labour and effect the overall economics but also suffers loss of steviosides due to involvement
of various resins.

Reference is made to R.H. Dobberstein and M.S. Ahmed; Extraction, separation and
recovery of diterpene glycosides from Stevia rebaudiana plants; US Patent 4,361,697,
November 30, 1982 wherein a process for recovering diterpene glycosides from the Stevia
rebaudiana plant includes the steps of sequentially extracting plant material with a first solvent
of intermediate polarity to extract plant substances which tend to interfere with a liquid
chromatographic separation of the glycosides, and then with a second solvent of high polarity
to extract glycosides and chromatographically separating the extracted glycosides by
introducing them onto a liquid chromatography column having a packing of an oxygen-
containing organic stationary phase covalently bonded through a silicon atom to an inorganic

support, eluting them with a solvent of polarity higher than that of the first solvent but lower
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than that of the second solvent, and collecting individually eluate fractions rich in respective
glycosides. The major drawbacks are use of a variety of solvents to extract and process
steviosides, having different polarities including methanol which is toxic and not approved as
food grade solvent. Final purification of steviosides is achieved by loading crude steviosides on
a column chromatography using adsorbents like silica gel as a stationary phase and eluting the
column with the help of two solvents sequentially running through the column, which is not a
commercially viable process.

Reference is made to Sato Toru; Purification of steviosides through extraction; Japan
Patent JP57005663; January 12, 1982, wherein an extracted solution of leaves of “stevia” with
water or water-containing alcohol is concentrated to 10-50 wt% solid content to give a
concentrated solution, to which a salt or a base of calcium, iron, or aluminum is added to give a
deposit, which is removed. The remaining concentrated solution is adjusted to pH 5-7 and the
prepared precipitate is removed to give an aqueous solution containing stevioside. The aqueous
solution is passed through an acidic cation exchange resin and a basic anion exchange resin
successively, and stevioside is obtained from the passed solution. In the operation, a water-
soluble organic solvent, e.g.; ethanol, acetone, etc. is dissolved in the solution having passed
through the acidic cation exchange resin or an aqueous solution dissolving water-soluble
organic solvent is passed through the basic anion exchange resin through which the aqueous
solution containing stevioside has passed, and the stevioside is obtained from the passed
solution. The major drawbacks are the removal of water from aqueous exfract, two stage
successive treatment with basic and then with acid salts and solvent addition. The treatment
with ion exchanger resins and solvent removal at the end not only increases the number of
processing steps but in turn increases the processing time and energy and also affects the
overall economics of the production.

Reference is made to Sampath Kumar; Method for recovery of stevioside; US Patent
4,599,403; July 8, 1986 wherein an improved method for the recovery of stevioside from
Stevia rebaudiana Bertoni plants is provided which does not require the use of dangerous
chemicals or special separation equipment such as ion exchange or chromatography. In the
process, the raw material, preferably in comminuted form is first extracted with water, the
resulting aqueous extract is treated with a di- or tricarboxylic acid chelating agent to remove
metallic and other impurities as well as to lower the pH to less than about 4. Subsequently, a
calcium-containing agent is added to precipitate out other impurities. The aqueous extract is
essentially neutralized with an acid and is then subjected to extraction with a water-immiscible

solvent. Purified stevioside crystals are then recovered by cooling the water layer obtained
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from the said solvent extraction step. The major drawbacks are that the aqueous extract is
treated first with an acid and then with base and later neutralizing the solution and then treating
with water immiscible solvents like n-butanol which will not only leave the salt residues in the

aqueous solution but also suffer steviosides losses into n-butanol and also lower the yield of

5 steviosides up on crystallization from concentrated aqueous solution.

