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APPLICATION OF ULTRASOUND TECHNIQUE FOR STEVIOL 

GLYCOSIDES SEPARATION FROM MIXTURES OF S.REBAUDIANA 

STEMS AND LEAVES USING METHANOL. 

 

ABSTRACT 

 

The mixture of s.rebaudiana stems and leaves will be extracted to get the 

stevioside. Stevioside is a diterpene steviol Glycoside which is produced by 

conventional process. It is used to sweeten soft drink,soya sauce, yoghurt and 

other food. It also good for diabetic patients. This research objective is to 

extract the steviol glycosides from the mixture of s.rebaudiana stems and 

leaves using ultrasound extraction technique and find their applications. The 

process normally include the extraction, pre-treatment, separation, purification 

and refining. These processes will use ultrasound technique and followed by 

High performance liquid chromatography analysis (HPLC). Ultrasound 

extraction technique is one of the techniques to extract the mixture of 

s.rebaudiana stems and leaves before the sample of the the mixture of 

s.rebaudiana stems and leaves is analyzed by HPLC. The mixture of 

s.rebaudiana stems and leaves will be in dry and powder condition before it 

extracted by ultrasound  extraction technique using methanol as a solvent. 

Power level that used in the extraction is 280 W and the time range is between 

10min to 50min at temperature range of 20
0
C to 60

0
C. After that the analysis 

was performed using High performance liquid chromatography (HPLC). Using 

30 min, 40 
0
C and 80% methanol is the most suitable time, temperature and 

percent of solvent used to break the analyte and matrix bond and produce the 

steviol Glycoside in optimum yields. From this research we know that 

ultrasound extraction technique is most common technique and most suitable in 

order to extract the steviol glycosides from the mixture of s.rebaudiana stems 

and leaves. The optimum yield can afforded at extraction time of 30 minutes, 

extraction temperature of 40 
0
C and the percentage of methanol of 80%. 

Extraction kinetic of steviol glycosides approved the second-order kinetic 

yielding good R
2 

values of 0.997 and k values of 0.0301. 
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APLIKASI TEKNIK ULTRASOUND UNTUK PENGEKSTRAKAN STEVIOL 

GLYCOSIDES DARIPADA CAMPURAN BATANG DAN DAUN POKOK 

S.REBAUDIANA MENGGUNAKAN METHANOL 

 

ABSTRAK 

 

Campuran batang dan daun pokok s.rebaudiana akan diekstrakan untuk 

mendapatkan stevioside. Stevioside ialah diterpene steviol glycoside yang mana 

dihasilkan oleh proses konvensional. Ia digunakan untuk memaniskan minuman 

ringan, kicap, yogurt dan makanan lain. Ia juga bagus untuk pesakit diabetis. 

Objektif kajian ini ialah untuk mengekstrakan steviol glycosides daripada campuran 

batang dan daun pokok s.rebaudiana menggunakan teknik pengekstrakan ultrasound 

dan mencari aplikasinya. Kebiasaannya, ia melibatkan proses pengasingan, pra 

rawatan, penulenan dan penapisan. Proses-proses itu akan menggunakan teknik 

ultrasound dan diikuti dengan proses analisa menggunakan alat High performance 

liquid chromatography (HPLC). Teknik pengekstrakan ultrasound ialah salah satu 

teknik untuk mengekstrakan steviol glycosides daripada campuran batang dan daun 

s.rebaudiana sebelum dianalisa menggunakan alat HPLC. Campuran batang dan 

daun s.rebaudiana akan berada dalam keadaan kering dan debu sebelum diekstrakan 

oleh teknik pengekstrakan ultrasound dengan menggunakan methanol sebagai bahan 

pelarut. Kuasa yang digunakan dalam pengekstrakan ialah 280 W dan dalam 

lingkungan masa antara 10 hingga 50 minit pada lingkungan suhu 20 hingga 60 
0
C. 

Selepas itu akan dianalisa oleh alat High Performance Liquid Chromatography 

(HPLC). Menggunakan 30 minit, 40 
0
C dan 80 % methanol ialah masa, suhu dan 

peratus bahan pelarut yang digunakan dalam air yang paling sesuai untuk 

memecahkan ikatan analit dan matrik seterusnya menghasilkan steviol glycosides 

yang optimum. Daripada kajian ini kita tahu bahawa teknik pengekstrakan ultrasound 

ialah teknik yang lazim dan paling sesuai untuk mengekstrak steviol glycosides 

daripada campuran batang dan daun s.rebaudiana. Hasil steviol glycosides yang 

paling optimum boleh didapati pada masa 30 minit pengekstrakan, pada suhu 

pengekstrakan 40 
0
C dan pada 80 % peratusan methanol yang digunakan dalam air 

sebagai bahan pelarut. Model ekstrakan kinetik oleh steviol glycosides menepati 

model kinetik kedua menghasilkan 0.997 nilai R
2
 dan 0.0301 nilai k.   

