
Kirkuk University Journal for Agricultural Sciences, Vol. 14, No. 3, 2023 (57-67) 

 

57 
 

 

Improving Steviol Glycosides Production in Stevia 

Rebaudian Bertoni  by Plant Tissue Culture Technology 

(Review) 

Suhad Abdulameer Mahdi 
1
 Noora Jebur Jasim Alsaedi 

 2
 

suhad.abd@coagri.uobaghdad.edu.iq  noraa.jabor@coagri.uobaghdad.edu.iq  

                             
 

1,2 
Department of Horticulture and Landscape Engineering, College of Agricultural Engineering Sciences, University 

of Baghdad, Baghdad, Iraq. 

 Received date 05/07/2023 and accepted 24/07/2023. 

Abstract 
Plant tissue culture techniques have made tremendous progress in the production of various 

active compounds of interest, including Steviol Glycosides in Stevia. Stevia rebaudiana is a 

perennial herbaceous plant known for its sweet-tasting leaves that contain active substances used 

as natural low-calorie sweeteners called Steviol glycosides. Because of its high sweetness and 

low-calorie nature, it is an alternative to sugar. However, conventional cultivation of Stevia 

plants for the production of Steviol Glycosides faces challenges such as long growth cycles, 

changes in chemical composition, and environmental determinants. Therefore, plant tissue 

culture is an alternative for the production of large quantities of Steviol Glycosides by altering 

various factors such as nutrient media, growth regulators, and response. Photovoltaic and tissue 

culture methods have been successfully used for plant propagation as well as the production of 

high-quality glycosides. Through techniques such as callus culture, organogenesis, and somatic 

embryo culture, large quantities of cotyledons can be rapidly established from small plant parts 

in a relatively short time. With further advances in tissue culture techniques and an 

understanding of the physiology and genetics of stevia, the potential for large-scale production of 

glycosides using Tissue culture methods is a promising technique for the commercial use of this 

natural sweetener. 
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Introduction  
The Stevia plant, known by the scientific 

name Stevia rebaudiana, is a perennial 

herbaceous plant belonging to the family 

(Asteraceae). Stevia grows upright with a 

bushy appearance, plants can reach a height 

of 30 to 60 centimeters. Leaf shape: The 

leaves of Stevia are typically small, 

elongated, and lanceolate to oblong in shape 

and the leaves are arranged in an alternate 

pattern along the stem. The flowers are 

typically small and white, They form in 

clusters or inflorescences, often in loose 

panicles or cymes. The individual flowers 

have a pale purple throat corolla, adding a 

touch of color to the predominantly white 

blooms. 

The origin of this plant goes back to 

certain regions in South America, such as 

Brazil, Paraguay, and Argentina. It was 

discovered by Moises Santiago Bertoni in 

1877 and used by the Guarani Indians in 

South America. Its leaves are traditionally 

used for their sweet taste and effectiveness 

in treating diabetes. 

The Stevia plant is distinguished by its small 

green and pointed leaves that contain 

naturally sweet active compounds known as 

(Steviol glycosides) and symbolized by 

them (GSs). These compounds are 

responsible for the sweet taste of the Stevia 

plant, as it has a high sweetness strength that 

reaches 200-400 times more than table sugar 

[1]. Steviol glycosides are not represented 

due to their complex structure in the human 

body, so they do not contain calories. In 

addition, its leaves contain several other 

effective compounds such as terpenoids 

(Amerin, Limonene, Kaurenoic Acid, 

Carvacrol, Phenols (Catechin, Apigenin, 

Chlorogenic Acid, Quercetin, Ferulic Acid, 

Cinnamic Acid, Leteolin-7-O-Rutinoside, 

Carbohydrates (L-Arabinose, D-Mannose, 

D-Xylose, L-Rhamnose), Fats (Palmitic 

Acid, Stearic Acid, Linoleic Acid), Protein ( 

Serine), Vitamins (Ascorbic Acid, Niacin, 

Riboflavin, Thiamine) And Minerals 

(Calcium, Magnesium, Sodium Manganese, 

Selenium, Cobalt, Phosphorus, Zinc, And 

Potassium) [2]. 

Stevia is mainly used as a natural 

substitute for sugar in foods and beverages, 

especially in cases of desire to reduce 

calorie intake and control blood sugar levels. 

3] It is believed to have the ability to 

improve the health of the immune and 

cardiovascular systems. Studies have shown 

that Stevia leaf extracts act as antimicrobial 

[4], antioxidant [5], antiviral [6], and anti-

inflammatory [7]. 

With the increasing rates of diabetes and 

obesity worldwide and the risks associated 

with artificial sweeteners, people are turning 

to natural sweeteners. As a result, 

sweeteners and medicines produced from 

the Stevia plants are now available in the 

market and have an increasing demand. It is 

worth noting that the Stevia plant is 

considered safe to use and has no side 

effects. Known negativity, however, a doctor 

should be consulted before using it 

regularly, especially for people with special 

health problems or taking certain 

medications. 

