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Abstract 
 
Stevia leaves are important as a new source of natural sugar substitute which makes it one of the most valuable new 
crops for Europe. The development of in vitro vegetative propagation strategies, to secure availability of well 
characterised and healthy clonal accession of plant material capable of providing an economically accepted level of 
leaf and stevioside harvest, becomes an agricultural priority. Growth and development of new plantles were strongly 
influenced by the type of in vitro plant support and by the presence of exogenous plant growth regulators added to the 
medium, the best combination was that of auxin (IBA 0.5 mg/l) and cytokinin (Kin 0.2 mg/l). The sponge-like structure 
of the fruits of Luffa cylindrica were used as plant support for liquid media. Results confirm that an in vitro 
multiplication of plant material is a reliable system for mass production of seedling to be cultivated in the field 
condition. The liquid system allows a superior root system formation. The use of Luffa cylindrica for ex vitro transfer 
proved to be a technological like approach, the ligno-skeleton cube replacing the usual giffy-pot system. 
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INTRODUCTION 
 
Stevia rebaudiana Bert. was first described by 
Bertoni in 1905, due its characteristic sweet 
taste in its leaves. The genus Stevia includes 
approximately 150-200 species of herbaceous, 
shrub and sub-shrub plants (Gentry, 1996) and 
is one of the most characteristic genera into the 
tribe Eupatorieae, especially because of the 
morphological uniformity of its flowers and 
capitula, which consist of five tubular flowers 
and five involucral bracts (King & Robinson 
1987). Stevia rebaudiana Bert. leaves contain a 
zero-calorie ent-kaurene diterpene glycosides 
(stevioside and the rebaudiosides) 300 times 
sweeter than sucrose with higher solubility in 
water and a assertive taste profile that is safely 
metabolized by the human body without any 
effect (Gupta et al., 2013). The primary 
compounds of Stevia as steviol glycosides are 
metabolized and eliminated by similar ways in 
both humans and animals, has been studied by 
Genus et al. (2003; 2007). Rebaudioside A in 
the digestive tract is firstly metabolized by 
microbes in the colon to stevioside which is 
further converted into glucose molecule and 
steviol (Gupta et al., 2013).  The sweet taste is 
produced by a wide range of compounds as 

saccharides diterpene glycosides (stevioside, 
rebaudioside A, B, C, D and E, dulcoside A), 
polyols, amino-acids, dipeptides and other non 
sugars. The most economically important 
compound, comprising 6-18% of Stevia leaf, is 
called stevioside, being worldwide used as a 
natural sweetening agent and sugar substitute 
(Mishra et al., 2010). Intensive cultivation of 
plants of the genus Stevia rebaudiana ert. is 
motivated in particular by its importance in the 
food sector. Stevioside has been shown to be 
about 300 times sweeter than sugar (Wood et 
al., 1955). Stevioside is characterized by a high 
stability to temperature and pH variables, not 
fermenteazaşi does not change color on heating 
(Brandle, 1998). 
In the past, the main commercial compulsion 
for the stevia manufacture was the forbidden on 
its use in food products as a food additive in the 
United States of America, although its use as a 
food supplement was approved by the Food 
and Drug Administration in 1995 (Bespalhok-
Filho & Hattori, 1997 cited by Yadav et al., 
2011). On December 17, 2008 the U.S. Food 
and Drug Administration (FDA) approved the 
use of high quality stevia extract in food and 
beverages (Perrier et al., 2018). After over a 
decade of research data, JECFA published 
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approval of stevia stating that "95 percent 
steviol glycosides are safe for human use" 
(Aguilar et al., 2010). Based on studies 
conducted by the Plant Science Group at 
Central Queensland University and Australian 
Stevia Mills, the Australian and New Zealand 
food and safety regulatory body FSANZ 
granted stevia for use in food and beverages. 
Allowance of stevia to be sold in Switzerland, 
and in many countries such as China, Japan, 
Paraguay, Korea, Brazil, Israel and Malaysia 
field crop and industrialization are in force. In 
human diet its leaves are known to be used as 
natural sweetener for diabetics, treating 
obesity, preventing dental cavities, 
hypertension, stress and depression which 
makes it one of the most valuable new crops 
for Europe (Ferrazzano et al., 2016). 
Stevia rebaudiana Bert. is a small herbaceous 
perennial (2n = 22), belonging to the 
Asteraceae family. It originated in Paraguay. 
Stevia is self-incompatible and it is difficult to 
conventional sexual seed production. In 
temperate zones can be cultivated but produce 
unfertile seeds (Bridel & Lavieille, 1931). A 
high level of variation is usually found among 
sexually propagated plants with regard to the 
glycoside content as well as leaf mass growth. 
A perennial in its native environment, in 
Europe cultivated stevia can be grown as an 
annual or perennial (Ramesh et al., 2006). 
Stevia is a short-day plant that flowers from 
January to March in the southern hemisphere 
and from September to December in the 
northern hemisphere. Flowering under short-
day conditions should occur 54-104 days 
following transplanting, depending on the 
daylength sensitivity of the cultivar. The 
variability for photoperiod sensitivity is large, 
ranging from 8 h to 14 h. A minimum of two 
induced short-day cycles are essential for 
flowering induction. The flowering can be 
determined from the four-leaf-pairs stage. 
Flowering is more early in the 8-hours 
photoperiod, but plants remained vegetative 
under an 8-hours photoperiod with 
discontinued night (Valio & Rocha, 1977 cited 
by Yadav et al., 2011). 
Whereas seeds of stevia manifest a low 
germination percentage (Felippe & Lucas, 
1971) and clonal propagation through cuttings 
are improper for the small number of 

