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Abstract The discovery of great number of sweeteners duitieg

last decade has triggered the development of singar
Natural sweeteners that can substitute sucrose haVﬁroducts, particularly for diabetic, obese peopie for
caught great attention due to the growing incideate (ietetic purpose
obesity and diabetes. Much attention has been glane Several highly sweet plant constituents are used
Stevioside, a sweet glycoside extracted fr@tevia  commercially as sucrose substitutes in one or more
rebaudianaBertoni. Due to the sweetness and suppose@ountries. The plant secondary metabolites of most
therapeutic properties of its leafhe great interest in  widespread interest in this regard are Steviol agides
Stevia as a non-calorific, natural sweetener hadetl e Stevioside and Rebaudioside A, constituentshef
many studies on it - including toxicological ond®r  Steviarebaudiana Bertoni These two products, made
hundreds of years, indigenous peoples of Brazil androm Stevia rebaudiana arevidely available in Japan,
Paraguay have used the leaves of Stevia as a sweete jth Stevioside approved as a sweetener in Braml a
The Guarani Indians of Paraguay caltat jheéand have  having limited use pin Korea tBo Stevia (Stevia
used it to sweeten their yerba mate tea for cexguiihey  rebaudianaBert.) is a small, herbaceous, semi-bushy,
have also used Stevia to sweeten other teas add 8@ perennial shrub of Compositae family originatednfro
have used it medicinally as a cardiotonic, for @yes paraguay. It grows well at the temperature ranging
hypertension, and heartburn, and to help lower acid  petween 15 - 30°C. It is one of 154 members ofyheus
levels. In addition to being a sweetener, Stevia iSStevia' which produces steviosjdea diterpenoid
considered to be hypoglycemic, hypotensive, diaratid  glycoside isolated from plant leaves
tonic. Stevioside is a diterpenoid glycoside, casipg of Stevia plants grow better having temperature
an aglycone (Steviol) and three molecules of glacos range of 0-48C. So these conditions allow Stevia,
Present investigation shows the isolation of Somegrowing annua”y in areas having diverse environmen
secondary metabolites including stevioside frBtevia  However, it is cultivated on commercial basis bedse
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rebaudianaBertoni. o _ _ cutting or division of mother plants in green hodseing
Key words: Stevioside, Rebaudiosid8tevia rebaudiana  \yinter every year. The seeds of Stevia show a i@y
Bertoni, Bioactive principal compounds etc. germination percentage also. Propagation by seeds d
Introduction not allow the production of homogeneous populations

In the last couple of decades, growing concern abouresulting. in great variability in important featareike
health and life quality has encouraged people traise, ~ SWeetening levels and composifion Vegetative
eat healthy food and decrease the consumption af fo Propagation too, is limited by lowering number of
rich in sugar, salt and fat. Omission of added serin  individuals that can be obtained from single plant
foods increases the relative proportion of polymeri Propagation through stem cuiting requires enougkst
carbohydrates that may have beneficial effect for a°f Stém cutting and high labor inputs. Due to above
balanced food intake as well as for human héaktore mentioned difficulties tissue culture is the onlemnative
recently, the main concept has become to use fsoad a Method to prepare sufficient amount of plants withi
means of promoting health and welfare, while redgci short time duration for mass propagation of Stglaants.

the risk of diseadeThe food industry has responded to Plant tissue culture of plant through shoot tipaailary
this demand and as a consequence, there has Hasn a Pud culture may help to rare medicinal plants twovery
growing increase in diet foods and beverages aaitm  ©f genetically stable and of plafitsThe success dh
consumers in many markets of the wdrMVith increased ~ VItro culture depends mainly on the growth conditions of
consumer interest in reducing sugar intake, foatlpets e source true to type progeny. It is now evidisat
made with sweeteners rather than the sugar haverigec plant tissue culture is an essential component lahtP
popular. Sweeteners are alternative substancesgars Biotechnology which offers novel approaches to the

which give food a sweet taste and are used togigrar ~ Production, propagation, <_:(_)nslervation and manifmriat
totally replace sucrode material medium compositidh'and culture conditions