Traditional agricultural methods are not 

sufficient to meet the growing demand for 

Stevia growers. For example, seed 

cultivation is an ineffective method, as it 

produces a heterogeneous group with 

different concentrations of SGs in plants, 

which affects the sweet taste of the leaves, 

as well as weak seed germination due to lack 

of Self-compatibility also hinders the large-

scale production of Stevia. Therefore, to 

overcome the problems of conventional 

cultivation, other propagation methods have 

been used, most notably plant tissue culture 

[8]. This review presents a comprehensive 

study of the tissue culture of the Stevia and 

the methods used to enhance the production 

of the active substance SGs. 
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Botanical description and cultivation 

Stevia is a new global genus from 

Asteraceae family native to northeastern 

Paraguay. The genus consists of herbaceous 

plants and shrubs that grow at elevations of 

500 to 300 meters above sea level and is 

distributed from the southern United States 

to Argentina and the Brazilian highlands 

through Mexico, the Central American 

states, and the Andes Mountains. In South 

America [9] among the 230-261 species of 

the genus Stevia, the sweet diterpene 

glycosides ent-kaurene are found in S. 

phlebophylla and S. rebaudiana but the 

highest level of sweetness is found in S. 

rebaudiana, conferring industrial and 

economic importance on them [10 ], Stevia 

is cultivated in Japan, India, China, 

Thailand, Taiwan, Korea, Brazil, Malaysia, 

Hawaii, California, Canada, and other parts 

of Asia and Europe [11]. 

Stevia is from plants of the plant R. Al-

Qusayr, as flowers usually appear from 

January to March and from September to 

December in the northern and southern 

hemispheres, respectively [13]. It is grown 

in the tropics and subtropics at an average 

temperature of 24 degrees Celsius [14] It 

grows well in sandy soils with a pH of 6.5-

7.5 and gives a leaf yield for eight years and 

the leaves are harvested six times a year and 

each plant gives a yield of approximately 

15-35 g of leaves [15]. 

Steviol Glycosides properties 
Steviol glycosides are natural sweeteners 

extracted from plants. These compounds are 

widely used as sugar substitutes due to their 

intense sweetness and low-calorie content. 

Here are some of the main properties of 

Steviol Glycosides: 

1. Very sweet: Steviol glycosides are about 

200 to 350 times sweeter than sucrose (table 

sugar) on a weight basis and have economic 

importance so they are used in the food and 

beverage industry. 

2. Low-Calorie Content: Steviol glycosides 

contribute virtually no calories to the diet as 

they are not metabolized by the body as they 

pass through the digestive system without 

being absorbed. 

3. Thermally Stable: Steviol glycosides are 

relatively stable under heat and can be used 

in cooking and baking without being 

affected. 

4. pH Stability: Stable across a wide pH 

range making it suitable for use in various 

food and beverage products including acidic 

and alkaline compounds. 

5. Non-fermentable: It is not fermented by 

oral bacteria, which means that it does not 

contribute to or stimulate tooth decay. This 

property makes it a desirable substitute for 

sugar in mouthwash products. 

6. Limited aftertaste: Sweeteners containing 

Stevia can sometimes exhibit a mild 

aftertaste and are often described as licorice-

like. However, advances in Steviol 

Glycoside purification technologies have 

helped reduce their aftertaste, making them 

more palatable to consumers. 

7. Stability in Beverages: It has good 

stability in a wide range of beverages 

including sodas, juices, and teas, and does 

not easily dissolve or precipitate out of 

solution over time. 

8. Glycemic index: Steviol glycosides have 

little effect on blood sugar levels. It does not 

raise blood glucose or insulin levels, making 

it suitable for individuals with diabetes, the 

obese, or those on a low-glycemic diet. 

Steviol Glycosides applications 
Diabetes treatment: Steviol glycosides 

have been studied for their ability to help 

treat diabetes. Research indicates that they 

may have a glucose-lowering effect by 

enhancing insulin secretion and improving 

insulin sensitivity. They can be used as a 

sugar substitute in a diabetic diet to reduce 

calories and help control blood sugar levels 

[54]. Lowering blood pressure: Some studies 
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have shown that Steviol Glycosides may 

affect lowering blood pressure, as they can 

act as vasodilators, which helps to relax and 

widen blood vessels, which may contribute 

to reducing high blood pressure [55]. Anti-

inflammatory: Steviol Glycosides have 

shown anti-inflammatory properties in 

several studies. They have been found to 

inhibit inflammation and inhibit its 

pathways. These effects indicate their 

potential for use in the management of 

inflammatory conditions and diseases [56]. 

Antioxidant: Steviol glycosides have 

antioxidant properties, which can help 

eliminate harmful free radicals in the body. 

Antioxidants play a vital role in protecting 

cells from oxidative stress and reducing the 

risk of chronic diseases associated with 

oxidative damage [9]. Anti-cancer: Some 

studies have discovered the potential anti-

cancer effects of Steviol Glycosides for their 

ability to inhibit the growth and proliferation 

of cancer cells and stimulate apoptosis 

[57,9]. Antibacterial and antimicrobial: 

Steviol glycosides have shown antibacterial 

and antimicrobial properties against certain 

strains of bacteria and fungi [57]. Steviol 

glycosides have a wide range of applications 

in the food, beverage, and nutritional 

supplement industry as well as in other 

fields such as pharmaceuticals, personal care 

supplies, and animal feed [57]. 

