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Abstract 

Stev ia is a natural source of sweetness, that peo ple prefer over other types of sugar and 

artific ial sweeteners as it is a better alternative, composed of various sweetening 

compounds of diterpene g lycos ides (steviol g lycos ides) in which the major constituents are 

stev iosides (along with bitterness) and rebaudioside A. But the main bottleneck in its bulk 

use is Stevia's bitter aftertaste. The current study was conducted to reso lve the taste-related 

problem of Stevia natura lly through biotransformation. The research began by isolating 

naturally occurring sweet compounds (steviol g lycos ides) from the dried leaves of Stev ia 

us ing di ffe rent so lvents i.e. , water, methanol, chloroform , and l-butano l. Furthermore, the 

extracted sweet compounds were biotransfonned by selected bacteria l stra ins in modified 

M9 media (5% g lucose) to reduce the bitterness assoc iated with the steviol g lycosides and 

enhance their biological activities. The present study has shown better transformation of 

stev iol g lycos ides with Bacillus stercoris at 40°C among the selected bacterial strains. The 

thin- layer chromatographic separation technique was developed to quantify the extracted 

and biotransformed compounds on the s ilica plate w ith different combinations of so lvents 

in a mob ile phase. For maximum compou nd s separat ion, the optimized mobil e phase was 

acetone/ethy l acetate/water in a specified ratio of 50:40: I 0 vivo In addition, the chemical 

changes in the compounds were determined by FTTR analysis in the range of 400-4000 cm­

I indicating bond breaking and compounds formation. These biotransform ed compounds 

had improved biological activ iti es such that the anti oxidant activ ity which was increased 

to 58% compared to the contro l extract with 46% activity before biotransform ation. This 

highlighted the va lue of biotransfonned stev io l g lycos ides in the food and pharmaceutica l 

industries due to the prom inent health benefits over other sugars. However, further 

confirmation of steviol g lycosides after biotransformation can be obtained by performing 

high-pressure liquid chromatography (HPLC). 

vi i 



Chapter 1 INTRODUCTION 

INTRODUCTION 

Carbohydrates such as table sugar (sucrose) have been extensive ly used as a source of 

sweetener in every fi eld of li fe, i.e., in the food industry, pharm aceuticals, and beverage 

industries, etc. but becom ing a reason fo r different hea lth issues includ ing diabetes, high 

blood pressure, or fatty li ver. To reduce the emergence of these problems created by table 

sugar, the shrub of Stev ia is a good natura lly occurring alternative (Shivanna el al. , 20 13). 

It is an indigenous plant from different regions of the World . Hi storically, the Paraguayans 

have utilized this as a sweetener as well as herbal medicine. In the past, Stev ia was known 

to the Spani sh around the 16th century, but it remained obscure until M. S. Bertoni once 

more brought it to the notice of Europeans in 1888 and named Stev ia by 1905. This plant 

has been growin g in diffe rent reg ions includ ing Ch ina, Ind ia, Japan, Thail and, South 

America, Braz il , Korea, Central America, Paraguay, and Paki stan (Lemus-Mondaca et aI. , 

201 2). According to the report publi shed in Mordor Intelligence, the estimated worth of 

the Stev ia market was 638 .69 million USD in 202 1, and it is anticipated to grow at a CAGR 

of8.85 in the next five years t ill 2028. According to another analys is, A compound annual 

market growth of Stev ia increased to $0.75 billion in 2022 and is estimated to increase to 

$0.82 billion by 2023 at a CAG R rate of 9.9% which was used to calculate the size of the 

worldwide Stev ia market (Stevia Market Size, Trends, and Global Forecast to 2032, 2022). 

There are about 154 members of Stev ia belonging to the family of Asteraceae including 

S. subpubescens, S. salicifolia, S. lucida, S. connata, S. puberula, S. eupatoria, and S. 

serrata. The perennial herbs of Stev ia contain a high concentration of natural, nutritionally 

important sweeteners in their leaves which make them economically va luable (Kumari et 

01., 201 7) . There are various compounds fo und in the extract of thi s plant such that tannins, 

alkaloids, terpenes, lipids, carbohydrates, proteins, polyphenols, and vitamins (Bender, 

201 8). The most important compounds of Stevia are stev iol glycos ides that weigh up to 

20% weight of dry leaves including, stev ios ide (5 to 10%), rebaudioside A (2 to 4%), 

rebaudios ide C ( I %), rebaud ios ide D (0.2%), rebaudios ide E (0.2%), rebaudios ide F 

(0 .2%), stev iolbios ide (0.1 %), dulcos ide A (0.4-0.7%), and rebaudios ide M (less than 

0.1 %), etc (Lemus-Mond aca et a/. , 201 2). These compounds have more sweetness as well 
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Chapter 1 INTRODUCTION 

as the ant ioxidant potential to support a hea lthy li festy le. These hi gh- intensity glycoside 

sweeteners have high melting points with low water so lubility and 300 times more sugar 

potential in comparison to that of sugars (Kim el al., 20 18; Kaushik el aI. , 20 I 0). Stev ia is 

also considered a zero calories sweetener as it is not metabo li zed by the body in hi ghly 

purified form (Ashwell , 2015). The most important stev iol glycoside is stev ioside which 

was discovered in 193 1 by French chemists. It is a diterpene glycos ide hav ing a chemi cal 

formula of C3sH6001S. The second most important compound is rebaudioside A which is 

more thermally sta ble as well as 1.6-1 .8% sweeter than stev ioside (Urban el aI. , 20 15). On 

the basis of the intensity of sweetness with respect to structure, the stev iol core's glycosy l 

residues at C- 19 (R I) and C- 13 (R2) are crucial for sweetness. The sweetness is increased 

by expanding the ester-linked C- 19 at glycosyl unit as in rebaudioside A as compared to 

stev ioside (with bitterness) (Ohta et aZ. , 2010). 

In unprocessed form , Stev ia has 30 times more sweet potential in com parison to refined 

extract which is 200-300 times extra sweet than norm al sugar. As sweetness is related to 

stev iol glycos ides, stev ioside, and rebaudioside A are more highlighted which are 140 and 

240 times sweet respectively. Although other compounds such that rebaudioside M which 

is about 300 times sweet but is found in vety minute quantities (Prakash, Chatu rvedu la, 

and Markosyan, 2014) . On the basis of the structural stability of stev iol glycos ides, 

rebaudioside A appears to be more stable than stev ioside and other compou nds 

(Purkayastha et al., 2016). 

In add ition to sweetness, steviol glycos ides possess significant therapeutic or 

pharmacological properties, including antifungal , antibacterial, antiviral , antiox idant, 

antitumor, antidiarrheal (gastroprotective) activiti es, diuretic, as we ll as 

immunomodulatory effects and favorable impact on renal function, blood glucose, and 

blood pressure. Their therapeutical aspect has been making them worthy to be adopted 

although the research on its com pounds is still so vast. They also improve the regenerat ion 

of cell s, inh ibit the formation of tumors, and strengthen or repair the blood vessels (Ruiz­

Ruiz et aI. , 20 17). 

It is also famous for its industrial use in various food (espec ially the enhancement of 

flavors). Stev ia leaves are added to coffee, fruit, salads, and different beverages. Stev ia is 

Extraction of stev iol glycos ides from Stevia leaves and their biotransformation with the 
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Chapter 1 INTRODUCTION 

commonly utilized in a range of different beverage industri es including artificial juice and 

carbonated soft drinks makers i. e., Coca-Cola, Cal bee Foods, Uni lever, Groupe Danone, 

PepsiCo, and Nestle (PureCircle, 2019). 

Different researchers opt for va rious ways to extract sweet compounds from Stev ia leaves 

in the past varying from water to reagent extraction such that ethanol or methanol to use in 

daily life (Myint et aI. , 2020). In comparison to older extraction techniques like boiling, 

Soxhlet, and refl ux, modern extraction techniques like pressurized liquid extracti on, 

PHWE (pressurized hot water extraction), MAE (microwave-assisted extraction), and 

supercritical fluid extraction are now more often utilized (Teo et ai., 2009) . Water can 

dissolve the majority of compounds more easi Iy than other chem ical reagents so it is a good 

extracting med ium for stev iol glycos ides. Various resea rchers used thi s extract ion 

technique to iso late spec ific substances such as rebaudios ide A, stev ios ides, 

steviolbiosides, etc ., (Chong Saw Peng, Aki l, and Bahari , 2020). Another water-dependent 

ohmic heating extraction method was also adopted in the past to prevent heat-sensitive 

components from being deteriorated by overheating (Moongngarm et aI. , 2022). Methanol 

has better extraction potential in comparison to water even in the temperature range of 1 LO 

to 160°C. But had supported a good extraction process when used in combination with 

water (Kul11ari et al., 2017). Ethanol is good as methanol for the extraction of compounds 

from Stev ia and most accepted method because it is genera lly regarded as safe (GRAS) by 

FDA (Shamima et aI., 20 19). Another conventional method was reported in the past by 

using the combinat ion of reagents i.e., water, ethanol, methanol, and their binary 

combinations for extraction along with microwave and ultrasonic standard extraction 

methods (Jaitak et at., 2009). 

Stev ia has a bitter aftertaste due to the presence of stevioside which some people find a 

little irritat ing, desp ite hav ing more sweetness than regular sugar. Peop le have also reported 

tastes like licorice in it occas ionally (Gerwig et al., 2016). Scientists are more concerned 

about remov ing the problem of bitterness from Stevia. In the past, different non-biological 

and biologica l ways were reported to overcome bitter aftertaste. The non-biological ways 

involve the chemical process ing of the Stev ia extract used in the Formigoni et al. (2018) 

study which involved treating the extract with ethanol to lessen the bitterness of the stev iol 

Extract ion of stev iol glycos ides from Stev ia leaves and their biotransformation with the 
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glycosides found in Stev ia (Formigon i ef al ., 2018). Different food industries use sod ium 

gluconate in different proport ions to exclude bitterness to some level but it cannot 

compl ete ly reso lve this problem as chemicals have some diverse effects on the body. 

Sodium gluconate is considered safe by FDA but it is a sa lt that can rai se blood pressure 

when used in an excess ive amount (G rillo et al., 2019) . Some sugar acids were also used 

to reduce the bitterness but that caused different health issues i. e., ac idity or can rai se blood 

sugar levels (Hettinga, 2019) . Thi s seems to be not suitabl e for long usage but the bio logica l 

process ing of food is beneficial as it can transform the core compounds in order to improve 

the taste, and texture, of materi a l, as we ll as to reduce the toxic effects of the compounds 

bio log ically that have no di verse effects on th e health (O ' Connor, 2020). This kind of 

bio logical approach of convers ion supports biotransformation processes (changing of 

organic chemicals from one form to another) that can be e ither enzymatic or non-enzymatic 

(Sultana, 2018), accomplished by different microorganisms and their byproducts, inc luding 

fungus and bacteria (Singh, 20 17) . Microbial biotransform ation is one of the most authentic 

approaches (Wang et aI. , 2016) . The microbial biotransformation follows the processes of 

ox idat ion, hydro lys is, reduct ion, condensation , isomerization, the introduction of 

funct ional groups, reg iose lective transfer reaction s of g lycos ides, and selective cleavage of 

tetracycl ic terpenoids' s ide cha ins to form C 19 steroids, and producti on of new carbon 

bonds (Sultana and Saify, 201 2). 

Microbial reduction in biotransformation occurs w ith a degree of stereochemical and 

regiochemical consistency that cannot be achieved chemically (Madeira Junior et aI. , 

2013). Another step of biotransformation is hydrolys is which can proceed with enzymes 

as a substance breaks down during enzymatic hydrolys is after reacting w ith water in the 

presence of enzymes. The most favorable hydrolys is is a de-esterification process 

(Obodovskiy, 2019). While oxidative biotransformation can be done by enzymes including 

cytochrome P450, monooxygenases, and mi xed-function oxidases enzymes supporting the 

transportation of electrons fro m one organic compound to another (Meynet, Davenport, 

and Fenner, 2020). Condensation is the formation of new mo lecul es by combining two pre­

ex isting molecules. This reaction takes place in basic or aci dic conditi ons o r in the presence 

of a catalyst (Enright et al., 201 4). 

Extract ion of stev io l g lycos ides from Stev ia leaves and the ir biotransformation w ith the 
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Biotransformation is a more favo rable method to change th e forms of compounds from one 

to another as it can invo lve either natural or synthetic substrates or compounds. It can be 

supported by more than one enzyme and accomplished in multiple steps even though the 

endogenous and exogenous processes can easily be accomplished (Ravindran & Basu, 

201 3). 

The sweetness is more related to stev ioside and rebaudios ide A but people address the bitter 

aftertaste assoc iated with stev ios ide which sometimes tastes like licorice. The main focus 

of the current study was to convert or transform these stev iol glycosides compounds 

through microbial transformation processes to enhance the taste by lowering the bitter 

aftertaste of specific sweet compound stev ioside and to increase its biological activities 

such that antioxidant potential. 

In this study, the extract from Stev ia leaves was in cubated with pre- iso lated 

microorganisms (Anoxybacillus, Bacillus stercoris, and Bacillus licheniformi5) for 

biotransformation . The microb ial iso lates transformed the main stev iol glycos ides to 

another fo rm to improve the taste and biological activi ty such that the antioxidant 

properties. Hence these biotransformed molecules with improved taste and biological 

activities can be used in different industries including food and pharmaceuticals after 

further purification and confirmation through HPLC and other analytical techniques. 

Extraction of steviol glycos ides from Stev ia leaves and their biotransform ation with the 
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Aim and objectives 

The a im of this research was the extraction of sweet compounds (steviol g lycos ides) fro m 

the leaves of the Stev ia and their biotransformation through microorgani sms to improve its 

taste and biological properties. 

Objectives of this research 

~ Extraction of sweet compounds (steviol g lycos ides) from Stev ia leaves uSlllg 

different so lvents. 

~ Biotransformation of extracted compounds fro m Stev ia by usi ng selected bacterial 

iso lates. 

~ Examination of targeted compounds through val'lOll S chromatographic and 

analytical techn iqlles. 

~ Comparative analysis for the antioxidant activ ity of extracted and biotransformed 

com pounds. 

Extraction of stev iol g lycos ides from Stev ia leaves and their biotransformation with the 
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Chapter 2 LITERATURE REVIEW 

LITERATURE REVIEW 

2.1. Natural and Artificial Sweeteners 

Sugar is consum ed as a natural in gredient and has been a part of our diet for a long. It is 

one of the earliest commoditi es in hi story records. It is generally accepted that man 

ori gin ally utili zed cane sugar in Polynes ia, from where it later traveled to India . The Persian 

Emperor Darius conquered India in 5 lOBe. The completed product was being shipped, 

and the secret of cane sugar was kept under tight lock and key. In the 11 th century AD, the 

Crusades led to the discovery of sugar by western Europeans, in 1069, the first sugar was 

documented in England (Eggleston, 2019) . Later centuries witnessed a significant increase 

in commerce between East and western Europe, including importing sugar. It was 

considered to be a significant luxury at the time. In 1747, sugar beet was di scovered with 

sugar-producing properties and was used by Europeans as an alternative to sugar cane in 

1880 (Mazumdar, 2020) . Although sugar is frequently used by people for flavorin g their 

snacks and food , excess ive use can harm health . 

There are di fferent artificia lly available substitutes for sugar being used nowadays. FDA 

(Food and Drug Administration) of the United State has allowed some substitutes including 

advantage, acesulfame potassium, neotame, sucralose, and saccharin, etc. although many 

more substitutes are being used in ElII'ope such that sugar alcohols i.e., xylitol and sorbitol 

(Pang et aI. , 2020). Sugar alternatives may aid in short-term weight management for adults 

and kids who are obese or overweight. This is because sugar replacements frequently have 

zero or low ca lori es. However, it's unclear if sugar alternatives can support long-term 

weight management for individuals. According to some studies, long-term everyday use of 

these sweeteners may in crease the risk of heart disease, bladder cancer, brain tumor, stroke, 

and overall mortality. The elevated risk could be due to other behaviors or a lack of hea lthy 

practices (Ebbeling et af., 2020). The researchers analyzed the natural substitute for sugar 

that have less or no side effects on the human body such as the extract of Stev ia leaves 

which is a plant or herb with great sweetness and biological effects on human health. 

Extraction of stev iol glycos ides from Stevia leaves and their biotransform ati on with the 
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Chapter 2 LITERATURE REVIEW 

2.2. History of Stevia 

It is a gener ic name that describes various kinds of sweeteners inc luding the entire plant of 

Stev ia and its leaves, w hi ch contai n sweet compounds. It is low calories sweetener (Lemus­

Mondaca et aI., 20 12). Since ancient times, it has been utili zed as a flavorin g agent and a 

natural a lternative sugar. It is indigenous to South America, w here it was initi a lly 

consumed to sweeten drinks, or its leaves were chewed by locals for sweetness about 200 

years ago. Its dried leaves are also known as a sweet herb which was consumed as a 

pleasant treat or used to sweeten medications as well as beverages . Sc ientifica lly, in 1899 

it was fi rst introd uced as Eupatorium rebaudianum by Moises Santiago de Bertoni in 

Paraguay. It was later identi fied in 1905 as Stevia rebaudiana, belonging to an Asteraceae 

fam i Iy member of sunflower (Kumari et al., 20 17). I n the 1970s, it was orig inally used 

commercially as a sweetener in Japan and is still a preferable component there today . Most 

of the world' s Stev ia is grown in Kenya, Paraguay, China, United States, as well as in 

Vietnam, Brazil, Argentina, India, Pakistan, and Co lombia (Lemus-Mondaca et at., 20 12). 

