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Abstract 

In the present study, the purification of Steviol glycosides from the leaves of S. rebaudiana was carried out using different 

physical separation techniques such as extraction and crystallization followed by vacuum drying. The extraction of the Steviol 

glycosides from the leaves of S. rebaudiana was carried out using hot water. The effect of Steviol glycosides to water ratio on 

extraction efficiency was studied. It was found that the Steviol glycosides to water ratio of 1:35 gave higher percentage 

recovery of Steviol glycosides. The extract clarification is an important stage as it imparts better visual quality to the final 

product and this was done using decolouring and flocculating agent such as calcium hydroxide followed by the bleaching 

treatment using bleaching gas. Subsequent to extract clarification, the techniques of evaporation and crystallization were 

effectively employed for further purification of Steviol glycosides with a recovery of 95% Steviol glycosides of high purity 

and reasonably high percentage of rebaudioside A in the product. The process of crystallization was studied in terms of 

supersaturation (sweeter component). In order to get steviol glycosides crystals in the dry form, vacuum drying was carried out 

and it was found that steviol glycosides gives crystals in the range 30-70 µm after drying. A new method for HPLC analysis 

was also developed for the analysis of Steviol glycosides. 
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Introduction 

Natural compounds derived from plants are part of our daily 

diet. In recent years, there has been an increased focus on 

healthy way of life along with the search for new natural 

products. Amongst them are specific sweeteners, such as 

Steviol glycosides, now in great demand globally. Stevia 

rebaudiana, the nature’s sweetest gift belongs to the family 

Asteraceae. The main source of sugar globally comes from 

cane sugar and beet. These sugars along with sweetening 

qualities contribute to high calories, which can lead to 

obesity, a risk factor for some chronic diseases such as 

Diabetes mellitus, Hypertension, Cardiovascular diseases 

and so on. Hence, craving for sweetness led man to discover 

several forms of alternative intense sweeteners, which have 

made possible to offer consumers sweet taste sans calories. 

Major Steviol glycosides such as stevioside and 

rebaudioside A are the major sweet components isolated 

from the leaves of Stevia rebaudiana. It is about 300 times 

sweeter than sucrose and noncaloric [1]. Therefore, it is 

gaining popularity as a sweetener in Asia and South 

America and has been used as a dietary supplement in 

United States [2]. Steviosides can be degraded to its major 

metabolite, steviol, by intestinal bacterial microflora of 

human being [3, 5]. The chemical structures of steviol and 

major steviol glycosides such as stevioside and rebaudioside 

A are as shown in Figure 1. Steviol glycosides have been 

reported to possess therapeutic value as, antihypertensive or 

antihyperglycemic agent [6, 10]. The available data indicate 

that Steviol glycosides are nontoxic, non-mutagenic and no 

carcinogenic in various mammalian species [11, 12]. It has 

been reported that, the leaf has several sweetener glycosides 

such as stevioside, rebaudioside A, B, C, D, E and 

dulcosides A and B. Those present in larger quantity are 

stevioside (5-10%), rebaudioside A (2-4%) and the others 

are present in smaller concentrations [13]. Crystallization is 

the process of forming a solid phase from a supersaturated 

solution. It is an important solid-liquid separation technique 

used in chemical, pharmaceutical, and food industry. The 

newly formed solid phase may have distinct physical and 

chemical properties, such as solubility, dissolution rate, 

density, thermal and chemical stability. Searching of the 

desired form of a polymorph of the crystalline product is 

one of the major activities in pharmaceutical industry. 

Consequently, this technique has been widely used for the 

isolation and purification of various natural products [14]. It 

has been reported that Steviol glycosides is capable of 

forming silky needles arranged in tufts after crystallization 

with methanol and water [15]. To select the appropriate 

solvent for crystallization, solubility is one of the major 

parameters to be investigated. Supersaturation, which is a 

function of solubility, is a kinetic and thermodynamic 

parameter that influences the crystal size distribution, 

morphology and polymorphic formation. Thus, knowing the 

solubility is very essential. There are few reports available 

in the literature on the solubility of Steviol glycosides in 

alcohol and water [16, 18]. However, the data is insufficient 

and requires detailed solubility study of Steviol glycosides 

in water in order to look into yield based technical as well as 

economic feasibility of the process from commercial point 

of view. 