Steviol Glycosides 

The following are several types of Stevia 

glycosides that are commonly found in the 

leaves of the Stevia. The main Steviol 

Glycosides include: 

1. Stevioside: Stevioside is one of the most 

common Steviol glycosides. It consists of a 

Steviol molecule attached to glucose. It has 

a sweet taste and is often used as a standard 

for the sweetness of stevia. 

2. Rebaudioside A (Reb A): Rebaudioside A 

is a Stevia glycoside found in Stevia leaves 

that has a very sweet taste and contributes to 

the sweetness of many sweeteners. 

3. Rebaudioside B (Reb B): It is found in 

lesser amounts than Rebaudioside A 

4. Rebaudioside C (Reb C): Found in Stevia 

leaves, it tastes bitter in low concentrations. 

5. Rebaudioside D (Reb D): Reb D is a less 

abundant Steviol glycoside characterized by 

its high sweetness. It is often used with other 

glycosides to enhance sweetness and 

improve the taste of stevia-based 

sweeteners. 

6. Rebaudioside M (Reb M): Reb M is 

another relatively less abundant steviol 

glycoside that is notable for its intense 

sweetness. It has a sugar-like taste and is 

often used with Reb A or Reb D to create a 

higher-intensity sweetener. 

7. Dulcoside A: Dulcoside A is a Steviol 

glycoside that contributes to the overall 

sweetness of the leaves. It has a sweet taste 

although it is not sweet like some of the 

other glycosides mentioned above. 

The technique of propagating Stevia by 

tissue culture and enhancing its content of 

Steviol glycosides 

      Stevia can be grown using the tissue 

culture technique or vegetative propagation. 

Tissue culture is an effective way to quickly 

and effectively multiply the number of 

plants by producing new plants from small 

cells or plant parts. Various types of plant 

tissue culture technologies have been 

developed such as in vitro propagation, 

genetic engineering, callus cultivation, and 

adventitious root cultivation for breeding, 

crossbreeding, propagation, and production 

of secondary metabolites of Stevia [16]. The 

most important technologies are summarized 

as follows: 

1. Micropropagation (in vitro): 

  This method includes the use of small 

plant parts such as leaves, root tissues, and 

axillary buds to create new plants and grow 

them in artificial nutrient media (MS, DKW, 

B5) whose composition has been improved 

by adding nutrients and changing the 
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concentrations of various growth regulators 

such as auxins (IAA, NAA, 2, 4D) and 

Cytokinins such as (TDZ, BAP, Kin) and 

gibberellins (GA3) and (IBA). These studies 

have shown good results in increasing the 

number of plants and the yield of effective 

compounds [18,19,20,21,22,23,24]. 

2. Callus use: Callus culture is a technique 

used in plant tissue culture to induce the 

formation of an undifferentiated mass of 

cells known as a callus. Callus can start 

from different plant tissues, including 

leaves, stems, or even embryonic tissues. 

Callus cultivation has been used extensively 

in several studies for the production of 

Steviol Glycosides and is a potential 

alternative to conventional cultivation 

methods for the large-scale production of 

these compounds. The use of callus dates 

back to the beginning of the twentieth 

century [31,32]. Several studies indicated 

that callus cultures of Stevia can be 

established from many different parts of the 

plant, including leaves, seed cotyledons, 

shoots of vegetative branches, somatic 

embryos, and flowers [21,33,34]. Here are 

some areas where callus transplantation has 

been explored in research: 

Production of Steviol Glycosides:  

Callus cultures: can be stimulated to 

produce Steviol Glycosides including key 

sweeteners such as stevioside and 

rebaudioside A. Researchers have optimized 

callus culture conditions, including nutrient 

media, and plant growth regulators to 

enhance the production of these sweet 

compounds [38,39]. 

Gene transfer: Callus cultures are an 

important target for gene transfer in Stevia. 

The researchers used callus cultures to 

introduce genes responsible for Steviol 

glycoside biosynthesis, such as the UDP-

glucosyltransferase (UGT) gene, to enhance 

the production of specific Steviol 

Glycosides [40]. 

Rhizogenesis: Root propagation refers to 

the process of root formation in plants. It 

can occur naturally through seed 

germination or be artificially induced 

through various techniques in plant tissue 

culture including the use of plant growth 

regulators, physical treatments, or 

manipulation of environmental conditions. 

Root formation plays a role Important in 

plant growth and important for plant 

reproduction, and nutrient uptake. In plant 

tissue culture, the root formation is often 

used to produce new plants from tissue 

cultures, somatic embryos, or callus cultures 

and is also important in gene transfer studies 

where root formation is necessary to create 

transgenic plants.  

Some of the techniques commonly 

used to stimulate root formation in 

plant tissue culture include: 

Treatment with Auxins: The most common 

way to induce root formation is to treat plant 

tissues with auxins. IBA and NAA are 

frequently used for rooting in tissue culture. 

These auxins can be used in different 

concentrations and different methods such 

as immersion, basic medium, or pre-soaking 

treatment [42]. 