It is a lso referred to as honey leaf, sweet herbs, sweet leaf, sweet weed, and candy leaf. 

Globally, 32,000 hectares of Stev ia have been grown with 75% of that in Chi na. It is 

believed that there are 230 species in the genus. Stev ia species thrive in mountain s that are 

distinctive to Mexico and South America. Around 120 different species can be fo und in 

South America, primari ly in the countries of Peru, Northern Argentina, Bolivia, Paraguay, 

and southern Brazil. There are at least 70 native species in Mexico out of the more than 80 

species that are known to ex ist in North America. According to records, the genus is absent 

from the Bahamas, Amazonia, and the Antilles. 

Stevia rebaudiana Belioni Asteraceae ' spec ie is also known as Stev ia which is the most 

well -known member of the genus and is famous across the world for produc ing vast 

quantities of stev ioside, a potent natural sweetener that lacks nutrients. There are num erous 

regard ing plants are there, inc luding S. salicifolia, S. lucida, S. eupatoria, S. subpubescens, 

S. connata, S. puberula, and S. sen-ata (Borgo et aI. , 2021). The Stev ia is c lassified as 

fo llows in the tab le. 
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Table 01. Classification of Stevia Plant 

KINGDOM PLANTAE 

SUB-KINGDOM : Tracheobionta 
! 

DIVI SION ! Magnoliophyta 
! 

SUPER DIVrSION Spermatophyta 

CLASS ! Manoli opsida 

SUBCLASS Asteridae 

ORDER Asterales 

FAMILY Asteraceae 

GENUS i Stevia 

SPECfES ! Stevia salicifolia, Stevia 

! rebaudiana, etc. 
! 

2.2.1. Compounds in Stevia 

Stev ia is a unique combination of stev iol glycos ides, flavonoids , po lyphenols, tannins, 

terpenes, alka loids, proteins, carbohydrates, and li pids. The major constituents are stev iol 

glycos ides which are responsib le for the sugar potential of the Stevia plant. The other 

compounds are involved in different biological activities. 

The compounds in Stevia are as in the fi gure below; 
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Figure.2. ]: Flowchart of the identified compounds found in the leaves of Stevia. 

2.2.1. Steviol Glycosides 

These are the chem ical components that g ive Stev ia leaves their sweet flavor and are 

a lso the primary constituents of many sweeteners. These are found in different Stev ia 

species such that Stevia rebaudiana and Stevia phlebophylla and in a pl ant of Rubus 

chingii. Consumption of these compounds has no g lycem ic response on the human 

body as Stev ia cannot be metabolized by hum ans. Their structure is s imilar to stev io l, 

but the g lucose molecule is present instead of carboxyl hydrogen. There are various 

stev io l g lycos ides III the Stev ia extract inc luding steviosides, rubusoside, 

stev io lbios ide, and rebaudiana, etc. 

2.2.1.1. Stevioside 

Stev ios ide is a sweetening agent and an important stev io l g lycos ide. It was discovered 

by French chem ists in 1931 , and they gave it that name. It is one of the essential 

components of Stev ia. Accord ing to reports, stev ios ide (4-13% w/w) is present in the 

plant leaves in the hi ghest concentration (Lem us-Mondaca et oZ. , 20 12). It is a diterpene 

g lycos ide w ith the chemi cal formula of C3s H600 1S. In aqueous so lutions, these 

compounds are extremely stable over a wide pH and temperature range. It is widely 
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accepted 111 Argentina, Braz il , China, Japan, Paraguay, and Korea. According to 

previous resea rch, stevioside virtually degraded under thermal treatment in the pH 

range of I to 10 for 2 h at 60°C; only minor loss to 5% at pH 2 and 10 were discovered 

after heating to 80°C. Thi s was driven to decompose in strong ac idic circum stances at 

pH 1.0, which led to total breakdown after incubation at 80°C for two hours. At pH 

levels between 3-9, the stev ioside has excellent heat sta bility up to 100°C for 1 hour, 

while at pH leve ls above 9, fast decomposition takes place. The IUPAC name of 

stev ios ide is 3 ,4,5-trihyd roxy-6-(hydroxymethy l)oxan-2-y l (Ceunen and Geun s, 20 13). 

The structure of stev ioside is as in Figure (2.2). 

Figure 2.2: Molecular structure ofStevioside 

2.2.1.2. Rebaudioside 

It is the second most important constituent ofStev ia. It is diterpene g lycoside and is furt her 

class ified into subc lasses vary ing from A to F, and M . It varies from stev ios ide in the 

number of attached glucose units. 

2.2.1.2.a. Rebaudioside A 

Rubusoside wh ich is a rebaudioside is rebaudioside A in w hich the beta-D-

glucopyranosyloxy group at position 13 alpha has both of its hydroxy groups at positions 

3 and 4 transformed to the eq uivalent beta-D-glucopyranoside. In comparison to stevios ide, 

1000 mg/L; phosphoric ac id rebaudioside A with pH 2.6 displayed somewhat improved 

thermal stab ili ty. The FDA granted use approval fo r Reb-A in 2008 . it is a highly refi ned 

Extract ion of stev io l g lycos ides fro m Stev ia leaves and their biotransformation w ith the 
aim to improve its taste and other biologica l act ivities 

II 



Chapter 2 LITERA TURE REVmW 

vers ion ofStevia having a chemical form ula ofC44H700 23 . The [UPAC name ofstevioside 

is (2S, 3R, 4S, 5S, 6R)-3 ,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-y l. It is present in a 

rat io of 2 to 4% in the dry matter of Stev ia leaves ac id (Kakigi el al., 20 13). The structure 

of rebaudi os ide A is as in fi gure 2.3 (a); 

2.2.1.2.b. Rebaudioside B 

rt is found in traces in the leaves of Stevia with a chemica l fo rmula of C38 H6001 8. It has a 

melting point of less than 190°C. It is predicted that it has a temperature tolerance of about 

1000°C for boiling. The TUPAC name of Reb audios ide B is (IR, 4S, 5R, 9S, lOR, 13S)-

13-[[(2S, 3R, 4S, 5S, 6R)-5-hydroxy-6-(hydroxymethyl)-3 ,4-bis [[(2S, 3R, 4S, 5S, 6R) 

3 ,4,5-tri hydroxy-6-(hyd roxymethy l)oxan-2-y I] oxy ]oxan-2y l] oxy ]oxan-2-y l] oxy-5 ,9-

dimethyl- 14-methyl idenetetracyc lo[ I 1.2. 1.0 I , 10 .04,9]hexadecane-5-carboxy l ic acid (Kakigi 

et al. , 2013 ). The 20 structure of this compound is as in figure 2.3 (b) 

2.2.1.2.c. Rebaudioside C 

Rebaudioside C also known as Oulcoside B is a member of the steviol glycos ides family . 

It is a naturally occurr ing component of tile plant Stevia and is used as a natural sweetener 

by people with diabetes and other dietary restr ictions including carbohyd rates. It is found 

in I .O I±0.02% dry by weight in the leaves of Stevia hav ing a chemi ca l formula of 

C44H700 n. It is highly so luble in OMSO and sli ghtly in methanol. [t has a melting point of 

186- 188°C. Its lUPAC name is [(2S, 3R, 4S, 5S, 6R)-3 ,4,5-trihydroxy-6-

(hydroxymethyl)oxan-2-y l]oxyoxan-2-y l] (I R, 4S, 5R, 9S, lOR, 13S)- 13- [[(2S , 3R, 4S, 5S, 

6R)-5-hydroxy-6-(hydroxymethyl)-4-[(2S, 3R, 4S, 5S, 6R)-3 ,4,5-trihydroxy-6-

(hydroxymethyl)oxan-2-yl]oxy]oxan-2-yl]oxy-3-[(2S, 3R, 4S,5S,6R)-3 ,4,5-trihydroxy-6-

methyloxan-2-yl]oxy-5 ,9-dimethyl- 14-

methyl iclenetetracyclo[ 11 .2 .1 .0 I ,10 .04,9]hexadecane-5-ca rboxy late. The 20 structure of 

rebaudioside C is in figure 2.3 (c). 

2.2.1.2.d. Rebaudioside D 

Although Rebaudios ide 0 IS a sweetener from Stevia, has better sweetness and 

organoleptic qualities but its manufacturing is constrained by the plant' s extremely low 

abundance of it in its leaves. [t is fo und in 0.32±0.04% dry by weight in the leaves ofStev ia 
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hav ing a chemical formu la of CSO HS00 28 (Prakash, Markosyan, and Bunders, 2014) . Its 

lUPAC name is [(2S , 3R, 4S, 5S, 6R)-4,S-d ihydroxy-6-(hyd roxymethyl)-3- [[(2S, 3R, 4S, 

SS, 6R)-3 ,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-y l] oxyoxan-2-y l-] (1 R, 4S, SR, 9S, 

lOR, 13S)- 13- [[(2S, 3R, 4S, SS, 6R)-S-hydroxy-6-(hydroxymethyl)-3,4-bi s [[(2S, 3R, 4S, 

5 S, 6 R) 3 ,4,5-trihydroxy-6-(hydroxymethy l)oxan-2-y I] oxy ]oxan-2y I] oxy ]oxan-2-y I] oxy­

S,9-d imethyl-14-methylidenetetracyclo[ 11 .2 .1 .0 I, IO .04,9]hexadecane-5-carboxy late. The 

chemica l structure of Rebaudios ide D is as in the fi gure 2.3 (d); 

2.2.1.2 .e. Rebaudioside F 

A line of Stev ia that produces a lot of rebaudioside C has leaves that were high in a 

diterpenoid glycos ide production of reb audios ide F with a molecular formula ofC43 H6s0 n. 

rt has a great temperature to lerance havi ng a boi ling point of about 1071 DC (Chatu rvedula 

el at., 2011 ). It has the IUPAC name of [(2S , 3R, 4S, SS, 6R)-3,4,S-trihydroxy-6-

(hydroxymethyl)oxan-2-y l] oxyoxan-2-y l-] ( IR, 4S, SR, 9S, lOR, 13S)- 13-[[(2S, 3R, 4S, 

5S, 6R)-S-hydroxy-6-(hydroxymethyl)4- [[(2S, 3R, 4S, SS, 6R)-3 ,4,S-trihydroxy-6-

(hydroxymethyl)oxan-2-y l] oxy ]oxan-2y l]oxy ]oxan-2-y l] oxy-S ,9-d im ethyl- 14-

methylidenetetracyclo[11.2. 1.0 1,1O.04,9]hexadecane-5-carboxy late. Although it is found in 

traces (Well et aI. , 201 3). The 2D structure of Rebaudios ide F is in fi gure 2.3 (f) 

2.2.1.2.f. Rebaudioside M 

A naturally occurring, calori e-free sweetener, high-purity rebaudios ide M (sometimes 

referred to as rebaudios ide X). it is a small sweetener fo und in the South American plant 

Stev ia rebaudiana Bertoni . It is one of at least ten different sweet-tasting stev iol glycos ides 

that are present in nature with it. 1t is a glycos ide of the diterpenoid aglycone. The 

crystalline fo rm of pure rebaudios ide M (more than 95 percent) crystallizes out and is only 

moderately so luble in water and ethanol. At 25 DC, its amorphous substance is 1.1-1 .3 

percent so luble in water. Its equili brium so lubili ty is 0.26% in water at 25 DC. Although, at 

room temperature and with regulated humidity levels, Rebaudi oside M dry powder is stab le 

fo r approximately a year. It is notably less stable in so lution below pH 2 and is most stable 

in the pH range of 4 to 8 (Prakash, Markosyan, and Bunders, 201 4). As one might 

ant ic ipate, stability decl ines as the temperature ri ses . It is extremely comparable to 

rebaudios ide A in term s of stability . The chemica l fo rmula is CSO H900 33 with an lU PAC 
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name of[(2S, 3R, 4S, SS, 6R)S-hydroxy-6-(hydroxymethyl)-3 ,4-b is[[(2S, 3R, 4S, SS, 6R)-

3,4,S-trihydroxy-6-(hydroxymethyl)oxan-2-y IJ oxyoxan-2-y l-J ( 1 R, 4S, SR, 9S, lOR, 13S)-

13-[[(2S, 3R, 4S, SS, 6R)-S-hydroxy-6-(hydroxymethyl)-3 ,4-bi s [[(2S, 3R, 4S, 5S, 6R) 

3,4,5-trihydroxy-6-(hyd roxymethyl)oxan-2-y IJoxyJoxan-2y IJ oxyJoxan-2-y IJ oxy-S,9-

d imethyl-14-methyl idenetetracyc lo[ 11.2. I .01
•
10 .04.9Jhexadecane-S-ca rboxy late. It has a 

chemical structure as shown in the figure 2.3 (f). 

Rebaudios ide A 

I IQ II~ 

IIO~ 

HO~~O 
O~{~.OH 

HQ.. . ;' OH C
OH 

)....../ 

H~HO\ ,~; 
-I., .~,,!~F 

ItO< . .. J..0 _~ 
He) O -~~ 

Reba udios ide D 

HO' ,,( :.'-.( .), 

HO ................ C' ..,;:. -:.;; 

HO' T/"~­
\;H 

Rebaudioside B Rebaudios ide C 

Rebaudioside F Rebaudioside M 

Figure 2.3. (a) l\IIoleClI/ar structllre 0/ reballdioside A. (b) reballdios ide B. (c)reba lldioside C. (d) 
reballdios ide D, (e) reballdioside F, (f) reballdioside M. 

2.2.1.3. DuIcoside A 

Dulcoside A is also a member of the group of chemical substances of stev iol glycos ides. 

These are prenol lipids that have a stev iol moiety and a carbohydrate moiety bonded 

together glycos idically. Dulcoside A functions as an antiox idant and a sweetener (Bat'bet­

Massin et aI. , 20 IS). It has a molecular formula of C 38H 60017. It is a very weakly basic 

chemical that is virtually neutral hav ing a structure as shown in figure 2.4. 
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Figure 2.4: Molecular strllcture 0/ DlIlcoside A 

2.2.1.4. Rubusoside 

It is also a bioactive natural sweetener mostly used in China. It is created by the 

transformation of the tertiary allylic hydroxy group and carboxy group of steviol to their 

respective beta- D-glu cosides. It also functio ns as a plant metabo lite. It is a beta-D­

glucoside bridging tetracyc lic diterpenoid molecule and a steviol glycos ide (George 

Thompson et al., 201 5). It is similar to a steviol in terms offunction. Its molecular formula 

is C32 HsoOI 3 with a molecular weight of 642.7 g/mol and possesses a temperature tol erance 

of up to 86°C. It is also a type of steviol glycoside but is present in low amounts (Yan et 

al. , 2021). The IUPAC name of this compound is [(2S,3 R,4S,SS,6R)-3 ,4,S-trihydroxy-6-

(hydroxymethyl)oxan-2-y l] ( 1 R,4S,SR,9S, lOR, 13S)-S,9-d il11 ethy l- 14-methylidene- 13-

[(2S,3 R,4S,S S,6R)-3 ,4,S-tri hyd roxy-6-(hyd roxymethy I )oxan-2-

yl] oxytetracyc lo[ I 1.2.01
.
10 .04

,9] hexadecane-S-carboxylate. 

structure is as shown in figure 2.5. 

Rubusos ide' s chemica l 

Figure 2.5: Moleclliar strltctllre 0/ Rubllsoside 
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2.2.1.5. Steviolbioside 

Th is substance is a mem bel' of the group of organ ic substances of stevio l glycos ides . 

These are prenol lipids made up of a stev iol (a diterpenoid derived from 13-hydroxykaur-

16-en-18-oic ac id) moiety that is glycos idically connected to a carbohydrate moiety. Its 

molecul ar weight is 642.73 g/mol hav ing a molecular formula of that similar to 

rubusoside C32Hso013. According to the study conducted by Khattab e/ a I. , stev iolbios ide 

was shown to have a sweetness intensity than sucrose with a temperature tolerance of up 

to 100°C (Khattab et al., 201 7) 

Figure 2. 6. Mo lecular Structure of Steviolbioside 

2.2.2. Others 

2.2.2.1. Proteins 

Proteins are macromolecules made up of amino ac ids that are essential for the deve lopment 

and maintenance of biological tissues . These are found in a wide range of matrices 

including vegetabl es, cereals, fungi , animals, etc. Their significance derives mostly from 

the fact that protein intake is crucial since they are a necessary component of cell s and have 

to be rep laced throughout time (Haj ihashemi, 20 17). There are nine amino acids present in 

leaves of Stev ia such that tyrosine, alanine, aspartic acid, serine, glutamic acid, lys ine, 

methi onine, proline, and iso leuci ne. There are some other amino acids are also present. 

Seventeen amino ac ids are class ified into non-essential and essential categori es with 
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arginine regrettably one of the essential amll10 ac ids. FAO/UNU/WHO indicated 

iso leucine, leucine, lys ine, va line, threonine, methion ine, tryptophan, hi stidine, and 

phenylalanine as indispensab le (essential) amino acids. Cyste ine and tyros ine are among 

the nearly all -present essenti al amino acids in Stev ia leaves. Tryptophan is the only amino 

ac id that is absent. This indicates that the leftover material after th e extraction of stev ioside 

from the leaves may be a signifi cant source of essential amino acids for health products 

(Koubaa et aI. , 20 15). 

