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ABSTRACT 
 

Stevia rebaudiana Bertoni plant was cultivated in pots at greenhouse and 
open field at farm near Alexandria, Egypt. Leaves of the plant were collected monthly 
during growth period (7 months) and dried with three different methods. Sweeteners in 
the leaves were first determined with IR. Proximate composition was also determined. 
Dried leaves were extracted and purified with different methods. Extraction and 
purification efficiency of each method were monitored with TLC and HPLC 
determination. The results obtained revealed that high level of carbohydrate obtained 
at 4 months of growth which seems to be the most proper harvesting time, drying in 
open air at 19-31°C for 24 hrs daily had adversely affected the carbohydrates content 
in leaves. Potassium was the highest content of mineral content in dry leaves. The 
highest concentration of stevia sweeteners in leaves obtained at 4 months age. The 
highest amount of stevioside and RA were obtained in MeoH extract. Purification of 
stevia extracts were achieved by using neutral alumina or active carbon which 
removed all coloured polar constituents. Finally purified stevia sweeteners component 
were separated and identified by TLC and HPLC. 

 

INTRODUCTION 
 

Stevia rebaudiana Bertoni is a small perennial shrub of the 
Compositaé family whose leaves contain different diterpene glycosides. All 
those compounds are non caloric sweeteners (Shaffert and Chebotar, 1994 
and Chalapalhi et al., 1997). The leaves of this plant contains stevioside 
(Stevia sweetener), diterpene glycoside, which is the major sweetener in the 
leaves, it has the property of being 300 times sweeter than sucrose (Das et 
al. 1992; Hanson and De Oliveira, 1993 and Richard, 1996). In addition to 
stevioside, other similar glycosides such as rebaudioside A, B, C, D and E 
and ducloside A (Kinghorn and Soejarto, 1985) are present in stevia leaves in 
small quantities. Harvest date had highly significant effects on plant height, 
leaf length, leaf width, leaf thickness, tiller number, fresh and dry weight of 
stems and leaves, dry leaf weight and content of sweet components (Shyu et 
al., 1994). The leaves are harvested about 4 months after planting out. The 
leaves are dried in the shade for 3-4 days. Under favourable conditions the 
plants grow again and 3-4 cuts/year (Donalisio et al., 1982). Metivier and 
Viana (1979), Chang and Huang (1981), Ahmed and Dobbersten (1982), 
Cernades and Pryluka (1985) and Striedner et al. (1991) studied that the 
extraction methods for obtaining sweeteners from leaves. They reported that 
dried leaves of Stevia rebaudiana are extracted with CHCl3, ethanol, n-
butanol, water, methanol or methanol : water. Adduci et al. (1987); Jakinovich 
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et al. (1990); Nishiyama et al. (1992) and Pistunov et al. (1993) studied the 
purification of stevia extracted.  

In Egypt, there is a great interest on the strategical agriculture plan 
for new crops cultivation. It may reduce :Food Gap” especially in the area of 
sugar and sweeteners. Recently there is a great effort for natural sweeteners 
production. Therefore, the objectives of this work to study the chemical 
composition of stevia leaves during growth stage and also to investigate the 
effect of different factors such as harvesting time, drying, extraction, 
purification methods on sweeteners obtained. 
 

MATERIALS AND METHODS 
 

 Stevia rebaudiana Bertoni seeds were obtained from Tokiwa 
Shokubutsu Kagaku Laboratories Co. Ltd., Chiba, Japan. Seeds were 
cultivated in pots at green house [Sabahia Agricultural Research Center]. 
Cultivation of seeds was carried out in April. At the same time seeds of Stevia 
rebaudiana Bertoni were cultivated in open field at private farm near from 
Alexandria. Leaves samples were collected monthly during growth period  
(stevia months) for analysis. An additional sample of dried leaves was 
supplied by Sigma-Aldrich Corporation, USA. Stevia sweeteners was also 
obtained from Stevia International Company for Agra industrial Projects 
(SKAP, Japan). 
 