 Photoresponse:  Some studies have shown 

that exposing cultured plant tissues to 

specific light spectrums can improve tissue 

growth and yield of secondary metabolites 

in the Stevia plant. Lighting methods have 

been improved and the use of specific and 

advanced light sources such as (light-

emitting diode) to enhance growth and 

productivity, and its most prominent 

response can be summarized as follows: 

- Some studies indicated that the use of low 

light intensity in plant tissue culture of 

Stevia plants can improve growth rates, and 

low intensity may contribute to stimulating 

cell divisions and developing tissues well 

[25,26,27].The effect of high intensity: 
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Some studies found that high intensity of the 

light may negatively affect the growth and 

development of plant tissues of the Stevia 

plant, as the stress resulting from high 

intensity of light may cause tissue damage 

and inhibit cell growth and multiplication 

[26]. 

- Optical spectra: The optical spectra may 

have a specific composition that affects the 

cultivated tissues of some herbal plants such 

as strawberries and stevia, as certain light 

spectra such as red and blue spectra can be 

used to enhance growth, multiply and 

stimulate the emergence of adventitious 

roots on plant tissues, which contributes to 

reducing the duration of the acclimatization 

phase of plants, as well as its effect on 

photosynthesis compounds and secondary 

metabolism compounds [28, 29, 30]. 

Wounds: Injury to plant tissues can promote 

root development. Cutting or damaging the 

base of the parent plant produces 

adventitious roots [43]. 

Dark environment: Maintaining plant 

tissue cultures in dark or low-light 

conditions can stimulate root initiation. 

Darkness is thought to promote the 

accumulation of auxins and other substances 

that stimulate root formation [44]. 

Interference of plant hormones: The 

interaction of various plant growth 

regulators, such as auxin and Cytokinin, can 

influence root formation, maintaining the 

proper balance between Auxin and cytokinin 

is critical for successful root formation [45]. 

Stimulating the emergence of somatic 

embryogenesis 

It is a process in which the somatic plant 

cell undergoes a series of developmental 

changes to form an embryo, that is, it is a 

form of plant renewal that takes place in the 

laboratory and in appropriate conditions that 

guarantee the process of stimulating the 

development of somatic embryos and re-

differentiating the plant cells to have the 

ability to develop into a complete plant. 

Redifferentiation takes place by 

manipulating growth conditions and using 

growth regulators such as auxins and 

cytokinins. The process of somatic 

embryonic development proved useful in 

propagating the Stevia plant outside the 

living body and increasing its content of 

secondary metabolites such as the high 

content of Steviol Glycosides or disease 

resistance. It provides a means of rapidly 

multiplying Stevia plants and allows a large 

number of plants to be produced in a 

relatively short period. As well as the use of 

somatic embryonic development for gene 

transfer and production of transgenic Stevia 

plants with high specifications and 

improvement of production [9,48]. 

Manipulation 

Nutrient manipulation of Stevia 

rebaudiana culture in vitro can have a 

significant impact on the growth, 

development, and quality of young plants. 

By modifying the nutrient compositions of 

the culture medium, it is possible to improve 

growth and enhance certain traits of stevia.  

The following are some of the effects of 

nutrient change in tissue culture: 

Macro elements: Adjusting the 

concentrations of nutrients, such as nitrogen 

(N), phosphorus (P), and potassium (K), can 

affect the growth and biomass production of 

Stevia. High nitrogen concentrations, for 

example, often increase the growth of 

cotyledons, while high concentrations of 

phosphorus can affect the growth and 

development of roots on cotyledons [49]. 

Micronutrients: Adding nutrients such as 

iron (Fe), manganese (Mn), zinc (Zn), and 

copper (Cu) to the culture medium can 

affect various physiological processes in 

stevia. These microelements play important 

roles in enzyme activities, chlorophyll 
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synthesis, and other metabolic functions 

affecting the overall growth of plants [50]. 

Organic Supplements: Organic additives 

such as plant extracts, vitamins, amino 

acids, or complex organic compounds can 

be incorporated into the culture medium to 

improve the growth and development of the 

seedlings. These supplements can enhance 

nutrient uptake, stimulate root growth, or act 

as growth stimulants and increase the 

concentration of the active substance, 

ultimately leading to better plant quality and 

higher survival rates during the 

acclimatization phase [51]. 

Carbon source: The carbon source in the 

culture medium, usually in the form of 

sucrose, provides energy for the growth of 

cotyledons. Sucrose concentrations can 

influence branch propagation, root 

development, and biomass production in 

general. High concentrations of sucrose 

often promote the multiplication of 

cotyledons, while low concentrations 

stimulate root growth [52]. 

Nitrogen source: Choosing a nitrogen 

source in the culture media can affect the 

growth and quality of Stevia, such as 

ammonium (NH4) or nitrate (NO3), and in 

turn affect root growth, increase biomass, 

and the formation of secondary metabolites, 

including Steviol Glycosides [53]. 

Conclusions 
Tissue culture technology has been 

successfully used to multiply the number of 

Stevia and improve cultivars used in 

commercial cultivation. Several scientific 

studies have developed and improved tissue 

culture methods for stevia, and the most 

important results obtained are: 

1. Developing Tissue Culture Protocols: 

Improved Stevia tissue culture protocols 

have been developed including using the 

leaves of the plant as a source of tissue for 

reproduction. This research has shown an 

increase in the growth rate, cellular 

proliferation, and the effectiveness of 

vegetative propagation. 