2.2.2.2. Carbohydrates 

Carbohydrates are sugars or carbs. They perform various functions inside living organisms. 

They are categorized into a variety of types on the number of sugar units from simpler 

(monosaccharides and di saccharides) to complex (polysaccharides) (Slavin and Carl son, 

20 14). Monosaccharides serve as a primary source of energy for the metabol ic process of 

the human body whereas polysaccharides function as structural elements and are used as 

energy storage (Lemus-Mondaca et ai., 201 2). These substances have also been related to 

addi tional advantageous health effects. These have a prebiotic impact in addition to other 

uncommon anti-inflammatory or antioxidant effects. The health advantages of Stev ia 

leaves are mostly attributable to their nutritional component, which includes a good amount 

of crude fiber and carbohydrates that boost well-being and lower the chances of va rious 

diseases. The leaves and roots ofStev ia contai n fructooligosaccharides which are a type of 

inulin, a naturally occurring plant polysaccharide with significant functional features 

related to dietary fiber and prebiotics, including lipid metaboli sm, and diabetes 

management as mentioned by Lemus-Mondaca et aI. , Purified fructooligosaccharides 

yielded from the plant's leaves and roots were 0.46% and 4.6% respectively by which 

extract of this plant may serve as dietary suppl ements (Lemus-Mondaca et al., 2012). 

2.2.2.3. Minel'als 

Minerals are chemical elements that an orga nism needs as important nutrients in order to 

carry out life-sustaining processes. Some minera ls are referred to as essential trace 

elements because they are necessalY for metabolism but only in extremely small 

concentrations in the human diet. They are categorized by the requirement of the body as 

well as their relat ive proportion. The primary components include macronutrients such as 
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magnes ium, sod ium, sulfur, chlorine, phosphorus, calc ium, and potass iu m, and 

micronutrients which are minor elements, including manganese, chromium, cobalt, iron, 

copper, molybdenum, zinc, iodine, and selenium (Lall , 2022). The growth and maintenance 

of essential bodi Iy functions depend on the m icro- and macronutrient content of food that 's 

why th ese substances are deemed necessary for the body norm ally. They take part in all 

processes related to reproduction, development, and well ness, as we ll as the growth of 

cell s, ti ssues, and organs. Stevia is a mineral-rich substance. It contains these vital nutri ents 

in significant proportions required to protect the body, as well as to maintain the numerous 

metaboli c processes. Elements such that ca lcium, potass ium, sodium, and magnes ium are 

found in the leaves of Stev ia. These minerals' high concentration would be velY 

advantageous to health (Cantabella et 01., 2017). The average amount of these micro and 

macro components is found in dried Stevia leaves. Despite appearing to be quite low, 

research has found that potassium has a remarkably high level. In addition to being present 

in both plant- and animal-based meals; iron and zinc are also found in Stev ia leaves. 

Mineral zinc functions as an anti-oxidant, in such a manner its consum pti on can aid in 

red ucin g ox id ati ve damage to the ce ll s. The primary biologica l role of iron is oxygen 

transportation to va rious parts of the body. Hence, the deficiency of mineral iron can cause 

anemia. The hi gh iron content ofStev ia leaves may once more be beneficial in maintaining 

a healthy level of hemoglobin in the body. Additionally, its leaves can be used to make a 

variety of sweet dishes to treat anemia, a serious nutritional illness that is preva lent in 

developing nations (Lemus-Mondaca e/ 01., 201 2). 

2.2.2.4. Vitamins 

Vitamins are chemica l compounds that are found in food in extremely minute amounts yet 

are essential for metaboli sm. They are essential components of the diet. Due to their 

chemical similarity and shared physiological roles, they are classed together. There are 

about 13 main vitamins including vitamins A, B, C, D, E, and K. in which the vitamin B 

further contains thiam ine, biotin, folate, niacin, riboflavin , pantothenic acid, 86, and B 12 

(Petel iuk el 01. , 202 1). A deficiency in these vitam ins can lead to the emergence of diffe rent 

disorders. These vitamins are di vided into two groups; four fat-soluble vitamins such that 

A, D, E, and K and nine water-so luble vitamins i.e. , Vitamin C and Vitamin B with sub­

class ified vitamins. These substances playa variety of biologica l roles. Some regulate the 
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metabolism of mineral s in ways that are similar to hormones, such as vitamin D, and 

different forms of vitamin A for the regulation of cell s and also for the development and 

differentiation of tissues. Others i.e ., vitamins C, E, and rarely B serve as antioxidants. The 

majority of vitamins, including the 8 complex function as cofactor precursors for enzymes 

(Bernal et al. , 20 I I). The vitamins are present in the leaves and calluses of the Stevia plant. 

The leaf extracts have noticeab ly higher leve ls of vitamin C, vitamin 82, and folic acid, in 

com parison to that extract of ca lIu s of Stevia. Fol ic acid and vitam in C are shown to be the 

two ma i n compounds in the leaf extract. Wh i Ie V itam in C is the main ingred ient followed 

by vitamin B in the extract of ca llus (Peteliuk et a I. , 202 1). 

2.2.2.5. Lipids 

Lipids are a wide category of natural substances. They are responsible for primary 

biological functi ons such as the storage site of energy, crucial signaling molecules, and cell 

membranes ' structural components. Although lipids are broken down and synthes ized by 

a va ri ety of metabolic routes in mammals, including humans. Some necessary lipids are 

taken from food as they cannot be produced by the body. The three primary categories of 

lipids are stero ls, phospholipids, and triglycerides. Esters (triglycerides) are a common type 

of lipid that is produced via a chemical process of alcohol and carboxylic ac id . Carboxy lic 

acids include fatty acids havi ng variable un saturated or saturated aliphatic tails (Ahmed, 

Ahmed, and Shah , 20 18). They are crucia l to living things as dietary components. For 

human metaboli sm, long-chain polyunsaturated fatty acids, notably those of the n-3 class, 

like a- linolenic acid , are crucia l. They have a wide range of positive effects, such as the 

prevention of various ailments, including inflammation, coronary heali di sease, 

autoimmune disorders, hypotriglyceridemia, and hypertension. An EFA (essential fatty 

acid) for optimal health is linolenic ac id, which is just as beneficial as linoleic acid. EFAs 

play an essential role in the creation of numerous cellular structures and other chemicals 

with biological significance. Other polyunsaturated fatty ac ids, which carry out a var iety 

of functions for the body including maintaining cell membranes and producing 

prostaglandins, which act as regulators of numerous bodily processes like blood clotting 

and inflammation, are also crucial. Additionally, fats are required in the diet as a source of 

the fat-soluble vitamins A, D, E, and K as well as because they can be absorbed to control 

the metaboli sm of cholesterol. Lipids are found in Stev ia leaf oil. The leaf oil contained 
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palmito le ic, palmitic, o leic, stearic, linoleni c, and linole ic ac ids. Palmi tic acid has the 

highest concentration of fatty acids, whereas steari c acid had the lowest concentration. 

Linolenic acid is abundantly found in the leafo il ofStev ia. This hi gh level of this linolenic 

ac id he lps to keep the appropri ate rati o of fatty ac ids in the human diet (Ahmad el a I. , 

20 18). 

2.2.2.6. Diterpene Glycosides 

Glycosides are substances made up of a sugar molecule linked to a non -carbohydrate 

component. These substances are primarily found in plants. They can be transformed into 

an ag lycone (sugar component) and a non-suga r component through hydro lytic cleavage 

(Basharat el al. , 202 1). They are introduced based on the suga r they contain in th eir 

structure such that pentos ides (pentose), fructosides (fructose), or g lucos ides (glucose), etc. 

Stev ia leaves naturally contain diterpenes ca ll ed stev iol g lycosides, which have been 

extracted inc luding dulcoside, stev iolbios ide, stev ios ide, and rebaudios ide A to F (Perera 

and McChesney, 202 1). These are Stev ia's phytochemical components. These compounds 

are discussed earlier. 

2.2.2.7. Non-glycosidic Diterpenes 

In 2007, Ibrahim was able to confirm the ex istence of the prev ious ly characterized 

substances iso-austroillulin , austroinulin , sterebin E acetate, and sterebin E, as well as the 

newly discovered substance sterebin A acetate. These compounds were identified by MS, 

IR, and UV spectroscopy, together with IH - and 13C NMR. The discovered structure of 

stereb in A, I to N are as in Figure (6). 

R = 

Figure 2. 7. Structure ojsterebin A. I to N 
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New Stev ia lines are im portant in order to increase the levels of sweet-tasting diterpene 

glycos ides while reducin g the concentration of low-po lari ty sterebi ns (Ibrahim e/ aI. , 2006; 

Wolwer-Rieck, 20 12). 

2.2.2.8. Antioxidants 

Antiox idants are molecules that can stop or delay the harm that free radica ls cause to ce lls. 

The body produces these unsta ble chemicals (free radicals) in response to stresses from the 

environment and other factors. These free radicals along with their reactive metabolites are 

key intermediates for cell signali ng, death processes, and infecti on control (Ware, 201 8). 

Antioxidants are electron donors that can neutrali ze free radi cals and their reactive 

metabolites, making them capable of promoting good health . Antioxidants work by 

regulating the antioxidant enzyme system or directly transferring electrons from free 

radica ls to other free radi cals to scavenge reactive oxygen spec ies (ROS) and free radica ls. 

A number of antioxidant substances, including quercet in, apigenin, Ill teo lin, isoqllercitrin, 

Miocene, chlorogenic acid, caffeic ac id, and kaempferol, have been identi fied from Stevia 

(Bender, 20 18). 

2.2 .2.9. Phenolic compounds 

Polyphenols are vital to plant metabolites as they have the capacity to capture free radicals. 

They are thought to serve a preventive function in a number of degenerative disorders 

lin ked to ox idative stress because they operate as antiox idants and may aid in antioxidative 

acti on. The main phenolic compounds fO Llnd in Stev ia include chl orogenic ac id, pyrogallol, 

4-methylcatechol, 4-methoxybenzoic ac id, cinnamic ac id, p-coum aric ac id, s inapic ac id, 

tlavonoids (apigenin, luteo lin, quercetin, quercetin-3 -0 -arbinoside, kaempfero l-3 -0-

rhamnos ide, apigenin-4-0 -glucoside), caffeic ac id, fe rulic ac id and its derivatives, 

rosmarinic ac id , and its deri vatives. Flavonoids are one of the main classes of phenolic 

chemicals that are extensively present in plants. In vitro, tlavonoids have a considerable 

antiox idant impact; they are good at chelat ing metals, reducing/ oxidizing free radica ls, 

and regenerat ing antiox idants (Bender, 201 8). 
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2.3. Physiochemical Properties 

2.3.1. pH 
The concentration of hydrogen ions in a specific so lution is measured as pH, which reflects 

both the ac idi ty and alkalinity of the so lution. At the room temperature of25 °C, aqueous 

so lut ions with a pH of less than 7 are neutral , whil e those with a pH of more than 7 are 

alkaline. However, pH 7.0 is neutral (Schmiermund , 2022). The Stev ia powder di sso lved 

in deionized water possesses a pH of 6.1, whi ch is slightly acidic whi ch is close to neutral 

indicating that the concentration of hydrogen ions is less th an that of hydronium (1-130+) 

ions (YAL<:: IN et aI. , 2022) . Acco rding to climate settings, the cultivated Stev ia's pH was 

prev iously reported to be 5.95 (Goyal et aI. , 2009). However, other research indicated that 

the pH of Stev ia ranges from 5.95-6 .24 (Gasmalla et al., 201 4) . 

2.3.2. Bulk Density 

It is the we ight-to-volume rati o of particles. Stev ia leaf powder seems to be deficient in 

thi s quality. The analys is of Segura-Campos in 201 4 di scovered that the bulk density of 

Stev ia powder was 0.443 gm/ml rather than the manufacturers' claimed va lue of 0.547 or 

0.061 gm/ml (Segura-Ca mpos etal. , 201 4). 

2.3.3. Watel' H olding Capacity 

Protein- or fi ber-rich meals are crucial in the production of food products because of their 

varied qualities that regulate how much water they can hold . WHC (Water holding 

capacity) is connected to a variety of olfactory, di etary, phys iological, and practi cal 

aspects. The WHC of native Stev ia was determined to be 3.933 0.049 ml/gm. Stev ia's WHC 

is advantageo us fo r managing rec ipes and is taken into account because of its high protein 

content. Proteins increase the body's ability to hold onto water, ancl Stev ia has a sizable 

amount of hi gh-qu ality protein demonstrated by Segura-Campos that Stev ia's capacity to 

store water ranges from 2. 87 to 4.07 mllg, while Savita discovered 4.7 mllg (Sav ita et al., 

2004; Segura-Campos et al., 201 4). 

2.3.4. Swelling Capaci ty 

During processing, the product's compos ition and the amount of stress clepencl on swell ing 

power. Therefore, the native Stev ia's swelling ability or power, which is 5.003+/-
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0.029gm/gm, was deterlll ined to be consistent with the findin gs of (Segura-Campos e/ at., 

2014), which stated that it was 5.01 gm/glll. 

2.3.5. F at Absorption 

The amount of oil trapped during meal preparation depends on the fat absorption ability. 

According to reports, Stev ia powder has a sufficient capacity for absorbing fat, which aids 

in the process ing of food by preserving tastes and improv ing 1110uthfee l. Native Stevia 

exhibits good fat absorption, with an apparent capacity of 5.963+/- 0.069 ml /gm, making 

it des irable for use as a standard sweetener in the baking and beverage industries (GUPTA 

et aI. , 2016). 

2.3.6. Climate and Temperature 

The delicate perennial Stevia plant is cultivated as an annual through vegetative 

propagation. Parent plants kept indoors over the winter produce stems that can be rooted 

in the spring. Stev ia is indigenous to subtropical climes, semi-humid, where average daily 

tem peratures fall between -6°C to 43°C. Hard frosts wi II damage the plant' s roots even 

though it is tolerant of light frost. Although the stev iol glycos ides have high-temperature 

tolerance such that stevioside up to 198°C and rebaudiosid e A up to 200°C. But stevioside 

must be kept in a coo l and dry environment to reta in its quality. The breakdown of 

stevioside is one of the chemical reactions that can be accelerated by temperature more 

than optimium range. [t should therefore be kept away from heat sources in a temperature­

controlled setting. (Am ien e/ aI. , 2020). 

2.3.7. Biological Activities 

The majority ofthe pharmacological propelties of Stevia extracts are connected to their 

anti-oxidant, anti pro I iferative, anti-vira I, anti-parasitic, and anti- inflammatory properties. 

2.3.7.1. AntitumOl' 

Cancer is a condition that affects the cells in the body. Damage to the cells' DNA occurs 

during its deve lopment and builds up over time. For years, people have used Stevia and its 

metabolites as a natural , nutrient-free substitute for sucrose as well as other nutritive 

sweeteners throughout the world. Stevia leaf extract contains a substance called labdane 

sclareo l that possesses cytotox ic and anti-tumor effects (Wang et aI. , 20 18). Studies have 
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shown that leaf extracts of Stev ia and the po lyphenoli c compo nents inside them suppress 

the development and spread of tumors. Accord ing to studies, stev ios ide, aglycones, and 

their metabolites prevent tumor promotion by preventin g the induction of the Epstein-Barr 

virus early antigen. Isostev iol, a byproduct of stev ios ide hydrolys is has a strong inhibitory 

effect on DNA replication and the development of human cancer cells (S loczYllska et a/. , 

20 14). Stev ios ide reduced the tumor promotion caused by a TPA (tum or-promoting agent) 

in skin cancer development. The toxico logical effects of low stev ios ide concentrations on 

serum-induced apoptosis utiliz ing the cell system. Stev ios ide increased the amount of 

cytochrome c and Bax released in to the cytoplasm, whi ch indicated th at stev ios ide impacts 

norm al apoptot ic regulati on. This enhancement was brought about by serum deprivation­

induced apoptos is. 

Martinez-Rojo et al. (2020) investi gated the anticancer effi cacy of methanolic root extracts 

from other Stev ia species such that S. eupatO/-;a and S. p i/asa on prostate cancer ce ll s 

including human fibroblast cell line, as we ll as androgen-independent (PC-3) androgen­

dependent (LNCaP) prostate ca ncer ce ll lines. Trypan Blue exclusion test ing fo r 48 hours 

determined the viabili ty of the cell s and a wound-hea ling experiment fo r the analys is of 

their mi gration. In every concentration tested, both extracts drastica lly decreased the 

vita li ty and mi gration of prostate cancer ce ll s. The Stev ia extracts had a stronger 

antipro liferative effect on cancer ce lls than on healthy cell s (Martinez-Roj o et aI. , 2020). 

