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ABSTRACT 

In recent years there has been increasing demand for 
natural non-nutritive high intensity sweeteners with 
low-calorie value as an alternative to sucrose. Ex- 
tracts of the leaves of Stevia rebaudiana (Bertoni), 
have been known for their sweet taste. Steviosides 
and rebaudioside-A are the two major diterpenoid 
glucosides components present in the leaf extracts of 
the stevia, these glycosides are 300 times sweeter than 
sugar and also exhibits wide therapeutic activity. The 
conventional methods of isolation of steviosides in- 
volve long extraction and purification procedures; 
therefore optimization of product yields is a challeng- 
ing problem. The present study, establishes a new im- 
provised process of extraction of steviosides from the 
stevia leaves in which the dry treated leaves were 
grounded, defatted, and extracted through pressu- 
rized hot water extractor (PHWE), followed by puri- 
fication and concentration of the sweet glycosides 
through ultra (UF) and nano (NF) membrane filtra- 
tion in obtaining high (98.2%) purity steviosides. This 
process established “green” method for isolation of 
high quality steviol glycosides, with improved final 
yield is 10.1% from 11% of crude leaf extract and ob- 
served the improved organoleptic and biological ac-
tivity (antioxidant). Thus the method confirms a sim-
ple, in-expensive and eco-friendly process in obtain-
ing pure steviosides.  
 
Keywords: Steviol Glycosides; Membrane-Filtration; 
Natural-Sweetener; Antioxidant; In-Expensive 

1. INTRODUCTION 

Dietary and health demands are continuing to expand the 
market for sweeteners in two distinct areas one in spe- 
cifically for the low calorie/dietetic segment, while the 

other is as an alternative to sugar and other nutritive 
sweeteners (i.e. corn syrup, fructose, glucose) [1]. Re- 
cently, there is an increasing demand for low calorie 
natural sweeteners as a substitute for sucrose and other 
synthetic sweeteners such as saccharine and aspartame. 
Stevia a perennial plant species commonly called as 
“sweet herb” is gaining significant importance as a natu- 
ral sweetner in different parts of the world and is ex- 
pected to develop into a major source of high potency 
sweetener for the growing natural food market [2-4]. 
Steviol glycosides are natural diterpene glycosides ex- 
tracted from the leaves of Stevia rebaudiana Bertoni. 
(Family-Asteraceae) possessing a 250 - 300 times higher 
sweetening property than sucrose, and they also used in 
treatment of patients suffering from carbohydrate meta- 
bolic diseases such as diabetes mellitus, obesity, hyper- 
tension and stimulates cell regeneration. Thus the steviol 
glycosides are also widely used in food, beverage, medi- 
cine, wine making cosmetics and other food/chemical 
industry [5-7]. Despite wide therapeutic application of 
these sweet glycosides, its uses are limited for human 
consumption (food and pharmaceutical) due to its after 
taste bitterness, astringency and grassy taste; associated 
with the presence of some un-known glycosides and 
other alkaloid impurities [8]. Thus, the quality and taste 
of the commercial stevioside product depends on the per- 
centage/proportion of the steviol glycosides in the prod- 
uct.  

Traditional separation and isolation process of natural 
products from plant extracts normally use different tech- 
niques but still it remains a mystery in isolation of water 
soluble natural-compounds. There are abundant pub- 
lished/patented literature in extraction and purification 
process of steviosides based on solvent, solvent plus a 
decolorizing agent, selective precipitation by metallic 
ions, supercritical fluid extraction and purification by 
adsorption and column chromatography, ion exchange 
resin, ultra and nano membrane process [9-12]. The re- 
cent development of various membrane-based techniques *Corresponding author. 
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for the purification of valuable natural products covers 
utilization of microfiltration, ultrafiltration and nanofil- 
tration membrane techniques, either carried out singly or 
coupled with other separation techniques, in order to 
achieve purification process of natural products to im- 
prove the biological activity [13-16].  

fiber ultrafiltration (HF-UF) membrane of 30,000 mole- 
cular weight cut off (MWCO) the length of spiral wound 
module and hydrophilized polyamide (HPA) nanofiltra-
tion (NF) membrane of 250 MWCO were purchased 
from M/s Permionics Membranes India Ltd., Vadodara, 
India. 