 



 
 

vi 

 

  

 

 

 

TABLE OF CONTENTS 

 

CHAPTER 

 

TITLE 

 

PAGE  

SUPERVISOR’S DECLARATION i  

STUDENT’S DECLARATION ii  

ACKNOWLEDGEMENT iii 

ABSTRACT iv 

ABSTRAK v 

LIST OF TABLES viii 

LIST OF FIGURES vi 

LIST OF ABBREVIATIONS x 

LIST OF APPENDICES xi 

LIST OF SYMBOLS xii 

 

1 INTRODUCTION  

 

 

 1.1    Background  1  

 1.2    Problem Statement  4  

 1.3    Objective  5 

 1.4    Scope  5  

 1.5    Rationale and Significance  

 

6  

2 LITERATURE REVIEW  

 

8  

3 MATERIALS AND METHODS  

 

 3.1    Materials  12  

 3.2    Overall Methodology Flow Chart  13 

 3.3    Experimental Methodology 14 



 
 

vii 

 

 3.3.1 The Mixture of S.Rebaudiana Stems  

          and Leaves Preparation 

3.3.2 Ultrasound-Assisted Extraction  

3.3.3 Vacuum Filter 

3.3.4 Rotary Evaporator 

3.3.5 Analysis Using High  Performance  

         Chromatography (HPLC). 

3.3.6 Analyzing Sample. 

14 

 15 

 16 

 17 

 18 

 19 

                    3.4.6.1Preparation of Stock Solution 

                   3.4.6.2Preparation of Standard Solution 

19 

19 

4 RESULTS AND DISCUSSIONS  

 

 

 4.1 HPLC Analysis 

4.2 Effect of Extraction Parameter on the Yield of Steviol  

     Glycoside 

20 

 22 

 4.2.1    Effect of Temperature on the  

            Extraction Yield 

4.2.2    Effect of Extraction Time on the  

            Extraction Yield 

22 

 24 

          4.2.3    Effect of Percentage of Methanol in Water on the  

                    Extraction Yield 

25 

 4.3    Ultrasound Kinetic 26 

 CONCLUSIONS AND RECOMMENDATIONS 

5.1    Conclusions 

5.2    Recommendations 

 

 

 29 

30 

REFERENCES  31 

APPENDICES 35 

 

 

 

 

 



 
 

viii 

 

LIST OF TABLES 

 

 

TABLE NO TITLE PAGE 

Table 4.1 First order and second order kinetic model 

constants. 

28 

Table B.1 Effect of percentage of methanol in water on 

extraction yield 

37 

Table B.2 Effect of extraction time on extraction yield. 37 

Table B.3 Effect of extraction temperature on extraction yield  37 

Table B.4 1
st
 order and 2

nd
 order kinetic data 38 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ix 

 

LIST OF FIGURES 

 

 

FIGURE NO TITLE PAGE 

Figure 3.1 Overall flow chart for experimental methodology. 13 

Figure 3.2 

 

Flow diagram for the preparation of the mixtures 

of s.rebaudiana stems and leaves 

14 

Figure 3.3 

 

Flow diagram for ultrasound-assisted extraction 

technique. 

15 

Figure 3.4 Flow diagram for vacuum filter process. 16 

Figure 3.5 Flow diagram for rotary evaporator process 17 

Figure 3.6 

 

Flow diagram of the analysis using High 

Performance Chromatography (HPLC) 

18 

Figure 4.1 

 

HPLC chromatogram of stevioside at extraction 

time of 30 min, extraction temperature of 40 0C 

and ratio solvent in water of 80:20 (v/v). 

21 

Figure 4.2 Calibration curve of standard solution 22 

Figure 4.3 The effect of temperature on the extraction yield  23 

Figure 4.4 The effect of extraction time on the extraction 

yield 

24 

Figure 4.5 

 

The effect of percentage of methanol in water on 

the extraction yield 

26 

Figure 4.6 

 

First order kinetic for extraction parameters of 

time extraction, temperature extraction and 

percentage of methanol in water. 

27 

Figure 4.7 

 

Second order kinetic for extraction parameters of 

time extraction, temperature extraction and 

percentage of methanol in water. 

28 

Figure A1 Sample of standard solution 35 

Figure A2 Sample after rotary evaporation process  36 

 

 

 

 



 
 

x 

 

LIST OF ABBREVIATIONS 

 

 

HPLC High Performance Liquid Chromatography 

CH3OH Methanol 

mg Miligrams 

C2H3N Acetonitrile 

min Minutes 

ml Milliliter 

Mg/mL Milligram/mililiter 

s.rebaudiana Stevia rebaudiana 

t Time  

v/v Volume/volume 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

xi 

 

LIST OF APPENDICES 

 

 

  PAGE 

A Additional figures 35 

B Result Data 37 

   

   

   

   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

xii 

 

LIST OF SYMBOLS 

 

 

  

o
C Degree celcius 

Ce Equilibrium concentration 

Ct Concentration at certain time 

Co Initial concentration 

h initial extraction rate 

k Second-order extraction rate constant 

kOBS Observation constant rate of first order 

M1 Molarity 

R
2
 Correlation coefficients 

V1 Volume 

W Watt 

% Percentage 

 

 

 



 
 

1 
 

 

 

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background of Study 

 

Steviol glycosides are originating in s.rebaudiana plant. It having up to 300 times 

sweeter than sugar. Stevioside and rebaudioside A are a main low-calorie steviol glycosidse 

from s.rebaudiana plant. (Jaitak et. al, 2008). Stevioside is better in term of taste quality 

because Stevioside is less bitter and sweeter than rebaudioside A. (Brandle and Telmer, 

2007). S.rebaudiana bertoni plant initially can found in Brazil and Paraguay rain forest. But 

now it can also found in Malaysia especially in Pahang and Melaka. Among 150 stevia 

species,the only one with significant sweet tasting properties is s.rebaudiana (Jaitak et. al, 

2008). 