2.3.7.2. Antioxidant 

Antioxidants guard aga inst the oxidative harm caused by free rad ica ls. They can stop the 

oxidat ion process by reacting with free radicals, chelat ing catalytic metals, and act ing as 

scavengers of oxygen. Numerous phys iologically acti ve components of plants, such as 

fl avonoids and phenolic compounds (also known as phenoli cs), are known to have potent 

antiox idant effects (Borgo et al. , 2021). The concentration of each antioxidant that enters 

a compos ition determines the antioxidant capacity of medicinal herbs. The medicinal 

potentials of plants as antioxidants in preventing tissue damage caused by free radica ls 

have recently attracted more attention. Although there are many commercia lly available 

synthetic antioxidants, including buty lated hydroxy to luene (BHT) and buty lated 

hydroxyani so le (BHA). They are highly da ngerous, and there are issues with their toxicity. 
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As a result, their use has been subject to ri gorolls limi tations, and antioxidants that are 

fo und in nature are increasingly being used in their place (Shukla et aI. , 20 12). Natura l 

plant-based antioxidants, particularly flavonoids , and phenols have been used 

commercially as nutrit iona l supplements or antioxidant additives. 

The discovery of plants hav ing antioxidant capacity received a lot of interest in recent 

years. Plants contai n a wide var iety of antioxidants, therefore it is exceedingly challeng ing 

to quantify each antioxidant independently. As a result, var ious techniques have been 

created to assess the antioxidant activity sllch that ORAC (oxygen rad ical absorption 

capacity), FRAP (the ferric reducing abi li ty of plasma), TRAP (total radical absorption 

potenti als), and TEAC (Tro lox equivalent antioxidant capacity) are regularly utilized and 

serve as representative techniques in scientific research (Martinez-Rojo et al., 2020). 

Another technique that can be used for many samples in a short amount of time and is 

sensitive enough to fi nd natura l substances at low concentrat ions is the DPPH (2,2-

diphenyl- I-picry lhydrazy l) assay, in which the percentage of DPPH free radical inhibition 

determined the antioxidant activity. This assay is the 1110St accepted technique for testing 

antioxidant potential. A stronger DPPH radical scavenging activity is associated with a 

lower IC50 value whi ch was measured in terms of the inhibition percentage of DPPH 

radicals as well as IC50 (req uired concentration to inhibit DPPH radicals by 50%). Stevia 

was shown to have the highest antioxidant capacity when extracted with five various 

so lvents, including distilled water, acetone, methanol, ethanol, and acetic ac id (Chong Saw 

Peng et aI., 2020). 

2.3.7.3. Antiprotozoal 

In past years, researchers evaluated the antiprotozoal in vitro activity of quercetin aga inst 

Leishmania donovani, Trypanosoma cruzi, and Trypanosoma brucei rhodesiense. A 

remarkab le leishmanicida l potential with an IC50 of 1.0 g/mL was found. Additionally, 

Boniface and Ferreira reported quercetin's antimalarial , antil eish manial, and efficacy 

against Dengue. With an rC50 value of 5.5 g/mL, quercetin demonstrated antimalarial 

efficacy agai nst P. jalciparum (Boniface and Ferreira, 20 19). It had inhibitolY effects on 

the L. mexicana rCPB2.8 proteinase, with an IC50 value of 18.03 M. Add itionally, 

quercetin demonstrated in vitro anti leishmanial action against the promastigote and 
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intracellular amastigote form s of L. amazonensis (I C5 0 = 0.7 M and 4.3 M, respectively) . 

I n an in vivo test, quercetin (30 mg/kg) decreased the size of the lesion in m ice infected 

with Leishmania amazonensis from 1.8 ml11 (vehi cle) to 0.2111111 (treatment). Additionally, 

L. amazonensis exposed to quercetin demonstrated arginase inhibitory effects with IC50 

values of3.8 M. Additionally, quercet in inhibited L. amazonensis (66 percent inhibition at 

96 M; [C50 = 3 [ .4 M) (Verma et aI. , 201 9) . 

2.3.7.4. Antimutagenic 

Mutagenicity or antimutagenic activity is the induction of long-term modifications in an 

organi sm's DNA sequence, which may lead to a heritable alteration in the properties of 

living systems. Mutagens can be neutralized by antimutageni c substances which can be 

both inorganic or organic. In the past researchers assessed the antimutagenic action of 

methanol ic extracts made from the roots and leaves of Stevia eupatoria and Slevia pilosa. 

The scientists discovered that 2-amino anthracene-induced mutagenicity in strain TA98 

was inhibited by both spec ies. The leaves of both species and the blooms of S. eupaloria 

produced the best results (Borgo el al., 202 1). [n the strain TA 100, th e N-ethy l-N'-nitro-N­

nitrosoguanidine- induced mutations were similarly diminished. Extracts from Stevia 

eupaloria and Stevia p ilosa's roots and flowers, respectively, demonstrated inhibition of 

about 93 percent. A decrease of 87 percent was achieved with the extract of S. eupaloria 's 

leaves using m itomyc in-C on the strain TAl 02. Add itionally, proven more than 90% is the 

extracts' antioxidant capacity (AI-Taweel et aI., 202 1). 

2.3.7.5. Antiviral and antipamsitic activity 

Numerous flavonoids have demonstrated antiviral and antiparasitic activity, making them 

potent for the creation of medications to treat lei shmaniasis, dengue, malaria, and Chagas 

diseases (Boniface & Ferreira, 2019) . The flavonoids quercetin-3-0-D-Gucopyranoside, 

iso lated from Stevia nepetifolia and Stevia rebaudiana, and quercetin-3-0-D­

Galactopyranoside iso lated from S. soratensis, S. serrata, and S. nepetifolia, have 

demonstrated antipl asmodial and leishm anicidal action respective ly. 

2.4. Sweet potential/Tolerance of Stevia 

In its raw form , Stev ia is 30 times sweeter than sugar while after being refined, it is 250 to 

300 times sweeter. Many nations employ stev ioside, a substance found in large quantities 
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in Stev ia rebaudiana leaves, as a non-calor ic sweetener due to its hi gh sweetness of 

approximately 140 times sweeter than sucrose whil e rebaudios ide A possesses 240 times 

more sweetness and is said to be more sweetness exhibiting compound in Stevia. Although 

rebaudios ide M is present in a minute quantity hav ing 300 times more sweetness (Prakash, 

Chaturved ula, and Markosyan , 2014) . Other compounds are found in limited quantity but 

have great sweet potenti al. The sweet tolerance of different stev iol glycos ides as mentioned 

in the tabl e 02 ; 

Table 02. Sweet potential ofvarious steviol glycosides. 

Compounds Molecular formula Sweetness potential 

Rubusoside C32 HsoOI 3 114 

Stev ios ide C3s H600l S 2 10 

Dulcoside A C3s H6001 7 30 

Rebaudiosicle A C44 H700 2) 200-400 

Rebaudioside B C38H6001 8 150 

Rebaudioside C C44H700 22 30 

Rebaudioside 0 CSO H800 28 22 1 

Rebaudios ide E C44 H700 23 174 

Rebaudios ide F C431-16s0 22 200 

Rebaudios ide M CS6H900 3] 25 0 

Stevio lbioside C32Hso0 13 90 

2.5. Uses of Stevia 

2.5.1. Industrial Use 

They taste best when consumed directly or in any kind of herbal tea. Although the leaves 

ca n be used to make different sauces. Powdered or ground leaves are also being L1 sed in 

bulk forms or tea bags. The leaves are added to coffee, fruit, sa lads, and more to add 

sweetness, fl avor, and co lor. In the food and beverage sector, Stevia is primarily utilized 

as a sweetener and flavor booster. The second most important use is in the health sector. 

By-products or the mater ial left over from the plant after the best leaves have been plucked 

fo r tea or extraction are al so compri sed of market significance (PureCircle, 2019). The by­
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products are being used as animal feeds and bio-fertilizers such as the remaining 

components of plants including seeds, stems, blossoms, as we ll as leaves. These are also 

in vo lved in the production of natural sweeteners. The plan t is also significantly selected as 

a source of phytosterols, chlorophyll , and other nu trients. Fresh leaves of Stev ia in th eir 

purest and most bas ic form , taste faintly of licori ce. The plant's remaining that weren't 

chosen for industria l use, are gathered and turned into fertilizer. It is a perennial shrub that 

is widely used in medicines too. 

2.5.2. Medicinal Use 

WHO (Wo rld Hea lth Organizati on) research shows that Stevia controls blood pressure, 

prevents cav ities, stimulates the pancreas to make more insulin, and functions as a 

bactericide (Ahmad et at., 2020) . No harmful clinical findin gs have surfaced in any of the 

nations where Stevia is eas ily accessibl e. Worldwide, the use of medicinal plants to treat 

various di seases is grow ing in popularity. People with diabetes and obesity should lise 

Stevia. Later, it might be helpfu l in preventing type 2 diabetes. Additionally, it exhibited 

hypotensive, cardi otonic, antibacterial, anti -fertility, anti septic, diuretic, anti ­

inflammatory, and other properties. Derm atitis, wrinkles, acne outbreaks, eczema, sk in 

imperfect ions, rashes, scars, and itching have all been successfully treated with it. Steviol 

acts as a digestive tonic and control s blood sugar leve ls in insulin -deficient peop le by 

improv ing both insulin secretion and utilization. [t is anticipated to give hope to diabetics 

who crave sweets (Mahmud et al. , 2015). Since Stevia has no effect on blood sligar levels, 

people with diabetes or those trying to control their blood suga r levels can lise it. Stevia's 

allure as a better subst itu te for suga r molecul es, wh ich may be connected to inflammation 

and other detr imental hea lth impacts, is also aided by its natural origin and lack of artificial 

additives (Ahmad et al. , 2020) . Stev iosides, which are incredibly sweet chemicals that are 

especia lly beneficial to diabetics, make up about 10 percent of its leaves . Stev ia's raw 

material is a natural synthesizer of rheumatoid a11hritis treatment, oral contraceptives, a 

cholestero l-lowering medication, and anticancer act ivity against prostate tumors. It has 

therapeutic benefits for contro lling blood sugar, reducing hypertension, treating sk in 

conditions, and preventing tooth decay. It nouri shes the pan creas, aiding in the organ's 

return to norm al operation. It a lso has a significant antiox iclant act ivity due to the large 

percentage of phenols and flavonoids in it. The secondary metabolites are known as 
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pheno ls lower the inc idence of cancer and ca rdi ac di sease. The herb may have act ivities 

known as cardiac ton ics that balance blood press ure and contro l heart rate. Peopl e w ith 

hypertension and normotension exhibit vasodi lator effects from the plant. It has improved 

diuretic and natriuretic effects in people and has also ass isted in the s ituat ions of lowering 

blood pressure (Borgo et al., 202 1). 

2.5.4.3. Food and Beverages 

S ince 2018 , Stev ia become more and more popular as a flavoring agent for beverages and 

foods. Stevia is presently the market leader in a variety of areas where high- intensity 

sweeteners are utili zed. These categories inc lude plant-based drinks, frozen yogu rt, dairy­

based ice cream, ready-to-drink iced tea, food dress ings, and vi negar. Stev ia is w idely used 

in a var iety of beverages, including carbonated soft drinks from Coca-Co la, Ca lbee Foods, 

Un ilever, Groupe Danone, Pe psiCo, and Nest le, some mea l replacements, and others 

(P ureC ircle, 20 19). 

2.6. Pros and cons 

Stev ia has several health advantages over other materials, and there aren't as many concerns 

invo lved w ith utili zing it. Stev ia is regarded as one of the safest sweeteners as it comes 

from a genuine plant and isn't manufactured artific ially. The American Heart Association 

warns that some artific ial sweeteners may have harmful s ide effects i.e ., e levati ng your ri sk 

of stroke. 

2.6.1. Pros of Stevia 

Stev ia is w idely accepted by people because of its maximum pos itive effects on lives. It is 

more popular as of the following beneficial aspects; 

• Low Calories 

Being ca lor ie-free is one of the primary advantages of Stevia. Stev ia can be L1sed to 

sweeten a va riety of meals w ithout adding sugar or extra ca lor ies to them. Accord ing 

to a meta-analys is of September 20 15 publ ished in the I nternationa l Journa l of Obes ity, 

artific ial sweeteners like Stev ia may a id in weight loss when taken as a substitute for 

sugar. Th is makes sense because switching from sugar to a low-ca lorie alternative 

reduces the overa ll ca lorie content of the d ish (Rogers et al., 2015). 
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• Combination with blood sugar 

The blood sugar levels may be regulated by Stevia as well . Researchers in June 201 5 

discovered that taking Stev ia all ev iated their symptoms when 11 4 persons with diabetes 

underwent tests as mentioned in the Journal of Medicinal Plant and Herbal Therapy 

Research that the patients who received Stevia showed lower blood pressure and blood 

sugar level than the control group (Pallares et al., 20 15). 

• Role in OJ'al care 

Stev ia is good for dental health . According to a July 2012 research publi shed in the 

In ternat ional Journal of Advances in Pharmacy, Biology, and Chemistry, it inhibits the 

growth of Streptococcus mutants which is a kind of bacterium that is a significa nt 

contributor to tooth decay (S hukla e/ at. , 2012). 

• Disease Prevention 

Accord ing to a November 201 2 publication in Experimental and Tox icologic 

Pathology, Stev ia has been demonstrated to have antioxidant benefits. These results 

appear to be explained by the phenolic components in Stev ia (S hukla et at. , 201 2). 

A May 201 4 research published in BMC Medicine found a relationshi p between 

consuming phenolic chemicals and a reduced risk of heart disease. This group looked 

at 7, 172 persons who had a high ri sk of developing heart disease. Patients' morta lity 

rates were lowered by 37% when they consum ed more phenolic substances (Tresserra­

Rimbau et at. , 2014) . 

• Against Cancer 

Add itionally, comprehensive short- and long-term investigations have been conducted 

to determine the toxicity of Stevia. 1t is also safe for human ingestion because no 

significant toxic, genotoxic, regulation, or carci nogeni c effects were found in 

mammalian species (Ray et at. , 2020). 
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2.6.2. Cons 

Stev ia is not known to have any negative side effects w hen it is taken moderate ly. 

N umero Ll s Stev ia products contain other chemicals, such as sugar a lcohols, which may 

have negati ve consequences . Here are a few potent ia l drawbacks of Stev ia. 

• Inte.·ference with Gut 

Some adverse reactions such as nausea and bloating have been frequently mentioned after 

consuming Stev ia . A lthough Stev ia has not been proven to cause gastroin testinal problems, 

according to research publi shed in the International Journa l of Denti stry in October 2016, 

many Stev ia products have sugar a lcoho ls added to them creating some health problems 

(Makinen, 201 6). According to a January 201 9 study in Adva nces in Nutrition, researchers 

indicates that Stev ia mi ght disrupt good fl ora in your stomach. However, further study is 

requ ired in th is area (Ru iz-Oj eda et ai., 201 9) . 

• Reaction to medications 

Before us ing Stev ia, people who are taking medicine to treat the ir diabetes o r to lower the ir 

blood pressure should see the ir docto rs. According to a May 2020 study publi shed in the 

International Journa l of C linica l Research Tria ls, Stev ia may drasti ca lly drop bl ood 

pressure and blood sugar, which raises the poss ibility that taking it w ith these medications 

co uld result in hypotension or hypoglycemia (Ray et aI. , 2020). 

• Bitter aftertaste 

Although Stev ia compri ses more sweetness as compared to normal sugar but has some 

bitter aftertaste that s lightly annoys people. Sometimes people feel that it tastes like 

licorice. 

2.7. Extraction methods of Stevia compounds 

As w ith any other pl ant extraction, the effi c iency of compound extraction varies for the 

sam e reSO Llrce depending on factors inc luding the so lvents, extraction process, extracti on 

durat ion, temperature, pressure, pH , and particle s ize of dried leaves, even the way in which 

fresh leaves are dried. Most acceptabl e extracti on methods invo lved so lvents such that 

water, ethanol, methano l, etc (My int et aI. , 2020). 
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Modern extraction methods like pressuri zed liquid extraction PHWE (pressurized hot 

water extraction), MAE (m icrowave-ass isted extraction), and supercrit ical fluid extract ion 

are now more w ide ly used to extract bioactive compounds fro lll plants than traditional 

methods like boiling, Soxhl et, and refl ux. Pressurized liquid extract ion and supercritica l 

fluid extract ion usi ng carbon diox ide as well as aqueous methano li c extraction have been 

d iscovered yet (Teo et al., 2009). 

2.7.1. Water extraction 

1. Hot water Extraction 

The majority of chem ica ls and substa nces are di sso lved by wate r eas ily, w hich is a 

universa l solvent. In addition, because water is a polar so lvent, its mo lecules are drawn to 

other po lar ones, inc luding those of g lycos ides. This indi cates a high-water so lubility of 

Stev ia (Chong Saw Peng, Akil , and Bahari, 2020) . According to the study of A nvar i and 

Khayati (20 16), the hot water extraction was carri ed out us ing a modified version of the 

method us ing a heating mantle. For which they had considered 40 g of Stev ia leaves, which 

were powdered to a mesh s ize of 20-30, were cooked for one hour in 4 L of soft water. 

After coo ling, the crude extract was co llected, and the leftover Stev ia powder was then 

cooked for one hour in an additional4L of soft water. Three times the bo iling process was 

carried out whi Ie add ing 4 L of soft water each time (Anvari and Khayati , 20 16). The Stev ia 

also possesses heat stability that supports hot water extraction. Thi s extraction method was 

adopted by different researchers to iso late particular compound s such as rebaudioside A, 

stev ios ides, stev io lbios ides, etc (Anva ri and Khayati , 20 16). 

