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Impact of nutrient supply on growth and synthesis
of metabolites of in vitro shoot cultures of S. rebaudiana

Abstract. Stevia rebaudiana plants produce sweet tasting compounds, steviosides, which are 300
times sweeter as sugar and can be used as natural sweeteners. Moreover, stevia leaves contain
high amount of antioxidants. The use of plant compounds as components of functional nutrition
and nutraceuticals is extremely relevant today. The purpose of this study was to investigate the
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effect of increased nitrogen and saccharose supply on growth and accumulation of steviosides
and anthocyanins as well as antioxidative activity in fast-growing shoot cultures of S. rebaudiana.
The morphological changes of the leaves, the accumulation of steviosides and anthocyanins, and
the antioxidant properties of the extracts were determined. It was shown that during three weeks
of in vitro cultivation of shoots on MS medium with double concentration of nitrogen, the biomass
increased by 71.0%, after application of double concentration of saccharose - by 133%, and after
increasing nitrogen in combination with saccharose supply - by 162.0% compared to the control.
Sucrose stimulated the accumulation of biomass. Anti-oxidative potential after nitrogen application
was 2.4 times higher than the control, and with saccharose supply it increased 2.7 times. Shoots
treated with increased nitrogen and saccharose concentration contained 50.7 and 57.8 mg/g™
steviosides, respectively. However, the combination of nitrogen and saccharose led to accumulation
of 734 1 mg/g™* steviosides. Shoots grown on MS medium culture had 26.0 mg/g™" of steviosides. The
content of anthocyanins was 17 times greater under added nitrogen supply, and 2.3 times greater
after the application of nitrogen and saccharose. Optimum cultivation media developed individually
for each invitro culture increase the production of valuable plant secondary metabolites up to 3 times

Keywords: plant biomass; cultivation; nutrient medium; secondary metabolites; steviosides;

anthocyanins; antioxidative activity

INTRODUCTION

Many health issues and complications - from
cardiovascular diseases, bowel, and dental is-
sues to cancer - have been associated with obe-
sity and excessive consumption of free sugars.
According to WHO recommendations, con-
sumers must reduce daily free sugars intake to
less than 10% of their total calorie intake (WHO
Guideline, 2023). As consumers become more
aware of the health benefits of low-calorie foods,
the market for these products is expected to
grow rapidly (Mordor Intelligence, 2022). Ar-
tificial sweeteners are the predominant sugar
substitutes in the market to produce low-energy
products. In addition, due to the COVID-19 pan-
demic, people started to show more interest in
natural non-caloric sweeteners, such as stevia
(Emergen Research, 2022). Stevia rebaudiana
plant, commonly known as stevia, has been used
by South Americans for thousands of years.
Steviol glycosides are sweetening com-
pounds from the leaves of the S. rebaudiana
plant. However, some steviosides are character-
ized with bitter aftertaste (Nguyen & Tan, 2021).
The technological advantage of steviosides is the
low-cost extraction technology which reduces
the production costs (Al-Taweel et al, 2021).
Steviosides are not only non-caloric sweeten-
ers of natural origin but also are suitable to use
in the food industry due to their technological
characteristics. The attributes of being heat and

PH stable, water and alcohol soluble provides a
technological advantage (Raspe § Silvio, 2022).

S. rebaudiana is the sweetest species of the
genus Stevia which involves about 150 species
of herbs. They belong to the Asteraceae fam-
ily also known as daisy or sunflower family
(Nguyen et al, 2019). S. rebaudiana is an herba-
ceous, semi-bushy, perennial shrub which grows
in humid environments at an average tempera-
ture of 24°C. The plant is native to Paraguay and
some parts of Brazil. For at least 1,500 years, ste-
via leaves have been used in the cuisine of Gua-
rani tribes on a daily basis. Dr. Bertoni rediscov-
ered this plant by the end of 19* century.