 

As we know,before this many research about s.rebaudiana leaves are done to extract 

the steviol glycosides. So its stems become a agricultural waste since it is not used to extract 

the steviol glycosides. Because of that this research have been done to extract steviol 

glycosides from the mixtures of s.rebaudiana stems and leaves. Furthermore in Malaysia we 

lack the source to produce sugar. Previous, we use sugar cane to produce sugar in Malaysia. 
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Therefore if we investigate weather in the mixtures of s.rebaudiana stems and leaves can 

afford higer yield of steviol glycosides, we can solve two problem at once. First, we can solve 

the problem of the source of sugar and second we can reduce the agricultural waste which is 

came from s.rebaudiana stems. Thus,it also can safe the budget in produce sugar since we 

use the waste. 

 

In order to extract steviol glycosides from the mixtures of s.rebaudiana stems and 

leaves, we use ultrasound technique. Then, High Perfomance Liquid Chromatography(HPLC) 

will be use to analyzed the content. Extraction process is selected in this research because it is 

quite selective, effective, and able to separate steviol glycosides from the mixtures of 

s.rebaudiana stems and leaves. Actually, there are several technique to extract steviol 

glycosidse from the mixtures of s.rebaudiana stems and leaves other than ultrasound 

technique which is conventional extraction method and ultrasound-assisted extraction 

method. Ultrasound-assisted extraction technique allows faster extraction, decreased uses of 

solvent and higher recovery. In term of yield,time and energy consumption it also more 

effective than other method (Jaitak et. al, 2009). The process by which ultrasound energy is 

used to heat solvents in contact with solid samples and to partition compounds of interest 

from the sample into the solvent is known as ultrasound-assisted extraction method (Hayat et. 

al, 2009). 

 

Using this method can result in a yield increase in shorter time using less solvent at 

the same temperature. Choose a solvent in which their target analyte is soluble because more 

ultrasound energy can be absorb if use solvent with high dielectic constant. The polarity of 

the solvent is very important in ultrasound-assisted technique.(Proestos and Komaitis, 2007). 

With the purpose to identify,quantify and purify the individual components of the mixture, 
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High Perfomance Liquid Chromatography(HPLC) is used to seperate a mixtures of 

compound in analytical chemistry and biochemistry. 

 

S.rebaudiana extracts have been used for sweetening soft drinks such as diet 

coke,soju,soy sauce,dried seafood,candies,ice cream,chewing gum,yoghurt,and as well as in 

toothpaste and mouthwash in Japan,Korea,and Brazil.(Erkucuk et. al, 2009). Serious side 

effect also may occured if stevia is taken in high doses. Stevia and stevioside have no effect 

on mammalian reproduction or fertility, are safe for use as sweeteners and that they are 

acceptable for both diabetic and phenylketonuria patients.(Brandle and Telmer, 2007). 

Toxicological studies have shown that stevioside does not have mutagenic, teratogenic or 

carcinogenic effects. Likewise, allergic reactions have not been observed when it is used as a 

sweetener.(Lemus et.al, 2011 ). 

 

The purpose of this study is to determine the steviol glycosides extracted from the 

mixtures of s.rebaudiana stems and leaves which can give advantages to country to reduce 

agriculture waste and  have more sources in produce sugar in the country. Another purpose is 

to determine weather the mixtures of s.rebaudiana stems and leaves can increase yield of 

steviol glycosides or not. 
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1.2 Problem Statement. 

  

Nowadays, the productions of sugar in Malaysia not as active as before due to lack of 

sugar cane to produce sugar. As we know, many times happen in Malaysia where the 

consumer only can buy two pack of sugar in one time for one person due to production of the 

sugar decrease. Many scientists did a research to extract sugar from other material other than 

sugar cane. The industrial use s.rebaudiana leaves to extract steviol glycoside which is use as 

a natural sweetener.  

 

Currently, their extraction from s.rebaudiana leaves has attracted many scientist 

interests to use them as natural sweetener. Its stems did not used. So in order to avoid its 

stems become an agriculture waste this research is done to extract steviol glycosides in the 

mixture of s.rebaudiana stems and leaves and analyzed how much steviol glycoside in them. 

As we know in s.rebaudiana plant has eight sweet components known as steviol glycosides. 

Among eights component, stevioside is the most exhaustively studied (Puri et. al, 2011). 

 

Till now no mixture of s.rebaudiana stems and leaves have been done yet to produce 

steviol glycoside. So, this research is done in order to overcome this matter. As we know, 

only the leaves of the s.rebaudiana used to extract the steviol glycoside.  

