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the expression of gene/s important for the biosynthesis of bioactive compounds. Various 

strategies for using in vitro systems are being studied extensively with the objective of 

improving the production and qualitative consistency of plant chemicals. Due to these 

advances, research in the area of tissue culture technology for production of plant 

chemicals has bloomed beyond expectations. 

Various factors are responsible for in vftro morphogenesis. The source of the 

explant cultured is important in determining the morphogenetic and regenerative potential, 

which are significantly influenced by the phytosanitary and physiological conditions of the 

donor plant (Debergh and Maene 1981, Read 1988). Prior to the establishment of aseptic 

culture, meticulous selection, identification, and maintenance of stock plants used as the 

source of explants is necessary. Maintaining the donor plants in clean and controlled 

environmental conditions delivers healthy and sterile explants (Sagare et al. 2001). The 

physiological age of the explants, and the explant type and size are the other factors which 

exercise an influence on formation of organs in vitro (Rout et al. 2000). Temperature, 

photoperiod, light intensity, pH of medium, carbohydrate source, type of gelling agent, plant 

growth regulator concentrations in the medium, and additional media amendments also play 

a determining role in the morphogenesis (Narayanaswamy 1977). The success of any 

tissue culture protocol depends on the efficient acclimatization of in vitro-obtained plantlets 

to greenhouse and field conditions. Plantlets growing under in vftro conditions exhibit no or 

reduced photosynthetic capacity, and during acclimatization there is a need for rapid 

transition from the heterotrophic to the photoautotrophic state for survival (Preece and 

Sutter 1991 ). Thus, for effective acclimatization and better adaptation, the in vitro-raised 

plantlets are gradually exposed to field conditions. Based on the plant species and culture 

conditions, in vitro propagation could be achieved by direct and/or indirect shoot 

organogenesis and/or somatic embryogenesis. 

It is now evident that plant tissue culture is an essential component of Plant 

Biotechnology which offers novel approaches to the production, propagation, conservation 
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Stevia rebaudiana Bertoni 

Stevia rebaudiana Bertoni usually grow in semi-dry mountainous terrains, their 

habitats range from grasslands, forested mountain slopes, conifer forests, to sub-alpine 

vegetation. It is an herb of 80 - 180 cm tall with a life span of 3 - 5 years. It grows best in soil 

that is well drained but with reasonable water holding capacity and preferably with pH 5-7; 

alkaline soil should be avoided (Uddin et al. 2006, Midmore and Rank 2002). 

For centuries, the Guarani Indian's in Paraguay and Brazil used Stevia species, 

Primarily S. rebaudiana, as a non-calorie sweetener in medicinal green teas for treating 

heart burn and other ailments (Vanek et al. 2001); which is 250-300 times sweeter than 

sucrose at 0.4% solution (Wood eta/.1955, lshima and Katyama 1976, Tanaka 1984, Kim 

and Kinghorn 2002). Although there are more than 200 species of the genus Stevia, only S. 

rebaudiana gives the sweetest essence (Savita et al. 2004). 

The worldwide demand for high potency sweeteners is expected to increase 

especially with the new practice of blending different sweeteners, the demand for 

alternatives is expected to increase. The sweet herb, S. rebaudiana produces, in its leaves, 

just such an alternative with the added advantage that stevia sweeteners are natural plant 

products. In addition, the sweet steviol glycosides have functional and sensory properties 

superior to those of many other high potency sweeteners. Stevia is likely to become a major 

source of high potency sweetener for the growing natural food market in the future. The task 

at hand is to convert stevia from a wild plant to a modern crop well suited to efficient 

mechanized production. For Canada, the necessary steps are the development of seed, 

seedling and crop production system, including information on optimized crop inputs, weed 

and disease control, harvest and handling methods and a breeding program aimed at 

optimizing glycoside content and sensory characteristics. Understanding the biology of the 

stevia plants and the chemistry and biochemistry of the sweet glycosides are prerequisites 

for conversion of stevia to a modern crop. 
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Now a day it has been used as a natural sweetener substituting sugar, which has 

no side effects and available as concentrated liquid, crushed leaf or concentrated white 

powder (Handro and Ferreira 1989).The sweet compound passes through the digestive 

process without chemically breaking down, making Stevia safe for consumption for those 

who need to control their blood sugar level. The first report of commercial cultivation in 

Paraguay was in 1964 (Katayma et al. 1976, Lewis 1992). Since then, it has been 

introduced as a crop in a number of countries including Brazil, Korea, Mexico, United 

States, Indonesia, Tanzania and Canada (Shock 1982, Saxena and Ming 1988, Takayama 

and Akita 1994, Fors 1995). In Brazil and Paraguay it grows wild. The property of the 

species that called attention to the plant was the intense sweet taste of the leaves and 

aqueous extracts. Stevia sweeteners - extracts from the leaves of this herb - are 

commercially available in Japan, Korea, China, South-East Asia and South America. 