Dry methods: The stevia leaves were subjected to three different ways of 
drying, first the leaves were dried in electric oven (E. Schulz & Co. Inh. Franz. 
Skorezewsh KG) at 50°C. In the second way, leaves were sun dried at sun 
shine period for 5-6 hours each day with temperature of 29-31°C till reached 
the constant and required moisture content (9-11%). For the third way leaves 
were sun dried for all the day (24 hrs.) with temperature ranged from 19-31°C 
and relative humidity was ranged from 78.89-81.21% till the moisture content 
reached to 9-11%.  
 

Stevioside standard preparation: Stevioside standard preparation was 
carried out according to Nishiyama et al. (1992) with some modification 
presented in Fig. 1. Moisture, protein, crude fat, ash and crude fiber contents 
(%) were determined according to AOAC (1990). The carbohydrate (%) was 
calculated by difference. The minerals content (Fe, Mg, K, Zn and Ca) was 
determined using Perkin-Elmer Atomic Absorption Spectrophotometer (Model 
2380 A.A.S., England), Na was determined using the flame Analyzer 
Photometer (Gallenkanp. FGA 330, England) according to A.O.A.C. (1990). 
 

Infrared spectra of sweeteners in leaves: Dried Stevia rebaudiana Bertoni 
leaves in different growth stages were ground on a 1 mm screen, prepared as 
pellets with KBr and analyzed by IR spectrophotometer (Perkin Elmer 1420). 
The absorption bands (Vmax) are given in wave numbers (cm-1) [Nishiyama 
et al. 1992].  
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 Fig 1
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Extraction of stevia leaves were carried out with methanol (Yamazaki et al., 
1991), with MeoH : H2O (4 : 1) as Kinghorn et al. 1984 and with water 
(Nishiyama et al., 1992). 
 Samples (20 µl) of stevia extract were applied on TLC  plate of silica 
gel  GF 245 (250 µm x 20 x 10 cm). The plates were developed with three 
different solvent systems according to Yamazaki et al. (1991); the plates were 
dried and visualized, according to Fujinuma et al. (1986). Identification of 
bands was carried out according to the Rf values obtained by Yamazaki et al. 
(1991).  
 

Identification and quantitative analysis of stevia sweeteners  by HPLC in 
stevia leaves extract: Stevia leaves extract was separated and identified on 
HPLC as the following: Stevioside and other sweet component standard as 
prepared above were filtered through a millipore membrane (13 mm 
diameter, 0.5 µm pore size) were injected straight a way for chromatography 
with stevioside standard as internal standard. Different extracts of stevia 
leaves were injected for chromatography Acetonitrile used in this study as 
mobile phase was HPLC grade (Fisons Co. England). HPLC separation was 
carried out on Shimadzu (SPD-6 AV) with UV-Vis spectrophotometer, 
detector of LC-GA and an Alex C-R 4A recorder. The operating conditions for 
HPLC were as following: Column, Zorbax NH2, 25 cm x 0.4 mm I.D. (Dupont, 
Wilmington, DE, U.S.A.), eluting solvent acetonitrile : water (84 : 70 v/v), pH 5 
adjusted with H3PO4, flow rate  2 ml/min, wave length of UV detector, 210 
nm, recorder chart speed 20 mm/min at ambient temperature (25°C). All this 
conditions are completely as the same conditions used by Makapugay et al., 
(1984). For each sample identification and quantification the retention time 
obtained by Makapugay et al. (1984), and area under each peak used for 
calculation the percent of each compound. 
 

Purification of stevia sweeteners. Silica gel column (22 mm Id.) was 
prepared as follow: slurry of silica gel (AD, 100-250 mesh) 2.5 g in methanol, 
added to column, when gel settled, its surface was covered with disc of filter 
paper. The column was washed with 10 ml MeoH, then rinsed with 50 ml, 
20% MeoH, followed by 80% MeoH. The crude extract of stevia leaves was 
passed through silica gel column at flow rate of 5 ml/min. The collected eluent 
was evaporated to dryness at 40°C in rotary evaporator under reduced 
pressure. (Yamazaki et al., 1991). 
 
Alumina oxide column: The crude extract was passed through pasteur 
pipette packed with 2 g of activated neutral aluminum oxide (BDH chemicals 
Ltd. Poole England) and eluted with 20 ml MeoH : H2O (1 : 1). Samples were 
prepared for preliminary TLC by removing solvent under reduced pressure 
and analyzed by HPLC. [Kinghorn et al. 1984]. 
 