Steviol glycosides are mainly found in
plants, including stevia. The molecular structure
of steviol glycosides is described as a sugar mol-
ecule bound to a non-carbohydrate moiety. The
chemical names of individual sweet tasting sub-
stances from stevia plants depend on the type
of sugar they contain, e.g., glucosides (glucose),
pentosides (pentose), fructosides (fructose), etc.
The substances can be converted into sugar and
non-sugar compounds, the so-called aglycones,
by hydrolytic cleavage (Jawad et al,, 2022). Steviol
occurs in the plant as steviol glycosides, which
are sweet compounds.

Moreover, stevia plants hold a high con-
tent of polyphenols, including anthocyanins.
Polyphenols are the secondary metabolites that
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can act as free radical scavengers. However, the
seeds of this plant have extremely low germi-
nation rate (Shevchenko et al, 2010). A promis-
ing method of obtaining S. rebaudiana biomass
with a high and stable content of steviosides and
phenolic compounds, free from plant protection
agents, from mycotoxins that can be synthesized
during unfavourable plant storage conditions, is
the application of in vitro techniques. Addition-
ally, synthesis of metabolites in in vitro cultures
can be regulated through nutrient supply. Due to
the slow growth often encountered in plant cell
cultures, inducing in vitro shoot culture of S. re-
baudiana has been proposed.

The hypothesis of the study is that applica-
tion of certain nutrients as nitrogen and sac-
charose can induce biomass accumulation of
in vitro shoot culture and influence synthesis of
valuable secondary metabolites. The purpose of
this study was to identify the role of nitrogen and
saccharose on growth and biochemical compo-
sition of in vitro shoot cultures of S. rebaudiana.

LITERATURE REVIEW

Numerous protocols for micropropagation
of Stevia rebaudiana have been established
(Ramirez-Mosqueda et al, 2016). Nonetheless,
for the past few decades, the high expenses in-
curred in micropropagation compared to that
seen in traditional field cultivation have been
significant limiting factors (Amien et al, 2022).
The latest developments in plant in vitro tech-
niques have led to a successful transition from
the experimental stage to industrial-scale
production. Cultivation of plant differentiated
in vitro systems from last year is believed to be
an effective method for generating valuable nat-
ural compounds (Hassanein, 2022). Numerous
research studies have investigated the effect
of nitrogen concentration in cultivation me-
dia on the growth and morphogenesis of tissue
cultures. According to J. Wang et al. (2020), the
concentration and chemical form of nitrogen
were deemed as highly significant.

In vitro cultures typically consider nitrate
as the most essential form of nitrogen. Yet, in
many instances, the application of nitrate only
as a nitrogen source has not resulted in success.
Tissue cultures require ammonium as a source
of nitrate ion, according to P. Olgunsoy et al.
(2017) findings on the Rosa sp. callus culture
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cultivation. Research conducted by T. Wu et al.
(2021) has demonstrated that cell cultures of
Nicotiana tabacum can flourish on cultiva-
tion medium containing solely ammonium.
However, the resulting accumulation of biomass
was only half as much as that with a combina-
tion of ammonium and nitrate sources. Mean-
while, S. Alvarez & J.R. Motos (2023) noted that
dicarboxylic acid must also be included to pro-
mote in vitro cultures’ growth if the cultivation
medium solely depends upon ammonium as a
nitrogen source. M.M. El-Dawayati & Z.E. Zayed
(2017) hypothesized that the suitable concentra-
tions of ammonium and nitrate ions in culture
media for in vitro cultures should be selected at
10:15(825:1425 mg/L) of the MS culture. In experi-
ments on hairy root cultures of Psoralea corylifo-
lia, M. Zaheer et al. (2016) demonstrated that the
uptake of ammonium and nitrate was depend-
ent on the pH of the cultivation medium. Under
acidic pH, nitrate was utilized more intensively,
leading to an increase in the alkalinity of the
cultivation medium. The uptake of ammonium
led to a shift in the pH of the medium towards
acidity, which further inhibited the uptake of
ammonium by the cultures.