The available extraction process require long and 
complex extraction processes steps, high temperatures 
and no information about the effects of the extraction 
methods on the contents of steviosides. The long isola- 
tion procedures of steviol glycosides known to produce 
noxious residues and biter alkaloids harmful to the hu- 
man health [17,18]. Some of the recent stevioside isola- 
tion methodologies are expensive and are energy inten-
sive process in obtaining pure steviol glycosides’ [9-11, 
19]. Therefore, a simple, inexpensive and environmental 
friendly procedure in isolation of highly purified steviol 
glycosides is present day challenging problem [20-23]. 
Oxygen free radicals and other reactive oxygen species 
can cause oxidative injury to living organisms and thus 
play an important role in many lifestyle related diseases 
such arthritis, tissue injury, atherosclerosis, cancer and 
neurodegenerative diseases as well as ageing process 
[24-26]. 

2.2. Methods 

2.2.1. Analytical Methods 

Although several synthetic antioxidants, such as buty- 
lated hydroxyl anisole (BHA) and butylated hydroxyl 
toluene (BHT), are commercially available, these syn- 
thetic antioxidants are quite unsafe and are toxic to hu- 
mans [27]. There is a growing interest in natural antioxi- 
dants found in plants because of the world wide trend 
towards the use of natural additives in food and cosmet- 
ics. Natural plant-based anti oxidants especially pheno- 
lics and flavonoids have gained importance in therapeu- 
tic potential and has been exploited commercially either 
as antioxidant additives or as nutritional supplements 
[28-30].  

Therefore, the present study is on development of sim- 
ple, inexpensive processes by minimizing unit operations 
and chemical usage of solvents and subsequently refining 
the isolation of steviosides by removing the impurities of 
after taste for additional improvement of taste profile and 
anti-oxidant potential of steviosides isolated from the 
aqueous extract of S. rebuadiana leaves.  

2. EXPERIMENTAL 

The concentration of steviosides present in the leaf ex- 
tracts were quantified by high performance liquid chro- 
matography (HPLC) using Waters spherisorb NH2 ana- 
lytical column (250 mm × 4.6 mm, particle size 5 µM), 
elution solvent used was acetonitrile: 0.1 mM Na-phos- 
phate buffer pH-5 (85:15) in isocratic mode; with flow 
rate of 1.0 mL·min−1, column temperature maintained at 
27˚C - 28˚C, and UV detection was adjusted at 210 nm 
[31,32]. In LC-Mass analysis of steviosides the isocratic 
solvent system acetonitrile: 0.1 mM sodium-phosphate 
buffer pH-5 (60:40) with flow rate of 1.0 mL·min−1 was 
used. 

The structure of the purified stevioside isolated was 
confirmed by 1H-NMR and LC-MASS spectral studies 
and compared with standard stevioside obtained from 
Sigma Chemicals USA. 

2.2.2. Isolation and Purification of Steviosides 
The leaves (5 Kg) of Stevia rebaudiana were initially air 
dried at 50˚C and treated with non polar organic solvent 
to remove color pigments and waxy material present on 
the surface of stevia leaves. Thus obtained leaves were 
powdered to 20 - 30 mm mesh size and steviosides were 
extracted in aqueous solution (1:10) adjusted to pH 3, at 
60˚C, with agitation. On incubation for 6 hours the ex- 
tract was subjected to pressurized hot water extractor 
(PHWE) operating at optimized conditions of 100 kPa 
pressure at temperatures of 100˚C - 110˚C for 10 minutes, 
for extraction of steviosides. Thus, obtained crude extract 
was cooled and filtered solution was adjusted to pH10 by 
adding 0.1 N sodium hydroxide and heated to 60˚C for 
one hour, the precipitate formed was filtered and the ste- 
vioside rich solution was neutralized to pH 7 by adding 
dilute acid (0.1 N HCl). The crude solution rich in ste- 
vioside was passed through ultrafiltration (UF) mem- 
brane of 30 kDa, molecular weight cut-off (MWCO), 
operating at a feed pressure of experimental conditions. 
The concentration of stevioside present in the extracts 
was determined 200 - 500 kPa, at room temperature. This 
process removes cell debris and helps in clarification of 
the leaf extract, in obtaining a clear solution containing 
sweet steviol glycosides. The UF membrane unit opera- 
tion results in retaining leaf carotenoid pigments (70% - 
80%); quantified through spectrophotometer, as des-  