Recently, stevia extracts have been extensively used as dietary supplements in the USA 

(Kyoma et al. 2003). Other attributes of this natural, high intensity sweetener include non

fermentable, non-discoloring, maintain heat-stability at 100°C and features a lengthy shelf 

life. The product can be added to tea and coffee, cooked or baked goods, processed foods 

and beverages. In the Pacific Rim countries like China, Korea and Japan stevia is regularly 

used in preparation of food and pharmaceutical products. In Japan alone, an estimated 50 

tons of stevioside is used annually with sales valued in order of $220 million Canadian 

(Brandle and Rosa 1992). It is used as a table top sweetener, in soft drinks, baked goods, 

pickles, fruit juices, tobacco products, confectionary goods, jams and jellies, candies, 

yogurts, pastries, chewing gum and sherbets. Stevioside is of special interest to diabetic 

persons with hyperglycemia and the diet conscious. 

Its medicinal and commercial value lead to the world wide demand for large-scale 

production of stevia plants from elite germplasm. The plant is propagated by seed or stem 

cutting. Although seed propagation is very common method, seed is not efficient because of 

low fertility and self incompatibility of the flowers (Felippe and Lucas 1971, Tadhani et al 
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.2006). The propagation by seeds does not allow the production of homogenous population 

resulting in variability in sweetener level and composition (Nakamura and Tamura 1985, 

Miyagawa et al.1986). Vegetative propagation by stem cuttings is also limited by the low 

number of individuals that can be obtained simultaneously from single plant. 

Micropropagation can provide genetically uniform plants in large numbers. There are few 

reports of micropropagation from shoot tip, leaf and nodal cultures (Tamura et al. 1984, 

Ferreira and Handro 1988a, Patil et al. 1996, Sivaram and Mukundan 2003, Mitra and Pal 

2007). 

1.4.1 Biology, ethnobotany and history of cultivation 

Stevia rebaudiana Bert. is one of 154 members of the genus Stevia and one of only 

two that produce sweet steviol glycosides (Robinson 1930, Soejarto et al. 1982, 1983). It is 

native to the valley of the Rio Monday in highlands of Paraguay, between 25 and 26 

degrees south latitude, where it grows in sandy soils near streams (Katayama et al. 1976). 

Stevia was first brought to the attention of Europeans in 1887 when M.S. Bertoni learned of 

its unique properties from the Paraguayan Indians and Mestizos (Lewis 1992). Various 

reports cited by Lewis (1992) indicate that it was long known to the Guarani Indians of the 

Paraguayan highlands who called it caa-ehe, meaning sweet herb. The leaves were used 

either to sweeten mate or as a general sweetening agent. Seeds were sent to England in 

1942 in an unsuccessful attempt to establish production. The first reports of commercial 

cultivation in Paraguay were in 1964 (Katayama et al. 1976, Lewis 1992). A large effort 

aimed at establishing stevia as a crop in Japan was begun by Sumida (1968). Since then, 

stevia has been introduced as a crop in a number of countries including Brazil, Korea, 

Mexico, United States, Indonesia, Tanzania, and, since 1990 Canada (Lee et al. 1979, 

Donalisio et al. 1982, Goenadi 1983, Schock 1982, Saxena and Ming 1988, Brandle and 

Rosa 1992, Fors 1995). Stevia production after eighties is centered in China and the major 

market is in Japan (Kinghorn and Soejarto 1985). No large scale mechanized production 

has been established and stevia sweeteners are not yet found in mainstream food products 
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Given stevia's day length requirements, seed production in the Northern 

hemisphere would be best situated between 20 and 30E N latitude. The crop could be 

transplanted in February or March and seed collected in late summer. Flowering under 

these conditions should occur between 54-104 d following transplanting, depending on the 

daylength sensitivity of the cultivars used for seed production (Katayama et al. 1976). One

thousand seed weights for Stevia seed usually range between 0.15 and 0.30 g and, 

depending on plant density, seed yields of up to 8.1 kg ha·1 are possible (Carniero 1990). 

Seed germination is often poor and rates less than 50% are common (Miyazaki and 

Wantenabe 1974). Given the aforementioned conditions, seed produced on one ha could 

be enough to supply transplants for up to 200 ha of leaf production. Seed viability and yield 

are affected by growing conditions during pollination and seed filling. Excessive rainfall 

during pollination can affect both seed yield and germination (Carneiro 1990, Shuping and 

Shizhen 1995). Seed is best stored at 0°C, but even under low temperature conditions 

germination will still decline 50% over three years (Shuping and Shizhen 1995). Sealing of 

storage containers or using lower temperatures did not prevent the decrease in germination 

overtime. 