Plant in vitro cultures are mostly heter-
otrophic, meaning that they use monosac-
charides or disaccharides as a carbon source.
According to T. Fidemann et al. (2018), the con-
centration of saccharides in culture media es-
sentially influences both the growth of biomass
and the synthesis of secondary metabolites in
in vitro cultures. To provide a source of carbohy-
drates, sucrose or glucose is usually added as a
carbon source in concentrations ranging from 2
to 4%. Certain cultures require fructose or malt-
ose as a source of sugar. The selection of the most
efficient source of carbon and its concentration
depends on the species of the plant, as well as
the form of its in vitro cultivation and the objec-
tive of the cultivation, such as the synthesis of
alkaloids or phenolic compounds. K. Ibrahim &
H. Musbah (2018) discovered that Coleus blumei
cell cultures, when subjected to a saccharose
concentration of 2.5% in the cultivation medium,
produced 0.8 g/L* of rosmarinic acid, but after
increasing the saccharose concentration to 7.5%,
the yield of rosmarinic acid reached 3.3 g/L.

Currently, many research groups worldwide
are focusing on cultivating differentiated shoot
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in vitro cultures. Shoot cultures are character-
ized by intensive growth and metabolite synthe-
sis due to their tissue differentiation. According
to M. Kikowska et al. (2020), the biomass accu-
mulation in the in vitro shoot culture of Eryn-
gium alpinum L. was 12.5 times higher than the
biomass growth in callus cultures. A. Krél et al.
(2021) have also demonstrated the feasibility of
effectively utilizing in vitro shoot cultures from
various plants for producing phenolic com-
pounds and antioxidants. In vitro shoot cultures
are particularly valuable due to their capability
of plant tissue differentiation, which contrasts
with undifferentiated cell and root in vitro
cultures, making them capable of producing
metabolites that are not present in the latter.
Equally important, the growth of shoot cultures
is often more intensive when compared to other
in vitro cultures and, in many instances, even
compared to their native counterparts.

MATERIALS AND METHODS

Introduction of in vitro shoot cultures. The sur-
face of S. rebaudiana seeds was sterilised for
5 minutes using 70% ethanol, followed by 10%
sodium hypochlorite for 10 minutes and rinsed
three times with distilled water. The explants (leaf,
nodal, and inter-nodal segments) were cut into
small pieces of approximately 01 cm in length,
one week after germination. The pieces were
transferred to 250 mL Erlenmeyer flasks contain-
ing 50 mL of liquid MS medium and 0.4 mg/L ki-
netin. The cultures were grown at a temperature
of 25°C on a rotary shaker (75 rpm), under illu-
mination of 18:6 (3000 Ix). An autoclave, a sterile
cabinet, and an incubator (VWR, Germany) were
utilized for the in vitro cultivation process. To pre-
pare the material for chemical analysis, the fol-
lowing devices were used: ALPHA 1-4 lyophilic
dryer (Christ, Germany), Memmert thermal cab-
inet, Eppendorf centrifuges (without and with
cooling), vacuum concentrator Speed Vac SC110,
ultrasonic bath, and ultrasonic homogenizer.

Propagation medium. The growth and de-
velopment of stevia cultures were tested for
their susceptibility to four different propagation
medium compositions. A standard nutrient MS
medium, containing 190 g/L* KNO,, 1.65 g/L*
NH,NO,, and 30 g/L" saccharose, with 2% agar,
was used as a control. The experiment tested
modifications of the MS medium with double the

concentration of nitrogen (3.80 g/L* KNO, and
3.30 g/L*NH,NO,), 60 g/L" saccharose, and twice
the concentration of nitrogen and saccharose
(3.80 g/L* KNO,, 3.30 g/L* NH,NO,, and 60 g/L*
saccharose). Cultivation media was autoclaved
at 121°C. Vitamins were added after autoclaving,
using microfiltrationthrough sterile 0.25pmdisc
membrane filters (Membrane Solution, USA).

The experiments were conducted as ran-
domized controlled factorial trials using S. re-
baudiana seeds. The measurement results were
analysed using the ANOVA method - a statistical
technique for variance analysis.

Measurement of anthocyanins. To the S. re-
baudiana, 100 mg was added, and subsequently
750ul1 of CH,COOH/EtOH was also introduced.
For a period of 20 minutes at 85°C, the sample
was placed on the block heater. Subsequently,
the mixture was centrifuged for 5 minutes at
12,000 rpm and the supernatant was collected.
The given extraction procedure was repeated
three times, and all the supernatants were sub-
sequently pooled together. To each sample, 50 pl
37% HCl was added and vibrated on the vortex
for 30 seconds. A=535 nm was used for photo-
metric determination of anthocyanin.