2.1. Materials 

Leaves: Stevia rebaudiana bertoni leaves were obtained 
from Sigma-Aldrich Chemicals USA S5381-batch #100- 
F0417. Stevioside 97%: The standard stevioside 97% 
(HPLC) was purchased from Sigma chemicals USA.  

All the chemicals and solvents used in the process 
were of commercial solvents and were glass distilled. 
The membrane filtration was carried out using hollow  
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cribed in AOAC, 2000 [33]. The obtained filtrate was 
passed through nanofiltration membrane (NF) with a 
MWCO ranging of 250 Da, operated at a trans mem- 
brane pressure of 1500 kPa at a room temperature to 
concentrate the product stevioside in the retentate by 
removing 80% - 90% of water through permeate. Thus 
obtained stevioside rich solution was treated with active 
animal charcoal (20%) and filtered through ciliate (5%) 
for to obtain a clear solution enriched with steviosides, 
this on spray drying gave a white stevioside powder. All 
the operating conditions carried out by UF/NF membrane 
process in isolation and purification steviosides from ste- 
via leaves were carried at optimum by HPLC. The struc-
ture of steviosides were confirmed by NMR and mass 
spectral studies (LC-Mass chromatogram) and compared 
with standard stevioside (Figure 1).  

2.2.3. Ultrafiltration and Nanofiltration Procedures 
The clarification of the stevia extract (30 L solution) was 
carried out using ultrafiltration membrane (HF-UF 30 kD 
membrane) operated in batch mode with complete recy- 
cle of reject at a constant feed rate of 17 L/min were 23 L 
of permeate, which gives high flux without compromis- 
ing on the quality of the stevioside present in the perme- 
ate [16]. The permeate enriched in the steviol-glycosides 
(20 L) was feed to HPA-250 nanofiltration membrane to 
collect enrich stevioside in the reject and the obtained 
water solution in the permeate (14 L) was free from 
sweet glycosides. The enriched stevioside reject was passed 
through animal charcoal and cellite to remove colour of 
the stevia extract and the impurities of bitter taste. Thus 
obtained enrich concentrated stevia extract was spray 
dried to obtain powdered stevioside. 

The effect of pressure in separation stevioside and life 
of the membrane used for filtration process was studied 
as described in our earlier studies [34].  

2.2.4. Determination of Stevioside Rejection,  
Permeate Flux and Percentage Water Recovery 

In UF and NF membrane processes the separation per- 
formance of the membrane is denoted in terms of % 
 

COOR1

CH3

OR2

CH2

CH3  

S. No Compound name R1 R2 

1 Steviol H H 

2 Stevioside β-glucose β-glucose-β-glucose (2-1)

3 Rebaudioside A β-glucose 
β-glucose-β-glucose (2-1)

β-glucose (3-1) 

rejection of solute which was calculated as given in Srid- 
har et al., 2000 [34].  

 % 1 100P fR C C              (1) 

where the Cp is amount of the stevioside in the permeate, 
Cf is the amount of the stevioside in the feed. 

The flux (J) is the volume of the permeate (V) col- 
lected per unit membrane area per unit time (t): 

J V At                    (2) 

The approximate osmotic pressure  (bar) is deter- 
mined from the following equation:  

π i iv c RT                  (3) 

where ci is the concentration of TDS (~NaCl) in 
mol·dm−3, vi is the number of ions formed when the sol- 
ute dissociates, R is the universal gas constant (83.133 
dm3·bar·kmol−1·k−1) and T is the absolute temperature 
(301 k). 

For clarification of the stevia extract an absorbance 
analysis was carried out. 

 % clarification 1 A after A before 100   .   (4) 

Percentage (%) steviosides (stevioside or rebaudioside) 
recovered after the purification process, were calculated. 