Another water-dependent extract ion adopted in the past was ass isted by ohmic heating. 

According to the research of Moongngarm et al. (2022), ohmic heating uses the food's 

natura l e lectrica l resistance to produce heat. Ionic components like conductive ac ids and 

salts are present in the majority of dietary ingredients. These substances produce heat inside 

the food materia l under OH by converting electrica l energy into heat energy, resulting in a 

rapid ri se in temperature. Thi s prevents heat-sensiti ve compo nents from be ing damaged by 

overheati ng. OH has been used widely in the evaporat ion, pasteurization, extraction as well 

as blanching of food (Moongngarm et aI. , 2022) . High y ie lds of important chemica ls were 

prod uced as a result of the breakdown of plant materia l ce ll walls caused by e lectric energy 
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used under the influence of 01-1 during the extraction process. To determine the number of 

phytochemicals and stev io l g lycos ides in Stev ia leaves, OH-A WE (ohmic heating-ass isted 

water extraction) was used. It he lped in measuring the extract's total flavonoids , total 

pheno li c components, pheno lic ac ids, and antiox idant activity. According to the technique 

described by Loy pimai et a f. (2009), 20 percent, 30 percent, and 40 percent deionized water 

was appli ed to the g round leaves to increase the moisture content (MC). The soaked Stev ia 

leaves were locked in a z ip- lock plastic bag and the MC was then ba lanced for 12 hours in 

the refri gerator (Moongngarm et a1. , 2022). After that leaves were treated w ith 0 1-1 . During 

this, temperature, current, and vo ltage were continually recorded with a data logger 

contro ller. For rebaudioside A and stev ioside, the treated Stev ia extract was undergone 

through orbita l shak ing at 100rpm for 1 hour at 55°C (Chong Saw Peng, Akil and Bahari, 

2020). 

2.7.2. Methanolic extraction 

Methanol is a good extract ing so lvent used to isolate the compounds of Stevia such that 

stev ios ides. It has bette r extraction power than water even in the temperature range of 110 

to 160°C (P61 et al., 2007). Different researchers have used various methano lic extracts as 

one of the accepted methods was done by Howlader, (2016) accord ing to wh ich the 

methanolic green Stevia extract was prepared by us ing a m011ar and pestle to crush the 

fresh Stev ia leaves vigorously and flu x them with 80% methanol fo ll owed by the 30 

minutes centrifugation of the mi xture at 6000 rpm . The supernata nt was co llected and dried 

at 45°C in a hot air oven to analyze the compounds further (Howlader et a f., 20 16). Another 

methanol-based extraction was done by Kumari et af. (20 17) in w hich Stevia was refluxed 

with methanol in a water bath several times whi ch was filtered and underwent chloroform 

treatment to exclude compound s other than steviol g lycos ides. the remaining so lution was 

rotary evaporated and vacuum dried to get the final crystals of stev io l g lycos ides after 

refluxing with n-butyl a lcoho l (Kumari et al., 20 17). This combined wate r and methano l 

extraction supported a good extraction process. 

2.7.3. Ethanolic extraction 

Ethanol is good as methanol for the extract ion of compound s from Stevia. According to 

the study of Sham ima et al. (20 19) Stev ia leaves powder was soaked in a prec ise proportion 
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( 1: 15) to a 70% ethanol so lution for two hours at room temperature. After then, thi s so luti on 

was purified . The process was repeated on the so lid portion . Three tim es reflux of the 

procedure was done to extract a ll of the sweetness fro m the Stev ia powder. This is one of 

the most accepted methods in all processes (S hamima el aI. , 2019) . 

2.7.4. Conventional Extraction 

Another extraction was conducted by Jaitak et al. (2009) in which Stevia leaf material was 

air dri ed, ground into a mesh powder in a mortar, and then kept at room temperature. The 

leaf powder was extracted us ing microwave and ultrason ic standard extraction methods 

with the he lp of water, ethano l, methanol , and their binary com binat ions. Following 

extraction, the supernata nt was filtered and dri ed at 50°C in a rotary evaporator under 

reduced pressure. Hexane was used to defat dried extracts, and the resultant supernatants 

were thrown away. The leftover material was evaporated and then dissolved in a 20:80 

ratio mixture of water and acetonitrile to get a final extract of sweet compounds (Jaitak et 

al., 2009). 

2.8. Control of bitterness of Stevia 

The compound of Stevia such that stev ioside w hich is added to food and beverages have 

some unfavorable sensory qualities of bitter taste in addition to sweetness . The main 

challenge for researchers is the exclusion of this bitterness wh ich is annoyin g the people. 

Different researchers had used va riolls methods to overcome this issue including both non­

biological and bio logica l methods. 

2.8.1. Non-biological methods 

It involved the chemical treatment of Stevia extract as studied by Formigoni ef al. (20 18) 

who treated the extract with ethanol to reduce the bitterness of stev iol g lycos ides present 

in Stev ia. In thi s study, Stevia leaves were subjected to an ethanolic process using a column. 

The leaves were weighed and packed with 100 percent ethanol. The same solvent was then 

gravity-eluted, y ie lding approx. 14 ethanolic fractions . The leaves and fractions were then 

dried and kept in preparation for later extraction of the sweeteners and characterizat ion of 

the fractions (Fonnigoni et al., 2018). The food industr ies use some chemicals for red uc ing 

the bitter taste such that sod ium gluconate which should be added in amounts rang ing fro m 
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0.11 % - 0.18% by weight of th e sweetened prod uct, ideally 0.13% to 0.16% by we ight of 

the sweetened food. 

2.8.2. Biological methods 

2.8.2.1. Biot..ansfonnation 

It is a process that changes organic chemicals from one form to another in order to lessen 

their persistence and toxicity. A wide variety of microorganisms and their byproducts, 

including enzymes, fungi , and bacteria aid in thi s process. Chemicals or materials can also 

be synthesized through this process when synthetic methods are impossible to be done. The 

process of natural transformation is slow, unfocused, and less effective (Sultana, 2018). 

Microbial biotransformation is becoming more and more important and widely used to 

produce metabolites in greater quantities and with greater se lectivity. The process of 

biotransformation is classified into two main types; enzymatic and non-enzymatic 

processes. 

2.8.2.1.1. Types of biott·ansformation 

~ Non- Enzymatic 

1t is a random biotransformation process that involves phys iological factors such that 

pH . It is mostly related to unstable, highly active compounds i.e., hexamine (Singh, 

2017). 

~ Enzymatic 

The enzymatic biotransformation is caused by numerous enzymes found in the body or 

comes from microorgani sms. As Wang et aI. , indicated by combining the functions of 

Arabidopsis thaliana AtSUS 1 sucrose synthase and S. rebaudiana 's recombinant UDP­

glucosy ltransferase UGT76G I. The conversion was accomplished by AtSUS 1 

regenerating UDP-glucose. For UDP-glucose recycling, UDP might be used as the 

starting material instead of U DP-glucose (Wang et al., 2016). It is further conducted 

with the help of E. coli (Host Strain). The plasm ids pEUGT (formed by the cloning of 

the UGT76G II gene in strain) or pEUGT-SUS (by the cloning of AtSUS I) were used 
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to transform E. co li ce ll s in to ind ividual co lonies, which were then cultured in Luria 

Bertani media (Wang e/ a I. , 2016) . The enzymatic activ ity was ana lyzed by 

glucosy ltransferase act ivity assay and HPLC. The microbia l enzymatic 

biotransformation is freq uently used to change a range of chem icals, pharmaceuticals, 

con tam inants, hydrocarbons, and metals (S ingh, 201 7). [t follows the processes of 

oxidation, hydrolysis, reduction, condensation, isomerizat ion, the introduction of 

functional groups, regioselect ive transfer reactions of glycos ides, and select ive 

cleavage of tetracycl ic terpenoids ' side chains to form C 19 steroids, and production of 

new carbon bonds. [t has long been recognized as a vital technique for reducing the 

production of several chemicals used in the agrochemical, pharmaceutical, food , and 

other sectors. For microbial transformation, the most common materials employed are 

spores, vegetative cells, resting cells, immobilized enzymes/ cells, and enzymes 

(S ultana and Saify, 20 12). When deve lop ing cultures, the stra in is grown in an 

appropriate medium before a concentrated substrate so lu tion is added after the culture 

has grown as intended . 

2.8.2.1.2. Process of biotransformation 

The four primary processes invo lved in biotransform ation are reduction , oxidation, 

conjugation, and hydrolys is which support the two main phases of biotransformation 

(Phang- Lyn and Llerena, 2020) . 

1. Reduction 

An ion, atom, or molecu le's oxidation status is decreased by the process of reduction. It 

might also just mean that one electron is being gained. Enzymatic reduction occurs with a 

degree of stereochemical and regiochemica l uniformity that is challenging to attain 

chemically. These enzymatic techniques have enantiose lectiv ity that is freq uently 

predi ctabl e using empirical guide lines. One of the most common biotransformations is the 

reduction of a carbonyl, espec ially to produce a new chiral center (Madeira Junior et al., 

2013). A hydroxyl group may be introduced into a molecule during microb ial incubation 

at a location fa r from any other functions. Microorganisms' capacity to hydroxy late 
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substances at chemica lly inert locations is a useful synthetic tool. The reduction process is 

always fo llowed by an oxidation process to support the redox reaction. 

Table 03: Chemical Reactions involved in the reduction process. 

Processes Reactions 

Dehydroxy lation R-OH ~R-H 

Hydrogenation R-C=O ~ R-C-OH 

Decarboxylation R-COOH~ R-C=O 

Am ination R-C=O ~ R-C-Nl-h 

Methylation R-C-H ~ R-CH3 

2. Hydl'Olysis 

In the hydrolysis process, water is chem ically incorporated together w ith the breakdown of 

a substance into simpler components. It can proceed with enzymes as a substance breaks 

down during enzymatic hydrolysis after reacting with water in the presence of enzymes. It 

has been widely employed in the food industry and is mostly performed fo r the continuous 

manufacture of numerous important products. It is opposite to the condensation process. In 

this process, one fragment of the target molecu le acq uires a hyd rogen ion. It disrupts a 

chemica l link in the molecule (Obodovskiy, 20 19). Plants freq uently undergo hyd rolysis 

reactions, which invo lve nitrile, amide, or ester bonds. The process of convertin g an ester 

into a carboxy lic acid with the formation of alcohol by using water is de-esterification or 

ester hydrolys is. The reaction of hydrolysis is as fo llows; 

o 0 
II W II 

R--C--oR + H20 :;:==::::- R-C-OH + ROH 

De-esterification might be thought of as a type of bioactivation since the ester is turned into 

ac id during the process and the grad ient become steeper fo r the entry of new ester, it will 

also heighten or susta in the concentration grad ient (Zang et aI. , 2020). Another hydrolysis 

process invo lves the conversion ofamides (espec ially for the acy lanilide group) and nitriles 

etc. 

Extract ion of steviol glycos ides from Stevia leaves and their biotransformation with the 
aim to improve its taste and other biological act ivities 

37 



Chaptel' 2 LITERATURE REvmw 

3. Oxidation 

It is a chemical process that occurs when a substance interacts w ith oxygen or another 

oxidizer. It is a bi o logical process in which an electron with a negat ive charge is transferred 

fro m one organ ic substance to another. Cytochrome P450, monooxygenases, and m ixed­

function oxidases enzymes are some of the oxidiz ing enzymes that help in the 

biotransform ation process (Meynet, Davenport, and Fenner, 2020). The invo lved reactions 

can be; 

Table 04. Types of chemical reactions in the oxidation process 

Processes Reactions 

Hydroxylation R-H ----. R-OH 

Dehydrogenation R-C-OH ----.R-C=O 

Carboxy lation R-C=O ----.R-COOH 

Deaminati on R-C-N I-b ----. R-C=O 

Demethylation R-CH 3 --. R-C-H 

4. Isomerization 

The process of changing a substance into one of its isomeric forms, which have the same 

chemica l makeup but a di ffe rent configuration or structure and, consequently, often have 

distinct physical and chemical characteri st ics of isomerization. Isomerases facilitate 

alterations in side a s ing le mo lecule. The end product of the reaction has the same chemical 

formula but a different phys ica l structure because they transform one isomer into another. 

Although there are many di fferent types of isomers, they may typically be divided into 

stereo isomers and structura l isomers (Vanzan et ai. , 20 J 7). 

5. Condensation 

In a condensation reaction, two molecules join to form one new molecule, typ ica lly w ith 

the loss of water. The reaction is a dehydration process when water is lost during the 

format ion of a mo lecule. Norm a lly, the add ition of the two mo lecul es happens step-by-step 

to the additiona l product which is generally in eq uilibrium (Jo et al., 2022). It is a diverse 

Extract ion of stev iol g lycos ides from Stevia leaves and their biotransformation with the 
aim to improve its taste and other biologica l activities 

38 



Chapter 2 LITERA TURE REVmW 

family of reactions that can take place in basic or ac idic circumstances or the presence of 

a cata lyst, and it may also include the functional groups of th e molecul e. The production 

offatty ac ids and the creation of peptide bonds between amino ac ids which is a necessary 

component of life depend on thi s class of processes (Enright et aI. , 2014). 

2.8.2.2. Significance of biotransfol'mation 

It is a significant biolog ica l method for bioconversion as; 

• The substrate for biotransformation can be either artificial or natural. 

• Cell cultures that express severa l enzyme activiti es can carlY out multiple 

reactions. 

• The biotransformation process can be straightforward when it is mediated by 

one or more enzymes and invo lves a few steps . 

• Even non-prod ucin g ce ll cultures can occas ionally be used to synthes ize the 

intended end product by utilizing the right precursor. 

• Si nce the yield declined as the number of processes increased, one-step 

biotransformation is fa irly efficient (Ravindran and Basu, 201 3). 
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3. MATERIALS AND METHODS 

3.1 Study Area 

The study was conducted in the AEG (Applied, Environmental , and Geomicrobiology) 

Laboratory located in the department of Biological Sciences Quaid I Azam University 

Islamabad under complete observation. 

3.2 Materials 

The required chemical reagents including methanol, acetone, and ethyl acetate were 

brought from SIGMA-ALDRICH, ethanol from ACI LABSCAN, and others such that 

chloroform (EMPARTA), n-Butyl alcohol or I-Butanol (EMPROYE), n-Hexane 

(EMPLURA), acetonitrile (Li Chrosolv), DPPH, ascorbic acid, M9 salt media having 

Na2HP04 (12.8 giL), K1-hP04 (3g/L), NaCI (0.5 giL), MgS04 Stock Solution (ImIlL), 

CaCb Stock Solution (I OO~Ll/ L) , NH4C I( I giL), and 20%glucose (20m IlL), Nutrient Agar. 

3.3 Collection and Preparation of Plant Material 

3.3.1 Collection of Stevia Plants 

Stev ia plants came from the nurseries located in the capital territory of Islamabad, Pakistan. 

They were baby plants and collected in the spring season. They were looked after for a 

month to grow up to the required length which was suitable for further experimentation. 

3.3.2 Transpol·tation of Stevia Plants 

Once the plants were grown to an appropriate length and their leaves were transported in 

proper packaging to the AEG (Applied, Environmental , and Geomicrobiology) Lab of 

Quaid I Azam University for further process ing. 

3.3.3 PI'epuation of Plant Material 

The process started with the proper washing of the collected leaves of each plant three 

times with water to remove all the dust from them. The leaves were spread over a clean 

paper and placed in a dry and coo l place for drying them for about 3-4 days at room 

temperature. The dried leaves were weighed (6g) and ground to a fin e powder by using a 
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grinder machine after which the fina l 5g of Stev ia leaves powder was stored in a clean and 

dry bottle. 

3.4 Processing of P lant Material 

3.4.1 Extraction of compounds 

The process of extraction was initiated with the separation of all the compounds fo und in 

Stev ia leaves after which the particu lar compounds were separated for further processing. 

The extract ion was conducted in two different ways; one by using methano l (methano lic 

extraction) and the other by water (water extraction). 

3.4.1.1 Extraction Processes 

The extraction of compounds was conducted by using two reagents; methanol and water in 

multiple steps; 

I. For methanol ic extraction of sweet compou nds, the method of KUl1l ari et 01. (20 17) 

was followed for the leaves powder of one plant, by whi ch 75 ml of 70% methanol 

was added to 5g of powder in a beaker, covered with aluminum foi l, and placed in 

a water bath for 2 hours at 64.7°C. On the other hand, for other powdered leaves, 

water was used to extract the sweet compounds accordi ng to the method by Chong 

Saw Peng et 01., (2020) . For this, l Sg of powdered leaves were taken and dissolved 

with distilled water of 150ml ( I: lO w/v) in a beaker, covered with aluminum foil , 

and placed in a hot water bath at a temperature of 97°C fo r one hour. 

II. The so lution from the methanolic so lution and water so lution were filtered with 

Whatman filter papers and the filtrates were co ll ected in separate round bottom 

flasks respectively. The residual residues of the methanolic extract were resoaked 

in 75m l (70%) methanol for two hOllrs while the res idues of the water so lution were 

treated with distilled water (150m l) for 1 hOllr before being fi ltered once more. The 

filtrates were co llected agai n in separate flasks . The res idues from selected 

mediums were processed with three refluxes of methano l and water respectively to 

get maxi m um fi Itrate. 
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Note: A 11 flltratesfrom methanolic and water rejluxes were combined in separate jlasks 

for further processing. 