Various patent applications published and available, which deal with the separation of
individual glycosides like stevioside, rebaudioside-A and also as a whole steviosides mixture
from naturally occurring sources either by using organic solvents like methanol, ethanol,
butanol etc., for selective recrystallization or using synthetic adsorbents for purification. Some

10 of the closely related patents along with their drawbacks with respect to the present invention
are given below:
Title Applicant Publ. | Part | Method employed Drawbacks
No. used
Separation  of |Ajinomoto Co| ., |Leaf | Solvents for | One glycoside is
Stevioside and [Inc - <+ |and crystallization obtained at a time
Rebaudioside A o | Stalk & yields are less.
by 2 Aqueous methanol-
crystallization = a hazardous
chemical- was used.
Isolation of Maruzen Kasei| <« |Lea Polymeric adsorbent | Organic  solvents
principal KK § and resin and solvents for | and synthetic
sweetening ® | Stalk | crystallization adsorbents for
component  of N purification lead to
stevia & losses in product
and presence of
hazardous
chemicals in the
end product.
Purification of [Tama o | Leaf | Polymeric adsorbent, | Organic  solvents
stevioside Seikagaku KK § charcoal for | (methanol, acetone)
N depolarization  and { and synthetic
S solvents for | adsorbents for
= crystallization purification lead to
losses and
hazardous solvent
traces in the end
product. At the end
one glycoside was
obtained
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Decolorization |[Maruzen Kasei | ., |Foliag | Solvent extraction, | Solvent extraction
and purification KK 2 e charged of the feed | and aquefying the
of stevia sweet E directly on to anion | extracting and
component n exchange resin only | treating with only
B anion  exchanger
will not  give
substantial purity in
the end product.
Purification of [Daikin Ind Ltd Not Water immiscible | Organic  solvents
Stevioside S | given | solvent and methanol | were used to purify
§ is used to purify | the stevioside
2 stevioside
&
Purification of Mitsubishi w | Leaves | Synthetic adsorbent | Adsorbent resin and
Stevioside Chem Ind Ltd A and anion exchange | solvents are used to
3 resin purify stevioside
&
=
Production  of Painippon Ink Plant/ | Solvent like methanol | Solvents like
stevia sweetener & Chem Inc @ |Leaf |is used to purify the | methanol are used
é sweetener to  punfy  the
~ sweeteners
=
Purification of Chisso Corp Leaf | Different tin salts | Care is not taken
stevioside and e.g., stannous | about the residual
solution & | Stalk |chloride, stannous |salts and end
S sulfate, stannic acid | product is in
E etc., are used | aqueous  solution
E precipitatess ' are | phase
removed to  get
purified steviosides
Purification  of (Chisso Corp Leaf | Different Ca and Fe | Care is not taken
stevioside S | and salts are used | about the residual
solution § Stalk | precipitates are | salts and  end
- removed * to  get|product is in
@ purified steviosides | aqueous  solution
phase
Stevioside Masuyama o | Buds | Solvents like | Toxic chemicals are
extracted from [Fumio § and chloroform is used to | used
stevia S | leaf purified stevioside
containing A
sweetener =
Separation and [Sanyo o Leaf |[Non polar synthetic | Steviosides  have
purification  of Kokusaku Pulp | & adsorbent and | less affinity to these
stevioside Co Ltd. Q solvents used resins and solvents
sweetening F,E are used to recover
A them.
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Novel  Natural Morita Kagaku Leaf | The extract is | The direct extract
Sweetener Kogyo KK optionally treated | loading on
with ion exchange | adsorbent resin will
resins  then  with | not give purity
adsorbent resins results more over
$ organic solvents are
o0
A needed for
K desorption/elution
E of product.
Treatment with ion
exchange resins
without  charging
the extract will not
give much purity
results.
Extraction and [Sanpack KK Leaf | The aqueous extract | Residual salts may
purification of :&rg is  treated  with | be present in the
sweetener 8 various salts like | final fraction and
component ~ CaCl, and other | toxic CaCl, is used
from dry leaf of é adsorbents to purify | in the purification.
stevia steviosides
A method for Sanyo o | Not Liquid-liquid Organic  solvents
purifying Kokusaku Pulp &K | given | extraction is used such as n-butanol
stevioside Co Ltd. 5 are used
o
=
Preparation of [Yamada Leaf | Aqueous extract is|Acids like H,SO4
stevioside Nasami - treated with acid and | breaks  glycosidic
0 then with base and | linkages and
a filtrate is treated to | solvents like
5 polyamide resin and | butanol are used to
= then extracted with | purify stevioside
butanol
Purifying Mitsubishi Leaf | Aqueous extract is | Residual salts may
method of |Acetae KK E treated with Ca(OH), | be present in the
stevioside K and water soluble | final fraction.
solution 2 .polymeric flocculant
@ e.g., polyacrylamid
high polymer to get
pure steviosides
Preparation of Mitsubishi w |Leaf | The aqueous extract | Calcium chloride is
stevioside Acetate KK N 1s  treated  with {a toxic chemical
§ Ca(OH),, CaCl, while { and residual salts
x blowing CO, gas to | may be present in
= remove impurities. the final fraction.
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Purification Pacific Chem Leaf | The leaves were | Amberlite XAD-7
process of ind Co extract with Ca(OH), | treatment is a time
stevioside and water and the | consuming step as
" |extract was treated | the steviosides are
with Amberlite | recovered into
XAD7 and then with | organic solvent and
ion exchange resins | solvent is removed
Q to get pure | and re dissolved in
fo\r steviosides water to treat with
=3 ion exchanger
é resins. Without
XAD7 also better
purity results can be
. achieved.
Process for Pairfir Leaf | Aqueous extract | Toxic CaCl, and
extracting and Chemical Co treated with CaCl, | solvent methanol is
separating  of [Ltd and then. Amberlite | used along with
sweetening o XAD-7 and eluted | column
materials from 2 steviosides with | chromatography
stevia 3 methanol and purified | which is  cot
& by column | commercially a
ﬁ chromatography and | viable option.
crystallization by .
' methanol
Extraction  of Canada Nat Plant | Aqueous extract is | Capital investment
sweet Res Council treated with various | on these membrane
compounds K membranes like | systems is very
from stevia I Microfilter, Ultra | high.
rebaudiana é\; filter and Nano filter ’
Bertoni 2 to  obtain  pure
compounds