individuals (Sakaguchi & Kan, 1982), 
micropropagation is the the only one system 
that improved mass propagation of Stevia 
rebaudiana Bert. 
In vitro multiplication and proliferation are 
seriously affected by the category of explants 
used. Valuable initiation of in vitro direct 
organogenesis in stevia has been reached using 
a selection of explants, for example, shoot tips 
(Ibrahim et al., 2008), leaves (Kalpana et al., 
2010), nodal segments (Modi et al., 2012), and 
axillary buds (Das et al., 2011). For all that 
several segments of the plant have been used as 
explants, nodal segments have been used at a 
high level (Gantait et al., 2015). 
Therefore, an up-to-day micropropagation 
technology ensures a good clonal 
multiplication choice. The development of in 
vitro vegetative propagation strategies, to 
secure availability of well characterised and 
healthy clonal accession of plant material 
capable of providing an economically accepted 
level of leaf and stevioside harvest, becomes an 
agricultural priority. The plant growth 
regulators combinations and levels as well as 
the explants have significant impact on rapid 
micropropagation of Stevia rebaudiana Bert. in 
vitro regeneration. Often, growth regulators 
like BAP and NAA were proved to be essential 
for growth and axillary shoot formation (Pande 
& Gupta, 2013). 
Breeding programmes for stevia should follow 
the improvement of total glycoside content and 
rebaudioside-A: stevioside ratio with higher 
leaf productivity. Plant breeding studies with 
stevia have been excessively focused on growth 
leaf yield and rebaudioside-A concentration in 
the leaves. High leaf: stem ratios are worthy in 
cultivated stevia because of the low stevioside 
concentrations (< 5 mg/g−1) in stem tissue. 
Cultivar descriptions show that sufficient 
genetic variability exists to make significant 
genetic rising in leaf yield, rebaudioside-A 
content and the rebaudioside-A: stevioside ratio 
(Yadav et al., 2011). 
 