1.4.3 Cultural practices 

Planting densities ranging from 40,000 to 400,000 plants/ha have been tried in 

experiments conducted in Japan (Katayama et al. 1976). Leaf yield increased with 

increasing density up to 83,000 and 111,000 plants ha-1 for the first year of production. The 

concentration of stevioside in the leaves of Stevia increases when the plants are grown 

under long days (Metvier and Viana 1979). Since glycoside synthesis is reduced at or just 

before flowering, delaying flowering with long days allows more time for glycoside 

accumulation. It follows that Stevia production would be best situated in a long day 

environment where vegetative period is longer and steviol glycoside yields will be higher. 

Fertility requirements for Stevia grown as an annual crop are moderate. Results 

from Japan demonstrate that, at the point of maximum dry matter accumulation, Stevia 
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plants consist of 1.4% N, 0.3% P, and 2.4% K {Katayama et al._ 1976). Total biomass 

production of 7500 kg ha -1 are possible and of that total, 26% would be roots, 35% stems, 

and 39% leaves based on the composition observed by Katayama et al. {1976) which would 

require approximately 105 kg N, 23 kg P and 180 kg K from both soil and fertilizer. The 

actual rates of application will vary according to soil type and production environment, and 

need to be optimized for each specific situation. 

Stevia is harvested just prior to flowering when steviol glycoside content in the 

leaves is at its maximum {Sumida 1980, Xiang 1983). Following harvest the whole plant is 

dried and the leaves separated from the stems for further processing {Murai 1988). The 

stems have very low concentrations of sweet glycosides and are removed to minimize 

processing costs (Brandle and Rosa 1992). Drying Stevia under artificial conditions is 

affected by a number of factors including loading rate, temperature, and ambient air 

conditions (Van Hooren and Lester 1992). 

1.4.4 Cultivar development 

A variety of plant breeding procedures have been used to improve leaf yield and 

rebaudiosideOA concentration in the leaves. Based on cultivar descriptions from Japan, 

China and Korea, it appears that sufficient genetic variability exists to make significant 

genetic gains in leaf yield, rebaudioside A content and the ratio of rebaudioside-A to 

stevioside (Brandle and Rosa 1992, Lee et al. 1979,1982, Shizhen 1995, Shyu et al. 1994, 

Morita 1987). Brandle and Rosa (1992) found that the heritability of stevioside content to be 

high {83%), based on calculations from a group of half-sib families. Heritabilities for leaf 

yield (75 %) and leaf to stem ratio (83 %) were also substantial indicating that selection 

would be effective. Total sweet glycoside concentration in some lines from China was 

reported to be as high as 20.5%, and a rebaudioside-A to stevioside ratio of 9:1 was 

disclosed in the Japanese patent literature (Shizhen 1995, Morita 1987). Two breeding 

methods reported by the latter authors were: phenotypic mass selection and, recurrent 

selection for phenotype where selected plants are intercrossed before another round of 
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selection. Some cultivars such as the high rebaudioside-A selection from Japan, and 

Suweon 2 and 11 from Korea are based on the selection of single plant and because of self

incompatibility they can only be reproduced vegetatively, which limits their utility. 

Nakamura and Tamura (1985) studied a population of 300 random individuals and 

found that total glycoside concentrations at the seedling and harvest stages were not 

correlated suggesting that early selection for total glycosides would not be effective. 

However, the proportion of individual glycosides relative to the total was correlated between 

seedlings and mature plants making early selection for glycoside composition possible. The 

authors also observed a wide range of variation in the four main glycosides and found that 

dulcoside A and stevioside, and rebaudioside A and C, were positively correlated with each 

other. Stevioside and rebaudioside A, and dulcoside and rebaudioside C, were negatively 

correlated with each other. These correlations can be partially explained by the biosynthetic 

relationships between the individual glycosides because stevioside is the substrate for the 

synthesis of rebaudioside A, plants high in rebaudioside A will probably be low in stevioside 

(Shibata et al. 1991). 

1.5 The chemistry of the diterpene glycoside sweeteners 

The sweet diterpene glycosides of stevia have been the subject of a number of 

reviews (Kinghorn and Soejarto 1985, Crammer and lkan 1986, Hanson and De Oliveira 

1993). Although interest in the chemistry of the sweet principles dates from very early in the 

century, significant progress towards chemical characterization was not made until 1931, 

with the isolation of stevioside (Bridel and Lavieille 1931 a). Treatment of this substance with 

the digestive juice of a snail yielded three moles of glucose and one mole of steviol, while 

acid hydrolysis gave isosteviol (Bride! and Lavieille 1931b). lsosteviol was also obtained 

when steviol was heated in dilute sulfuric acid. Subsequent studies have led to the isolation 

of seven other sweet glycosides of steviol. Typical proportions, on a dry weight basis, for the 

four major glycosides found in the leaves of wild stevia plants is 0.3 % dulcoside, 0.6% 

rebaudioside C, 3.8 % rebaudioside A and 9.1 % stevioside. 
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1.5.1 Structure of steviol, isosteviol and stevioside 