Several methodologies for herbal extraction such as 

ultrasonic extraction [19], microwave assisted extraction [20], 

pressurized hot water extraction [21] have been mentioned in 

the literature. However, these techniques were found to be 

time consuming, expensive and tedious. Keeping these 

points in mind, in this study, we have developed an effective 

and industrially feasible method for extraction of steviol 

glycosides from the leaves of Stevia rebaudiana which uses, 
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hot water system as the extractant. Several processes of 

extraction of stevia leaves presented in literature follows 

approximately the same methodology. First, the extraction 

from the leaves of S. rebaudiana is carried out with water or 

alcohols (ethanol or methanol); the obtained extract is in the 

form of a solution loaded with colloidal particles of dark 

brown colour, containing all the active principles, pigments 

of the leaf, soluble polysaccharides and other impurities. 

Out of these, some processes report the removal of greases 

from the leaves with solvents, such as chloroform or hexane, 

a preliminary elimination of essential oils, chlorophyll and 

other a polar principle [22, 23]. The second stage consist of the 

clarification of the extract, which is usually carried out 

using chromatography; especially, the high-speed counter-

current chromatography, Resins, metallic ions, ultrafiltration 

and organic solvents have been widely used for the 

separation and purification of steviol glycosides and various 

complex natural products [24, 32]. After clarification, all 

methods practically process the extract in similar manner. 

The solution is concentrated and dissolved again in 

methanol for Steviol glycosides crystallization. The process 

of clarification is being practiced industrially by the 

treatment of extract with metallic ions associated with 

organic solvents. New processes using advanced technology 

are being tested. Tan et al [16] have developed a process of 

extraction from Stevia leaves with supercritical CO2 in the 

presence of methanol, extracting stevioside and 

rebaudioside A [33]. A similar work has been done by 

Erkucuk et al. [33], extracting first the greases and pigments 

of stevia leaves by supercritical extraction followed by 

conventional extracting the sweetening principles [17]. The 

extract clarification is an important stage because it results 

into a better visual quality of the final product. However, 

usual clarification processes have some disadvantages: 

organic solvents and metallic ions leave residues which are 

harmful to health and thus are forbidden according to ICH 

guidelines. Ultrafiltration membranes and other advanced 

technologies are associated with high capital as well as high 

operating cost. The present study focuses on the cost 

effective, economical process of extraction and purification 

of Steviol glycosides. The techno-commercial aspects are 

expected to be in the favour of the proposed separation and 

purification technology. 

 

 
 

Fig 1: Molecular structure of stevioside 

 

Material and method 

1. Chemicals 

Steviol glycoside (≥ 98%) was kindly provided by 

GreenRev Agro Pvt. Ltd. Mumbai, India. Chemical reagent 

and solvent such as sodium sulphite, hydrochloric acid, 

orthophosphoric acid and methanol was were from S.D. 

Fine Chemicals, India.  

2. Extraction 

Leaves of S. rebaudiana were purchased from the local 

market in Mumbai. Stevia glycosides are freely soluble in 

water and hence water was chosen for extraction. The leaves 

were ground to coarse powder and extracted at 65ºC 

temperature of water for 2 h at 110 rpm. The extraction of 

Steviol glycosides from the ground powder was carried by 

mixing coarse powder and water using glass jar reactor 

equipped with baffles and a stirrer. The solvent was 

removed and the process was repeated for one more time to 

remove the final traces of Steviol glycosides from the 

ground powder of stevia leaves. The extracts were then 

combined and concentrated by evaporating the water. The 

obtained extract was used for further studies. The effect of 

Steviol glycosides to solvent ratio on the extraction 

efficiency was also studied by varying the Steviol 

glycosides to solvent ratio. 