Steviosides yield %

Concentration of stevioside in the crude extract
100

Concentration of stevioside in the permeate
 

 

(5) 

where, the subscripts “after” and “before” mean after and 
before the clarification, respectively. Optical absorben- 
cies measured at 420 or 670 nm correspond to color or 
turbidity analysis, respectively. The concentration of 
steviol glycoside recovered after the purification process, 
were quantified through HPLC. 

2.2.5. Sensory Evaluation 
The relative sweetness of steviol glycosides was com- 
pared in relation to standard sucrose solution. The or- 
ganoleptic sensory evaluation for steviosides present in 
stevia extract and FCPS-(final crystallized product of 
stevia leaf extract) was carried out by comparing with 
sucrose solution 2% as a reference standard, taking its 
sweetness value as 100, which give a direct quantitative 
measure of the subjective intensity of stevioside sweet- 
ness [35-38].  

2.2.6. Determination of Antioxidant Activity Different  
Radical Scavenging Activities 

Steviol glycosides obtained from stevia leaves promote 
wide range of physiological activities like cardiovascular, 
anti cancer, hyperglycemia and also influence in reduc- 
ing hypertension [38]. Superoxide radical is known to be Figure 1. Structures of steviosides and related sweet glycosides. 
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very harmful to cellular components as a precursor of the 
more reactive oxygen species, contributing to tissue da- 
mage and various diseases [39]. Superoxide scavengers 
and their capacity to scavenge superoxide may contribute 
to their anti oxidant activity. A large number of phyto 
chemicals, phenols, flavonoids are among the most po- 
tent and therapeutically useful bioactive molecules, pro- 
viding health benefits associated with reducing of oxida- 
tive injury to living organism [40,41]. The traditional use 
of leaves of S. rebaudiana as natural antioxidants with 
consequent health benefits has to be confirmed by bat- 
tery of antioxidant assays. 

To evaluate the antioxidant activity or super oxide 
radical scavenging activity of the steviol glycosides pre- 
sent in the extract of stevia following assays were studied 
1) free radical scavenging capacity assay by DPPH (1,1- 
Diphenyl-2-picrylhydrazyl) method; 2) hydroxyl super-
oxide radical and 3) nitric oxide radical assay were car- 
ried out using standard methods [42]. The results ob- 
tained were compared with that of known anti-oxidants 
samples like green tea and ascorbic acid.  

Statistical Analysis 
The results were analyzed by two-way ANOVA followed 
by Bonferroni post tests. The results were processed by 
GraphPad Prism version 5.0. Results were found statisti- 
cally significant (P < 0.05). 

3. RESULTS AND DISCUSSIONS 

This study high lights development of a rapid, impro- 
vised and effective methodology in isolation and purifi- 
cation of sweet glycosides, from the leaves of Stevia re- 
baudiana. The process involves combined use of pres- 
surized hot water extraction, followed by ultra-filtration 
and nano-filtration to obtain high quality steviosides 
from the leaves of the stevia. The initial pretreatment of 
stevia leaves with hexane, results in removing color 
pigments and waxy plant material and helps in subse- 
quent process of clarification of the extract. The total 
pigments (carotenoids) extracted were found to be 19 - 
22 mg/100g of dry stevia leaves [43]. After preliminary 
discoloration the powdered stevia leaves were subjected 
to water extraction in a pressure reactor to obtain ste- 
vioside rich extract (CSEA-crude stevia leaf extract after 
autoclave). It was observed that the rate of extraction of 
stevia was higher at pH 3 during the process of extrac- 
tion. Thus obtained extract was subjected to multi stage 
ultra and nano membrane filtration process to remove 
suspended particles, high molecular weight impurities 
and undesirable bitter compounds, without any loss of 
steviosides/or in the permeate (decline in non-glycoside 
peaks in HPLC chromatogram) Table 1. Thus indicating 
reasonably high permeation rates and no significant  

Table 1. Comparative performance of UF and NF membranes 
in concentration and purification of steviosides (7% - 8%) pre-
sent in Stevia rebaudiana +. 