Over 20 years after the pioneering work of Bridel and Lavieille (1931a,b) the 

structure, stereochemistry and absolute configuration of steviol and isosteviol were 

established, through a series of chemical reactions and correlations by (Mosettig and Nes 

1955, Dolder et al. 1960, Djerassi et al. 1961, Mosettig et al. 1963). Concurrent studies on 

the parent glycoside indicated that one D-glucopyranose residue, hydrolyzed under alkaline 

conditions yielding steviolbioside, was attached to a carboxyl group (Wood et al. 1955) while 

the other two were components of a sophorosyl group (Vis and Fletcher 1956) bound to the 

aglycone through a $-glycosidic linkage (Yamasaki et al. 1976). Support for the proposed 

stereochemistry was achieved by the synthetic transformation of steviol into stevioside 

(Ogawa et al. 1980). Earlier, several approaches to the in vitro synthesis of steviol had been 

reported (Cook and Knox 1970, Nakahara et al. 1971, Mori et al. 1972, Ziegler and Kloek 

1977). Spectroscopic data concerning stevioside and steviolbioside were also published 

(Van Calsteren et al. 1993). 

Ibrahim et al. (2007) isolated five labdane diterpenoids, austroinulin, isoaustroinulin, 

sterebin E, sterebin E acetate, and sterebin A acetate, along with hydrocarbons, aliphatic 

alcohols, ~-amyrin, ~-sitosterol and stigmasterol from the chloroform soluble fraction of the 

methanol extract of Stevia rebaudiana leaves. 

1.5.2 Other diterpenoid glycosides 

Further investigation of extracts of S. rebaudiana leaves resulted in the isolation 

and identification of seven other sweet diterpenoid glycosides. The leaves of S. rebaudiana 

are the sources of diterpene glycosides, such as steviolbioside, rubsoside, rebaudioside A, 

B, C, D, E and F, (Table 1, Fig. 1) dulcoside and stevioside (Starratt et al. 2002). Kohda et 

al. (1976) obtained the first two of these, rebaudiosides A and B, from methanol extracts 

together with the major sweet substance stevioside and steviolbioside, a minor constituent 

which was first prepared from stevioside by alkaline hydrolysis (Wood et al. 1955, 

Chapter 1 W Introduction 













14 

Mantovaneli et al. 2004). Subsequently, it was suggested that rebaudioside B was an 

artifact formed from rebaudioside A during the isolation (Kaneda et al. 1977, Sakamoto et 

al. 1977b). Stevioside has been converted by enzymatic and chemical procedures to 

rebaudioside A (Kaneda et al. 1977). Further fractionation of leaf extracts led to the isolation 

and identification, which was aided by 13C NMR spectroscopy, of three other new sweet 

glycosides named rebaudioside C, D and E (Sakamoto et al. 1977a,b, ). Both rebaudioside 

A and rebaudioside D could be converted to rebaudioside B by alkaline hydrolysis showing 

that only the ester functionality differed (Kohda et al. 1976; Sakamoto et al. 1977b). 

Dulcosides A and B, the latter having the same structure as rebaudioside C, were reported 

by another laboratory (Kobayashi et al. 1977). Labdane diterpene (E.g. sterebins I-N), 

triterpenes, sterols and flavonoids are some of the non-sweet secondary metabolites that 

have also been identified from the leaves of Stevia rebaudiana (Anonymous 1999, 

McGarvey et al. 2003, Markivic et al. 2008). 
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·! Compounds Name R1 R2 
71 
·1 
1 ., 

Stevioside P-Glc P-Glc-p-Glc(2-1) 1J 
! 

.i 

Steviolbioside H ~-Glc-p-Glc(2-1) 

Rebaudioside A ~-Glc 
~-Glc-p-Glc(2-1) 

I 
P-Glc(3-1) 

P-Glc-~-Glc(2-1) 
Rebaudioside B H I 

~-Glc(3-1) 

Rebaudioside C P-Glc 
P-Glc-a-Rha(2-1) 

I 
P-Glc(3-1) 

P-Glc-P-Glc(2-1) 
Rebaudioside D P-Glc-~-Glc(2-1) I 

P-Glc(3-1) 

Rebaudioside E P-Glc-P-Glc(2-1) ~-Glc-P-Glc(2-1) 

Rebaudioside F ~-Glc 
P-Glc-p-Xyl(2-1) 

I 
P-Glc(3-1) 

DuclosideA ~-Glc ~-Glc-a-Rha(2-1) 

Fig. 1. Structures of diterpene glycosides 
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well characterized. Stevioside and rebaudioside A were tested for stability in carbonated 

beverages and found to be both heat and pH stable (Chang and Cook 1983). However, 

rebaudioside A was subject to degradation upon long term exposure to sunlight. Kinghorn 

and Soejarto (1985) also cite numerous Japanese studies that demonstrate that stevioside 

is very stable. 