10

Objects of the invention

The main object of the present invention is to provide a process for the production of
steviosides from Stevia rebaudiana Bertoni, which obviates the drawbacks as detailed above.

Another object of the present invention is to provide a safer, ecofriendly and
economically viable process for the production of steviosides.

Still another object of the present invention is to obtain purified steviosides in a fewer
processing steps so as to reduce their time and cost of production.

Yet another object of the present invention is to generate efficient steam extraction
methods to recover maximum steviosides from the plant material within shortest time.

Yet another object of the present invention is to use less resin intervention in the

process to minimize steviosides losses.
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Still another object of the present invention is to eliminate use of volatile and toxic.
solvents in the production of steviosides by carrying out the entire process using green
solvents.

Summary of the inventioxn

Accordingly the present invention provides a process for the production of steviosides
from Stevia rebaudiana Bertoni, which comprises drying of plant material at temperature any
where from 20 to 50 °C, followed by pulverization to 20 to 400 mesh size, extracting the plant
material in a solvent consisting of demineralised water and heating the contents by injecting
the steam directly or indirectly to a temperature ranging from 50 °C to 120 °C. at a steam
pressure ranging from 1 to 8 kg/cm® for 0.25 to 4.0 hr, filtering the plant material to obtain an
aqueous extract, treating the aqueous extract with basic salt to form a precipitate, filtering the
treated extract to separate the precipitate, treating the separated clear filtrate with ion exchange
resins and thereafter, drying the treated filtrate to obsain a product containing steviosides
having stevioside in the range from 40 to 70% by ecmploying water as the only solvent
throughout the process. .

In an embodiment of the present invention the plant material was charged into the
extraction tank along with. or without water. '

In another embodiment of the present invention the plant material was dipped in water
for 0 (without dipping) to 1 day in the ratio of 1:1 to 1:30.

In yet another embodiment of the present invention extracting the dry or wet plant
material by directly injecting steam for 0.25 to 4.0 hr. and the overall temperature of the
contents were maintained between 50 °C and 100 °C.

In still another embodiment of the present invention extracting the wet plant material
by indirectly injecting steam for 0.25 to 4.0 hr. and the overall temperature of the.contents
were maintained between. 50 °C and 100 °C. _\

In another embodiment of the present invention the plant material is heated by directly
injecting steam into the extracting tank in a continuous or non continuous mode.