 

3. Clarification/Purification of Extract  

The crude greenish dark brown extract was treated with 

calcium hydroxide till the pH was attained to 12-14 and 

stirred for 20 minutes at 60°C temperature, in order to 

remove unwanted plant colouring matters such as 

chlorophyll and carotenoids. It is known that Steviol 

glycosides remains stable over a wide range of pH and heat 
[18]. This leads to precipitation which was then filtered 

followed by washing with fresh water in order to recover the 

glycoside effectively. The washings were added to the 

aqueous filtrate followed by reductive bleaching treatment 

using bleaching gas. Bleaching was carried for 10-20 min 

by passing bleaching gas till the pH was attained to 4. This 

leads to the precipitation of residual salt along with 

colouring matters thus leading to the further removal of 

impurities. 

The bleaching gas was obtained by reacting hydrochloric 

acid with sodium sulphite. During the bleaching process, pH 

was meticulously monitored, since, Stevia glycosides starts 

degrading below pH 4. The precipitate was removed by 

filtration and the process was repeated for one more time 

until the clear off-white solution was obtained. The filtrate 

was used for further study. Steviol glycosides content in 

each of the recovery process was quantified. The solid 

content, pH, chlorophyll and carotenoids were determined to 

check the level of purity of Steviol glycosides extract. 

  

4. Determination of solubility of Steviol glycosides in 

water 

The solubility of Steviol glycosides in water was measured 

at different temperatures. To the 10 mL of solvent, excess 

quantity of Steviol glycosides was added. Subsequently, the 

liquid-solid suspension was constantly agitated at 120 rpm 

for 2h in REMI Shaker to achieve uniform mixing. The 

clear solution was then removed using syringe filter and 

dried in the vacuum oven at 50ºC. The obtained solids were 

weighed and the solubility was reported as mg of Steviol 

glycosides per ml of solvent. The same procedure was 

repeated at different temperatures in order to get solubility 

curve. 

 

5. Crystallization of Steviol glycosides 

The isolation of white Steviol glycoside from glycosides 

mixture of S. rebaudiana was carried out by using 

evaporation and then slow cooling crystallization technique. 

The supersaturation of the solution is the driving force for 
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both crystal growth and nucleation. To achieve 

supersaturation, the evaporation of water was carried out 

resulting into the increased concentration of solids. The 

process of evaporation was carried out at a fixed 

temperature by heating a solution. Glycoside extract which 

was obtained after clarification process was concentrated by 

slowly evaporating the water at 80-90ºC till the total solid 

content was attained to above 6% and above. The hot, clear 

solution was then filtered and the filtrate was allowed to 

cool slowly at room temperature. During cooling, the 

solution becomes turbid and later on further cooling, the 

solids are expelled from the solution. The formation of 

turbid solution can be referred to the appearance of 

supersaturation and thereafter, crystal formation. The 

mother liquid was decanted and the crystals were collected 

and dried in a vacuum dryer for 3-4 hrs. By carrying out 

crystallization repeatedly for couple of times, more refined, 

high purity Steviol glycosides could be obtained. Moreover, 

the supersaturation is the concentration difference between 

that of the supersaturated solution in which the crystals are 

growing and that of a solution in equilibrium with the 

crystal.  

 

The supersaturation can be defined by equations (1) and (2). 

 

 (1) 

 

The supersaturation ratio  is defined by, 

 

   (2)  

 

Where, 

y = Supersaturation, mass fraction of solution 

y = mass fraction of solute in solution 

ys = mass fraction of solute in saturated solution. 

 

6. Vacuum Drying 

The cake obtained obtained by the filtration was subjected 

to vacuum drying. The dryer (Salvia Lab, Switzerland) 

consisted of electrically heated drying chamber connected to 

vacuum pump. The drying temperature of 500C was 

maintained with the corresponding vacuum of 50m abr. The 

total drying time of 6 hrs was sufficient to obtained dried 

powder of stevioside. 