III. The who le combined fi Itrate from methano l ic refl uxes was evaporated by a rotary 

evaporator to get compo und s residues which were dried in a vacuum or oven. While 

the wate r extracted compounds were treated with 60m l of n-Hexane and heated at 

50°C for 30 minutes. The layers that appeared were co llected separate ly in two 

separate flasks. 

IV. Both methanol and water mixtures were refluxed w ith ch lo roform but in different 

proportions i.e., methanol ic com pounds were refluxed with 10mi of ch loroform 

while the decant layer after n-Hexane process ing was treated with 200ml 

chloroform in separating fu nne ls for I hour in a hot water bath at a temperature of 

6 1.2°C and 55°C mixed well respectively. Chloroform layers fro m both so lutions 

were co llected in different flasks separate ly. The reflux was repeated with the 

chl oroform until both so lutions became co lo rl ess. 

v. The decant layers of chl oroform fro m methano l-based extract were combi ned , 

dissolved in 5m l of methanol, and stored in the refri gerator fo r the who le night. 

VI. While there was a di st inct layer formed in the separated chloroform layer of water­

based extract w hich was rotatory evaporated, di ssolved in methanol , and stored . 

The water-based remaining so lution other than th e chloroform so lution was stored 

in the refrigerator. 

VII. Methano lic washing and fi ltering were performed on the sett led bulk of both 

methanol and water-based stored so lutions and methanol was distilled offfrom both 

by using a vacu um or oven. 

V III. For both dried extracts, 8 ml of distilled water was used to dissolve the residual 

leftovers. The methano l-based extract so lution was repeatedly refluxed w ith n-buty l 

alcoho l in the concentration of 4m l, 4ml, 5ml, 5ml, and 6mt while water-based 

compounds were refl uxed in ratios of 100ml, 60m l, and 40m l respectively for 

extracting sweet compounds (stev io l g lycosides). 

Extraction of stev iol g lycos ides fro m Stev ia leaves and the ir biotrans form ation with the 
ai m to improve its taste and other biological activ iti es 

42 



Cha pter 3 MATERIALS AND METHODS 

IX. For the fi nal compounds, the n-buty l alcoholic extracts underwent rotationa l 

evaporation. After being separated, the mi xtures of both extracts were blended with 

methanol separately, dried by air, and kept in the fridge overnight. 

x. Both extracts were mixed with chilled ethanol for the crystalli zation of sweet 

com pound s. 

XI. The mixtures were spread over the paper and dr ied to get the fi nal powder of sweet 

compounds. 

3.4.2. Experimentation of Biotransfo rmation 

The experimentation was conducted with selected bacterial strains of Anoxybacillus, 

Bacillus lichen iform is, and Baci11us stercoris to observe the changes in extracted 

compounds of Stev ia after biotransformation. The process was conducted in the fo llowing 

steps; 

3.4.2.1. S trains Growtlt 

The bacterial strains were prov ided by my research fe llow in the laboratory that were pre­

iso lated from so il and I had refreshed them for my experimentat ion. Strains were streaked 

over plates of autoclaved nutrient agar and placed at ambient temperatures (Anoxybacillus 

50°C, Bacillus licheniformis, and Bacillus stercoris at 40°C) for 24 hours. 

3.4.2.2. Broth Inoculation 

The nutrient broth was used as a growth medium fo r bacterial cul tures which were 

Anoxybacillus, Bacillus licheniformis, and Bacillus stercoris. Ini tia lly, three separate flasks 

with 20ml (each) of nutritional broth were autoclaved fo r 90 minutes at 12 1°e. After 

coo ling a full loop of each bacterial strain ; Anoxybacillus, Bacillus lichen iform is, and 

Bacillus stercoris were added to each fl ask by using a sterile inoculat ing loop and covered 

properly with aluminum fo il respectively ill a laminar fl ow hood. The fl asks were placed 

in Shaking incubators at their optimum growth temperature i.e., Anoxybacillus at 50oe, 

Bacillus lichenifirmis, and Bacillus stercoris at 400 e fo r 24 hOll rs respectively. 
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3.4.2.3. Preparation ofM9 Media 

The M9 sal t medi a is minimal salt media which only consists of ni trogen and salts. It is a 

well-known microbiologica l growth medium fo r the culture of microorganisms. This 

buffered minimal microbial medium is typically supplemented as needed with vitamins, 

am ino ac ids, and glucose. 

I. For the process of biotransformation, specified M9 media was prepared in one-fold 

(I x) whi ch contains autoclaved CaCb, MgS0 4, Na2HP04, KH2P04, NaCI, NH4CI, 

distilled water, and filtered 5% glucose. 

II. Three glass fl asks were taken. I n each empty clean fl ask 18.36ml of di st illed water 

was added in which Na2HP0 4, KI-hP04, NaC I, and NH4CI were mixed in va rious 

concentrations mentioned in the table 3. 1 and covered properly with plugs and 

alum inum foi I. In separate fl asks, the stock solutions of add itionals (I Oml stock 

so lution ofCaCb and MgS0 4 respectively) were prepared. The concentrat ions were 

as in Table 3.1. 

III. All the so lutions were autoc laved properly. 

IV. 5% glucose so lution was prepared with autoc laved distilled water separately. 

Table 3.1. The Chemical Composition of Selected M 9 Salt Media. 

Chemicals Concentration 

Na2HP04 0.256g 

KI:·hP04 0.06g 

NaCI O.Ol g 

NH4CI 0.02g 

MgS04 (Stock Solution) 0.12gl1 Oml for stock so lution 

OAml for medium 

CaCb 0.11 gil Oml for stock so lution 

200~d for medium 

Glucose (5%) 6mll20ml 
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3.4.2.3. Experimentation 

Separate experiments were done with prepared extracts of Stevia from methanol and water. 

1. FOI' Methallolic Extract 

I. First, the M9 media was prepared by combining the autoc laved sa lts med ium with 

add itionals of glucose, MgS04, and CaCb. 

II. I n all three fl asks of 18.36ml of salt so lution, O.4ml of MgS04 and 200~.tI of CaCh 

were mixed respectively by using a 200~LI pipette in a biosafety cabinet. 

III . The 6ml of prepared glucose solution was filtered by a syringe filter and 1.6ml of 

it was added to each fl ask of prepared med ia by using a 1 000111 pipette in a biosafety 

cabinet and the flasks were labeled as an experiment. 

IV . Three separate autoc laved empty flasks were taken and labeled as control. 

V . The 10mi of med ia from each flask were added in labeled control flask (three 

controls for three experiments) 

V I. The inoculum and extract were added in the same proportion ( I : I) in the experiment 

flask and only the extract was added in the control flask . 

V II . The extract was measured to 1.87g diluted in 5 ml of methanol under serial dilution 

in methanol to reach 29. 861l1g/1l1 I for each separate experiment. 

V III. For the first experim ent, 500lli of Anoxybacillus inoculum and 500lli of extract 

( 14.93 mg) were added to the experiment fl ask and covered while 5 00~LI(1 4 .93 Il1 g) 

of the extract was added to the control fl ask and covered properly with aluminum 

foil. 

IX. For the second experiment, 5 00~LI of Bacillus licheniformis inoculum and 500lli of 

extract (14.93 mg) were added to the experiment flask and covered while 500lli of 

the extract was added to the control flask and covered properly with aluminum foil. 

X. For the third experiment, 500 ~LI of Bacillus slercoris inoculum and 500 ~d of extract 

( 14.93 mg) were added to the experiment flask and covered while 5001l1(14.93 mg) 

of the extract was added to the control flask and covered properly with aluminum 

foil. 
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Xl. Both experimental and control flasks were placed in a shaking incubator at their 

respective temperatures (50°C for Anoxybacillus, 40°C for Bacillus lichen ijorm is, 

and Bacillus slercoris). 

X II. The experiment was conducted for 4 days with the measurement of changes after 

every 24 hours at the optimum temperature tolerance of microbial strains 

X III. Every 24 hours, Iml of the experiment and Iml of the control were co llected from 

every flask and were centrifuged at 4°C for 10 minutes at a speed of 10000 rpm to 

remove the palate, and the supernatants were transferred to clean Eppendorf tubes, 

respectively . 

X IV. The pH changes were measured and the Eppendorf tubes were stored inside the 

refrigerator 

xv. Thin layer chromatography was performed for the chemicals' alterations to be 

confirmed after the experiment was run for 4 days. 

2. For Watel' Extl'act 

I. The 20ml of M9 med ia was prepared and di str ibuted equally into two parts (I Oml 

for experiment and I Oml for control). 

II. The extract was measured at 1.67g which was di sso lved in 6ml of methanol 

initially and serially diluted by taking Iml from it and disso lving it in 5mlmethanol 

then 1ml was taken from it to reach the amount of 55.66mg/ml. 

III. The experiment was conducted with Bacillus stercoris. 500~t1 of Bacillus stercoris 

inoculum and 500 ~t1 of extract (27 .83mg) were added to the experiment flask and 

covered while 5 00~L1 (27. 83mg) of the extract was added to the control flask and 

covered properly with aluminum foil. 

IV. Both experimental and control flasks were placed in a shaking incubator at their 

respective temperatures of 40°C for Bacillus stercoris . 

v. The experiment was conducted for 3 days with the measurement of changes after 

every 24 hours at the optimum temperature tolerance of microbial strain . 

V I. Every 24 hours, Iml of the experiment and Iml of the control were co llected from 

both flasks and were centrifuged at 4°C for 10m inutes at a speed of 10000 rpm to 
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remove the palate, and the supernatants were tran sferred to c lean Eppendorf tubes, 

respectively. 

V II. The pH changes were measured and the Eppendorftubes were stored inside the 

refrigerator 

3,5 Analysis Techniques 

3.5.1 Thin Layer C hromatogl'aphy (TLC) 

The ana lys is technique ofTLC is adsorption-based separation . The separation depends on 

the affi nity of the testing sample (stationary phase) with different chemical regents acting 

as mobile phase. 

Here, it was conducted to identify the compounds and changes in them after the 

biotransformation process. The identificat ion through chromatography was conducted as 

follows ; 

3.5.1.1. Optimization of Thin Layer Clzromatogmplzy (TLC) for extract 

Thin Layer Chromatography (TLC) was performed to separate the compound s present in 

the final extract. The process was followed by using three different mobile phases for the 

process optimization. 

I. Three separate beakers were taken. 

II. The mobile phase of Acetone: Ethy l Acetate: Water, Chloroform: Methanol : 

Water, and Water: Ethy l acetate: Methanol were prepared in ratios of 50:40: 1 0, 

32.5: 15 :5, and 12: 80:20 in beakers respecti ve ly. 

III. The beakers were covered with a luminum foil and placed aside. 

IV . Silica TLC plates were taken and cut to a length of 12cm. Two lines were drawn 

at a distance of 1.5 cm frol11 both the bottom (stationary phase) and top (mobile 

front) of each TLC plate. 2 ~tI of experimental Stev ia extracts (S.E I, S.E2, S.E3) 

and commercial Stev ia (CS) were dropped at a di stance of 0.5cm from each 

other over the line of stationary phase and left to stand for 10 minutes. 

v. The plates were placed vertica lly in each beaker of different mobile phases w ith 

the care that it didn ' t move. 
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V I. Observe the plates ti II the mob ile phase reached the I ine of the mob i Ie front. 

V II. Remove the plates from all beakers and air dri ed 

VIII. Observe the TLC plates under the UV lamp at 270nm and 360nm to check the 

separation of compounds over the plate. 

IX. The Rf (retention factor) values of compounds were ca lculated . 

3,5,1.2, Thill Layer Chromatography (TLC) of extract 

The optimized mobile phase of the Stevia extract was used to analyze the compounds in 

biotransfonned extract of Stev ia. 

1. For Methanolic Extract Biotr'ansformation by Alloxybacillus, Strain 1 0, and 

Bacillus stercoris 

I. The mobile phase of Acetone: Ethy l Acetate: Water was prepared in the ratio of 

50 :40: 10 in a beaker, covered with aluminum foil , and placed aside. 

II . The four s ilica TLC plates were taken and cut to a length of Ilcm. Two lines were 

draw n at a di stance of 1.5 cm from both the bottom (stationary phase) and top 

(mobile front) of both TLC plates . 

Ill. 2 ~Ll of main Stev ia extracts (S.E), 24hr control (24C), 24hr experiment (24E), 48hr 

contro l (48C), and 48hr experiment (48E), n hr control (nC), and n hr experim ent 

(nE) of Anoxybacillus, Bacillus licheniformis, Bacillus stercoris were dropped on 

plate 1 to 4 respectively, by using a pipette (0.5 -20111) and left to stand for 10 

minutes. 

IV . The plates were placed vert ica lly in beakers ofmobile phases (two of Anoxybacillus 

in one beaker while the plates of StrainlO and Bacillus slercoris in the second 

beaker) with the care that they didn ' t move. 

v. Observe the plates till the mobile phase reached the line of the mobile front. 

VI. Remove the plates from the beaker and air dried 

VII . Observe the TLC plates under the UV lamp at 270nm and 360nm to check the 

separation of compound s over the plate. 

VIII. The Rf (retention factor) va lues of compounds were ca lculated . 
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2. For Water Extract Biotransformation by Bacilllls stercoris 

I. Two mobi le phases of Acetone: Ethy l Acetate: Water was prepared in the ratio of 

50:40: 10 and 60:45:5 in two separate beakers respective ly, covered with aluminum 

foi l, and placed aside. 

II. The two s ili ca TLC plates were taken and cut to a length of 12cm. Two lines were 

drawn at a distance of 1.5 cm from both the bottom (stationary phase) and top 

(mobile f ront) of both TLC plates. 

Ill. 3~d of main Stev ia extracts (S.E), 24hr control (24C), 24hr experiment (24£), 48hr 

control (48C), 48hr experiment (48E), n hr control (nC), and n hr experiment 

(nE) were dropped at a distance of 0. 5cm from each other over the line of the 

stationary phase of both pl ates and left to stand for 5 minutes. 

IV. One plate was placed vertica lly in a beaker with one mob ile phase and a second in 

the beaker of the other mob il e phase with the ca re th at they didn ' t move. 

v. Observe the plates t ill the mobil e phase reached the line of the mobil e front. 

V I. The plates were removed from the beakers and air-dried. 

VII . Observe the TLC plates under the UV lamp at 270 nm and 360nm to check the 

separat ion of compounds over the plate. 

VIII. Calculate the retention facto r (Rf) va lues of separated compounds. 

3.5.2. FT-ffi (Fourier Transform-Inf.·ared Spectroscopy) 

I. The liquid samples of extracted Stev ia co mpound s, contro l, and final 

biotransfonned products of Stev ia extract (stevio l glycos ides) of Bacillus stercoris 

were characte ri zed by using an FT-fR spectroscopy. 

II . The samples were placed in an equivalent amount over the Horizontal Attenuated 

Total refl ectance and were scanned through an FTI R spectroscope in the region of 

400 to 4000cm-1 w ith 4 cm-i reso lution. 

Ill. Every spectrum was calibrated using the air spectrum's background as a reference. 

For each scan of the sample, a new air spectrum background reference was 

acquired. 

IV. The spectra's va lues were noted as values of absorbance. 
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3.5.3. Antioxidant Activity Assay 

This assay is based on the free radi ca ls scavenging abili ty of DPPH on react ing with the 

selected so lutions (samples). It depends on the electron transfer that produces a crystal 

violet co lor when di sso lved in methanol or ethanol. At room temperature, free radicals are 

stable enough that are reduced when the antioxidant molecules are present in the 

l11 ethanolic/ethanolic so lution. The procedure was as follows ; 

I. Sample ofa main Stev ia extract was di sso lved inll1ethanol. 

II. 3mg of ascorbic ac id (as control) was weighed and dissolved in I ml of methanol 

concerning the estimated extract compounds present in the biotransformed sampl e. 

III. The assay was performed in three different quantities of extract so lution , 24, 48, 72 

hours control and 24, 48, and 72 hou rs biotransforll1 ed sample of Bacillus stercoris 

varying from 5~t1 followed by 10~t1 and 2 0~t1 in duplicate. 

IV. 95fll of DPPH was added 5fll, 90~t1 to 1 0~t1 sample, and 80~t1 to 2 0~t1 ofsall1ple. 

v. The plate was in cubated at room temperature for 30 minutes in the dark . 

VI. After incubation, the absorbance was meas ured at 5 17nl11 . 
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4. RESULTS 

4.1. Preparation of Plant Material 

Fresh leaves directly from the Stevia plant were plucked, washed, dried, and converted into 

fine powder at room temperature 

Figure 4.1 Preparation oj Plant Material with Fresh Leaves oj Stevia. (A) Stevia plant, (8) 

oj Stevia Jor drying, and (C) Green powder oj dried Stevia leaves. 