MATERIALS AND METHODS 
 
Plant material, culture medium and culture 
conditions 
The nutrient basal medium used in all 
experiments consisted of the basal salt of 
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Murashige and Skoog (1962) supplemented 
with: 100 mg/l myo-inositol, 1 mg/l thiamine 
HCl, 1 mg/l nicotinic acid, 2 mg/l glycine, 
20 g/l sucrose. The initiation media was 
solidified with 6 g/l Gelrite and supplemented 
with 1 mg/l BAP. The pH was adjusted to 5.7 
prior to autoclaving at 121ºC during 20 min. 
Nodal stem segments of 2 cm length were 
excised, disinfected in a solution of Domestos 
(5% sodium hypochlorite) for 15 min and then 
rinsed with sterilized tap water. These nodal 
segments were cultivated on MS (1962) 
medium. After three weeks lateral buds with 4 
to 5 pairs of leaves developed.  
Seedling multiplication was started on solid 
medium: the initiated seedlings, cultivated for 
21 days, were transferred to MS + 0.5 mg/l 
BAP + 0.2 mg/l NAA medium and grown at 
25oC, under photoperiod conditions of 16 hours 
of light alternating with 8 hours of darkness; 
the light intensity was 2000 lux per unit area. 
Maintaining in vitro plant stock of Stevia 
rebaudiana Bert. was performed by periodic 
subculturing, at 21-day intervals, of uninodal 
cuttings, on fresh medium, MS + 0.5 mg/l BAP 
+ 0.2 mg/l NAA.  
To achieve the media formulas used, the basic 
Murashige and Skoog medium (1962) was 
supplemented as follows combinations which 
represent the experimental variants:  
V1 = Multiplication (sprouting) and stimulation 
of rooting on MS (1962) solid medium 
supplemented with 0.5 mg/l BAP + 0.2 mg/l 
NAA. Material used: internodal segments. 
V2 = Multiplication (sprouting) and stimulation 
of liquid rooting using MS (1962) liquid 
medium (+ Luffa support) supplemented with 
0.5 mg/l BAP + 0.2 mg/l NAA. Material used: 
Internodal segments.  
New formed branches were transferred on 
liquid MS (1962) medium supplemented auxin 
(IBA) and cytokinin (Kin). In vitro established 
plantlets were then used for experiments for 
inducing root formation on solid medium (V1) 
or liquid medium (V2) in the presence of auxin 
(IBA 0.5 mg/l) and cytokinin (Kin 0.2 mg/l). 
In the solid medium the mechanical support 
was achieved by adding Gelrite, and in the 
liquid medium this function returned to the 
Luffa cylindrica. Solid culture medium without 
phytohormones was used as a control. 
 

HPLC conditions 
RP-ODS column (25 cm x 4.6 mm i.d., 5 μm 
particle size, produced by Alltech Alltima), 
AcCN:H2O (35: 65); flow rate: 1 ml/min; 
detection at UV = 210 nm; retention time: 4.3-
4.7 min. Extraction of stevioside from dried 
plant material was performed according to 
seviol quantification at the picomol level by 
High-Performance Liquid Chromatography 
method (Minne et al., 2004). 
The extraction of 10 mg dried stevia leaves was 
made with 2 x 1 ml water, by boiling for 5 
minutes. Then the water fraction was collected. 
The amount of stevioside was obtained by 
injecting 10 μl of water fraction on the 
chromatography. The results are used to 
calculate the total amount of stevioside in 10 
mg of plant material. The following solution 
was prepared : 125 ng SV + 500 ng IS + 250 μl 
DMF. For the derivation 5 μg coumarin + 5 μl 
DIPA were added to each sample, then the 
mixture was heated at 70-80°C for 25 minutes. 
The mixture was used for HPLC analysis. As 
internal standard (IS) the DHISV, a structure 
analogue of  steviol (SV), was chosen. 
 