S. No Parameters Ultra-filtration Nano-filtration

1 Feed pressure 10 20 

2 
Stevioside in feed 

(µg/ml) 
09 90 

3 
Steviosides in  

permeate (µg/ml) 
6.5 3.0 

4 Pigments (%) 80 - 90 05 

5 Flux (l/m2h) 24 32 

Values given based on mean of three studies. 

 
fouling of membranes was observed during the process 
of filtration. The stevioside enriched permeate was fil- 
tered through active animal charcoal and celate to obtain 
golden yellow color solution containing steviol glyco- 
sides which on spray drying gave a pure white product 
(98%) of steviol-glycosides.  

3.1. Effect of Pressure 

From the results the increase feed pressure in NF mem- 
brane from 200 - 600 psi, the increase flux from 25.2 L 
to 39.3 lit/m2. Hr was observed, whereas the permeate 
conductivity reduced from 0.48 to 0.26 mS/cm as shown 
in Figure 2. The recovery of water was maintained con- 
stant at 60% - 80% for all the operating pressures. The 
increase in pressure would obviously is due to greater 
driving force for transport of the water molecules leading 
to a rise in flux. It is well known that by solution diffu- 
sion mechanism, the hydrophilic NF membrane allows 
more and more water molecules to pass through due to 
preferential sorption of water on the membrane surface 
[44]. Thus the smaller molecular size (MW = 18) of the 
water molecules would therefore exhibit higher diffusi- 
vity compared to the much larger stevioside molecules; 
resulting in 100% rejection of stevioside throughout the 
range of feed pressure studied.  

3.2. Membrane Fouling and Its Control 

The UF /NF membranes would be especially prone to 
biological fouling since aqueous stevia solution gathers 
fungal growth within two days time [45]. For a pro- 
longed life of the filtration membrane it is necessary to 
wash the membrane thoroughly washed with deionized 
water followed by 2% (w/v) citric acid solution to re- 
move metal salt precipitates formed due to presence of in 
organics in the feed solution. Every alternate week, 
washing with 1% (w/v) solution of tetra sodium EDTA, a 
chelating agent is necessary to remove organic foul ants 
and silt and the membrane is finally stored in a 1% (w/v)  
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are responsible for inhibiting or preventing the deleteri- 
ous consequences of oxidative stress. It is well known 
that the stevia extracts contain flavonoids or phenolic 
compounds that scavenge the free radicals, promote wide 
range of physiological activities [46,47]. The free radical 
scavenger activity for three different samples of stevia 
leaf extracts (SEHW, CSEA, and FCPS) were compared 
with the reference sample aqueous extract of green tea 
leaves (Camellia sinensis Linn.) prepared by infusions of 
1 g of green tea brewed for 5 min with 100 mL of boiling 
water, and with standard ascorbic acid of equal concen- 
tration to that of Stevioside samples (5 µg/ml). From the 
results as shown in Figure 6 the percentage inhibition of 
DPPH free radical scavenging activity for green tea was 
7.3% and for standard ascorbic acid it was 86.5%, where 
as for the three stevia extracts it was 21.5%; 40.25%; 
39.8% respectively. All the three stevia sample extracts 
have shown increased in vitro antioxidant activity when 
compared with green tea extract tested; similar results 
were obtained with other two free radical assay methods.  
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Figure 2. Effects of feed pressure on permeate flux and con- 
ductivity at constant water recovery by nanofiltration mem- 
brane (values expressed were average of three determinations). 
 
sodium metabisulfite solution to prevent biological foul- 
ing. The membrane show longer half life, without mem- 
brane fouling when compared to other existing methods 
available 

This study confirms a simple advantageous methodo- 
logy of extraction and purifications process of stevio- 
sides using multistage UF and NF membrane filtration 
operating with higher flux and flow rates, at room tem- 
perature. The UF and NF membranes used show longer 
half life, without membrane fowling when compared 
other existing methods available. Thus, the method es- 
tablished show the isolation of high purity steviosides 
free from impurities of bitterness, with improved taste 
and anti-oxidant activity, without presence of any impu- 
rities and obnoxious residues in an eco-friendly condi- 
tion. 