and on the genotypes of donor plahts

Bioactive compounds in plants can be defined as
secondary plant metabolites eliciting pharmacolalgar
toxicological effects in man and animals. Secondary
metabolites are produced within the plants besities
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primary biosynthetic and metabolic routes for compi#s  of 25+2°C, 16 h photoperiod and light intensity 25
associated with plant growth and development, aed a pmol/((m? s%) provided by white fluorescent tubes.
regarded as products of biochemical “side tracksthe = Subcultures were done after every 21 days inteNadlal
plant cells and not needed for the daily functignof the  segments from the proliferated shoots were subeultu
plant. Several of them are found to hold varioysetyof  again for further multiple shoot inductioA. total of 16
important functions in the living plants such as concentrations i.e. BA alone (0.5, 1.0, 1.5 andng/),
protection, attraction or signaling. Most speciéplants  Kn alone (0.5,2, 1.0, 1.5 and 2.0), BA+Kn (1.0+1.0,
seem to be capable of producing such compoundsiO+1.5, 1.5+0.5, 1.5+1.0) andBA+NAA(1.0+0.5,
Bioactive compounds in plants are compounds pratiuce 1.0+1.5, 1.5+2.0, 1.5+2.5 ) to know tBé of explants
by plants having pharmacological or toxicologictiéets showing shoot proliferation, No. of total  shogisr

in man and animals. The typical bioactive compounds culture and Average length of shoots (in cm).

plants are produced as secondary metabolites. 8agon Effect of IAA. IBA and NAA in MS medium for root
metabolites are produced within the plants besities formation '

p_rima(ljry biosylnthetic andhmeta(\jbogc rolutes of Comph:{' Microcuttings (longer than 2 cm) taken from fihevitro
aimed at plant growth an evelopment, suc asproliferated shoots were implanted on half-MS madiu
carbohydrates, amino acids, proteins and I'p'dsr.':ocontaining different concentration (0.5, 1.0, 1l &.0
example, flavonoids can protect against free rdslica mg/l) of IAA, NAA and IBA for rooting.In-vitro rooted

generated during photosynthesis’ shoots were kept under normal growth room condtion
Materialsand Methods for 4 weeks until the induced roots became paytiall
In-vitro regeneration brown. The shoots were then taken out from the grow
Healthy Stevia rebaudianglants were obtained room, kept under room temperature for 15 days hed t
from Jayanti Kunj, Rewa M.P. and were raised inspot taken out from the culture tubes carefully andrtfeslium
containing Soil and Manure (1:1) under green houseattached to the roots was gently washed out witiming
condition at Department of Environmental Biology, tap water. The plantlets were transplanted to small
A.P.S.U. Rewa, M.P. Leaf segment were cutrom polythene bags containing garden soil: compost)(2:1
processed for aseptic culture. Explants were washetreated with 0.1% Agrason (fungicide). The transfsd
thoroughly under running tap water for 20 min, wetsh plantlets were kept under shade for 15 days andeze
with a solution of Tween 20 (2 drops in 100 ml aiter)  transferred to normal environmental conditions.Oligh
for 1 min, and again washed with sterile distillwdter.  this process of acclimatization almost 70% survivals
The cleaned explants were surface sterilized withachieved.
mercuric chloride HgGl (0.1%) for 4 minutes under
aseptic conditions and washed six times with steril
distilled water to remove traces of HgCl
Effect of BAP, Kn and NAA on MS medium for
regeneration of shoot from nodal explants of Stevia
rebaudiana Bertoni
The surface sterilized leaf explants were cultwadVS
(Murashige and Skoog) basal media containing variou
concentrations of BAP, Kn and NAX. Leaf explants
were cut from petiolar end and placed on sterilgliom
with dorsal surface in contact with the medium
supplemented with BAP and NAA. After 4 weeks the *
shoot buds induced on leaf explants were exciseah fr
base along with some portion of mother explants and
g:;g?gm ogonp();olg]? rgtlp?g’ E]rf d;:{g sx&plirgnirl;tiﬁgﬂovxgh * Adding substantially dry Stevia plant material he t
adding 30 g /I sugar and 0.7% agar. The pH wassttju column to form a bed. _
to 5.7 with 0.1 NaOH before autoclaving at a terapee~ *  Adding an aqueous exiraction solvent at a
of 120 C for 20 minutes. Cultures were established in  temperature of 0 to 25° C. to the column, to pre\ad
different culture vessels and it was observed $habts controlled plant material: solvent ratio in the garof
regenerated in flask showed normal morphology and 0-02:1 t00.1:1 wiw. . .
were well elongated. After 2-4 weeks there was® Removing from the column an extract including the
significant increase in the number of shoots. Ak t sweet compounds.
cultures were incubated in culture room, at a tewatpee

Diafiltration extraction

The Diafiltration mode involves using extra extiaot
solvent to further process the retentate by wasling
additional permeable compounds i.e. the desiredeswe
compounds (when using an ultrafiltration membrame t
remove higher molecular weight substances), or imgsh
out undesirable impurities (when using a nanofilbraor
reverse osmosis membrane, to remove lower molecular
weight substances.