 

Up to now, low cost process to seperate steviol glycosides from the mixtures of stems 

and leaves still being investigate. If this matter can be solved, the cost to extract steviol 

glycoside from the mixture of s.rebaudiana stems and leaves can be reduced. Automatically, 

the price of this product from this extraction process also can be reduced.  
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1.3 Objectives. 

 

• To separate steviol glycoside from the mixture of s.rebaudiana stems and leaves using 

ultrasound-assisted extraction method and methanol due to its easy method. The mixture 

of s.rebaudiana stems and leaves is added in the mixture of methanol and water to extract 

using ultrasound-assisted extraction method.  

• To find the kinetic of steviol glycoside separation from the mixture of s.rebaudiana stems 

and leaves using ultrasound extraction method. Kinetic is important in extraction because 

it evaluated the value of optimum extraction capacity using related equations. 

• To study the effects of various parameter on extraction yield and extraction kinetic. 

Some parameters were varied to get the results such as extraction time, extraction 

temperature and the percentage of methanol in water. Five reading were taken for each 

parameter to evaluate them.  

 

 

1.4 Scopes of the Study. 

 

 This study was done to separate the steviol glycosides from the mixture of s.rebaudiana 

stems and leaves. This extraction of the steviol glycosides from the mixture of 

s.rebaudiana stems and leaves was observed in term of its extraction yield using optimum 

condition determined. 

 Analyzing extraction processes that using ultrasound-assisted extraction method due to it 

lower energy consumption, lower consumption of solvents and higher extraction 

efficiency 
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 Observation the effect of some parameters (time,temperature and percentage of solvent 

in water) to the separation of steviol glycoside from the mixture of s.rebaudiana stems 

and leaves. The parameters were observed to find which value of parameter can give the 

optimum extraction yield. 

 Determination concentration of steviol glycoside in the mixture of s.rebaudiana leaves 

and stems by analyzing the result using High Performance Liquid Chromatography. The 

manipulated variables for this study are extraction temperature (20, 30, 40, 50, and 60 

0
C), the percentage of methanol in water (20, 40, 60,80, and 100 %) and extraction time 

(10, 20, 30,40, and 50 minutes). 

 Determination of the kinetic model of separation of steviol glycoside from the mixture of 

s.rebaudiana stems and leaves.  

 

 

1.5 Rationale and Significance. 

 

In this experiment, steviol glycosides will be extracted from the mixture of 

s.rebaudiana stems and leaves. The research of production of steviol glycosides from the 

mixture of s.rebaudiana stems and leaves have been made in order to use the whole plant of 

s.rebaudiana instead of it leaves only. Before this, many researchers have been made to 

extract steviol glycosides from it leaves. Because of that its stems has been agricultural waste. 

From that, it will give positive impact like help to reduce agricultural waste, can reduce 

health disease, renewable source and environmental product since steviol glycosides produce 

by the mixtures of s.rebaudiana stems and leaves have beneficial effects on human health. 

For industrial player, this research will give alternative solutions to generate more of sugar 

production. This steviol glycosides also can be use to sweeten soft drinks, soju, soy sauce, 
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yoghurt and other foods. Another purpose to do this research is to find the kinetic of steviol 

glycosides separation from the mixtures of s.rebaudiana stems and leaves. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1  Steviol Glycoside in the Mixtures of S.Rebaudiana Leaves and Stems and the 

Applications. 

 

Only the species rebaudiana and phlebophylla produce steviol glycosides among the 

230 species in the genus Stevia. The amount of sugar units bonded to the steviol aglycone 

will increase if the sweetness of rebaudiosides increases but at the same time their content in 

the plant material will be deacreases. (Lemus et. al, 2011). 

 

At least eights steviol glycosides will be accumulated in the leaves of s.rebaudiana 

bertoni. By enzymatic and chemical procedure stevioside has been transformed to 

rebaudioside A (Puri et. al, 2011). Stevia and stevioside are safe for use as sweeteners 

because they have no effect on mammalian reproduction or fertility and they are acceptable 

for both diabetic and phenylketonuria patients (Brandle and Telmer, 2007). According to 

those reviews, clinical proof emerges that recommended stevioside can reduce blood glucose 

levels in type II diabetics and blood pressure in mildly hypertensive patients. Both leaves and 
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stems contain stevioside and rebaudioside-A but it proved that in stems, the steviol glycosides 

content is lower than in the leaves. (Bondarev et. al, 2001). 

 

 

2.2 Ultrasound-Assisted Extraction Technique. 

 

Extraction is one of the methods used to obtain steviol glycoside from the mixture of 

s.rebaudiana stems and leaves. There are various extraction technique to extract steviol 

glycosides from the mixture of s.rebaudiana stems and leaves such as Conventional solvent 

extraction (CSE), microwave-assisted extraction (MAE) and ultrasound-assisted extraction 

(UAE).  

 

Ultrasound-assisted extraction (UAE) is one of the new extraction method to extract 

steviol glycosides from the mixture of s.rebaudiana stems and leaves. This method has been 

developed to reduce the extraction time and improve the extraction yield (Goula, 2012). UAE 

has lower energy consumption, lower consumption of solvents, higher extraction efficiency 

and higher level of automation and is preferable to CSE ( Ying et. al, 2011). Increasing 

extraction yield, reducing solvent usage, economizing power consumption and shortening 

extraction time also the advantages of UAE (Zou et. al, 2009). 