 

7. HPLC Analysis of Steviol glycosides 

The Agilent (Germany) HPLC system, consisting of a 

model G1329A standard auto-sampler, model G1316A 

thermostat column, model G1322 A vacuum degasser, 

quaternary pump, model G1314B variable wavelength 

detector, was used. The separation was achieved on a 

stainless-steel silica based Zorbax Eclipse XDB–C18 

column (ф4.6 mm×150 mm, 5 µm). The column 

temperature was maintained at 30ºC. Steviol glycosides 

were eluted using mobile phase consisting of methanol and 

0.1% v/v H3PO4 (70:30) at the flow rate of 1 ml/min. The 

eluent was monitored at 219 nm. The standard curve was 

obtained by analysing known concentration of Steviol 

glycosides. The standard curve was plotted between the 

concentration of stevioside and the area under the curve. 

This plot was used for the determination of concentration of 

the Steviol glycosides in the unknown solution. All the 

samples were prepared in the methanol of 10 mg/l 

concentration and filtered through 0.22 µm filter to remove 

any suspended particles. The amount of sample injected in 

the column was kept constant at 10 µl. The filtered solvents 

were sonicated for 10 min to remove any dissolved gases. 

 

8. SEM of dried steviol glycosides 

Electron micrographs of Steviol glycosides crystals were 

obtained using a scanning electron microscope (Leica 

Cambridge S360, UK) operating at 5 kV. The specimens 

were mounted on plasma coated with JEOL-JFC-1600 

AUTO FINE COATER. 
 

Result and discussion 

1. Extraction 

The extraction of glycoside from the leaves of S. 

rebaudiana was performed using hot water as a solvent and 

glycoside to different water ratios. The effect of glycoside to 

solvent ratio on the extraction efficiency was studied by 

varying these ratios. Figure 2 shows the plot of extracted 

Steviol glycosides verses dry feed to solvent ratio. It can be 

seen that the extraction increases until the feed to solvent 

ratio of 1:35, there-after, there is no significant effect of 

increasing the amount of solvent on the extraction 

efficiency. Similar observations have been reported by 

Abou-Arab et al [13] who obtained 93-98% of extraction 

efficiency using the equivalent quantity of water. Figure 3 

shows the reduction in soluble solids when excess solvent is 

used during the process. This is interesting observations 

which tell us about the preferential solubilization of Steviol 

glycosides as compared to other soluble matter which 

consists of polysaccharides and other such impurities. From 

these two figures, it can be said that the 1:35 ratio would be 

an ideal from the process economic point of view as 

illustrated by extraction of about 7.5% (w/w) concentration 

of total Steviol glycosides in the aqueous solution.  

 

 
 

Fig 2: Effect of dry feed to water ratio on the percent yield of 

Steviol glycosides. 
 

 
 

Fig 3: The percentage of solids extracted during extraction at 

Steviol glycosides to different water ratio. 
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2. Extract Clarification 

The crude leaf extract was deep green to dark brown in 

colour due to the presence of pigments, chromospheres and 

other soluble components. Figure 4 is the chromatogram of 

the crude extract showing several peaks along with two 

major peaks of stevioside at the retention time 4.1 min and 

rebaudioside A at the retention time 8.1 min. The 

chromatogram shows that the pigments such as chlorophyll 

and carotenoids present in the crude extract affects to a great 

extent the purification process and therefore the purity of the 

Steviol glycosides. The crude green extract was treated with 

flocculent such as calcium hydroxide till the pH was 

attained to 12-14. This resulted into substantial removal of 

carotenoids and chlorophyll from the crude mixture as was 

seen by the lighter colour of the solution. The solution was 

then further treated with bleaching agent such as SO2 until 

the pH reaches to about 4. Here, a transparent light colour 

was attained. It is known that the light is absorbed by certain 

chromophore present in the plant. C=C and C=O are 

essential building blocks which absorbs the UV and visible 

light thus producing the colour in organic matter. The 

bleaching treatment essentially converts double bond by 

reduction process and converts the coloured matter into 

colourless. More precisely, bleaching gas reacts with water 

to liberate nascent hydrogen. The nascent hydrogen so 

formed, then adds to the coloured matter. As a result, 

discoloration takes place to add the aesthetic value to the 

final desired product. 