The active carbon column: A column (22 mm) was packed with active 
carbon powder (The British Drug Houses LTD. B.D.U. Laboratory, Chemical 
Division, Poole, England). The aqueous extract were passed through active 
carbon column, then the eluent was evaporated to dryness and kept for TLC 
and HPLC analysis. Carbon column washed with 25 ml ethanol 50% and then 



J. Agric. Sci. Mansoura Univ., 27(1), January, 2002. 

 327 

with 25 ml ethanol 80%, eluents obtained by ethanol 50% and 80% was 
evaporated and analyzed by TLC and HPLC. [Chang and Huany (1981)]. 
 

RESULTS AND DISCUSSION 
 
 Stevia rebaudiana Bertoni was cultivated in green house and open 
field in order to investigate proper time of harvesting, as well as the seasonal 
variations of its monthly proximate composition during plantation period. 
Table (1) showed the changes occurred in proximate composition at different 
period of growth stages. It is clear that high level of carbohydrate can be 
obtained at 4 months of growth which seems to be the most proper  
harvesting time as plant began blooming. This result is in agreement with that 
reported by Chen et al. (1979), who concluded that when plant began 
blooming, the major sweetener compound, stevioside content in leaves 
reached its maximum (8.7%) and consequently the maximum yield of leaves 
can be obtained (3.395 kg/ha) which seems to be the most beneficial time for 
harvesting. 
 

  Table (1): Changes of proximate composition in Stevia rebaudiana    
  Bertoni leaves during different period of growth. 

 

Growth period 
month 

Proximate composition % 

Moisture Protein* Crude fat* Ash* Crude fiber* Carbo-hydrate* 

2 82.97 13.98 5.26 17.83 10.24 52.69 

3 80.04 12.87 5.01 14.59 10.86 56.67 

4 79.71 12.46 4.98 13.45 10.94 58.17 

5 66.58 14.66 4.21 15.08 12.38 53.67 

6 49.67 14.92 3.85 17.21 13.06 50.36 

7 14.55 15.04 3.80 18.73 14.88 46.55 

* Calculated on dry weight basis and carbohydrates by difference. 

 
Effect of drying method on sweeteners in stevia leaves:  The effect of 
different drying method on proximate composition of leaves harvested after 
four months of growth are shown in Table (2). Dry in open air at 19-31°C for 
24 hrs. daily had affected the carbohydrate content which decreased 4% 
comparing with fresh leaves. Drying by electric oven at 50°C or at sun shine 
at 29-31°C had slightly decreased the carbohydrate content (0.25-0.73%). 
These results are in agreement with the results obtained by Cheng et al. 
(1981) who obtained the best results when they harvested the stevia plant on 
sunny day and it was dried at sun shine time. 
 
Minerals content of stevia leaves from different sources: Potassium   
was the highest content of mineral and reached its maximum content in 
leaves produced in green house (3.537%) followed by open field stevia 
leaves (3.042%) and amounted to three folds of the potassium content of 
imported leaves (1.202%) (Table, 3). On the other hand the leaves contained 
small amounts of iron, sodium and zinc comparing with potassium and 
calcium. 
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  Table (2): Effect of drying method on a proximate composition of Stevia  
  rebaudiana Bert. Leaves (4 months old). 

Drying methods 
Proximate composition (%) 

Moisture Protein* Crude fat* Ash* Crude fiber* Carbohydrate* 

None (Fresh leaves) 
(19-31°C) 

79.71 12.46 4.98 13.45 10.94 58.17 

Sun at 19-31°C 
(24 hrs./day) 

10.72 12.40 4.79 15.61 12.80 54.40 

Sun at 29-31°C 
(5 hrs./day) 

10.91 12.10 4.61 13.74 11.64 57.91 

Oven at 50°C 9.09 12.29 4.28 14.02 11.99 57.42 
* Calculated on dry weight basis. 
 
 

Table (3): Minerals content of Stevia rebaudiana Bertoni leaves 
samples from different sources (% dry weight basis). 

Stevia leaves 
samples 

Iron Calcium Potassium Sodium 
Magne-

sium 
Zinc 

*Green house 0.068 1.606 3.537 0.176 2.512 0.004 

*Open field 0.182 2.091 3.042 0.152 1.990 0.003 

Imported 0.173 2.180 1.202 0.063 1.432 0.003 
   * Stevia leaves at 4 months of growth period. 