2. Improving productivity: The yield of 

Stevia was improved using tissue culture, 

and the characteristics of plants producing 

active compounds were improved with 

higher concentrations of stevioside and an 

increase in the content of sweet substances. 

3. Regeneration of old plants: Tissue culture 

can be used to regenerate old or diseased 

plants. The use of small plant parts, such as 

leaves and seed tissues, to produce new, 

healthy plants has been studied. 

4. Using modern technologies: Modern 

technologies such as genetic modification 

and gene transfer are applied to the Stevia 

plant to improve desirable genetic 

characteristics such as increasing the content 

of sweet substances or reducing the content 

of unwanted compounds. 

It should be noted that research in the tissue 

culture of the Stevia plant is still ongoing 

and developing, and recent studies may 

show more developments and new results in 

this field. 

References 

[1] Geuns M.Stevioside. Phytochemistry. 2003;64(5): 

913-921. 

[2] Schiatti-Sisó  I.P. Quintana S.E. and García-

Zapateiro, L.A. Stevia (Stevia rebaudiana) as a 

common sugar substitute and its application in 

food matrices: an updated review. Journal of 

Food Science and Technology.2023; 60: 1483–

1492. https://doi.org/10.1007/s13197-022-05396-

2 

[3] Marcinek K. Krejpcio Z. Stevia rebaudiana 

Bertoni: Health-promoting properties and 

therapeutic applications. J. Consum. Prot.Food 

Saf. 2016; 11: 3–8.  

[4] Sunitha V. Wilsy J. Reginold, M. Antibacterial 

activity in medicinal plant (Stevia rebaudiana) 

using two solvents. Int. J. Rec. Scien.Res. 2015; 6: 

5070–5071. 



Kirkuk University Journal for Agricultural Sciences, Vol. 14, No. 3, 2023 (57-67) 

 

64 
 

[5] Shukla S. Mehta A. Mehta P. Bajpai V. 

Antioxidant ability and total phenolic content of 

aqueous leaf extract of Stevia rebaudiana Bert. 

Exp. Toxicol. Pathol. 2012, 64, 807–811. 

[CrossRef] 

[6] Simlat M. Ptak A. Wójtowicz T. and Szewczyk, 

A. The Content of Phenolic Compounds in Stevia 

rebaudiana (Bertoni) Plants Derived from 

Melatonin and NaCl Treated 

Seeds. Plants, 2023;12(4): 780. 

 [7] Pang M.D. Goossens G.H. and Blaak E.E. The 

impact of artificial sweeteners on body weight 

control and glucose homeostasis. Frontiers in 

nutrition. 2021;7 jan : 598340. 

[8] Jain P. Kachhwaha S. Kothari S. Improved 

micropropagation protocol and enhancement in 

biomass and chlorophyll content in Stevia 

rebaudiana (Bert.) Bertoni by using high copper 

levels in the culture medium. Sci. Hortic. 2009; 

119: 315–319. [CrossRef] 

[9] Sharma S. Gupta S. Kumari D. Kothari S.L. Jain, 

R. and Kachhwaha S. Exploring Plant Tissue 

Culture and Steviol Glycosides Production in 

Stevia rebaudiana Bertoni: A 

Review. Agriculture.2023;13(2):475. 

[10] Abubakar M.A. Gutti B. and Abubakar A.M. A 

Review: Natural Sweetener from Stevia 

rebaudiana (bertoni) Leave. Applied Research 

and Innovation. 2023;1(1): 18-27. 

[11] Tropicos.org Missouri Botanical Garden. 

Available online: https://tropicos.org (accessed on 

18 December 2022). 

[12] Lim H.M. and Park S.H. Regulation of reactive 

oxygen species by phytochemicals for the 

management of cancer and diabetes. Critical 

Reviews in Food Science and Nutrition. 2022; 1-

26. doi: 0.1080/10408398.2022.2025574  

[13] Libik-Konieczny M. Capecka E. Tuleja M. and 

Konieczny R. Synthesis and production of Steviol 

glycosides: recent research trends and 

perspectives. Applied Microbiology and 

Biotechnology. 2021;105(10):3883-3900. 

[14] Huxley A.J. and Griffiths M. Dictionary of 

gardening. 1992.Stockton Press. 

[15] Ahmad J. Khan I. Blundell R., Azzopardi J. and 

Mahomoodally M.F. Stevia rebaudiana Bertoni: 

an updated review of its health benefits, industrial 

applications, and safety. Trends in Food Science 

& Technology, 2020;100:177-189. 

[16] Ahmad M.A Javed R. Adeel M. Rizwan M. Ao 

Q. and Yang Y. Engineered ZnO and CuO 

nanoparticles ameliorate morphological and 

biochemical response in tissue culture regenerants 

of (Stevia 

rebaudiana). Molecules, 2020;25(6):1356. 

[17] Golkar P. Moradi M. Garousi G.A. Elicitation of 

Stevia glycosides using salicylic acid and silver 

nanoparticles under callus culture. Sugar Tech 

2019; 21: 569–577. 

[18] Ashrafi K. Iqrar S. Saifi M. Khan S. Qamar F. 