 

Ultrasound-assisted extraction method also used to extract many other materials not 

only can be applied to extract steviol glycoside from s.rebaudiana leaves, stems or flowers. 

For example, this method also used to extract anthocyanins from grape skins. The extraction 

of anthocyanins from grape skins using ultrasound extraction method was carried out under 

different extraction conditions. (Liazid et .al, 2010) 
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2.3 Other Method to Extract Steviol Glycosides from Stevia Rebaudiana Leaves. 

 

Up to now, several extraction techniques have been reported for the extraction of 

steviol glycoside from s.rebaudiana plants other than ultrasound-assisted extraction technique 

like conventional extraction technique and ultrasound-assisted extraction technique. Among 

all method ultrasound-assisted extraction method afforded highest yield of stevioside and 

rebaudioside-A but ultrasound energy in MAE is a non-ionising radiation. The radiation 

causes motion of molecule and rotation of dipoles to heat solvents to promote targeted 

compounds to move from the sample matrix into the solvent. However, the radiation does not 

induce changes in molecular structure (Ying et. al, 2011). Solvent extraction method also can 

be used to extract steviol glycosides from s.rebaudiana leaves. The powdered sample will be 

extracted in methanol using Erlenmeyer flasks in a shaking hot-water bath for 30min at 70
0
C. 

For stevioside, solvent extraction method was indicative of the efficiency in extraction of 

rebaudioside C and rebaudioside A. (Hearn and Subedi, 2008). But among all method CSE 

take highest extraction time to extact steviol glycoside (Jaitak et. al, 2009).  Other than that, 

supercritical CO2 extraction also can be used to extract steviol glycoside from s.rebaudiana 

leaves. The extractor volume was 100mL, thus it was filled with about 30g of ground 

S.rebaudiana leaves. The independent variables were temperature, pressure and co-solvent 

ratio. (Erkucuk et. al, 2009). 
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2.4 Kinetic Model 

 

The solid–liquid extraction process can be considered as the reverse of an adsorption 

operation, therefore the bases of the adsorption kinetic equations can be applied to solid–

liquid extraction and the second-order law was found to give the best fits for the extraction 

rate. The general second- order model can be written as Equation 2.1 (Goula, 2012). 

 

𝑑𝐶𝑡

𝑑𝑡
= 𝑘. (𝐶𝑒 − 𝐶𝑡)    (2.1) 

 

where k is the second-order extraction rate constant (L/g min), Ce is the equilibrium 

concentration of steviol glycosides in the liquid extract (g/L) (extraction capacity), and Ct is 

the stevia concentration (g/L) in the liquid extract at a given extraction time t. The integrated 

rate law for a second-order extraction under the boundary conditions t = 0 to t and Ct = 0 to 

Ct, can be written as an Equation 2.2. or a linearized Equation 2.3 (Goula, 2012). 

 

𝐶𝑡 =  
𝑘.𝑡.𝐶𝑒2

1+𝑘.𝑡.𝐶𝑒
    (2.2) 

 

Or 

 

𝑡

𝐶𝑡
=  

1

𝑘𝐶𝑒2 +  
𝑡

𝐶𝑒
=  

1

ℎ
+  

1

𝐶𝑒
    (2.3) 

 

where h is the initial extraction rate (g/L min) when t approaches 0 as Equation 2.4. 

 

ℎ = 𝑘. 𝐶𝑒2    (2.4) 
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CHAPTER 3 

 

 

MATERIALS & METHODS 

 

 

3.1 Materials. 

 

 This study main material is rubber the mixture of s.rebaudiana leaves and stems which 

come from Pahang agriculture plantation area. The chemicals involved in this study are 

methanol and acetinitrile. Standard solution of steviol glycoside was used to analyze the 

extraction yield using High Performance Liquid Chromatography. Water also used to mix 

with methanol in order to produce the percentage of methanol in water parameter.  
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3.2 Overall Methodology Flow Chart. 

 

 

Figure 3.1: Overall flow chart for experimental methodology. 

 

 

 

 

 

 

 

 

The Mixture of S.Rebaudiana Stems and 
Leaves Preparation

Ultrasound-Assisted Extraction 

Filtration using Vacuum Pump Filter

rotary evaporation

Analysis by HPLC

Vary of percentage 

of methanol in 

water (20:80, 

40:60, 60:40, 

80:20, 100:0, v/v) 

at time 10min, 

20min, 30min, 

40min and 60min.  

Temperature 

at 20
0
C, 30

0
C, 

40
0
C, 50

0
C, 

60
0
C. 

methanol 



 
 

14 
 

3.3 Experimental Methodology. 

3.3.1 The Mixture of S.Rebaudiana Stems and Leaves Preparation 

 

The mixtures of s.rebaudiana stems and leaves were dried in open shade. They were milled 

to 60 mesh powders using a grinder and were stored at ambient temperature. 

 

 

Figure 3.2: Flow diagram for the preparation of the mixtures of 

s.rebaudiana stems and leaves 

 

 

 

 

 

 

 

 

 

 

 

The mixtures of s.rebaudiana stems and leaves were dried in open shade.