 

Infrared spectrometry: Infrared spectrometry was used to study the 
presence and concentration of the sweeteners in the Stevia leaves at 
different periods of growth with reference to the crude standard stevioside as 
indicated in Figure (2) The highest concentration of stevia sweeteners 
appeared in the plant sample of 4 months age  (Figure 3) which indicated that 
this age is the best period for harvesting the leaves to obtain the highest yield 
of the sweeteners. Nishiyama et al. (1992) stated that Near infrared 
reflectance spectrophotometry (NIRS) system has been shown to be a very 
useful technique for measuring the percentage of sweeteners in powdered 
stevia leaves, due to the reduced analysis time required, the small amount of 
ground material needed and the less cost. 

 

Effect of different solvents on the extraction of stevioside and 
rebaudioside A as the major  (stevia sweeteners) in stevia leaves: 
 Dry leaves of stevia from different sources were extracted with three 
different solvents namely; MeoH, MeoH: H2O (4:1 v/v), and H2O. Stevioside 
and rebaudioside A (R.A), as the major components of stevia sweeteners, 
were determined by HPLC analysis in each extract. MeoH, MeoH : H2O and 
H2O extracts.  
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Fig 2 
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fig 3 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The results are shown in Table (4). It is clear that the highest amount of 
stevioside and R.A were obtained in MeoH, extract followed by MeoH : H2O 
extract and H2O extract which gave the lowest amount of stevioside and R.A. 
At the same time, the highest level of stevioside and R.A were obtained in 
stevia leaves cultivated in green house (sun dried) with the three solvents 
used in the extraction comparing with other  stevia leaves from other sources. 
Hashimoto et al. (1978) studied the stevioside and rebaudioside A content in 
dry stevia leaves extract. They concluded that these contents ranged from 
2.0 to 7.7% and 0.8 to 2.9% for stevioside and rebaudioside A, respectively. 
On the other side Morita (1986) reported thatmethanol is preferable to extract 
the rebaudioside A together with stevioside. Also, the results obtained by 
HPLC analysis for each stevia sweeteners extracted from dry leaves at 2, 3, 
4, 5, 6 and 7th months of growth stage during cultivation in green house.  
 

Table (4): Effect of three solvents on extraction of stevioside and 
rebaudioside A (R.A) from dry stevia leaves of different 
sources as determined by HPLC. 

Stevia leaves source 
MeoH MeoH : H2O H2O 

ST* R.A** ST R.A ST R.A 
***Green house (sun dried at 29.31°C, 5 hrs./day) 22.11 12.20 17.99 9.83 16.98 8.40 
***Green house (oven dried at 50°C)  20.03 11.78 16.88 9.47 15.23 8.74 
Open field (oven dried at 50°C) 17.85 9.04 14.09 8.21 13.20 7.73 
Imported 19.01 8.30 16.77 7.44 15.29 7.01 
* ST =  Stevioside (%)     **   R.A =  Rebaudioside (%).    *** Stevia leaves at 4 months old. 
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Figure (4) showed that the same trend of results obtained in Table (5) where 
MeoH extraction gave the highest yield of stevia sweetener. In the same time, 
stevia sweeteners content increased after 3 months (27.50, 23.51, and 15.25 
by MeoH, MeoH: H2O and H2O extraction respectively) and reached to their 
maximum after 4 months of growth (38.96, 31.39 and 25.96% by MeoH, 
MeoH : H2O and H2O extraction respectively. After completely  blooming at 5 
months of growth the stevia sweeteners content decreased to 34.93, 49.12 
and 45.49% of the sweetener percent obtained at 4 months of growth as 
extracted by  MeoH, MeoH : H2O and H2O extraction respectively). From 
these results it can be concluded that the appropriate time for stevia plant 
harvesting is after 4 months of growth stage. In the same time, Table (6) 
shows the effect of harvesting time on different stevia sweeteners 
compounds content as extracted with MeoH and determined with HPLC 
analysis. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                       Fig4 
 
 
 
 
 
 
 
 
 
 
 
 



Hassan, Mona I. et al. 