Quadri S.N. Mishra A. and Abdin M.Z. Influence 

of Plant Growth Regulators on Glandular 

Trichome Density and Steviol Glycosides 

Accumulation in Stevia rebaudiana. ACS omega. 

2022;7(35):30967-30977. 

[19] Coman V. Scurtu V.F. Coman C. Clapa D. Iancu 

Ș.D. Leopold N. and Leopold L.F. Effects of 

polystyrene nano plastics exposure on in vitro-

grown Stevia rebaudiana plants. Plant Physiology 

and Biochemistry. 2023;197:107-634. 

[20] Javed M.A. Habib I. Jamil M.W. Anwer M.J. 

Nazir S. Iqbal M.Z. Protocol optimization for 

efficient in vitro micro-propagationof Stevia 

rebaudiana Bertoni. Adv. Life Sci. 2019; 6: 100–

105. 

[21] Asmono S.L. In Vitro Regeneration of Stevia 

rebaudiana Bertoni from internode and leaf 

explants using different concentrations of BAP 

(6-Benzyl Amino Purine). In Proceedings of the 

IOP Conference Series: Earth and Environmental 

Science Bali. Indonesia.2–3 November 2019; 

012004.  

[22] Hilo B.R. Hussain N.H. Khaleel S.A. Hullo B. 

Effect of some growth regulators on glycosides 

leaf content of Stevia rebaudiana Bertoni in vitro. 

Plant Arch. 2020: 20:1715–1720. 

[23] Kaplan B. Duraklioglu S. Turgut K. Sustainable 

micropropagation of selected Stevia rebaudiana 

Bertoni genotypes. Acta Sci. Pol. Hortorum 

Cultus 2019; 18:47–56. 

[24] TANG C. Lamasudin D.U. Abdullah W. Moo 

C.-L. Enhanced in vitro Shoot Regeneration and 

Biochemical Properties of Stevia rebaudiana 

using Chitosan. Sains Malays. 2021; 50: 667–676. 

[25] Shulgina A.A. Kalashnikova E.A. Tarakanov 

I.G. Kirakosyan R.N. Cherednichenko M.Y. 

Polivanova O.B. Baranova E.N. and Khaliluev 

M.R. Influence of light conditions and medium 

composition on morphophysiological 

characteristics of Stevia rebaudiana Bertoni in 

vitro and in vivo. Horticulturae. 2021;7(7):195. 

[26] Miladinova-Georgieva K. Geneva M. Stancheva 

I. Petrova M. ichanova M. and Kirova E. Effects 

of Different Elicitors on Micropropagation, 

Biomass and Secondary Metabolite Production of 

Stevia rebaudiana Bertoni—A Review. Plants. 

2023;12(1): 153. 

[27] Nakonechnaya O.V. Gafitskaya I.V. 

Burkovskaya E.V. Khrolenko Y.A. Grishchenko 

O.V. Zhuravlev Y.N. Subbotin E.P. and Kulchin 

Y.N. Effect of light intensity on the 



Kirkuk University Journal for Agricultural Sciences, Vol. 14, No. 3, 2023 (57-67) 

 

65 
 

morphogenesis of Stevia rebaudiana under in 

vitro conditions. Russian Journal of Plant 

Physiology. 2019; 66:656-663. 

[28] Ramírez-Mosqueda M.A. Iglesias-Andreu L.G. 

and Bautista-Aguilar J.R The effect of light 

quality on growth and development of in vitro 

plantlet of Stevia rebaudiana Bertoni. Sugar 

Tech.2017; 19:331-336. 

[29] Banu T.A. Akter S. Akter S. Goswami B. 

Mollika S.R. Momtaz N. Habib M.A. Al Amin 

G.M. and Khan M.S. Effects of Light Intensity on 

in Vitro Regeneration of Stevia Rebaudiana 

Bertoni, Bacopa Monnieri L. And Solanum 

Tuberosum L. Bangladesh Journal of Botany. 

2023: 52(1):53-60. 

[30] da Rocha P.S.G. Ambros G.G. and Canova D.V. 

Multiplication in vitro of strawberry plant under 

different types of LEDs. Brazilian Journal of 

Development. 2023;9(1):1429-1437. 

[31] Yamazaki T. Flores H.E. Shimomura K. 

Yoshihira K. Examination of steviol glucosides 

production by hairy root and shoot cultures of 

Stevia rebaudiana. J. Nat. Prod. 1991; 54: 986–

992. 

[32] Swanson S.M. Mahady G.B. Beecher C.W. 

Stevioside biosynthesis by callus, root, shoot and 

rooted-shoot cultures in vitro. Plant Cell, Tissue 

Organ Cult. (PCTOC) 1992; 28: 151–157. 

[33] Blinstrubien  A. Burbulis N. Juškeviˇci ¯ ut e N. 

Ž¯ ukien R. Factors affecting organogenesis of 

Stevia rebaudiana and in vitro accumulation of 

Steviol glycosides. Zemdirb.-Agric. 2020, 107, 

171–178. 

[34] Javad S. Naz S. Ilyas S. Aftab A. Sciences P. 

Production of stevioside from callus and cell 

suspension cultures of Stevia rebaudiana (Bert.). 