Dried stevia rebaudiana were milled to 60 mesh powder using grinder.

The mixtures of s.rebaudiana stems and leaves powder were stored at ambient 
temperature.
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The mixture of s.rebaudiana stems and leave powder (500 mg) was sonicated with 
50 ml of different percentage of methanol in water(20:80, 40:60, 60:40, 80:20 and 

100:0, v/v) in an ultrasonocator bath100:0, v/v) in an ultrasonocator bath.

Time span used for sonication are 10, 20, 30, 40 and 50 minutes using ultrasonic 
cleaning bath which nominal power is 250 W dimension 300x150x150 mm), 

The extraction process was conducted at five different temperatures which is 20, 
30, 40, 50 and 60 0C.

The samples were allowed to cool at room temperature

3.3.2 Ultrasound-Assisted Extraction  

 

The mixture of s.rebaudiana stems and leave powder (500 mg) was sonicated with 50 

ml of different percentage of methanol in water (20:80, 40:60, 60:40, 80:20 and 100:0, v/v) in 

an ultrasonocator bath. Time span used for sonication are 10, 20, 30, 40 and 50 minutes using 

ultrasonic cleaning bath (JAC ultrasonic type 1505) which nominal power is 250 W 

dimension 300x150x150 mm), frequency of 40 kHz and volume of 5.7 L. The extraction 

process was conducted at five different temperatures which is 20, 30, 40, 50 and 60 
0
C. The 

samples were allowed to cool at room temperature. 

 

 

 

 

 

 

 

 

Figure 3.3: Flow diagram for ultrasound-assisted extraction technique. 
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The filter disk was dried in the oven at 103°C to 105°C for 1 hour, cooled in a 
desiccator and weighed

Filtering apparatus were assembled and were filtered before begin the suction. 
Filter was wetted with a small volume of distilled water to seat it.

The samples were pipette onto centre of filter disk in a Buchner flask using 
gentle suction (under vacuum).

. Filter was washed with three successive 10 mL volumes of distilled water, 
complete drainage was allowed between washings, and the suction was 

continued for about 3 min after filtration is complete. 

3.3.3:   Vacuum Filter 

 

Firstly, the filter disk was dried  in the oven at 103 
0
C to 105

0
C for 1 hour. 

They were cooled in desiccators. The samples were pipette onto centre of filter disk in 

a Buchner flask using gentle suction (under vacuum). Filtering apparatus were 

assembled and were filtered before begin the suction. Filter was wetted with a small 

volume of distilled water to seat it. Filter was washed with three successive 10 mL 

volumes of distilled water, complete drainage was allowed between washings, and the 

suction was continued for about 3 min after filtration is complete.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Flow diagram for vacuum filter process. 
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The mixture was poured into a round bottomed flask.  

The round bottom flask was attached to the apparatus and the vacuum hose 
was attached to the top plug, and water hose to the bottom plug and pressure 

valve was closed. Ensured the collection flask is clasped firmly into place.

TThe vacuum and the water flow were turned on from their external sources. 
Once the bath begins to heat, the control panel was used to lower the flask into 

the bath.

Once the flask is barely touching the water, the control panel was used to begin 
rotating the sample. 

When the sample is done, the rotation was stopped and the flask was raised out 
of the water.  

3.3.4:  Rotary Evaporator 

 

The mixture was poured into a round bottomed flask.  The round bottom flask was 

attached to the apparatus. The vacuum hose was attached to the top plug, and water hose to 

the bottom plug and pressure valve was closed. Ensured the collection flask is clasped firmly 

into place. The vacuum and the water flow were turned on from their external sources. Once 

the bath begins to heat, the control panel was used to lower the flask into the bath.Once the 

flask is barely touching the water, the control panel was used to begin rotating the sample. 

When the sample is done, the rotation was stopped and the flask was raised out of the water.   

  

 

 

 

 

 

 

 

 

Figure 3.5: Flow diagram for rotary evaporator process 
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Samples were injected into the Eurospher 100-5 NH2 column

The samples will be eluted at a flow rate of 1 mL/min using a solvent system of 
acetonitrile:water (80:20, v/v)

The results were detected.

3.3.5:    Analysis Using High Performance Chromatography (HPLC).  

 

Samples were injected into the Eurospher 100-5 NH2 column and eluted at a flowrate 

of 1 mL/min using a solvent system of acetonitrile:water (80:20, v/v). The column 

temperature was 35
0
C throughout the experiment. The results were detected.  

 

 

 

 

 

 

 

 

Figure 3.6: Flow diagram of the analysis using High Performance 

Chromatography (HPLC) 
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3.3.6 Analyzing Sample. 

3.3.6.1 Preparation of Stock Solution 

 

2.5mg of the standard solution were prepared by diluting with 80 % methanol in water into 

10 ml volumetric flask respectively in prior to sonicate them for 15 minutes. 

 

 

3.3.6.2 Preparation of Standard Solution 

 

Standard solutions were prepared before running the High Performance Liquid 

Chromatography (HPLC). Solutions were prepared by diluting 1mg/mL of stock solution into 

a 10ml volumetric flask for concentration ranging from 0.001 to 0.1 mg/ml by using the 

Equation 3.1. 