RESULTS AND DISCUSSIONS 
 
The starting plant material used to initiate in 
vitro culture was harvested from young 
branches of a Stevia rebaudiana Bert. plant 
grown in the collection of Center for 
Biodiversity and Conservation at University of 
Agricultural Sciences and Veterinary Medicine, 
Cluj-Napoca. After trimming stalk segments 
were made free of germs and practised the 
culture of one single tissue node fragment/jar. 
Luffa cylindrica is a fast plant climber grown 
for its fruit. When mature and dries develop an 
inedible sponge-like structure, easily 
autoclavable together with the media. Ligno-
skeleton cubes of 3 cm3 cuted of Luffa 
cylindrica were used as plant support for liquid 
media. Based on the experimental data, for in 
vitro multiplication of Stevia rebaudiana, Bert., 
the best results, in terms of multiplication rate 
and growth uniformity, were obtained on the 
MSO medium, by using intermediate 
internodes. Starting and growing of nodes 
meristems was noticed after about three weeks 
and axillary-bud formation was registered in 
three weeks of culture. Development of new 
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plantles were influenced by the type of in vitro 
plant support and by the presence of exogenous 
plant growth regulators added to the medium.  
The extent to which the plant explant becomes 
competent and possibly determinant depends 
on the physical and chemical conditions to which 
it has been exposed. In the case of in vitro cul-
tures, the properties of the nutrient medium are 
associated with the physical conditions which 
both play an essential role in determining the 
organogenic signals. The culture medium is the 
key element in the chemical control of in vitro 
organogenesis as a ratio between auxins and 
cytokinins present in the environment. 
Regarding the effect of plant support after three 
weeks of culture on new plantlets growth from 
in vitro plants of Stevia rebaudiana Bert., 
(Figure 1) the seedling stem recorded average 
values of 11.61 cm on the liquid medium, the 
total average length of the seedlings being 
14.48 cm, obtained statistically significant 
differences compared to the length of the 
plantlets rooted on agarized medium (8.19 cm). 
The seedlings presents on average 2.87 roots in 
liquid media comparatively to 1.22 roots in 
agarized media, the differences are statistically 
significant. 
 

 
Figure 1. Effect of plant support  after three weeks  

of culture on new plantlets growth (cm) from in vitro 
plants of Stevia rebaudiana Bert. 

 
As respects the effect of plant support  after 
three weeks of culture on axillary-bud forma-
tion from in vitro plants of Stevia rebaudiana 
Bert. statistically significant differences are 
recorded for all the analyzed parameters 
(Figure 2), so on liquid medium the plantlets 
present on average 10.4 roots, 2.9 stems and an 
average number of nodes of 9.6 (Figure 3). On 
agarized medium the plantlets present on 
average 2.6 roots, 2.1 stems and an average 
number of nodes of 2.53. 

 
Figure 2. Effect of plant support  after three weeks  

of culture on axillary-bud formation from in vitro plants 
of Stevia rebaudiana Bert. 

 

  
Figure 3. Effect of plant support  after three weeks of 

culture on axillary-bud formation from in vitro plants of 
Stevia rebaudiana Bert. (left: control: MSO solid media; 

right: MSO liquid media on the support of Luffa 
cylindrica) 

 
Regarding the effect of plant support  after 
three weeks of culture on in vitro plants weight 
of Stevia rebaudiana Bert. statistically 
significant differences are recorded for fresh 
weight (Figure 4). Plants grown on liquid 
medium registered a fresh weight of 9.6 g, 
compared to plants grown on solid medium 
with much lower values of 6.1 g. The water 
content of the culture medium is the factor that 
influences this result, the differences regarding 
the dry weight being statistically uninsured. 
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Figure 4. Effect of plant support  after three weeks of 

culture on in vitro plants weight  
of Stevia rebaudiana Bert. 

 
In vitro established plantlets of Stevia 
rebaudiana Bert. development on ligno-
skeleton support in liquid media culture (Figure 
5) shows the shoots length, the number of 
shoots, the length of the roots and the number 
of roots in the plants obtained on culture 
medium MS + IBA 0.5 mg/l + Kin 0.2 mg/l. 
Comparing the length of the shoots it can be 
seen that on a liquid medium with Luffa  the 
seedlings had an average of 3.8 cm compared 
to the solid medium which was 3.1 cm. The 
control regarding the length of the shoots is 0.4 
cm smaller than what was obtained on solid 
medium, and on liquid medium the difference 
was 1.1 cm, statistically significant. Regarding 
the roots, it can be observed that on the solid 
medium both the length is clearly superior to 
the liquid medium and the control. 
 