JAPS J. Anim. Plant Sci. 2016; 26: 1374–1382. 

[35] Golkar P. Moradi M. and Garousi G.A. 

Elicitation of stevia glycosides using salicylic 

acid and silver nanoparticles under callus 

culture. Sugar Tech. 2019; 21: 569-577. 

[36] Javed R. Yucesan B. Zia M. and Gurel E. 

Elicitation of secondary metabolites in callus 

cultures of Stevia rebaudiana Bertoni grown 

under ZnO and CuO nanoparticles stress. Sugar 

Tech. 2018; 20:194-201. 

[37] Basharat S. Huang Z. Gong M. Lv X. Ahmed A. 

Hussain I. Li J. Du G. and Liu L. A review on 

current conventional and biotechnical approaches 

to enhance biosynthesis of steviol glycosides in 

Stevia rebaudiana. Chinese Journal of Chemical 

Engineering. 2021; 30:92-104.  

[38] Ghose A.K. Abdullah S.N.A. Md Hatta M.A. 

and Megat Wahab P.E. In Vitro Regeneration of 

Stevia (Stevia rebaudiana Bertoni) and 

Evaluation of the Impacts of Growth Media 

Nutrients on the Biosynthesis of Steviol 

Glycosides (SGs). Agronomy. 2022 ;12(8):1957. 

[39] Srivastava, V. and Chaturvedi R. An 

interdisciplinary approach towards sustainable 

and higher Steviol glycoside production from in 

vitro cultures of Stevia rebaudiana. Journal of 

Biotechnology. 2022; 358: 76-91. 

[40] Ghaheri M. Kahrizi D. Bahrami G. and 

Mohammadi-Motlagh H.R. Study of gene 

expression and Steviol glycosides accumulation 

in Stevia rebaudiana Bertoni under various 

mannitol concentrations. Molecular biology 

reports, 2019;46(1):7-16. 

[41] Ahmad M.A. Javed R. Adeel M. Rizwan M. and 

Yang Y. PEG 6000-stimulated drought stress 

improves the attributes of in vitro growth, steviol 

glycosides production, and antioxidant activities 

in Stevia rebaudiana Bertoni. Plants. 2020; 9(11): 

1552. 

[42] Loconsole D. Sdao A.E. Cristiano G. and De 

Lucia B. Different responses to adventitious 

rhizogenesis under indole-3-butyric acid and 

seaweed extracts in ornamental’s cuttings: First 

results in Photinia x fraseri ‘Red 

Robin’. Agriculture. 2023;13(3):513. 

[43] Roussos P.A. Adventitious Root Formation in 

Plants: The Implication of Hydrogen Peroxide 

and Nitric Oxide. Antioxidants. 2023;12(4):862. 

[44] Zahra A.F. El Qadmi Ilham A.N. Mohammed I. 

Rabea Z. and Najiba B. Effect of Medium 

Culture, pH, Activated Carbon, and Light on 

Germination, Rooting and Growth of Tomato 

(Lycopersicum Esculentum Mill.).Universal 

Journal of Agricultural Research. 2023;11(2): 

389-402. DOI: 10.13189/ujar.2023.110216. 

[45] Arya A. Sharma V. Tyagi P.K. Gola D. and 

Husen A. Role of cytokinins in adventitious root 

formation. In Environmental, Physiological and 

Chemical Controls of Adventitious Rooting in 

Cuttings .2023:239-249. Academic Press. 

[46] Faramayuda F. Oktavianus R. And Elfahmi E. 

Stevia rebaudiana: Phytochemical, 

pharmacological activities, and plant tissue 

culture (a mini review). Jurnal 

Natural, 2022;22(3):198-208. 

[47] Khan S.A. Verma P. Rahman L.U. and 

Parasharami V.A. Exploration of biotechnological 

studies in low-calorie sweetener Stevia 

rebaudiana: present and 

prospects. In Medicinal and Aromatic Plants .2021; 

289-324. Academic Press. 

[48] Keshvari T. Najaphy A. Kahrizi D. and 

Zebarjadi A. Callus induction and somatic 

embryogenesis in Stevia rebaudiana Bertoni as a 

medicinal plant. Cellular and Molecular Biology. 

2018;64(2):46-49. 

https://www.sciencedirect.com/journal/journal-of-biotechnology/vol/358/suppl/C


Kirkuk University Journal for Agricultural Sciences, Vol. 14, No. 3, 2023 (57-67) 

 

66 
 

[49] Magangana T.P. Stander M.A. and Makunga 

N.P. Effect of nitrogen and phosphate on in vitro 

growth and metabolite profiles of Stevia 

rebaudiana Bertoni (Asteraceae). Plant Cell, 

Tissue, and Organ Culture (PCTOC). 2018;134: 

141-151. 

[50] Javed R. Mohamed, A. Yücesan B. Gürel E. 

Kausar R. and Zia M.. CuO nanoparticles 

significantly influence in vitro culture, Steviol 

glycosides, and antioxidant activities of Stevia 

rebaudiana Bertoni. Plant Cell, Tissue and Organ 

Culture (PCTOC). 2017;131:611-620. 