Procedure

Providing an extraction column, the column being
vertically disposed and having a top opening for
receiving plant material and extraction solvent] an
bottom opening for discharging extract.
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» Passing the extract through an ultrafiltration In some circumstances, membranes were soaked % 1.5
membrane having a pore size defined by a moleculabltrasil™ 53 solution overnight. (The powdered
weight cut-off (mwco) of 2 to 3 kDa, at a trans- enzymatic detergent membrane cleaner, Ultrasil™&s
membrane pressure of 200 to 700 kPa. chosen because it is authorized by the U.S. Depaittof

« Passing the permeate including the sweetAgriculture for use in federally inspected meat and
compounds, at a controlled temperature in the rangéoultry plants as a cleaner for reverse osmosis and
of 50 to 85° C. through a high temperature ultrafiltration membranes.) Thoroughness of theacieg
nanofiltration membrane having a pore size definedwas tested by measuring the pure water permeate rat
by a molecular weight cut-off(mwco) of 200 to 600 after 30 minutes. The system was deemed clean thinen
Da, at a trans membrane pressure of 600 to 1300 kP&as not significantly different from the pure water
and recovering the retentate including the sweetpermeation rate of an unexposed membrane.

compounds. Results and Discussion
Nodal explants were incubated on MS medium fodifie
Equipment with different concentrations of BA (0.5, 1.0, lfd 2.0

The UF system used was SEPA CF (Osmonics)mg/1) and Kn (0.2, 0.5, 1.0 and 1.5 mg /) aloneBér
with effective membrane area of 0.0155 nThe  with Kn or with NAA. After six weeks multiple shoot
microfiltration system used was zirconia microéition emerged directly from axillary nodes of the culture
system with effective membrane area of 0.0055The explants. The response was best at 1.5 mg/l BA5+ 0.
nanofiltration system module was a NF spiral meméra mg/l Kn combination to the highest percentage of
module (40x40 module, membrane area of)7rithe  explants (89.46%) showing shoot proliferation, kgt
temperature of the feed was controlled by a heanhumber of total shoots (7.59+0.54) and highest ayer
exchanger. Each membrane unit consists of a cydialdr length of longest shoots (4.00+0.52) were recof(tieiole
stainless housing. The supplier of the membranelh@s  4.9). The response was poor and considerable anadunt
Filter. The membrane pore sizes were 0.035, 0.080 a callus was formed with BA and NAA combination
0.2 um respectively. Nitrogen blankets were applied for (Graph-1). Microcuttings (longer than 2 cm) takeoni
the feed tank or permeate tank in order to prewdnt the in-vitro proliferated shoots were implanted on MS
oxidization of feed/permeate. medium containing different concentrations (0.8, 1.5
Sample preparation and 2.0 mg/l) of IAA, NAA and IBA for rooting.
Two mL of aqueous sample, 15 mL of acetonitrillg 2. Maximum root induction was observed in medium
mL of buffer solution (5 g of sodium acetate, 0.fg  fortified with 1.5 mg/l that is 7.6£0.5 number aoftal
Glacial acetic acid and water were added up to arlg  roots and 5.5+0.4, average length of roots. Rauétion
water were added into a 25 mL flask. On standinggradually decreased with increasing concentratiohs
overnight and centrifuged, there were two phasesauxin (Graph-2).
observable at this stage, however only the topidiqu
phase was used for HPLC analysis. The pigmenteén th
solution was analyzed by measuring the optical
absorbencies at 420 nm (A420) and 670 nm (A67@), th
wavelengths of pigments maximum absorbencies, wsing
spectrophotometer (Spectronic Genesys 2).