 
Coloured matter + Nascent hydrogen  Colourless matter  (3) 
 

The extent to which the decolourization takes place is as 

shown in Figure 5. Almost 50% reduction in pigments is 

seen after the calcium hydroxide treatment. Thereafter, a 

substantial reduction can be seen when treated with the 

bleaching reagent. The pigment content reduces by about 

90% both in terms of chlorophyll and carotenoids as shown 

in this figure. 

 

 
 

Fig 4: Chromatogram of initial extract of S. rebaudiana leaves 
 

 
 

Fig 5: Total pigments content after each step of Purification 
 

3. Crystallization 

To select the appropriate solvent for a crystallization 

process, solubility and the ICH guidelines are the key 

aspects of the process. As the Steviol glycosides are freely 

soluble in water, the crystallization was carried out in the 

same medium. Figure 6 shows the solubility profile of 

Steviol glycosides in water as a function of temperature. 

 

 
 

Fig 6: Equilibrium relationship for bulk Steviol glycosides crystals 

(Solubility curve) 
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The solubility remarkably increases from 500C to 700C, 
almost by a factor of two. Before 500C and post 700C, the 
change in the solubility is small as compared to 50-700C 
temperature range. Equilibrium is reached when the solution 
is saturated and the equilibrium relationship indicates the 
significant crystallization point where, maximum recovery 
of white crystallized bulk sweetest product of steviol 
glycosides was obtained which is as shown in Table 1. Such 
type of curve (Fig. 6) is an ideal one for cooling 
crystallization, where by the supersaturation by means of 
cooling brings about the separation of two phases rather 
easily. Figure 7 shows the plot of supersaturation as a 
function of temperature difference and it can be seen that 
approximately 0.0003 mass fraction of solute was the degree 
of supersaturation and the corresponding supersaturation 
ratio given by equation (2) was found to be in the range of 
1.18. 
When the solubility of steviol glycosides increases 
appreciably with temperature, the supersaturation can be 
expressed as an equivalent temperature difference instead of 
mass fraction difference. The relation between these driving 
potential is shown in Fig.7 which contains a small section of 
the solubility curve of steviol glycosides in mass fraction 
solute. The field above the line at 700C represents the 
unsaturated solution and that below the line, supersaturated 
solutions. Point A refers to a saturated solution at 
temperature Tc, which is the temperature of the growing 
crystal, and point D to the supersaturated solution at 

temperature T. Since, the heat is evolved by the crystal as it 
grows, Tc is slightly larger than T, providing the driving 

force of Th for heat transfer from crystal to the liquid. The 

supersaturation  is normally based on the bulk temperature 
and, as shown by the difference in point E and D. Point B 
refers to a saturated solution of the same composition as the 
supersaturated solution in which the crystals are growing. It 
would be at temperature Ts, where Ts > T. Point C refers to 
temperature Tc and the concentration equal to that of 
supersaturated solution. 
Using Equation (1), the supersaturation potential can be 

represented by the line segment A . The equivalent 
temperature driving potential can be shown by line segment 
BC. Segment AB of the solubility curve can be considered 
linear over the small concentration spanned by the line AC 
and the temperature potential defined by 

  

      (4) 

 

Ts = Supersaturation Temperature, Tc = Saturation 

Temperature 

 

From the above equation, the temperature potential (TC) 

was found to be 20°C which was slightly smaller than the 

actual difference in temperature, T of the solution and the 

corresponding saturation temperature Ts.  