 332 

Table (5): Effect of different solvent extraction on stevia sweeteners 
from dry stevia leaves green house at different growth 
period as determined by HPLC. 

Growth stage  

(month) 

Solvent type 

Stevia sweeteners (%) 

2 3 4 5 6 7 

MeoH 17.91 27.50 38.96 25.12 16.07 11.79 

MeoH : H2O 15.53 23.51 31.39 15.97 10.80 8.20 

H2O 11.04 15.25 25.96 14.15 6.57 5.17 

 

Table (6): Effect of harvesting time on different sweeteners percent of 
dry* stevia leaves as extracted with MeoH and determined by 
HPLC. 

Sweeteners 
Harvesting time (months) 

2 3 4 5 6 7 

Ducloside A % 0.08 0.08 0.06 0.06 0.06 0.08 

Stevioside % 9.15 15.28 20.03 12.34 6.89 5.48 

Rebaudioside A % 5.28 7.32 11.78 8.66 5.92 4.06 

Rebaudioside C % 3.36 4.80 6.63 4.06 3.19 2.15 

Rebaudioside E % 0.02 ND** 0.46 ND 0.01 0.01 

Total sweeteners % 17.90 27.48 38.96 25.12 16.07 11.79 

* Stevia dry leaves obtained from green house and dried up to (9.1-10.2%)  
    moisture before extraction. 
** ND = not detected. 

 
It is clear that dulcoside A, stevioside, R.A, R.C and R.E. content was 

increased after three months and reached the highest amount after four 
months (Fig. 5).   In the same time, Fig. (6) illustrated that the highest amount 
of sweeteners in leaves and stem were obtained after 4 months of growth 
and that is the most suitable time for harvesting. Also, it can be concluded 
that the major sweetening compounds present in stevia sweeteners, 
extracted from 4 months old plants, were stevioside and R.A. which 
represented 51.41 and 30.14% respectively of total sweeteners percent. 
Pryluke and Cerhades (1985) found that the better solvent used for extraction 
of stevioside was methanol and monodimensional chromatography using 
chloroform: methanol : H2O (90 : 95 : 9 v/v). Striedner et al. (1991) used cold 
methanol for extraction of stevia sweeteners from Stevia rebaudiana Bert. 
while Nishiyama et al. (1992) used water to extraction stevia sweeteners. 
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Purification of stevia sweeteners extracted from stevia leaves: 
 Some of the accompanying substances in stevia sweeteners extract 
can be precipitated from the extracts by means of oxides or hydroxides of 
calcium, magnesium or aluminum. Further purification can be achieved 
through precipitation by means of organic solvents such as ether or 
organochlorine compounds, but normally the sweeteners is attached to 
adsorbents  such as polymeric resins or activated carbon and then desorbed 
from these again by means of hydrophilic solvents. This may be followed by 
crystallization (Higginbotham, 1983).  In this study many trials have been 
done for the purification of stevia sweeteners extracts. Some of these trials 
did not achieve the goal for obtaining pure stevia sweeteners free of pigments 
or coloured polar constituents, gummy substances and the recovery of the 
pure stevia sweeteners will be at least 90%. The first trial of purification was 
carried out by using some of organic solvents such as ethyl acetate. In the 
same time, silica gel column as a method for purifying the sweeteners extract 
was tried. The first successful trial was achieved by using neutral alumina 
oxide which removed all coloured polar constituents.  The sweeteners were 
eluted and identified on TLC and was determined by HPLC. By this 
procedure, pigments were removed very effectively and recoveries of the two 
major stevia sweeteners; stevioside and rebaudioside A were found to be 95 
and 96%, respectively of its primary content in extract. These results are in 
agreement with these obtained by Kinghorn et al. (1984) who showed that the 
passage of  stevia sweeteners extract in n-BuOH soluble fractions through 
alumina column enabled the removal of many colored polar constituents 
while allowing the elution of the ent-kaurene glycoside.  