Phillips (1989) has summarized the early sensory research. Stevioside was 

between 110 and 270 times sweeter than sucrose, rebaudioside A between 150 and 320, 

and rebaudioside C between 40 and 60. Dulcoside A was 30 times sweeter than sucrose. 

Rebaudioside A was the least astringent, the least bitter, had the least persistant aftertaste 

and was judged to have the most favourable sensory attributes of the four major steviol 

glycosides (Phillips 1989, Tanaka 1997). Dubois and Stephanson (1984) have also 

confirmed that rebaudioside A is less bitter than stevioside and demonstrated that the bitter 

notes in stevioside and rebaudioside A are an inherent property of the compounds and not 

necessarily the result of impurities in whole plant extracts. Relative to other high potency 

sweeteners such as apsartame, bitterness tends to increase with concentration for both 

stevioside and rebaudioside A (Schiffman et al. 1994). Both stevioside and rebaudioside A 

are synergistic in mixtures with other high potency sweeteners such as aspartame and are 

good candidates for inclusion in blends (Schiffman et al. 1995). Although specialty 

applications may exist for the other glycosides, increasing levels of rebaudioside A in stevia 

leaves is a clear objective for breeding work. 

1.5.5 Commercial extraction of steviol glycosides 

Most of the commercial processing of stevia leaves occurs in Japan and there are 

dozens of patents describing methods for the extraction of steviol glycosides. Kinghorn and 

Soejarto (1985) have categorized the extraction patents into: those based on solvent (Haga 

et al. 1976), solvent plus a decolorizing agent (Ogawa 1980), adsorption chromatography 

(ltagaki and Ito 1979), ion exchange (Uneshi et al. 1977), and selective precipitation of 

individual glycosides (Matsushita and Kitahara 1981). Phillips (1989) has indicated that the 
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most favoured extraction processes involve four steps: aqueous or solvent extraction, ion 

exchange, precipitation or coagulation with filtration, then crystallization and drying. New 

methods based on ultra-filtration have also been disclosed (Tan and Ueki 1994). 

1.5.6 Pharmacological activities of Stevia rebaudiana Bertoni 

S. rebaudiana extracts have been suggested to exert beneficial effects on human 

health, including antihypertensive (Chang et al. 1994, Jeppensen et al. 2003), 

cardiovascular (Haebisch 1992, Melis 1992a), antimicrobial (Tadhani and Subhash 2006, 

Jayaraman et al. 2008, Ghosh et al. 2008), anticancerous (Jeppensen et al. 2003, Rajesh et 

al. 2010), contraceptive (Melis 1999), antiobesity and antioxidant activities (Park and Cha 

2010) and also thought to influence glucose metabolism and renal functions (Melis and 

Sainati 1991, Melis 1992b, Savita et al. 2004, Jeppesen et al. 2003), cytoprotective 

antiulcerous (Pandiyan et al. 2009) and prevention of dental caries (Fujita et al. 1979). 

Stevia can also inhibit bacteria and fungal growth (Rojas and Miranda 2002). S. rebaudiana 

does not lower blood glucose levels in normal subjects (Ahmed and Smith 2002). 
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1.6 Objectives of the study 

Cultivation of S. rebaudiana in experimental scale has been conducted recently in 

Bangladesh in attempting to exploit the possibility of using stevioside as a natural substrate 

for synthetic sweeteners. However, since seeds are usually sterile (Yang et al. 1981), small 

size and their self incompatibility (Midmore and Rank 2002) poor seed germination is the 

major factor limiting large-scale cultivation of this plant (Goettemoeller and Ching 1999, 

Lester 1999). Propagation by seeds does not allow the production of homogenous plant 

population, resulting in great variability in important features like sweetening levels and 

composition (Tamura et al. 1984, Nakamura and Tamura 1985). Vegetative propagation 

too, is limited by lowering number of individuals that can be obtained from single plant 

(Sakaguchi and Kan 1982). Other propagation methods such as stem cuttings are used, 

which easily but requires high labour inputs and thus costly. These tend to be slow and 

impractical when carried out on a large scale for propagation of selected elite individuals. 