 

 
 

Fig 7: Supersaturation and Temperature Potential 

 

The recovery of the content of Steviol glycosides in the 

product is as shown in Table 1 using evaporation and 

crystallization followed by recrystallization. The content of 

Steviol glycosides in the crystallized product increases with 

subsequent crystallization. There was found to be slight 

variation in the melting point of crystallized and 

recrystallized product. The superior or better quality of 

Steviol glycosides shows slightly higher range of melting 

point as shown in Table 1. 

Table 1. Isolation of Steviol glycosides after Crystallization and Re-crystallization 
 

Crystals procured from different operations 
Melting point ºC 

Steviol Glycoside (%) Recovery or Overall Yeild (%) 
Stevioside Reb A 

Crystallization by evaporation 192- 198 226-235 93.78 95.6 

Recrystallization 195- 198 228-238 96 92.76 

The overall yield of 90% was quite satisfactory from further scale up point of view. 
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5. Drying and moisture absorption 

The wet cake of steviol glycoside contains about 16.5% w/w 

moisture content, which was brought down to <10 % in an 

vacuum dryer. The colour of crystals changes from pale 

yellow to white on drying. 

6. SEM Analysis of Dried Crystals 

Figure 8 shows the crystal images of steviol glycosides and 

the crystal size was found to be in the range of 30-70 µm 

after recrystallization. 

 

 

   
 a  b  c 

 

Fig 8: SEM images of Steviol glycosides after recrystallisation and drying. (a) Low resolution at 150X (b) High resolution at 2000X and (c) 

Particle size determination at resolution 500X 

 

HPLC analysis 

The chromatograms of Steviol glycosides from the leaves of 

Stevia rebaudiana were compared with standard Steviol 

glycosides and the percent purity of Steviol glycosides was 

found to be 96% with high unexpected percentage of 

rebaudioside A as compared to stevioside. Figures 9 and 10 

shows the chromatograms of the standard Steviol glycosides 

and the crystals obtained in this study, respectively. The 

presence of stevioside at 4.18 min retention time and 

rebaudioside A at 8.19 min retention time, clearly shows the 

intrinsic advantage of crystallization in attaining more 

sweeter component as a substantial fraction in the extracted 

purified product.  

 

 
Retention time (min) 

 

Fig 9: Chromatogram of standered Steviol glycosides. 
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Retention time (min) 

 

Fig 10: Chromatogram of obtained crystals of Steviol glycosides. 

 

Conclusion 

The extraction of Steviol glycosides from the leaves of S. 

rebaudiana using water as solvent was carried out. The 

optimized ratio of dried S. rebaudiana leaves to water was 

found to be 1:35. Followed by conventional extraction, the 

extract clarification was successfully carried out using 

flocculating and bleaching agent. Evaporation followed by 

cooling crystallization was effectively employed for the 

recovery of Steviol glycosides and it was found to be in the 

range of 90-95% of recovery of Steviol glycosides with 96% 

purity. The particle size of the recrystallized product was 

found to be in the range of 30-70 µm. Solubility pattern of 

Steviol glycosides was carried out in water. The process 

parameters of crystallization were studied in terms of 

supersaturation (y), supersaturation ratio () and 

temperature potential (TC). To obtain substantial yield of 

Steviol glycosides, 20°C super cooling was found to be 

sufficient practically. The simple and novel approach based 

on extraction followed by clarification of extract and 

crystallization suggested in the present work can be the most 

promising techniques for this kind of natural sweetener 

separation and purification. 
 

Nomenclature  

y = Supersaturation, mass fraction of solution 

y = mass fraction of solute in solution 

ys = mass fraction of solute in saturated solution 

Ts = Supersaturation Temperature,  

Tc = Saturation Temperature 

Greek letters 

Supersaturation ratio   

Supersaturation   y 

Temperature potential  TC 
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