In yet another embodiment of the present invention the plant material is extracted for 1
to 3 times by directly injecting the steam till the ratio of plant raw material to cumulative water
extracts félls from 1:10 to 1:30.

In still another embodiment of the present invention the aqueous extract was treated

with a basic salt containing divalent cation such as calcium hydroxide or calcium oxide or

 calcium chloride to form a precipitate.
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In another embodiment of” the present invention the aqueous extract is basified at pH 8
to 10 to obtain a precipitate.

In yet another embodiment of the present invention the base treated filtrate was
optionally treated with neutral alumina to further remove colouring impurities.

In still another embodiment of the present invention the strongly acidic ion exchange
resin employed was selected from. gel type or macroporous type.

In another embodiment of the present invention the weakly basic ion exchange resin
employed was selected from gel type or macroporous type.

In yet another embodiment of the present invention the anion exchange treated
steviosides solution was optionally treated with neﬁtral alumina to further remove colouring
impurities. |

In still another embodiment of the present invention the neutral alumina was washed
with plenty of water before treating with steviosides solution.

Detailed description of the invention

The present invention provides a process for the production of steviosides from Stevia
rebaudiana Bertoni. The process comprises drying of plant material at temperature anywhere
from 20 to 50°C, followed by pulverization to 20 to 400 mesh size. The plant material is then
extracted in a solvent consisting of demineralised water and the contents heated by injecting
steam directly or indirectly to a temperature ranging from 50°C to 120°C at e'l steam pressure
ranging from 1 to 8 kg/cm® for 0.25 to 4.0 hr. The plant material is then filtered to obtain an
aqueous extract, which is then treated with basic salt to form a precipitate. The treated extract
is then filtered to separate a clear precipitate, which is then treated with ion exchange resins
and thereafter, dried to obtain a product containing steviosides having stevioside in the range
from 40 to 70%. Water is the only solvent employed throughout the process.

The plant material can be charged into the extraction tank along with or without water.
Preferably, the plant material was dipped in water for 0 (without dipping) to 1 day in the ratio
of 1:1 to 1:30. The dry or wet plant material was extracted by directly injecting steam for 0.25
to 4.0 hr. and the overall temperature of the contents were maintained between 50°C and
100°C. Alternatively, the wet plant material is extracted by indirectly injecting steam for 0.25
to 4.0 hr. and the overall temperature of the contents were maintained between 50°C and
100°C.

The plant material is heated by directly injecting steam into the extracting tank in a
continuous or non continuous 'mode. The extraction is effected 1 to 3 times by directly

injecting the steam till the ratio of plant raw material to cumulative water extracts falls from
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1:10 to 1:30. The aqueous extract was treated with a basic salt containing divalent cation such
as calcium hydroxide or calcium oxide or calcium chloride to form a precipitate. The aqueous
extract is basified at pH 8 to 10 to obtain a precipitate. The base treated filtrate was optionally
treated with neutral alumina to further remove colouring impurities. The strongly acidic ion
exchange resin employed was selected from gel type or macroporous type. The weakly basic
ion exchange resin employed was selected from gel type or macroporous type. The anion
exchange treated steviosides solution was optionally treated with neutral alumina to further
remove colouring impurities. Neutral alumina was washed with plenty of water before treating
with steviosides solution.

Dry powder of Stevia rebarudiana plant material 20 to 400 mesh size cultivated in the
institute farm, was charged into hydro extraction unit along with water in the ratio of 1:0 to
1:10 and heated the contents at 50° to 120° C for 0.25 to 4.0 hrs by directly or indirectly
injecting steam, generated in a separate boiler at a pressure in the range of 1 to 8 kg/cm?. The
water extract was filtered to get rid off plant particles. The aqueous extract containing
colouring matter, steviosides and other compounds was treated with di- or tri- valent salts such
as calcium hydroxide or calcium chloride or calcium oxide or aluminum salts or iron salts by
maintaining the pH of the solution between 8 and 10 with continuous agitation for 2-5 minutes
to obtain the precipitate. The precipitate was separated by filtration and washed with plenty of
fresh water. The washings were added to the filtrate and the filtrate was, optionally, treated
with neutral alumina. The separated filtrate was passed through a strong cation exchange resin
and then through a weak anion exchange resin. The flow rate in both these resins was
maintained between 1 to 3 bed volumes per hour. After completely passing, the two resin
columns were washed with fresh tap water to recover the steviosides left in the column. The
final eluant obtained from anion resin was, optionally, treated with neutral alumina to remove
further impurities. The filtrate was dried to obtain purified steviosides.