Due to above mentioned difficulties; tissue culture is the only alternative for rapid mass 

propagation of Stevia plants. Synthetic growth regulators enhance and accelerate the 

production of in vitro plants with good agronomical traits. Tissue culture propagation of this 

species, therefore, offers a possible alternative. The present investigation was undertaken 

to find out suitable sources of explants and suitable concentration of 2,4-D for callus 

induction in micro propagation of S. rebaudiana. 
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(WhG,., plant with flower) 

{Stem with leaves) 

Plate 1. Stevia rebaudiana plant 
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Materials and Methods 

Chapter 2 

MATERIALS AND METHODS 

This chapter presents the materials and the methods that were used in conducting 

the investigation. 

2.1 Materials 

To conduct the present investigation following materials and equipments were 

used: 

2.1.1 Plant Materials 

The pot grown Stevia rebaudiana plants were collected from the Tissue Culture 

Laboratory of BARC, Gazipur. Nodes, lnternodes and Leaves of healthy Stevia rebaudiana 

plants were used as explants for the investigation. 

2.1.2 Surface sterilant and surfactant 

Mercuric chloride (HgC'2) was used as surface sterilizing agents while Savlon (0.3% 

v/v an antiseptic, plus detergent, marketed in Bangladesh by ACI Bangladesh Ltd.) was 

used as detergent cum surfactant in the present investigation. 

2.1.3 Chemicals and sources 

The chemical compound used as macronutrients and micronutrients in the present 

study were reagent grade (GPR) products of either Riedel-de-Haen, Germany; BDH, 

England/India or E. Merck, Germany/India and Phyto Technology Laboratories™ USA. The 
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vitamins and growth regulators were mostly products of Phyto Technology Laboratories™ 

USA/E. Merck, India. A small section of them was procured from BDH, England. 

2.1.4 Culture media 

The nutrient media used in plant tissue culture are composed of several 

components, salts, vitamins, amino acids, growth regulator, sugars, agar or gelrite and 

water. All these compounds full-fill one or more functions in the in vitro growth of plants. The 

excised explants can only grow in vitro on a suitable artificially prepared nutrient medium 

which is known as culture medium. From time to time, many workers/scientists (White, 

Murashige and Skoog, Gamborg, Nitsch and Nitcsh, Schenk, Hildebrandt and others) have 

proposed the composition of different nutrient media for in vitro growth and development of 

explant tissues. MS (Murashige and Skoog 1962) medium was used in the present study 

and chemical composition of the media are listed in Table 2. 

Table 2. Chemical composition of MS media (1 litre) 

Macronutrients Micro nutrients Organic supplements 

Chemical Amount (g) Chemical Amount (mg) Chemical Amount(mg) 

NH4NO3 1.65 FeSO4.7H2O 27.80 Myoinositol 100,00 

KNO3 1.90 Na2EDTA.2H2O 33.60 Nicotinic acid 0.05 

CaCl2.2H2O 0.44 Kl 0.83 Pylidoxine HCI 0.05 

MgSO4.7H2O 0.37 H38Q4 6.20 Thiamine HCI 0.05 

KH2PO4 0.17 MnSO4.4H2O 22.30 Glycine 0.02 

Zn$O4.7H2O 8.60 Sucrose 30.00 

Na2MoO4.H2O 0.25 

CuSO4.5H2O 0.025 

CoCl2.6H2O 0.025 
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2.1.5 Growth regulators 

In addition to the nutrients, it is generally necessary to add one or more growth 

regulators such as Auxins and Cytokinins to the media to support good growth of the tissues 

and organs (Bhojwani and Razdan 1983). The following plant growth regulators were used 

in the present investigation: 

i) Auxins 

Auxins promote cell enlargement and root initiation and following four types of 

Auxins were used to full-fill the experimental purposes: 

1 H indole-3-acetic acid (IM) 

1H indole-3-butyric acid (IBA) 

1-naphthaleneacetic acid (NM) 

2,4-dichlorophenoxyacetic acid (2,4-D) 

ii) Cytokinins 

Cytokinins promote cell division and shoot initiation and following two types of 

cytokinins were used to full-fill the experimental purposes: 

6-benzylaminopurine (BAP) 

6-furfurylaminopurine (Kinetin or Kn) 

2.1.6 Other materials 

Other materials used to conducted the present investigation including: 

Growth additives 

Different brands of sucrose including common sugar and different brands of agar 

powder were used in the nutrient media as carbon source and gelling agent respectively. 
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volume was made up to 200 ml by further addition of distilled water. It was then filtered and 

stored in a glass reagent bottle in the refrigerator. 

Stock solution-II {Macronutrients) 

3.70 g of MgSQ4.7H2O was weighted and dissolved in 150 ml of distilled water in a 

conical flask and the final volume was made up to 200 ml by further addition of distilled 

water. It was then filtered and stored in a glass reagent bottle in the refrigerator. 