[51] Javed M.A. Habib I. Jamil M.W. Anwer M.J. 

Nazir S. and Iqbal M.Z. Protocol optimization for 

efficient in vitro micro-propagation of Stevia 

rebaudiana Bertoni. Advancements in Life 

Sciences. 2019;6(3):100-105. 

[52] Altamirano López J.C. Cabezas Aguilar A.I. and 

García Hernández D. Effect of Stevia rebaudiana 

based sweetener on Cuitlauzina pendula in vitro 

culture. Biotecnología Vegetal. 2017;17(2):135-

141. 

[53] Tavakoli Hasanaklou H. Ebadi Khazineh 

Ghadim, A. Moradi F. Jahanbakhsh 

Ghodehkahriz S. and Gholipouri A. The effects of 

NH4+ and NO3− and plant growth regulators on 

the accumulation of nutrients, carbohydrates and 

secondary metabolites of Stevia rebaudiana 

bertoni. Sugar Tech. 2021;23:65-76. 

[54] Bugliani M. Tavarini S. Grano F. Tondi S. 

Lacerenza S. Giusti L. Ronci M. Maidecchi A. 

Marchetti P. Tesi M. and Angelini L.G. Protective 

effects of Stevia rebaudiana extracts on beta cells 

in lipotoxic conditions. Acta Diabetologica. 2021; 

1-14. 

[55] Carrera-Lanestosa A. Acevedo-Fernandez J.J. 

Segura-Campos M.R. Velazquez-Martinez R. and 

Moguel-Ordonez Y. Antihypertensive, 

antihyperglycemic, and antioxidant effects of 

Stevia rebaudiana Bertoni (creole variety INIFAP 

C01) extracts on Wistar rats with induced 

metabolic syndrome. Nutricion 

Hospitalaria. 2020; 37(4):730-741. 

[56] Ruiz-Ruiz J.C. Moguel-Ordoñez Y.B. and 

Segura-Campos M.R. Biological activity of Stevia 

rebaudiana Bertoni and their relationship to 

health. Critical reviews in food science and 

nutrition. 2017;57(12): 2680-2690. 

[57] Yadav S.K. and Guleria P. Steviol glycosides 

from Stevia: biosynthesis pathway review and 

their application in foods and medicine. Critical 

reviews in food science and 

nutrition, 2012;52(11): 988-998. 

 

  



Kirkuk University Journal for Agricultural Sciences, Vol. 14, No. 3, 2023 (57-67) 

 

67 
 

 

 

في نبات  Steviol Glycosidesتقنية زراعة الأنسجة النباتية لتحسين إنتاج 

 )مقالة( Stevia rebaudian Bertoniالستيفيا  

 ساعديلا بر جاسمنورا ج سهاد عبدالامير مهدي

suhad.abd@coagri.uobaghdad.edu.iq  noraa.jabor@coagri.uobaghdad.edu.iq  

 

 قسم البستنة وهندسة الحدائق، كمية عموم الهندسة الزراعية، جامعة بغداد، بغداد العراق. 2، 1
  11/00/2023وتاريخ القبول  22/00/2023تاريخ استلام المقالة 

 المستخمص

أحدثت تقنية زراعة الأنسجة النباتية تطورا هائلا في إنتاج المركبات الفعالة المختمفة ذات الأهمية بما في ذلك 
هو نبات عشبي معمر معروف بأوراقه ذات المذاق الحمو والتي تحتوي  Stevia rebaudianaالجميكوسيدات في الستيفيا. 

بسبب حلاوتها العالية  Steviol glycosidesعمى مواد فعالة تستخدم  كمحميات طبيعية منخفضة السعرات الحرارية تسمى 
فيا لإنتاج جميكوسيدات وطبيعتها منخفضة السعرات الحرارية كبدائل لمسكر. ومع ذلك فإن الزراعة التقميدية لنبات الستي

الستيفيول سيد تواجه تحديات مثل دورات النمو الطويمة، التغيرات في التركيب الكيميائي والمحددات البيئية.لذا تعد زراعة 
الأنسجة النباتية بديلًا لإنتاج كميات كبيرة من جميكوسيدات الستيفيول عن طريق تغيير العوامل المختمفة  مثل الاوساط الغذائية 
،  منظمات النمو ، الاستجابة الضوئية  وتم استخدام طرق زراعة الأنسجة بنجاح لإكثار النبات فضلاعن إنتاج جميكوسيدات 
عالية الجودة. من خلال تقنيات مثل زراعة الكالس، تكوين الأعضاء وزراعة الاجنة الجسمية يمكن إنشاء كميات كبيرة من 

وبوقت قصير نسبيا ومع مزيد من التقدم في تقنيات زراعة الأنسجة وفهم عمم وظائف  النبيتات بسرعة من اجزاء نباتية صغيرة
الأعضاء وعمم الوراثة في الستيفيا فإن إمكانية إنتاج جميكوسيدات عمى نطاق واسع باستخدام طرق زراعة الأنسجة واعدة مما 

 يفتح طرقًا جديدة للاستخدام التجاري لهذا المُحمي الطبيعي.

 محمي طبيعي  ،ستيفيول جموكوسيات ،:ستيفيا مفتاحيةالكممات ال
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