The dried Stevia rebaudicana plant material was dipped/soaked in minimum amount of
water just to wet the plant matrix and heated the contents by directly injecting the steam with a
high pressure 2-10 kg/cm? in order to extract the steviosides into the aqueous medium in an
efficient way in a short time. The steam, directly injected into the extractor, surrenders its
readily available latent heat onto the wet plant tissue so as to enable quick release of water
soluble steviosides. This method not oniy reduces the process time and enhances the extraction
efficiency but also helps in reducing the cost of production. In addition, the amount of water
required to extract the-plant material in a batch is very little compared to the conventional

extraction methods. This in turn reduces the cost of the extraction equipment. In the prior arts,
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the aqueous extract was treated with acid/base to precipitate and the precipitate/filtrate was
further purified either with water miscible/immiscible organic solvents or by treating with
various synthetic polymeric adsorbent resins/ion exchange resins to obtain steviosides. On the
contrary, in the present invention the aqueous extract is treated with an alkali only and the
filtrate is directly subjected to gel/macroporous type strong cation exchanger resin and then to
gel/macroporous type weak anion exchange resin.

The following examples are given by way of illustration and therefore should not be
construed to limit the scope of the present invention.
Example-1

One kilo gram of Stevia plant powder 200 to 400 mesh sizes was extracted with
demineralised water (3 x 4L) at 70 to 80° C. The extract was cooled and filtered on a Wattman
40 filter paper. The filtrate having about 40% dissolved solids was treated with aqueous
calcium hydroxide (50 gm in 50 ml distilled water) till the pH was attained to 9.2 at room
temperature and stirred for half an hour to obtain a precipitate. The precipitate was removed by
filtration and the clear filtrate was passed through previously washed and equilibriated strong
cation exchange resin (Tulsion T-42 H" Gel type, 1 liter procured from M/S Thermax Ltd.,
Pune, India) and then through a weak anion exchange resin (Tulsion A2 XMP Macroporous
type, 1 liter procured from M/S Thermax Ltd., Pune, India). The two resin beds were packed
into 65 cm x 5 cm i.d. glass columns separately. The flow rate in the two resins was maintained
at 2 bed volumes per hour. The eluant coming out of anion exchanger column was
concentrated to get purified steviosides having 63.4% stevioside in the end product.
Example-2

One kilo gram of Stevia plant powder 200 to 400 mesh sizes was extracted with
demineralised water (3x4L) at 70 to 80° C. The extract was cooled and filtered on a Wattman
40 filter paper. The filtrate having about 40% dissolved solids was treated with aqueous
calcium hydroxide (50 gm in 50 mal distilled water) till the pH was attained to 9.2 at room-
temperature and stirred for half an hiour to obtain a precipitate. The precipitate was removed by
filtration and the clear filtrate was treated with 250 gm neutral alumina (which was previously
washed with 1 liter of fresh water), the contents were agitated for 15 minutes, filtered and then
passed through previously washed and equilibriated strong cation exchange resin (Amberlite
IRA 120, gel type, M/S Merck India Ltd. Mumbai) and then through a weak anion exchange
resin (Amberlite IR 400, gel type, M/S Merck India Ltd. Mumbai). The two resin beds were

packed into 65 cm x 5 cm i.d. glass columns separately. The flow rate in the two resins was
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maintained at 2 bed volumes per hour. The eluant coming out of anion exchanger column was
concentrated to get purified steviosides having 60 %6 stevioside in the end product.
Example-3