 

𝑀1𝑉1  =  𝑀2𝑉2      (3.1) 
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CHAPTER 4 

 

 

RESULT AND DISCUSSION 

 

 

4.1 HPLC Analysis 

 

 Figure 4.1 showed the determination of stevioside and rebaudioside in the stevia 

sample at extraction time of 30 min, extraction temperature of 40 
0
C and percentage of 

methanol in water of 80:20 (v/v). This is due to the signal UV wavelength is in the range 205 

to 215 nm and the retention time for the stevioside compound in the sample is 3.07 minutes 

close to the retention time of stevioside standard solution which are 3.28 minutes. 

 



 
 

21 
 

 

Figure 4.1: HPLC chromatogram of stevioside at extraction time of 30 min, extraction 

temperature of 40 0C and percentage of methanol in water of 80:20 (v/v). 

 

 According to (Samah et. al, 2012) stevioside compound most abundant steviol glycoside 

in plant leaves followed by rebaudioside and other seven minor compound of steviol 

glycosides. Figure 4.2 below showed calibration curve. Calibration curve used to determine 

the concentration of the stevioside and rebaudioside in the sample. From calibration curve we 

can get Equation 4.1. 

 

y = 238.51x + 372.96    (4.1) 

 

Where y = area. 

From result obtained from HPLC analysis like Figure 4.2, we can get the concentration from 

the calibration curve. 
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Figure 4.2: Calibration curve of standard solution 

 

 

4.2 Effect of Extraction Parameter on the Yield of Steviol Glycoside 

4.2.1 Effect of Temperature on the Extraction Yield 

 

 The extraction efficiency of Ultrasound-Assisted extraction (UAE) was influenced by 

various factors. Chemical constituent of the plants are mostly heat sensitive and that make the 

extraction temperature as the most important parameter. The solubility of solute and the 

diffusion coefficient increases when working temperature increase which favors extraction ( 

Vetal et. al, 2012). Figure 4.3 listed the effect of temperature on the yield of steviol 

glycosides and other extraction conditions were fixed as follows: extraction time of 30 min, 

extraction power of 250 W and percentage of methanol in water of 80:20 (v/v).  
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Figure 4.3: The effect of temperature on the extraction yield 

 

 As shown in Figure 4.3, the extraction temperature displayed a positive linear effect on 

the yield of steviol glycosides when temperature ranged from 20-40 
0
C, and then the yield 

decreased with increasing temperature. Acoustic cavitations and diffusion through the cell 

walls are the two main physical phenomena in UAE. The yield of steviol glycosides increased 

with the higher temperature because the two phenomena which are acoustic cavitations and 

diffusion through the cell walls were significantly enhanced by extraction temperature. 

Unfortunately, high temperature can cause surface tension decrease and vapour pressure 

within micro bubble increase, causing the damping of the ultrasonic wave (Ying et. al, 2011). 

Because of that, the yield of steviol glycoside were decreasing when the extraction 

temperature was over 40 
0
C. Based on the results, the optimum extraction temperature was 40 

0
C.  
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4.2.2 Effect of Extraction Time on the Extraction Yield 

 

 (Goula, 2012) who studied ultrasound-assisted extraction of pomegranate seed oil 

reported that the effect of ultrasound is more effective in the first 30 minutes. The effect of 

extraction time on the yield of steviol glycosides in Figure 4.4 was studied with the extraction 

temperature of 40 
0
C, extraction power of 250 W and percentage of methanol in water of 

80:20 (v/v).  

 

 

Figure 4.4: The effect of extraction time on the extraction yield 

 

 The graph in Figure 4.4 showed that optimum yield of steviol glycosides was obtained 

when the extraction time was 30 min. The yield of steviol glycosides increase from time of 10 

min to 30 min and after that the yield deacrease with increasing of time extraction. In 

ultrasonic extraction process, the ultrasonic wave is able to break the cell wall faster up to 

particular time (Wiyarno et. al, 2010). In this case of time extraction, the increasing 

extraction time up to 30 min will increase the yield and will stable at 30 minutes. Time 
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addition after 30 minutes has no effect to increase the yield of steviol glycosides. This can 

prove the fact that extraction present two stages which are involves the penetration of the 

solvent into the cellular structure followed by the dissolution of soluble constituents in the 

solvent called characterized by a rapid rate and second one involves the external diffusion of 

soluble constituents through the porous structure of the residual solids and its transfer from 

the solution in contact with the particles to the bulk solution (Goula, 2012). Ultrasound 

duration should not exceed 30 min to control ultrasound degradation (Zou, 2010). 

 

 

4.2.3 Effect of Percentage of Methanol in Water on the Extraction Yield 

 

 The choice of an extracting solvent is the most important step on the extraction yield. 

According to (Jaitak et. al, 2009) using methanol as an extracting solvent can afford high 

extraction yield compared to another solvent. Figure 4.5 observed the effect of percentage of 

methanol in water parameter to extraction yield. From the graph showed on Figure 4.5 we 

can see that when the percentages of methanol in water increase, the extraction yields also 

increase. The graph also showed that the optimum yield can be afforded at percentage of 

methanol in water of 80:20 (v/v).  
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Figure 4.5: The effect of percentage of methanol in water on the extraction yield 

 

 

4.3 Ultrasound Kinetic 

 

 There are many and various models of equation to describe solid-liquid extraction 

process (Garkal et. al, 2012). One of the model used to describe solid-liquid extraction 

process is first order ( Vetal et. al, 2012). The first-order rate equation is given as Equation 

4.2. 