Stock solution-Ill {Macronutrients) 

4.40 g of CaC'2.2H2O was weighted and dissolved in 150 ml of distilled water in a 

conical flask and the final volume was made up to 200 ml by further addition of distilled 

water. It was then filtered and stored in a glass reagent bottle in the refrigerator. 

Stock solution-IV {Micronutrients) 

Two constituents, FeSO4.7H2O (0.556 g) and NaiEDTA.2H2O (0.746 g) were 

weighted and dissolved in 350 ml of distilled water in a conical flask and the final volume 

was made up to 400 ml by further addition of distilled water. It was then stored in dark glass 

reagent bottle to avoid photosensitive reaction in the refrigerator. 

Stock solution-V (Micronutrients) 

MnSO4.4H2O (0.446 g), H38O3 (0.124 g) and ZnSQ4.7H2O (0.172 g) were weighted 

and in 350 ml of distilled water in a conical flask and the final volume was made up to 400 

ml by further addition of distilled water. It was then stored in glass reagent bottle in the 

refrigerator. 

Stock solution-VI (Micronutrients) 

Kl (0.166 g), CuSQ4.5H2O (0.005 g), Na2MoQ4.2H2O (0.05 g) and CoCl2.6H2O 

(0.005 g) were weighted and dissolved in 150 ml of distilled water in a conical flask and the 

final volume was made up to 200 ml by further addition of distilled water and stored in a 

glass reagent bottle in the refrigerator. 
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Fig. 3. Effects of different concentration of SAP on direct shoot proliferation from the 
different explants of Stevia rebaudiana; percentage proliferation (upper), number of 
shoots per explants (middle), length of longest shoot (lower). 
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Table 5. Effect~ of different concentration of BAP and Kn on direct shoot proliferation from 
the different explants of Stevia rebaudiana. 

Treatment 
Percentage of explanls Average number of shoots Average length of the 

(mgll) 
showing proliferation perexplant longest shoots (cm) 

Nodes lntemodes Nodes lntemodes Nodes lnternodes 

0.5 26.20 ± 1.90 23.55± 0.77 2.80 ± 0.28 2.48± 0.17 2.18 ± 0.11 2.10 ± 0.61 

1.0 38.60 ± 0.68 32.67 ± 0.24 3.17 ± 0.23 3.02 ± 0.34 2.27 ± 0.54 2.18 ± 0.28 

1.5 49.45 ± 0.35 41.53 ± 0.58 3.25± 0.39 3.19 ± 0.06 2.55± 0.32 2.30 ± 0.44 
BAP 

2.0 57.67 ± 0.57 44.49± 0.92 3.62 ± 0.12 3.47 ± 0.22 2.68 ± 0.21 2.32± 0.73 

2.5 46.25 ± 0.80 40.12± 0.41 3.27 ± 0.53 3.22 ± 0.41 2.48 ± 0.38 2.27 ± 0.42 

3.0 34.40 ± 0.23 31.77 ± 0.47 3.10 ± 0.27 3.07 ± 0.57 2.30 ± 0.46 2.21 ± 0.75 

0.5 22.55 ± 0.71 19.43 ± 0.12 2.65 ± 0.21 2.34 ± 0.08 2.19 ± 0.19 2.04 ± 0.38 

1.0 34.85 ± 1.23 30.77 ± 0.89 3.06±0.35 2.79 ± 0.21 2.35± 0.30 2.22 ± 0.12 

1.5 45.24 ± 0.88 34.28 ± 0.63 3.10 ± 0.60 3.08 ± 0.43 2.52± 0.49 2.27 ± 0.35 
Kn 

2.0 51.20± 0.76 40.25± 0.79 3.37±D.48 3.21 ± 0.11 2.64± 0.23 2.33 ± 0.39 

2.5 42.65 ± 0.13 33.08± 0.35 3.05 ± 0.33 2.59 ± 0.27 2.51 ± 0.42 2.26 ±0.66 

3.0 30.55 ± 0.45 28.11 ± 1.48 2.88± 0.29 2.48 ± 0.04 2.38 ± 0.15 2.19±0.29 
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Fig. 3. Effects of different concentration of SAP on direct shoot proliferation from the 
different explants of Stevia rebaudiana; percentage proliferation (upper), number of 
shoots per explants (middle), length of longest shoot (lower). 
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Fig. 3. Effects of different concentration of SAP on direct shoot proliferation from the 
different explants of Stevia rebaudiana; percentage proliferation (upper), number of 
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3.2.2 Effects of combined growth regulators on direct shoot proliferation 
from the different explants 

From the results of effects of individual growth regulators on direct shoot 

proliferation from the different explants (3.2.1) it is clear that Kn is less effective than BAP 

on direct shoot proliferation from nodes and internodes. To find out the effects of combined 

growth regulators on direct shoot proliferation from nodes and internodes, different 

concentration of Cytokinins (BAP) with different concentration of Auxins (IAA, IBA, NAA) 

were used in different combinations. Percentage of shoot proliferation from different 

explants was much better when Cytokinins and Auxins were used in combination in the 

culture media compared to their individual effects on direct shoot proliferation and 

combination of BAP and NAA in the culture media was found the most effective on direct 

shoot proliferation from the different explants. 