 
Figure 5. Average values regarding the effect of different 

culture system on plant growth and rhizogenesis at 21 
days after in vitro plantlets establishment 

 
On the support of Luffa cylindrica, the plants 
showed a very good growth and development, 
also showing a high shoot capacity. The plants 
obtained in this system did not show the 
phenomenon of vitrification, a situation due to 
a limited immersion of the initial explant in the 

liquid medium, a phenomenon prevented by the 
matrix network. 
Although the presence of growth regulators has 
in some cases an action to stimulate 
organogenesis, their presence is not mandatory, 
Stevia rebaudiana Bert. it can be successfully 
multiplied, in a large number of copies and at a 
low cost on a simple MS liquid medium.  
The results obtained from the correlation 
between each morphological character 
analyzed are represented in Table 1. Using the 
Pearson correlation coefficient, a very strong 
direct link positively correlated (p<0.001) has 
shown between the length of the shoots (cm) 
and the length of the roots (cm) (r = 0.78). 
Between the length of the shoots (cm) and the 
number of roots arising a substantially 
association positively correlated (p<0.001) (r = 
0.60) and between the roots length and the 
number of roots arising a moderately 
association positively correlated (p<0.001) (r = 
0.48 ). Regarding the connection between the 
length of the shoot (cm) and the number of 
shoots (r = 0.26) and between the number of 
shoots and the number of roots (r = 0.12) there 
arising low associations positively correlated 
(p<0.001). A negligible association negatively 
correlated (p<0.001) is highlighted between the 
number of shoots and the root length (cm) (r = -
0.03)  

 

Table 1. Correlation matrix with Pearson significance 
levels of each pair of variables in Stevia rebaudiana Bert 

  

Shoots 
length 
(cm)  

No. of 
shoots 

Root 
length 
(cm) 

No. of 
roots 

Shoots 
length 
(cm)  1    

No. of 
shoots 

 
0.26 

 1   
Root 
length 
(cm) 

0.78 
 
 

-0.03 
 
 

1 
  

No. of 
roots 0.60 0.12 0.48 1 

 
Multiplication and rhizogenesis on solid and 
liquid medium Figure 6 show the effect of 
different cropping systems on the length and 
number of shoots.  
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Figure 6. Aspects of in vitro Stevia rebaudiana Bert. 

initiation on solid MS(1962) media (a, b, c, d); plantlets 
growth and roots development on ligno-skeleton  
of Luffa cylindrica used as plant support (e, f, g) 

 
In their research, Das et al. (2011) studied 
Stevia rebaudiana Bert. tissue culture through 
shoot tip. Murashige and Skoog (MS) (1962) 
medium supplemented with 2 mg/l Kinetin was 
demonstrated to be the best for multiple shoot 
proliferation, producing more than 11 shoots 
from only a shoot tip explant. For root 
induction, they shown that MS media without 
growth regulators got better results. 
Dezhsetan et al. (2017) studied Stevia 
rebaudiana micropropagation posibilities. 
Explants with single node were cultured on 
MS, B5 and N6 media supplemented with TDZ 
(0, 0.1, 0.2, 0.3, 0.6 and 0.9 mg/l), Kin and 
BAP (0, 1, 2 and 3 mg/l). In this research, MS 
and B5 proved to be the best with Kin and TDZ 
in shoot induction and BAP treatment caused 
callus induction. In N6 medium, single node 
cuttings manifested malformed growth. The 
results demonstrated that MS medium 
supplemented with 0.9 mg/l TDZ is the proper 
treatment for in vitro micropropagation of 
Stevia rebaudiana. 
In their research, Vives et al. (2017) compared 
semisolid culture medium, liquid culture 
medium and BIT® (bioreactor) regarding 
Stevia rebaudiana biomass and steviol 
glycosides production. At 21 days of culture, 
morphological quality of BIT®-derived shoots 
was best and shoot fresh and dry weight that 
was more than seven times higher in bioreactor 
compared with Stevia micropropagation in 
semisolid or liquid media.   