 

𝑙𝑛  
𝐶𝑒

𝐶𝑒−𝐶𝑡
 = 𝑘𝑜𝑏𝑠 𝑡    (4.2) 

 

Where Ct is the concentration of the component in the liquid phase at time t, Ce is its 

concentration in the liquid phase at equilibrium, kobs is an observed first order rate constant 

and t is the extraction time. The extraction data will provide a straight line first order graph 

and the value of first order rate constant, kobs can be compute. This model equation employed 
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to describe the extraction process is equilibrium-dependent solid-liquid extraction model as 

well as it takes into account the diffusion-dependent solid-liquid extraction process (Vetal et. 

al, 2012).  

 

 

Figure 4.6: First order kinetic for extraction parameters of time extraction, 

temperature extraction and percentage of methanol in water. 

 

The kinetic data were further analyzed using second order kinetic model. (Garkal et. al, 

2012) supported that this model is based on the assumption that the extraction follows second 

order law and can be expressed as Equation 2.1 before. Integrating the Equation 2.1 by 

applying the boundary condition, gives the linear form equation as Equation 2.2. 

 

 The graph of t/Ct versus t should give a straight line graph if this kinetic model suits 

this extraction case. In addition, k and h can be determined from the slope and the intercept of 
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the graph. According to (Garkal et. al, 2012) that a model based on a second-order extraction 

process was the most suitable model for solid-liquid extraction process. 

 

 

Figure 4.7: Second order kinetic for extraction parameters of time extraction, temperature 

extraction and percentage of methanol in water. 

 

 

Table 4.1: First order and second order kinetic model constants. 

kinetic model R2 k 

1st order  0.928 0.083 

2nd order 0.997 0.0301 
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CHAPTER 5 

 

 

CONCLUSIONS & RECOMMENDATIONS 

 

 

5.1 Conclusion. 

 

From the result we can conclude rubber seed shell has been successfully approved to 

act as an adsorbent for adsorption of Cd (II), Ag (II) and Cu (II) ions from aqueous solution. 

The adsorption process has been affected by the variation of solution pH, contact time, and 

adsorbent dosage. The highest adsorption was found by the time of 120 minutes, pH of 6 and 

adsorbent dosage of 0.3g. Adsorption of Cd (II), Ag (II) and Cu (II) ions from aqueous 

solution approved the second-order kinetic yielding good R
2 

values of 1.00 and k values of 

0.0662 to 0.1873. 
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5.2 Recommendations. 

 

Some recommendations have been made to improve the result for future work which 

arevarious adsorbent could be used to make comparison in term of kinetics and adsorption 

isotherm.Many other agriculture waste have been investigated such are orange peel, 

pomegranate peel, almond shell, rice husk, mango leaves and many more. Each adsorbent 

showed different equilibrium data, kinetics and adsorption isotherm. 

 

Add other conventional adsorbents such as activated carbon and compare the results 

in term of all important aspects in adsorption. In addition, the use of real wastewater also 

could be done in order to investigate the absolute removal efficiency of rubber seed shell to 

industrial wastewater instead of using aqueous solution. 
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APPENDICES 

 

 

APPENDIX A 

 

 

 

Appendix A.1: Sample of standard solution 
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Appendix A.2: Sample after rotary evaporation process 
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APPENDIX B: RESULT DATA 

 

Appendix B.1: Effect of percentage of methanol in water on extraction yield 

% of CH4 in 

water 

% of yield concentration mass of 

sample 

20 0.5 2.5 500 

40 0.78 3.9 500 

60 1.66 8.3 500 

80 2.814 14.07 500 

100 0.33 1.65 500 

 

 

Appendix B.2: Effect of extraction time on extraction yield 

time % of yield mass of 

sample 

concentration 

10 0.22 500 1.1 

20 1.5 500 7.5 

30 2.82 500 14.1 

40 1.24 500 6.2 

50 0.43 500 2.15 

 

 

Appendix B.3: Effect of extraction temperature on extraction yield 

temperature % of yield mass of 

sample 

concentration 

20 0.63 500 3.15 

30 0.8 500 4 

40 2.81 500 14.05 

50 1.95 500 9.75 

60 2.01 500 10.05 
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Appendix B.4: 1
st
 order and 2

nd
 order kinetic data 

 

 

 

 

 

 

 

methanol   

Contact 

time,min 

Ini.conc.,mg/ml Ct t/Ct Contact 

time,min 

ln 

(ce/(ce-

ct)) 

5 250 0.2159 23.15886985 5 0.166957 

10 250 0.4429 22.57846015 10 0.378969 

15 250 0.6829 21.96514863 15 0.666235 

20 250 0.9329 21.43852503 20 1.091869 

25 250 1.1929 20.95733087 25 1.894346 

30  1.4041 21.36599957 30  
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