The conceptual flow diagram Figure 3 show the pro- 
cess of extraction, isolation and purification steps that 
produce a high purity steviosides 94% - 98% with reco- 
very yield of sweet steviol glycosides from the stevia 
leaves in the range of (90% - 95%), as confirmed through 
HPLC, LC-Mass and NMR analysis Figures 4 and 5.  

3.3. Sensory Evolution 

It was observed that the steviosides isolated through the 
multistage membrane filtration has improved sweetening 
potency and taste profile. This may be due to the removal 
of glycoside impurities or bitter alkaloids responsible for 
after taste present in the stevia extracts Table 2 [14]. 

4. CONCLUSION 

Steviosides are major low-calorie diterpene steviol gly- 
cosides present in the leaves of Stevia rebaudiana. They 
are widely used as natural low calorie sweetener for 
diabetic patients. The long extraction and optimization 

3.4. Antioxidant Activity Assay 

Natural antioxidants that are present in herbs and spices  
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Figure 3. Schematic view of ultra filtration/nano filtration experimental mini pilot plant. 
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Figure 4. ESI-LC mass spectra-pure stevioside. 
 

 

Figure 5. NMR spectra-pure stevioside. 

 
procedure required in isolation of the steviol glycosides 
is a present day challenging problem. An object of the 
study is to develop a rapid and effective methodology of 
production of natural sweetener steviol glycosides and to 
overcome the disadvantages associated with extraction 
processes. The study establishes a continuous isolation of 
steviosides from the stevia leaves by integrated and sim- 
ple clarification process using inexpensive membranes in 
removing color pigments, high molecular impurities and 

obnoxious residues. An enrichment of the steviosides 
could be obtained in permeate during clarification by UF 
process, as the UF membrane was sensitized by a coating 
of hydrophilic polyvinyl alcohol polymer which may 
have significant affinity towards retaining steviosides, 
leading to its preferential separation of impurities with a 
higher molecular weight. Finally, nano membrane fil- 
tration (NF) processes remove lower molecular weight 
impurities. There were no losses of steviosides in the    
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Figure 6. Comparative percentage of antioxidant activity of steviosides glycosides with sucrose in 
human volunteers. *SEHW-stevia leaf extract of hot water similar to that of Green tea extract. *CSEA- 
crude stevia leaf extract after autoclave. *FCPS-final crystallized product of stevia leaf extract. 

 
Table 2. Comparative sweetness and (bitter) no sweet after taste of steviosides glycosides with sucrose in human volunteers. 

Exp-1: Test for sweetness Exp-2: Test for bitter; no sweet after taste 
S. No Samples Conc. (gm/lit) 

Sweeter Same Weaker Stronger Same Weaker 

20(R) Ref Ref Ref Ref Ref Ref 

5 0 0 25 0 0 0 

20 1 23 1 0 0 0 
1 Sucrose 

40 24 1 0 0 0 0 

0.05 2 4 19 3 7 15 

0.1 15 8 1 16 8 1 

0.15 21 3 1 22 2 1 

0.2 24 1 0 25 0 0 

0.25 25 0 0 25 0 0 

2 Commercial Stevioside 

0.3 25 0 0 25 0 0 

0.05 3 5 17 2 5 18 

0.1 18 6 1 10 11 4 

0.15 23 2 0 16 6 3 

0.2 25 0 0 21 4 0 

0.25 25 0 0 24 1 0 

3 FCPS (Extracted Stevioside)

0.3 25 0 0 25 0 0 

The results given were the mean of 25 human volunteers. *FCPS-final crystallized product of stevia leaf extract; *Exp-1: in this two (Commercial and final 
crystallized product of stevioside) samples of steviosides are compared with sucrose for their sweetness. **Exp-2: in this two (Commercial and final crystallized 
product of stevioside) samples of steviosides are compared with sucrose for their (Bitterness) no sweet after taste. 
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permeate during the NF process indicating 100% rejec- 
tion; confirming the most of the steviol glycosides ex- 
tracted from stevia leaves was recovered. The process 
also confirms the improved taste, palatability and antio- 
xidant activity of the isolated steviol glycosides. Thus, 
this study established simple “green” method of extrac- 
tion steviosides using multi-stage membrane based puri- 
fication techniques in a viable, economical (saving time 
and energy) and eco-friendly conditions. 
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