4.2. Processing of Plant Material 

4.2.1. Methanolic Extraction of compounds 

Figure (4.2.1.) showed the extraction of sweet compounds from Stevia plant by using 

methanol as main extracting reagent. The powder of Stevia leaves underwent methanolic 

reflux and filtration to get an initial liquid extract of plant material (filtrate) which was 

further treated with chloroform to exclude the non-polar compounds along with oils. The 

polar mixture went through n-butyl (I-Butanol) reflux to get respective sugar compounds 

which were dissolved in ethanol to give the final white powder of sugars. 
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Figure 4.2.1 lVIelnanOI1C -lllIIes III(! I/wtlo/lc , til M 7°(', B: 

Filtration of methanolic plant material by Whatmanfilter paper after every reflux, C: Final liquid Stevia 

compounds after separating it from residues, D: the refluxed process of an extract with chlorof orm to 

separate polar, non-polar compounds and oils, E: Extraction offinal sweet compounds with n-butyl alcohol 

for scavenging sugars f rom water dissolved solution, F shows the rotary evaporated compounds dissolved in 

chilled ethanol, and G: the final white p owder of compounds. 

4.2.2. Water Extraction 

Figure (4 .2.2.) exhibited the process of water-based extraction of sweet compounds from 

Stevia leaves. The powder of Stevia leaves was treated with distilled waler at 97°e three 

times, and filtered to get the filtrate, after which it was treated with n-hexane one and 

underwent rotary evaporation. The remaining extract solution was refluxed with 

chloroform till no color remained in the chloroform. The colored material was mixed with 
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methanol and treated with n-butyl alcohol. The final compound went through rotary and 

mixed with chilled ethanol to get a .white powder of compounds. 
~r 

~~--~~~~~~~ ~--~~--~~--~~~~====--~ 

Figure 4.2.2. Water Extraction of Steviol Glycosides (A) . (B) Water extraction of sweet compounds from 
powdered leaves via jiltration process. (C) showing the reflux process of an extract with chloroform to 
separate polar and non-polar compounds. (D) showing separate layers in chloroform layer after six refluxes. 
(E). (F) showing the reflux of remaining extract with I-butanol. while (G) show thejinal separation ofsteviol 
glycosides by rotary evaporation and (H) shows the separated compounds in different reagents (SEB: n­
butanol extract. SEC: chloroform extract. SEM: methanolic extract and SEH: n-Hexane extract). 

4.3. Experiment of Biotransformation 

4.3.1. Inoculum preparation 

The cultures of Anoxybacillus. Bacillus licheniformis. and Bacillus stercoris were streaked 

over the sepal'ate nutrient agar plates and incubated at 50° , and 40Q 
, respectively. The 

growth was observed after 24 hours. A full loop of bacterial cultures was mixed with 

~t 
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separate nutrient broth and incubated for further 24 hours at optimum temperatures of 500e 
and 400e for inoculum preparation. 

4.3.2. Biotransformation of a methanolic extract with Anoxybacillus, Bacillus 

licheniformis, and Bacillus stercoris 

The experiments were conducted by mixing the inoculums of Anoxybacillus (Figure 4.3.2), 

Bacillus licheniformis (Figure 4.3.4), and Bacillus stercoris (Figure 4.3.6), with methanolic 

Stevia extract in 1: 1 respectively along with the control for three to four days. After every 

24 hours, the sample was collected from every tlask, centrifuged at 4° • nnd stored, Here, 

the samples were observed after 24 hours, then 48 hours, 72 hours, and a maximum of 120 

hours. The color of the extract changed in biotransformed flask due to the microbial 

breakdown of compounds. 

Figure 4.3.2. The process of biotransformation of Stevia compounds by Anoxybacillus (A) changes in the 

experiment and control after 24hrs, (8) changes after 48hrs, (C) changes after 72hrs, and after 120hrs of 

experimentation 

pH change 

After centrifugation of every 24 hours sample, the pH was checked, and observed the 

changes with time (Table 4 .1). The Figure (4.3.3.) showed the graphical comparison of 

different pH. 
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Table 4.1: pH change in control and experiment of biotransformation by Anoxybacillus 

on different time intervals 

Time (hrs) pH change 

Control Experiment 
'. 

0 6,653 6,653 

24 6,653 7,297 

48 6,631 6,272 

72 6,62 6,596 

pH Change 

(control)pH ....... (experiment)pH 

7.5 
I o uS l 

b b l.J·i o b31 b u2 
Cl.. 6.5 .. ~<) 

l . s b~Yl * lJ 272 
5 .5 

0 24 48 72 

TIME IN HOURS 

Figure 4.3.3. pH changes during the process of biotransformation. by Anoxybacillus 
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Figure 4.3.4 The process of biotransformation ofStevia compounds by Bacillus licheniformis (A) changes in 

the experiment and control after 24hrs, (B) changes after 48hrs, and (C) changes after 120hrs of 

experimentation 

pH change 

After centrifugation of eve,), 24 hours sample, the pH was checked and observed the 

changes with time (Table 4.2) and differences were compared as shown in Figure (4.3.5). 

Table 4.2: pH change in control and experiment of biotransformation by Bacillus 

licheniformis on different time intervals 

Time pH change 

(hrs) 

Control Experiment 

0 6.653 6.653 

24 6.65 6.330 

48 6.649 6.505 

120 6.6489 6.534 
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pH change 
- (control)pH -*"" (experiment )pH 

8 

:J: 7.5 
Q. 

7 6.653 6.65 6.649 6.6489 

6.5 ~ ~ 

6.33 
6.505 6.534 

6 

i 5.5 
0 24 48 72 

TIME.IN HOURS 

Figure 4.3.5. The graphical representation of pH changes during the process of biotransformation.by Bacillus 

licheniformis 

09-9-22 

Bacillus stercoris (A) 

changes in the experiment and contra! after 24hrs, (B) changes after 48hrs, (C) changes after 72hrs of 

experimentation 

pH change 

The figure below showed that after centrifugation, the pH was checked and the changes 

were observed in the selected time laps time (Table 4.3). the alteration in pH level were 

graphically represented as in Figure (4.3.7). 
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Table 4.3: pH change in control and experiment of biotransformation by Bacillus 

stercoris on different time intervals 

Time pH change 

(hrs) 
1t~' 

Control Experiment 

0 6.697 6.697 

24 6.653 6.269 

48 6.638 6.470 

72 6.643 6.515 

pH Change 

(cont ro l) pH -.- (experiment)pH 

:r: 
7.5 0.. 

b lJ ' , ~ b b )~ 
l 0" 

6.5 ~ / 

u i l ' l. -1 1 
55 

0 24 48 72 

TIM E IN HOURS 

Figure 4.3.7. The graphical representation of pH changes during the process of biotransformation by Bacillus stercoris 

4.3.3. Biotransformation of a water extract with Bacillus stercoris 

Figure (4.3.8 .) showed the biotransformational experiment that was conducted by mixing 

inoculum of Bacillus stercoris and Stevia extract in 1: 1 along with the control for four 

days. After every 24 hours, the sample was collected, centrifuged, and stored. Here, the 

sample was observed after 24 hours, then 48 hours, and 72 hours. 
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., ~ 

Figure 4.3.8. The process of biotransfon!/ation water extract of Stevia by Bacillus stercoris (A) f:T1f"ITIV'< S 

in the experiment and contra! after 24hrs, (B) changes after 48hrs, (C) changes after 72hrs of 

experimentation 

pH change 

The figure below showed that after centrifugation, the pH was checked and the changes 

were observed in the selected time laps time (Table 4.3) and differences were graphically 

compared in Figure (4.3.9). 

Table 4.4: pH change in control and experiment of biotransformation by Bacillus 

stercoris on different time intervals 

Time (hrs) pH change 

Control Experiment 

0 7.026 7.026 

24 7.026 6.348 

""'''' 48 7.026 6.429 

72 7.020 6.567 
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I 
Cl... 7.5 

6.5 

5.5 

pH Change 

(contro l)pH -A- (experiment)pH 

o 24 48 72 

TIM E IN HOURS 

Figure 4.3.9. The graphical representation of pH changes during the process of biotransformation of water extract by 

Bacillus stercoris. 

4.4. Analysis of compounds 

4.4.1. TLC (Thin Layer Chromatographr) of extracted compounds 

The separation of methanol-extracted compounds of Stevia was done by running the 

stationary phase of extract in various mobile phases in the Thin Layer Chromatography. 

As shown in figure (4.4.1), the compounds were separated by using the mixture of ethyl 

acetate, water and acetone in a specified ratio of 4:1 :5 which was observed under the UV 

lamp. 

Figure 4.4.1. The visualization of separated compounds of Stevia by TLC in the mobile phase of acetone, 

ethyl acetate, and water under the UV radiations. 
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Figure 4.4.2. showed the chromatographic analysis of methanol-based extracted 

compounds in the mobile phase of chloroform, methanol, and water in which the 

compounds were not separated properly. 

Figure 4.4.2 (A), (B), and (C) show the seLlaration of the compounds on the TLC plate in the chloroform, 

methanol, and water mobile phase 

The separation of water-extracted compounds ofStevia was done by running the stationary 

phase of extract in various mobile phases in the Thin Layer Chromatography. Figure 

(4.3.3). depicted the compound separation in a mobile phase mixture of acetic acid: 

chloroform: water, acetonitrile: water, and acetone: water: ethyl acetate in two different 

ratios respectively. There was no proper separation In the mediums of 

chloroform/water/acetic acid and acetonitrile/water as shown in the figure. 
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Figure 4.4.3. The running of stationary phase (Steviol Glycosides) in different mobile phases. (A) The 
running of stationary phase (Steviol Glycosides) in different mobile phases. in the mobile phase of 
Chloroform: Acetic Acid: Water, (B) The running of stationary phase (Steviol Glycosides) in the mobile 
phase of Acetonitrile: Water, 3 C The running of stationary phase (Steviol Glycosides) in the mobile phase 
of Acetone: Ethyl acetate: Water in a ratio of 50:40; 1 0, and (D) The running of stationary phase (Steviol 
Glycosides) in the mobile phase of Acetone: Ethyl Acetate: Water in the ratio of 60:35:5 

4.4.1.2. Rf values of extracted compounds 

(i) Methanolic Extract 

Various values of the retention factor (Rr)of extracted compounds after TLC were as in 

Table 4.5. 

Table 4.5: The calculated Rr of separated compounds after TLC 

Samples Compo Compo Compo Compo Compo Compo Compo 

und 1 und2 und3 und4 und5 und6 und 7 

(Rr) (Rr) (Rr) (Rr) (Rr) (Rr) (Rr) 

(SC) 0.742 0.639 - - - - -

(S.El) 0.258 0.329 0.567 0.742 0.762 - -

(S.E2) 0.216 0.298 0.567 0.742 0.762 - -

(S.E3) 0.258 0.329 0.567 0.742 0.762 0.855 0.896 

4.4.2. TLC (Thin Layer Chromatography) of biotransformed compounds by 

Anoxybacillus 

Figure (4.4.4) exhibited the separated bio-transformed compounds by Anoxybacillus by 

performing TLC in the optimized mobile phase of acetone: ethyl acetate: water in a ratio 
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of 50:40: 1 0 and observed under the UV lamp of 260nm which clearly differentiate the 

transformation by observing the thickness of the band increase compared to the control. 

Figure 4.4.4 The change in the Stevia compounds after 24hrs, 48 hrs, 72 hrs, and 120hrs (A) showing the 

separated compounds in diluted Stevia extracts (DE) and biotransformed extract in 24 and 48 hours controls 

(24 C), (48C), and experiments (24E),(48E). 

The calculated Rf values of separated compounds in the tested samples are as in Table 4.6. 

Table 4.6: The calculated Rr of observed compounds. 

Samples Cl C2 C3 C4 C5 

(Rr) (Rr) (Rr) (Rr) (Rr) 

DEI 0.091 0.321 0.505 0.701 0.782 

DE2 0.080 0.298 0.505 0.689 0.747 

(24 C) 0.114 0.252 - - -

(24 E) 0.126 0.333 - - -

(48 C) 0.068 0.126 0.275 - -

(48 E) 0.068 0.126 - - -

(120.C) 0.068 0.126 0.218 0.301 0.517 

(120.E) 0.057 0.126 0.229 0.528 -
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(120 C) 0.057 0.126 0.183 0.252 0.528 

(48 E) 0.068 0.126 0.183 0.241 0.528 

4.4.3. TLC (Thin Layer Chromatography) of biotransformed compounds by 

Bacillus licheniformis 

Figure (4.4.5) showed the bio-transformed compounds in water extract by Bacillus 

licheniformis that were separated by running TLC and observed under the UV lamp of 

260nm. The image showed clear bands of different compounds, formation after 48hrs and 

72 hrs of the biotransformation in comparison to 24 hrs. The Rf values of compounds were 

as in Table 4.7 illustrating the changes in the compounds in comparison to the main 

extracted Stevia compounds. 

Figure 4.4.5. The change in the Stevia compounds after 24hrs, 48 hrs, and 120 hrs by Bacillus licheniformis. 

The Rf values of compounds in the selected samples were as in Table 4.7. 

Table 4.7: The calculated Rf of observed compounds. 

Extraction of steviol glycosides from Stevia leaves and their biotransformation with the 
aim to improve its taste and other biological activities 

64 



Chapter 4 RESULTS 

Samples C.I C.2 C.3 C.4 C.S 

(Rr) (Rr) (Rr) (Rr) (Rr) 

(SE) 0.2267 0.386 0.533 0.667 0.76 

(24 C) 0.133 0.173 0.266 OAO -

(24 E) 0.066 0.173 0.266 0.333 OAO 

(48 C) 0.066 0.133 0.213 0.333 -

(48 E) 0.053 0.133 0.213 0.333 -

(120. C) 0.066 0.12 0.266 0.333 OAO 

(120. E) 0.666 0.173 0.126 0.333 OA26 

4.4.4. TLC (Thin Layer Chromatography) of bio-transformed compounds by 

Bacillus stercoris 

1. Methanolic Extract 

Figure (4.4.6,) showed the separated bio-transfonned compounds in the methanolic extract 

cani.ed out by Bacillus stercoris, by running TLC in a selected mobile phase of 

acetone/ethyl acetate/water in a ratio of 50:40: 1 0 and observed under the UV lamp of 

260nm. The image showed clear bands of different compounds, fonnation after 48hrs and 

72 hrs ofthe biotransfonnation in comparison to 24 hrs. The Rr values of compounds were 

as in Table 4.8 illustrating the changes in the compounds in comparison to the main 

extracted Stevia compounds. 
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Figure 4.4.6 The change in the Stevia compounds after 24hrs, 48 hrs, and 72 hrs by Bacillus stercoris. 

Table 4.8: The calculated Rr of observed compounds after biotr ansformation with 

Bacillus stercoris. 

Samples Cl C2 C3 C4 C5 C6 C7 

(Rr) (Rr) (Rr) (Rr) (Rr) (Rr) (Rr) 

S.E 0.056 0.157 0.325 0.393 0.629 0.730 0.831 

24 hrs. C 0.101 0.202 0.494 - - - -
24 hrs E 0.056 0.112 0.236 0.652 - - -
48hrs. C 0.101 0.202 - - - - -

48hrs. E 0.101 0.213 0.506 0.629 0.741 - -
72 hrs. C 0.1 011 0.179 0.831 - - - -
72 hrs. E 0.078 0.011 0.225 0.517 0.652 0.798 -

2. Water Extract 

The (Figure 4.4.7) demonstrated that bio-transformed compounds in water extract by 

Bacillus stercoris and control extract without transformation were separated by running on 

TLC plate and observed under the UV lamp of 260nm. The Rf values of compounds were 

as in Table 4.9. The Rfvalues and images ofTLC clearly shows a difference in bands of 
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biotransformed extract in comparison with control. Further, it shows a clear distinction of 

bands in biotransformed extract after 48 hours and 72. 

Figure 4.4.7 The change in the Stevia compounds afwater extract after 24hrs, 48 hrs, and 72 hrs by Bacillus 

stercoris. 

Table 4.9: The calculated Rf of observed compounds after biotransformation with 

Bacillus stercoris. 

Samples C.1 C.2 C.3 C.4 C.5 C.6 C.7 C.8 

(Rr) (Rr) (Rr) (Rr) (Rr) (Rf) (Rr) (Rr) 

C.9 

(Rr) 

S.E 0.08 0.121 0.164 0.263 0.340 0.384 0.483 0.714 0.879 

24 hrs. C 0.164 0.121 0.340 0.384 0.714 0.879 - -

24 hrs E 0.164 0.121 0.340 0.652 0.714 0.835 0.869 -

48hrs. C 0.164 0.121 0.340 0.714 0.879 - - -

48hrs.E 0.054 0.121 0.186 0.219 0.4505 0.516 0.780 0.868 

72 hrs.C 0.164 0.121 0.340 0.714 0.879 - -

72 hrs.E 0.054 0.121 0.186 0.219 0.4505 0.516 0.692 0.780 
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4.4.6. FT-IR 

The figure (4.4.8) showed the FTIR analysis of the selected samples of 48-hour and 72-

hour control and biotransformed Stevia extract done by Bacillus stercoris which indicated 

changes in the wideness and appearance of different peaks after the biotransformation. The 

peaks between 1000-1500 cm- I and 2000-2500 cm- I disappeared illustrating the bond­

breaking and altered structures of functional groups. 

c D 

Figure 4.4.8 FTIR analysis of extracted and biotransformed compounds (A) The IR spectra of Stevia extract 

control after the incubation of 48 hours while (B) indicating the biotransformed compounds of Stevia present 

in methanolic extract. (C) and (F) indicated the IR spectra data about the water extract control of 72 hours 

and its biotransformed compounds by Bacillus stercoris respectively. 
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4.4.7. Antioxidant Activity Assay 

Table 4.10 showed the variations in antioxidant activity of selected samples of best­

biotransformed compounds carried out by Bacillus stercoris and the control of every 24 

hours sample with respect to the positive control of Ascorbic acid for antioxidant assay. 