One kilo gram of Stevia leaf powder 200 to 400 mesh sizes was extracted with water
(3x4L) at 70 to 80° C. The extract was cooled and filtered on a Wattman 40 filter paper. The
filtrate having about 40%. dissolved solids was treated with aqueous calcium hydroxide (50 gm
in 50 ml distilled water) till the pH was attained to 9.5 at room temperature and stirred for half
an hour to obtain a precipitate. The precipitate was removed by filtration and the clear filtrate
was passed through previously washed and equilibriated strong cation exchange resin (Tulsion
T-42MP, macroporous type, 1 liter procured from M/S Thermax Ltd., Pune, India) and then
through a weak anion exchange resin (Tulsion A2-XMP macroporous type, 1 liter procured
from M/S Thermax Ltd., Pune, India). The two resin beds were packed into 65 cm x 5 cm id.
glass columns separately. The flow rate in the two resins was maintained at 2 bed volumes per
hour. The eluant coming out of anion exchanger column was concentrated to get purified
steviosides having 65.5 % stevioside in the end pro duct.
Example-4

Ten kilogram dry Stevia plant powder from Stevia rebaudiana, cultivated in the
Institute’s farms , was charged into 300 liter capacity hydro extraction unit along with 45 liters
of demineralised water and heated the contents at 70° C for 2 hrs by directly injecting steam,
generated in a separate boiler at a pressure of 4 kg/cm®. The water extract was filtered into
PVC buckets to get rid off plant particles. 300 liters of this extract containing colouring matter,
steviosides and other compounds was treated Wiﬂl aqueous calcium hydroxide (500 grams in 1
liter) by maintaining the pH of the solution at 9.5 with continuous agitation for 4 minutes to
obtain precipitate. The precipitate was removed by filtration and then washed with fresh water
in order to recover steviosides effectively. These washings were added to the aqueous filtrate
and passed through strong cation exchange resin (Tulsion T-42 H* gel type, 30 liters procured
from M/S Thermax Ltd., Pune) which was earlier equilibriated with 3 bed volumes ie, 3x10
liters of dil. HCI (1liter in 9 liter water). This resin was packed in a SS column fitted with a
valve at the bottom with a flow rate not exceeding; 200 ml/min (1.2 bed volume per hour). The
eluant coming out of cation exchange column containing steviosides was again immediately
passed through weak anion exchanger (Tulsiom A-2X MP 30 Liters, macroporous type,
procured from M/S Thermax Ltd., Pune) which was packed in a SS column (earlier
equilibriated with 3 bed volumes ie. 3x12 liters, of NaOH solution ; 500 gm in 10 liter

water). The flow rate was maintained to not more than 200 ml/min (1.2 bed volumes per hdur).
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After completely passing the aqueous solution, the two resin columns were washed with water
to recover the steviosides left in the column. The final eluant obtained from anion exchanger,
about 400 lit., was concentrated to obtain purified steviosides hawving 45.47% stevioside as the
end product.

The soaking of dried plant material in minimum amount of water would have softened
the plant tissue, which further facilitated easy extraction of steviosides when steam was
directly injeéted in to the extractor. The live steam surrendered its readily available latent heat
onto the wet plant tissue, which helped in quick isolation of steviosides through the cell walls.
In addition, the directly injected steam create an agitation effect, which helps in instantaneous
uniform heat distribution and cell wall rupture throughout the feed material whereby increasing
the rate of extraction of steviosides. This method not only reduced the process time and
enhanced the extraction efficiency but also helped in reducing the cost of production. The
aqueous extract was partially purified by treating only with an alkali to remove various
chelating, high molecular weight and colouring compounds in the form of a precipitate. The
filtrate separated from precipitate was directly subjected to various combinations of gel and
macroporous type ion exchange resins. This not only cut-short the process purification time
but also enabled the process to be carried out in an aqueous medium by avoiding intervention
of organic solvents and also affecting the cost of production.

The main advantages of the present invention are:

1. The process is performed with safer and reusable chemicals like water, ion exchange
resins in the food grade range and the entire process is carried out in only one solvent
phase and that is water.

2. The extraction of the plant material is performed by directly injecting steam where the
maximum steviosides are recovered in less time and in little water, which reduces the
capital investment on plant machinery.