 Also, a simple method for purifying sweeteners extract of dry 
stevia leaves was developed in which active carbon was used. The adsorbed 
sweeteners on active carbon were then desorbed from active carbon with an 
aqueous ethanol. The elute colourless and pure was obtained.  Chang and 
Huang (1981) reported that purification on active carbon column gave an 
elute of pure and high stevioside concentrate. Also, Nishayama et al. (1992) 
used active carbon to purify stevia sweeteners. Purified stevia sweeteners 
were dried under vacuum with rotary evaporator at 50-55°C. The dried 
sweeteners were dissolved in hot methanol and kept overnight at –5°C to 
crystallize. Then separated with filtration and kept dry in desiccator over 
calcium chloride.  
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                         Fig 5 
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Fig6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Identification of stevia sweeteners by TLC: 
 Pure stevia sweeteners obtained were separated and identified by 
TLC according to Yamuzaki et al. (1991). The better separation for stevia 
sweetener compounds was obtained by using solvent system ethyl acetate : 
acetic acid : water  (8 : 3 : 2) as it indicated in Figure (7). It is clear that five 
diterpene glycoside namely steviolbioside, stevioside, rebaudioside A (RA), 
R.E and R.C were identified in stevia sweeteners. Fulias et al. (1989 and 
Striedner et al. 1991 separated the stevia sweeteners on TLC and obtained 
the same results. Pure stevia sweeteners were also separated and identified 
by HPLC as indicated in Figure (5). 
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Fig 7
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تأثير ميعاد الحصاد وطرق التجفيف والاستخلاص والتنقية على  المحليىام مىب ن ىام 
 الاستيفيا

، 2حمد زيتوب، محمد ع د الحميد م 2، أشرف ع د المنعم محمد زيتوب 1من  إ راهيم مسعود حسب
 3محمد مدحم محمد موس 

 .مركز ال حوث الزراعية  –معهد  حوث المحاصيل السكرية ) الص حية (    1
 جامعة الإسكندرية . –سا ا  اشا  –كلية الزراعة  –قسم علوم الأغذية  2
 . جامعة الإسكندرية –كلية الزراعة ) الشاط ي (  –قسم علوم وتكنولوجيا الأغذية  3
 

زرع نباا ا ستيااا د    سلااب سفيااصب  أااا فياال صف فاا  أااا سفبةااب أااا  ن ةاا   ر باا   اا  
رق .  ا شهر للاب أارة سفن ص صام  رسيا  سفاجد اب با لا   سلإيكن ر   . ام اج  ع فصرسق سفنب ا كب

يااللال صف فا  اام اةا  ر سفارك اك سفك  ا صا  ام س I.Rصام اة  ر سف بل  ا  ب شرة أا سلأصرسق ب فا  
سف بل اا ا  اا  سلأصرسق سفج أاا  ب اارق  لالداا  صف فاا  ا ااا انة اا  سف ياااللل صاةاا  ر كداا  ة  اارق 

   ا  . صفصفبا سفنا ئج ف  سف ياص  ا سفع ف ا  HPLC صسف   TLCستياللال صسفانة   بصسي   سف  
ص ا   سفكربصه  رسا ام سفبيصب عل ه  بع  فربع  فشهر    سفن ص صسفااا اعابار فنياك ص اا فلبيا   .

يااالب    علااا   بااااص   م اااار  رس  °31-19ف ااار سفاجد اااب أاااا سفهاااصس  سف دااااصة علااا   رجااا  بااارسرة 
 أا  . صم    اب فعلا   بااص   ا  سف عا    أاا سلأصرسق سفجسفكربصه  رسا أا سلأصرسق . صف  سفبصا يا 

علا  صفعل  ارك ز    سف بل  ا أا سلأصرسق ام سفبيصب عل ا  بعا  فربعا  فشاهر  ا  سفن اص . كا ف  ف
صب عل ها  صه      لا  فهم سف بل  ا سف صجص ة أا ستيا د   اام سفبيا  R.Aك       ستيا د صز   ص 

كياا   فف فاا  ا ااا ةزسفاا  سف ااصس  سف لصناا  سفة ب اا  بكداا  ة بصسياا    بصسياا   ستياااللال ب ف   اا نصب .
عل هاا   سلأفص ن اا  سف اع  فاا  فص سفدباام سفنشاا  . صااام ف فاا  أيااب  ركباا ا سف بل اا ا سف لالداا  صسفاعاارب

 . HPLCصسف   TLCصاة  ره  ك     بصسي   كب    
 