3.2.2.1 Effects of different concentration of BAP with different 
concentration of IAA 

Four different concentrations of BAP (1.0 mg/I, 1.5 mg/I, 2.0 mg/I, 2.5 mg/I) with five 

different concentrations of IAA (0.1 mg/I, 0.2 mg/I, 0.3 mg/I, 0.4 mg/I, 0.5 mg/I) were used in 

the culture media to find out the combined effects of BAP and IAA on direct shoots 

proliferation from nodes and internodes and the results are presented in Table 6. In most of 

the cases IAA (0.2 mg/I) or IAA (0.3 mg/I) with different concentration of BAP showed the 

best result. 

BAP (1.0 mg/I) with five different concentration of IAA: In case of nodes as 

explants the highest percentage of proliferated shoots was observed when BAP (1.0 mg/I) + 

IAA (0.3 mg/I) was used in the culture media which was 69.26 ± 0.38. In this combination 

the average number of shoots per explant was 3.32 ± 0.08 and average length of the 

longest shoots was 2.46 ± 0.57 cm. But in case of internodes, the highest percentage of 

proliferated shoots was 58.33 ± 0.25 in same combination of the growth regulators and the 

average number of shoots per explant was 3.17 ± 0.27 and average length of the longest 
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shoots was 2.35 ± 0.43 cm. Other combinations showed average performances of shoot 

proliferation of the explants. The effects of BAP (1.0 mg/I) with different concentration of IM 

on direct shoot proliferation from the different explants are presented by histogram in Fig. 5. 

BAP (1.5 mg/I} with five different concentration of IAA: When SAP (1.5 mg/I) + 

IM {0.2 mg/I) was used in the culture media, highest percentage of proliferated shoots was 

recorded from the nodes which was 72.48 ± 0.43, average number of shoots per explant 

was 3.49 ± 0.28 and average length of the longest shoots was 2.49 ± 0.11 cm. But when 

BAP (1.5 mg/I} + IM (0.3 mg/I) was used, the highest percentage of proliferated shoots 

from the internodes was 66.17 ± 0.29 and average number of shoots per explant was 3.26 

± 0.16 and average length of the longest shoots was 2.41 ± 0.77 cm. Other combinations 

showed average performances of shoot proliferation of the explants. The effects of SAP {1.5 

mg/I) with different concentration of IM on direct shoot proliferation from the different 

explants are presented by histogram in Fig. 6. 

BAP (2.0 mg/I) with five different concentration of IAA: BAP (2.0 mg/I} + IM 

(0.2 mg/I} in the culture media showed the highest percentage of proliferated shoots from 

the nodes which was 76.48 ± 0.24.This was the best result among the BAP + IM 

combinations. In this combination average number of shoots per explant was 3.86 ± 0.66 

and average length of the longest shoots was 2.52 ± 0.41 cm. In the same combination of 

the growth regulators highest percentage of proliferated shoots from the internodes was 

71.60 ± 1.03, average number of shoots per explant was 3.72±0.19 and average length of 

the longest shoots was 2.36 ± 0.53 cm. Other combinations showed average performances 

of shoot proliferation of the explants. The effects of BAP (2.0 mg/I) with different 

concentration of IM on direct shoot proliferation from the different explants are presented 

by histogram in Fig. 7. 

BAP (2.5 mgfl) with five different concentration of IAA: Highest percentage of 

proliferated shoots was found from the nodes which was 71.28 ± 0.15 when BAP (2.5 mg/I) 

+ IM (0.2 mg/I) was used in the culture media and average number of shoots per explant 
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was 3.41 ± 0.34 and average length of the longest shoots was 2.56 ± 0.49 cm. In same 

combination of the growth regulators highest percentage of proliferated shoots from the 

internodes was 66.24 ± 0.11, average number of shoots per explant was 3.27 ± 0.18 and 

average length of the longest shoots was 2.40 ± 0.25 cm. Other combinations showed 

average performances of shoot proliferation of the explants. The effects of BAP (2.5 mg/I) 

with different concentration of IM on direct shoot proliferation from the different explants 

are presented by histogram in Fig. 8. 
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Fig. 5. Effects of BAP {1.0 mg~) with different concentration of IAA on direct shoot 
proliferation from the different explants of Stevia :ebaudiana; percentage 
proliferation {upper), number of shoots per explants {middle), length of longest 
shoot {lower). 
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