3. Most of the colouring impurities like chlorophylls, flavonoids and other chelating
compounds are precipitated by calcium hydroxide treatment at room temperature by
mere stirfing. ,

4. The separated filtrate is further purified by directly subjecting onto ion exchanger
resins. '

5. The process is simplified by eliminating usage of polymeric adsorbent resins and

organic solvents.
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We claim:

I

10.

11.

A process for the production of steviosides from Stevia rebaudicma Bertoni, which
comprises drying plant material, followed by pulverization to 20 to 400 mesh size,
extracting the pulverized plant material in a solvent consisting of demineralised water
under heat, filtering the heated plant material to obtain an aqueous extract, treating the
aqueous extract with a basic salt to form a clear precipitate, separating the precipitate,
treating the separated clear filtrate with an ion exchange resin, followed by drying the
treated filtrate to obtain a product containing steviosides having stevioside in the range
from 40 to 70%.

A process as claimed in claim 1 wherein the plant material is dried at a temperature in the
range of 20 to 50°C.

A process as claimed in claim 1 wherein the dried plant material is extracted while
heating by injecting the steam directly or indirectly to a temperature ranging from 50°C
to 120°C at a steam pressure ranging from 1 to 8 kg/cm? for 0.25 to 4.0 hr.

A process as claimed in claim 1 Whereiﬁ the precipitate is separated by filtration.

A process as claimed in claim 1 wherein the plant material is charged into an extraction
tank along with or without water.

A process as claimed in claim 1 wherein the plant material is dipped in water for 0
(without dipping) to 1 day in the ratio of 1:1 to 1:30.

A process as claimed in claim 1 wherein the dry or wet plant material is extracted directly
injecting steam for 0.25 to 4.0 hr. to maintain an overall temperattare between 50°C and
100°C.

A process as claimed in claim 1 wherein the wet plant material is extracted by indirectly
injecting steam for 0.25 to 4.0 hr. to maintgin an overall temperature between 50°C and
100°C.

A process as claimed in claim 1 wherein the plant material is heated by directly injecting
steam thereon in a continuous or non continuous mode.

A process as claimed in claim 1 wherein the plant material is extracted for 1 to 3 times by
direcﬂy injecting steam till ratio of plant raw material to cumulative water extracts falls
from 1:10 to 1:30.

A process as claimed in claim 1 wherein the aqueous extract is treated with a basic salt
containing divalent cation selected from the group consisting of calcium hydroxide,

calcium oxide and calcium chloride.

14



10

20

30

WO 2006/038221 PCT/IN2004/000404

12,

13,

14.

15.

16.

17.

A process as claimed in claim 1 wherein the aqueous extract is basified at pH 8 to 10 to
obtain a precipitate.

A process as claimed in claim 1 wherein the base treated filtrate is treated with neutral
alumina to remove colouring impurities.

A process as claimed in claim 1 wherein the ion exchange resin is a strongly acidic type
ion exchange resin and is selected from gel type or macroporous type.

A process as claimed in claim 1 wherein the ion exchange resin is a weakly basic ion
exchange resin and is selected from gel type or macroporous type.

A process as claimed in claim 1 wherein the anion exchange treated steviosides sol-ution
is treated with neutral alumina to remove colouring impurities.

A process as claimed in claim 16 wherein the neutral alumina is washed with ~water

before treating the stevioside solution.

15



PCT/IN2004/000404

VIII-5-1 |Declaration: Non-prejudicial
disclosure or exceptions to lack of

novelty . . . . .
Declaration as to non-prejudicial in relation to this intermnatiomal
disclosures or exceptions to lack of application

novelty (Rules 4.17(v) and
51bis.1(a)(v)):

Name (LAST, First) COUNCIL OF SCIENTIFIC AND INDUSTRIAL
RESEARCH declares that the subject
matter claimed in this intermnational
application was disclosed as follows:

VIII-6-1(i|Kind of disclosure: other none

)

VIII-5-1(i|Date of disclosure: (..)

i)

VIII-5-1(i|Title of disclosure: none

ii))

VIIl-5-1(i|Place of disclosure:

v)

Vill-5-1( |This declaration is made for the all designations

V) purposes of:




INTERNATIONAL SEARCH REPORT

Int 3l Application No

PCT/IN2004/000404

CLASSIFICATION OF S ZB§ECT MATTER

TPC 7 C07M15

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 CO7H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ, CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 4 892 938 A (GIOVANETTO ET AL) 1-17
9 January 1990 (1990-01-09)
cited in the application
the whole document

Y WO 00/49895 A (NATIONAL RESEARCH COUNCIL 1-17
OF CANADA; KUTOWY, OLEH; ZHANG, SHI QIU;
KUM) 31 August 2000 (2000-08-31)

the whole document

KHAREBAVA LEVAN G,SU)
23 February 1993 (1993-02-23)
the whole document

Y SU 1 796 128 Al (SARDZHVELADZE GIVI P,SU; 1-17

—f==

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

“E* earlier document but published on or after the internationatl
filing date

*L* document which may throw doubis on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

'T* later document published after the international filing date
or priority date and not in confiict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, ﬁuch combination being obvious to a person skilled
inthe art.

"&* document member of the same patent family

Date of the actual completion of the international search

25 April 2005

Date of mailing of the intemational search report

03/05/2005

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Klein, D

Form PCT/ISA/210 (second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT Inte 1 Application No
PCT/IN2004/000404

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y & DATABASE WPI 1-17
Section Ch, Week 199417

Derwent Publications Ltd., London, GB; AN
142958

abstract

Y PATENT ABSTRACTS OF JAPAN 1-17
vol. 006, no. 063 (C-099),

22 April 1982 (1982-04-22)

& JP 57 005663 A (RES INST FOR PROD DEV),
12 January 1982 (1982-01-12)

cited in the application

abstract

Y PATENT ABSTRACTS OF JAPAN 1-17
vol. 003, no. 055 (C-045),

11 May 1979 (1979-05-11)

& JP 54 030199 A (SANYO KOKUSAKU PULP CO
LTD), 6 March 1979 (1979-03-06)

abstract

Y PATENT ABSTRACTS OF JAPAN 1-17
vol. 004, no. 129 (C-024),

10 September 1980 (1980-09-10)

& JP 55 081567 A (RES INST FOR PROD DEV),
19 June 1980 (1980-06-19)

abstract

Y CHENG, T. F. ET AL: "Study on the 1-17
purification of steviosides with the use
of ijon- exchange resins”

ZHONGGUO NONGYE HUAXUE HUIZHI , 23(1-2),
178-90 CODEN: CKNHAA; ISSN: 0578-1736,
1985, XP009046787

abstract

Y JP 54 122300 A (KUSHIKEN TERUAKI) 1-17
21 September 1979 (1979-09-21)

abstract

& DATABASE WPI Week 197944

Derwent Publications Ltd., London, GB; AN
798568

abstract

Form PCT/ISA/210 (continuation of second sheet) (January 2004)



INTERNATIONAL SEARCH REPORT Inter

Application No

PCT/IN2004/000404
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4892938 A 09-01-1990 EP 0302948 A2 15-02-1989
AT 97910 T 15-12-1993
AU 609154 B2 26-04-1991
AU 1921988 A 27-01-1989
CA 1310963 C 01-12-1992
CN 1030762 A ,C 01-02-1989
DD 273442 A5 15-11-1989
DE 3788351 D1 13-01-1994
DK 406188 A 22-01-1989
ES 2046979 T3 16-02-1994
IE 63706 Bl 31-05-1995
IN 171592 Al 21-11-1992
JP 1131191 A 24-05-1989
NO 883234 A ,B, 13-02-1989
NZ 225471 A 26-02-1991
SuU 1834646 A3 15-08-1993
ZA 8805176 A 26-04-1989

WO 0049895 A 31-08-2000 US 5972120 A 26-10-1999
WO 0049895 Al 31-08-2000
AU 2605199 A 14-09-2000

SU 1796128 Al 23-02-1993  NONE

JP 57005663 A 12-01-1982  NONE

JP 54030199 A 06-03-1979 JP 1057426 C 31-07-1981
JP 55047871 B 02-12-1980

JP 55081567 A 19-06-1980  NONE

JP 54122300 A 21-09-1979  NONE

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