The leaves ofin-vitro propagatedStevia rebaudiana

Bertoni were used as material for the isolation of

sweetening compounds i.e. stevioside, rebaudiadizidt

has also been found that if the leaves are usedsimall

substantially uniform size of 10 to 40 mm, most

M embr ane char acterization preferably abou; 20 mm then extraction of the sweet
compounds of interest is enhanced. The used Stevia

Prior to the feed tests, all the UF membranes werg . '
. ’ . eaves also provide a good filter bed for the reahaf
characterized by 200 ppm solution of PEG of 3 kDaIarger debris and reduce the chances of pluggirg th

molecular weight. Operating pressure was 276 kRh aNcolumn. The amount of extraction solvent is alstuced.
temperature was 22-24° C. Th_e NF membranes Wer%owever, we have found that if the leaves are gidom
characterlzed_ by 200 ppm sc_)lutlon of PEG of 400 Dapowder the column becomes plugged. We have also
molecular weight at an operating pressure of 58 &R found that for low temperature operation i.e. &t libwer

a temperature of 20, 40, 60 and 70° C. end of the operating range i.e. 0 to 10° C., texipee

'I\I'/lheemkr;::?neb(r:;er?g;ngvere cleaned in place after each teC ntrol is improved by the addition to the coluriniae
P ips, along with the dried leaves.

using a recycling technique. In this technique the
membranes were first flushed with tap water at room
temperature. The membranes were then washed v#th 0.
N NaOH for 30 minutes. Finally, the system was
thoroughly flushed with room temperature distillsdter.
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Graph-1: Effects of different combined concentrations
of cytokinin and auxinsin M S medium on Stevia

rebaudiana Bertoni
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used in the examples. This provides a retentioa tinl0

For enhanced selectivity of separation of theto 20 minutes. Further, extraction of the sweet
desirable sweet compounds, the temperature of theompounds is also enhanced by lowering the pH ef th
extraction solvent is preferably in the range db26°C, extraction water to the acid range i.e. about 2-4,
most preferably about 4°C. At these lower tempeestu preferably about 2. Also, at this pH, the solubilif
extraction of the undesirable higher molecular Weig some of the higher molecular weight undesirable$ s
bitter compounds is lower than at the higher proteins are lower, so they are excluded from ttteaet
temperatures. The amount of the solvent and the leacontaining the sweet compounds. This is done byngdd
solvent ratio is also controlled to enhance seldgtiWe to the solvent a source of the phosphate ion eqm f
have found that with less leaf material, higher ante of ~ phosphoric acid. Others ions such as sulphate and
undesirable compounds are eluted. Also, if too meafi  calcium could also be used. The addition of phospha
material is added, the vyield of the desirable sweetalso enhances the value of the retained leaf rahtasi
compounds decreases. Accordingly, a balance isedeed animal fodder. The aqueous extraction solvent is
A leaf: solvent ratio of 0.03 to 0.10, by weighgshbeen preferably water, and where sources of good quality
found to be useful. The preferred water: leaf ragiabout ~ water are not available, the use of reverse osn{exiy
0.05: 1. water or distilled water is recommended. Similasules

The solvent flow rate/residence time is also were found by Tang and Wei, 1983 for difiltration
significant. A flow rate in the range of 24-30 mifate extraction method for recovery of the sweet compisun
has been found to be useful for the column dimerssio

Table-1: Effect of solvent pH on the Stevioside extraction

Stevioside (mg/l) pH Optical abs. of pigment at 420 nm
8000 2.0 9.0
8100 7.0 8.0
7900 9.0 5.9

Table-2: Effect of solvent temperature on the Stevioside extraction

Temperature Optical abs. of pigment | Stevioside RC RA
Concentration at 420 nm (mall) (mall) (mall)
()
2-4 59.6 35 25 250
5-8 75.6 4.6 43 200

Table-3: Recoveriesof Stevioside RC and RA with membranefiltration

Poresize Recoveries % Stevioside RA
(nm) (nm) & RC (mgfl)
(mg/l)
78.3 77.4 77.8 8.0
74.8 81.8 79.0 3.5
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Conclusion

Sugar (primarily sucrose) has been a part of tlig deet

for literally hundreds of years, but research iswno
suggesting that sugar intake can be detrimentabuto
health. In particular, excessive consumption of pkem
sugars with high glycemic index values have shown t
cause overeating and weight gain, as well as advat
postprandial hyperglycemia can result after consgmi
too much sugar. This has also been linked to bginge

to disease. This leads to development of advanced
glycation end products, inflammation and increased
mortality rates. Stevia rebaudianaBertoni is a plant
having a recent focus as a worldwide supplementigér
The leaf of this plant is the main attraction fds i
economic and commercial uses because of its vauabl
quality of extreme sweetness particularly with the
presence of the main active constituents Stevioaiutk
rebaudioside.
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