The DPPH scavenges the free radicals that changed the color from purple/violet to yellow 

or colorless as in figure (4.4.9). The comparison of changes in the antioxidant potential was 

as in figure (4.4.10). 

Table 4.10: Antioxidant Potentials of samples. 

Samples Percentage % inhibition at various concentration 

5p.t1 10p.t1 20p.t1 

Ascorbic Acid 89 91.04 91,·35 

24-hour Control 26.47 46.5 46 

24-hour Experiment 56 57 65.3 

48-hour Control 29 39.93 39.93 

48-hour Experiment 51.3 55 55.7 

72-hour Control 16.60 18.2 21 

72-hour Experiment 41 55 58 

Figllre 4.4.9. The Color of DPPH changed from Pllrple to yellow indicating the antioxidant potential of samples. 
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Antioxidant Activity 
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Figure 4.4.8: Antioxidant potential of extracted and biotransformed compounds. The Percentage inhibition of 

samples including Ascorbic Acid, 24-hour control (24C), experiment (2!E), 48-hour control (48C), 

experiment (48E), 72-hour control (72C), and experiment (72E) during DPPH scavenging assay. 
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DISCUSSION 

Th is study was conducted for the extract ion of commercially important stev iol compounds 

fo und in Stevia and biotransforming them to improve its taste and other biolog ica l 

activities. The process was initiated with the extraction of sweet compound s. The so lvent 

extraction technique was used to separate the Stev ia extract from blended Stevia leaves by 

using methanol, an im portant so lvent by comparin g with prev iously done extracti ons in the 

past. [t was a preferable solvent fo r the maximum rate of extracti on as it has hi gh polari ty 

and extraction yield as compared to water which was used for being a green alternative. 

Prev iously, extraction with methanol was conducted by Howlader et aI., (201 6) by using 

80% methanol (Howlader el aI. , 2016) . [n our study, 70% methanol was used for the 

extraction of sweet compounds (stev iol glycos ides) at the optimum temperature of 62. 8°C 

(boiling point of methanol). Heat ing at that temperature enhances the extract ion power of 

so lvent to reduce the repetition of a process that depends on at least ten to thil1een times 

extraction. Although the temperature to lerance of Stev ia compounds such that stev iol, 

Stev ioside, and Rebaudiana A is more than 200°C. So that a high-temperature range can 

support the optimum iso lation of compounds. 

Although it was believed that methanol cannot extract whole sweetness from the leaves 

extract. For the complete extraction of sweet compounds, powder of leaves was ret1uxed 

with methanol fo r three times with filtration as shown in figure 4.2. 1 (A), (B), and (C). 

There were di fferent compounds found in Stevia including materials like oil s. The greasy 

material and bulk of less polar and co lored chemicals were extracted from methanolic 

extract after the so lvent had completely evaporated. This was done by several times 

ret1uxes using chl oroform as shown in figure 4.2. 1 (D). [t has more density than water 

making it suitable to separate esters and other co lored compounds (Fat ima, 201 7). The 

ret1uxes continued till the green co lor in the chloroform layer completely vani shed. The 

chloroform layer had fewer sweet compounds as compared to another methanoli c layer 

with maximum sweet potential. The extremely po lar, water-so luble stev io l compounds i.e., 

sweet stev iol glycosides and oligosaccharides were iso lated from these other compounds, 

by repeatedly extracting the aqueous so lu tion of the res ul ting mass with n-buty l alcohol as 

shown in figure 4.2 .1 (E) . [t is supportive in gradient elution as being more polar. Before 
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extracting the desired chemi ca ls from the plant materi a l or after they have been extracted, 

the undes irab le compounds mu st be eliminated. The immisc ible so lvents; water and 

butanol were uti I ized together to el im inate con tam inants from the residue, leav ing the 

butanol layer with polar compounds. The diterpenoid c lass of sugalY chemicals found in 

Stev ia are g lycos idic in origin and were retained by n-bu ty l alcohol (I-butanol) (Huang et 

al. , 20 I 0). The final extract was in light brown co lor that turned to a li ghter co lor with the 

appearance of clystals after add ing methanol to it. That crystallized extract was treated with 

chilled ethanol to reduce the phenolic compounds as well as the bitterness of Stev ia. It 

further enhanced the appearance of particu lar Stevia com pounds to boost the wh ite to off­

white co lored powder of Stev ia as shown in fi gure 4.2. 1 (F) and (G). 

On the other side, water extraction was performed in an a lm ost s imilar pattern to that of 

methanolic extraction . The extraction by water was considered a green alternative. [n this 

method , the initia l refluxes were performed with water at a temperature near to water' s 

boiling point of 98°C. The extract was evaporated to reduce the water content. The water 

can iso late a ll sweet compound s (steviol g lycos ides) a long w ith the principal compounds 

of Reb au diana A and Stev ios ide as shown in figure (4.2.2). The extract was treated with n­

Hexane to remove Stev ia compound name Austroinulin and o ily compounds. Further 

methanol was added to the remaining water extract. The combined so lution of water and 

methanol increased the polarity as compared to chloroform so that wh ile treatin g w ith 

chloroform at 61 °C in a separating funn el, the lower contain ed other greasy material s, non­

polar and co lored compound s. Here the methano l he lped in the separation of polar 

diterpenoids g lycos ides. An extract other than chloroform one was treated with n-butyl 

alcohol for the separation of the final required compounds as shown in figure 4 .2.2 (G). 

The final extracted compounds underwent ethanolic treatment to get white to off-white 

crystals w ith less bitterness (Shamima et al. , 2019). 

The extraction of com pounds was followed by the process of biotransformation for that the 

extracted compounds were tested with the se lected three different bacterial strains i.e., 

Anoxybacillus, Bacillus lichen{formis, and Bacillus stercoris (previously isolated for better 

enzymatic activi ty specifica lly for ~- glucosidase) to analyze the change in the compounds 

as the enzymes present ins ide the bacterial isolates utilize the compound s in the extract. 
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The process of biotransformation vvas important for the modifi cation of compounds 

(S ul tana, 2018). In thi s study, we have used M9 media with modification as in the literature, 

the ratio of glucose in M9 med ia was 20% while we used 5% as we were transforming the 

sugar moieties of Stevio l glycos ides by microorgani sms and if a higher concentration of 

glucose was present in th e med ia then the selected strains might utilize the glucose of med ia 

on ly and cause difficulty in the analys is of biotransformation of extract molecules. 

Therefore, by using 5% glucose, the mi crob ial strain has more excess to the glucose 

attached with sweet compounds such that stev iosides, stev iol glycos ide, rebaudiana A, or 

stev iol. to SUppOit the hydrolysis type of biotransformation. According to the study of Van 

Hofwegen et al. (20 16), M9 media (minimal salt media) is beneficial to use as it has a base 

formulation of salts and can be enhanced by different nutri ents, carbon sources, as well as 

amino ac ids to support microb ial strains (Van Hofwegen ef aI. , 2016) . 

M usa et al. (2014) had previously done transformation of stev ios ide specifically with the 

help of L. citreum with alternansurase specified activity by using MRS medium with 

sucrose to control the bitterness (M usa et 01. , 2014). While over study was conducted with 

stevio l glycos ides in modified M9 medium with less glucose to focus on the maximum 

ava il abi lity of stev iol glycos ides to bacterial isolates. The transformation of compounds 

structure during the process of biotransformation was analyzed after every 24 hours for 

three consecutive days by taking 1 ml fro m the experiment and control which was further 

centrifuged to separate the bacterial spec ies and other particles in a palate from the 

supernatant with the required compounds. The pH was analyzed to estimate the change 

occurring in the compounds by Anoxybacillus, Bacillus licheniformis, and Bacillus 

stercoris with time respectively. A previolls study on the pH change indicated that during 

the fermentation of compounds by microbial stra in the pH fi rst drops and then increases as 

the strain utilized the compounds for its nutri tional needs and produces organic acid 

(decreas ing the pH) while after some time, they start utili zing the produced organi c ac ids 

that cause an increase in pH . [n this process, the pH before biotransformation was neutral 

at about 7 or slightly ac idic i.e., near 6.5 . The pH of our biotransformed so lution became 

more acidic after 24 hours as the breakdown of glucose occurred as stud ied earlier by 

Marasinghege, (2020), the pH grad ually changes durin g the process of transfonnation and 

fermentation (Maras inghege et 01., 2020). While after 48 hours it started increasing. 
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The phys ica l analysis of experimentation was fo llowed by the co lorimetric changes in the 

conducted experiment of biotransform at ion indicat ing the alterat ion of compounds. The 

co lor of the extract became lighter during the process of biotransformation as compared to 

the control (only extract). Thi s mi ght be due to the breakdown of ex ist ing molecul es in to 

new compounds or might be isomerized into prev ious compounds that increase the ac idi ty 

of the so lution (BARBUT, 20 I 0). These compounds exhibi t polar behav ior so, diffe rent 

polar so lvents were selected for findin g optimized extracting so lvents through TLC. TLC 

(Thin Layer Chromatography) is an inexpensive and simple technique used for the 

separati on of compounds present in the mixture. According to Bele et al., (20 II ), it is a 

quick process that is mostly used in organic laboratories. It requires a very small amount 

of sample for the separation (less than 5 to 10 micrograms). It contains two phases 

stationary phase (fo r sample or mixture) which can be so lid or liquid and a mobile phase 

(so lvent fo r the separation of compounds). Mostly the compounds are invisible on the 

silica gel of TLC plates as in our case for which, Ultrav iolet (UV) radi ation box is used 

with different ranges based on the type of mi xture or used stationary phase (Bele et aI. , 

20 II ). The com pound ' s polarity is related to the retention facto r wh ich is a ratio of distance 

traveled by the stationary phase and mobile phase. The compounds that are less polar do 

not travel a large di stance whi Ie more polar can move fas ter and cross a large di stance. Th is 

helps more to identify the compounds. In the case of chloroform, water, and methano li c 

mobile phase, no proper separation took place as no separation was observed on the plate. 

while mul tiple spots have appeared on the TLC plate placed in ethyl acetate, acetone, and 

water-based mobile phase. When the extracts (S .E I, S.E 2, and S.E 3) were compared with 

each other as well as with commercially ava ilable Stev ia sweetener (SC), different Rf 

values were calcul ated based on what the main sweet compounds can be indicated eas ily 

in all. The va lues of compound 2 of commercial Stev ia (0.742), and compound 4 of other 

Stevia extracts (S.E 1, S.E 2, and S.E 3 of 0.742) are important compounds while 

compounds 3 and 5 of S.E I, S.E 2, and S.E 3 were also ta rgeted compoLind for further 

structu ral ana lys is. Wh i Ie the TLC analys is after biotransform ati on ind icated the presence 

of multiple compounds on the silica plates in the experimented sample as compared to the 

main non-transfo rmed pure extract. The di ffe rence in th e values of retention factors better 

differentiated the compounds. The value of the retention facto r is related to the polari ty of 
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compounds. Accord in g to Naknean and Meenune. (20 I 0) the compou nds with a more po lar 

nature can adhere to absorbent and separated earli er near the baseline of the stationary 

phase on a silica plate with less Rr va lue while the less polar compounds have more Rr 

value (Naknean & Meenune, 20 I 0) . 

The compound separation on the TLC plate is also related to the molecular weight of the 

compounds. Heavy molecules or compounds cannot travel a long distance on the TLC plate 

therefore, low Rf-va lued compounds have a more molecular weight (Narayanan et 01., 

2020) . Compounds hav ing brighter and thicker bands have more absorbance and molecular 

weight as in our conducted study, the TLC analysis of compounds transformed by Bacillus 

stercoris indicated the presence of more polar compounds with a more molecular weight 

representing a change in compari son to running contro l and non-biotransformed extracted 

compounds along. 

Techniques such as FTIR was used to analyze chem ical changes in the compounds. This 

technique helped in the final analysis of compounds along with the representation of 

change in the molecu lar structures. Thi s study was based on the observation of changes in 

the stev iol glycos ides' wave length concerning IR (infrared) spectroscopy. Chaturvedul a et 

al. (20 12) showed different stretches (peaks) in the structure of stev iol glycos ides wh ich 

determined the presence of the OH (hydroxy l), sp3-CH (a lkane), C=O (carbonyl), C=C 

(alkene), and C-O-C (ether) groups, as we ll as the bending vibrations of -C=C (a lkene) as 

done in the previous studies . The wi der band between 3000-3500 cm·1 indicated the 

presence ofOH group stretching, the peak at 1074 cm-I determined the presence of ether 

group, while, stretching of alkene was noted between 1641-1662 cm- I
, alkane between 

29 18-2947 cm- I
, carbonyl groups bet\.yeen 1719-1728 cm- I , ether groups between 1054-

I 070cm-l
, and alkene bending between 870-895cm- 1 (Chaturvedula, Mubarak, and 

Prakash, 201 2). The reg ion between 1100- 1200 cm-I showed the glycos idic linkage which 

was absent in the biotransform ed extract interpret ing the breakage of the bond and the 

presence of bands at 1074-1077 cm-I of ethers and change in the wideness of OH stretching 

above 3000 cm-I indicated the formation of new glycos ides. While the reduction in the 

bands between 2500-3 000 indicated the changes in alkyl bond stretching in comparison 

with the study conducted by Chaturved ul a et 01. (20 16). While the FT1R spectra of the 
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methanoli c extract showed peaks of glycos idic bonds in the region of 1100- 1200 cm-i
. 

There was a great change in the molecular structures of stev iol glycos ides after 

biotransformati on but the changes can be confirmed by High-Performance Liquid 

Chromatography and LCMS as studied earlier (Chranioti ef ai., 2016). 

Stev ioside could be present in a hi gh amount. When the bacterial strains broke down the 

glucose from it, might be it added to Rebaudioside A, or new compounds were formed to 

improve the sweet taste and reduce the bitter aftertaste. It could also change the biolog ical 

acti vities such that antioxidant potential could be observed through DPPH assay 

(antioxidant assay). It is based on the transfer of el ectrons that produces the purple co lor 

of 2,2-diphenyl-1 -picryl-hydrazy l-hydrate (DPPH) free radical in methanol or ethanol that 

is reduced by an antioxidant molecule to the ye llow-to-co lorl ess so lution. DPPH is a stable 

free radical at room temperature (Garcia et oZ. , 201 2). This is a reaction between DPPH 

and a free-radical scavenger antioxidant that produces DPPHH having less absorbent than 

DPPH due to the lower hydrogen content. The color reduces as the number of electrons 

gathered rises (Bal iyan et ai. , 2022). Accordin g to the analys is of Peri che et of. (201 5), the 

dly ing treatment of stev ia leaves showed an increase in the ant ioxidant potential of stev il 

glycos ides but along with the presence of other fl avonoids by taking ga llic ac id as a control. 

whi Ie in the current study, ascorbic acid was taken as a positive control to which the 

antioxidant potential of control and biotransformed sweet compounds were compared. 

Here the antioxidant potential was as 24-hour >48-hour> 72-hour biotransformed samples. 

The antioxidant activity was checked in different proportions of 5fll , 1 O~d , and 20~ll. The 

scavenging potenti al increased by 5 ~d> I Ofll>20fll but for 20~d 72-hour biotransfonned at 

58% as compared to the control hav ing 2]% of acti vity. which was increased than the 

activity of control (consisting of extract) at 46%. Our find ings supported the influence of 

biotransform ation on antioxidant activity and were in I ine with the results of the stud ies 

already described (Karimi et ai. , 2014). 
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CONCLUSION 

It was concluded fr0111 this research that: 

• Methanol was a good extraction reagent than water for the iso lation of sweet 

com pounds fr0111 Stev ia leaves. 

• The iso lated compounds were better transform ed microb ially with Bacillus 

stercoris at 40°C after 48 and 72 hours of incubations than the other two selected 

bacterial strains of Anoxybacillus and Bacillus licheniformis at 50°C and 40°C 

respectively. 

• The control and biotransfonned samples have altered compounds that were 

comparatively observed under the (TLC) Thin layer Chromatography techniques 

with optimized selected reagents so lution of acetone, ethyl acetate, and water. 

• A preferabl e FTIR ana lysis of samples indicated chemica l changes in the extracted 

com pounds after biotransformation. 

• The antiox idant act ivity of biotransformed compounds was enhanced than the 

extracted compounds in the control. 
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FUTURE PROSPECTS 

• The biotransformed compounds can be analyzed and purified by advanced HPLC 

techniques. 

• Microbial transform ati on can be accompli shed on a large sca le by lIsing large-scale 

fermenters. 

• Spec ific biotransform ation can be done directly with various enzymes. 

• These purified compounds can further be tested for the enhancement of various 

biological activities such that antimicrobial properties, anti oxidant, and 

antimutagenic acti vities. 

• Recent studies with Stev ia also allow the use of these sweet compounds in long­

term infections therapies. 

• After the successful biotransformation of compounds, these can be either directly 

lIsed or in a purified form in industrial as well as pharm aceutica l applications i.e., 

food, beverages, and medicines preparation fo r di abet ic patients. 
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