Kaplan et al. (2019) evaluated various gelling 
agents (plant agar and Gelrite) and 20 distinct 
growth regulators combinations. The results 
proved an approximately 200-times multipli-
cation rate obtained within 13 weeks using MS 
medium supplemented with 0.5 mg/l BAP and 
0.25 mg/l Kinetin solidified with Gelrite. 
Average stevioside and rebaudioside A con-
tents in in vitro cultured plants were determine 
to be 8.1% and 8.6%, respectively. 
Tang et al. (2021) reported an improved in 
vitro shoot regeneration protocol for 
S. rebaudiana Bert using chitosan. The highest 
plant height (4.94 ± 1.17 cm/explant) with a 
maximum number of leaves (25.33 ± 6.95 
/explant) was observed on explants cultured 
using MS basal medium supplemented with 
1.0 mg/l of 6-benzyaminopurine (BAP) and 
60 mg/l of low molecular weight chitosan after 
4 weeks of culture. 
Yang et al. (1981), recorded in vitro multiple 
shoot induction from nodal explants of stevia in 
MS medium supplemented with various 
cytokinins at varying concentrations (1 to 10 
mg/l). The highest rate of axillary shoot 
proliferation was reported in medium 
containing benzyl adenine (2 mg/l), kinetin    
(10 mg/l) and N6-(2-Isopentenyl)-adenine     
(10 mg/l).  
The presence of the stevioside was determined 
by HPLC (Figure 7). The analyse was 
performed to observe the effects of in vitro 
plant production on synthesis of stevioside and 
the results are mentioned in the Table 2. The 
calibration curve used to calculate the 
stevioside amount was determined as 
y=205.86x. As a conclusion, in 10 µl was 5545 
ng of stevioside, so in 10 mg plant material was 
1.11 mg of stevioside (SV). 
 
Table 2. Determination of stevioside from in vitro plants 

of Stevia rebaudiana Bert. 

Sample HPLC peak  area sd se 
1 
2 
3 
4 
5 

1258524 
1110232 
1051265 
1245212 
1041750 

 

Mean 1141397 104308 46648.07 
sd=standard deviation 
sd=√n∑x²-(∑x)²/n(n-1) 
n=5  
se=sd√5 



45

The stevioside content is represented as a 
percentage of dry weight, and in this 
experiment the fraction of stevioside is about 
11% of dry weight.  
According to Sivaram &  Mukundan (2003), 
stevioside and rebaudioside are shown as gray 
zones on visual observation of the HPTLC 
samples. On scanning the plates at 200 nm, the 
standard and samples gave peaks having Rf 
values in the range of 0.10-0.45. In their 

research, Aranda-González et al. (2015) shown 
that rebaudioside A content (g/100 g) in Stevia 
rebaudiana Morita II varieties was 15.15 ± 
0.02 while stevioside was 3.97 ± 0.003. Also in 
the case of  Stevia rebaudiana Criolla varieties 
they were 4.03 ± 0.01 and 8.80 ± 0.14, 
respectively (p<0.001). The recoveries of 
fortified samples were 100% ± 10% and 
precision RSD was ≤6.27%. 

 
Figure 7. Stevioside analyses of in vitro Stevia rebaudiana Bert. using HPLC 

 
CONCLUSIONS 
 
Results confirm that an in vitro multiplication 
of plant material is a reliable system for mass 
production of seedling to be cultivated in the 
field condition. The liquid system allow a 
superior plant system formation.  
The support of Luffa cylindrica demonstrated a 
stimulating effect on the average total length of 
the plant, the average number of stems per 
plant, the average fresh and dry weight but also 
on the number of roots per plant. Instead, the 
same support had a negative influence on the 
average length of the roots. 
Although the presence of growth regulators has 
in most cases an action to stimulate 
organogenesis, their presence is not mandatory, 
Sevia rebaudiana Bert. it can be successfully 
multiplied in a large number of copies and at a 
low cost on a simple medium, MS, without 

phytoregulators. 
The use of Luffa cylindrica for ex vitro transfer 
proved to be a technological like approach, the 
ligno-skeleton cube replacing the usual giffy-
pot system typical used for seedlings without 
affecting the biosynthesis capacity of the 
acclimatised stevia plants. 
HPLC analysis confirmed that the plant Stevia 
rebaudiana Bert. produced in vitro and 
acclimatized ex vitro shows a capacity to 
synthesize stevioside within normal limits for 
this species (4-13% of the dry weight of the 
leaves). 
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