Analysis of steviosides. Stevioside con-
tent measurements were made according to
Y. Shevchenko et al. (2010), with some modifica-
tions. One gram of S. rebaudiana biomass was
ground to a powder in a ball mill. Subsequently,
25 mL of distilled water was added. The samples
were heated to 95°C in a microwave oven for 30
minutes, then cooled to 25°C and filtered using
filter paper. This process was performed three
times, and the extracts were combined in a grad-
uated flask. The total volume was then adjusted to
100 mL using distilled water. To clean 0.5 ml of the
extract,asolid-phase-extraction columnwasused.
The extract was washed with 3 ml of methanol fol-
lowed by 3 mL of distilled water. The final elution
was achieved by adding a mixture of methanol and
acetonitrile in a 50:50 (v/v) ratio to the SPE column
using 1 mL of the said mixture. Subsequently, the
eluted solution was analysed using HPLC, follow-
ing the methodology of Y. Shevchenko et al. (2010).

Determination of antioxidant activity. The
DPPH radical scavenging activity assay was
conducted following A.A. Mohdaly et al. (2011)
method. To obtain an absorbance value of
0.7£0.02 at 515nm, 100 mL of methanol was mixed
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with 6 mL of the stock solution to prepare DPPH
solution (6x105 mol/L%). 0.02 g of the sample was
mixed with 1 mL of distilled water and heated at
95°C for 15 minutes. Afterward, the sample was
centrifuged at 12000 rpm for 5 minutes. 5 pL

supernatantwith2 mL DPPH wasvortexed for30s
and allowed toreact for 30 min. The absorbance at
515 nm was measured using the UV-Vis Spectro-
photometerJena-Specol 2100. The scavenging ac-
tivity was calculated using the following formula:

DPPH (%)=[(Abs.control - Abs.sample)/Abs.control] x 100, (1)

where Abs - is the absorbance at 515 nm.
The study complied with the requirements
of the Convention on Biological Diversity (1992).

RESULTS

In vitro shoot cultures of S. rebaudiana were es-
tablished from seeds as described above. After

e

\
|

in vitro plants 1stday

germination, the shoots were transferred into
a sterile medium and cultivated for 21 days. The
development of shoots cultivated on the MS me-
dium is presented in Figure 1.

The effect of nutrient composition in culti-
vation media on the dynamic biomass growth of
sprout cultures was investigated.

in vitro shoot culture

14t day 21stday

Figure 1. In vitro shoot culture growth of S. rebaudiana

In vitro shoots of S. rebaudiana demon-
strated a significant positive response to ni-
trogen and saccharose application in terms of
biomass accumulation. The initial weight of
400
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the shoots grown on MS medium at the time of
transformation was 20 g/flack?, and after three
weeks of cultivation, it increased to 122.3 g/flack?!
(see Fig. 2a).

100
78.00
80
62.80
60 4720
(e]
& 34.70
40
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0
MS  MS2N  MS2S MS2N2S

b) antioxidant activity, DPPH (%)

Figure 2. Biomass growth (a) and antioxidant activity (b) of in vitro cultures of S. rebaudiana
on the 21t day of cultivation
Note: MS is the standard medium, MS2N is the MS medium with twice the concentration of nitrogen, MS2S is the
MS medium with twice the concentration of saccharose, MS2NS is the MS medium with twice the concentration

of nitrogen and saccharose
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Raising the KNO, and NH,ZNO, concen-
trations in the MS medium from 1.90 g/L* and
1.65 g/L1 to 3.80 g/L* and 3.30 g/L7, respec-
tively, stimulated a significant accumulation
of biomass in the shoot cultures. After 21 days
of cultivation, the sprout biomass reached
2091 g/flack?, a 71% increase compared to the
control group. Raising the saccharose con-
centration in the MS medium from 30 g/L* to
60 g/Lresulted in the formation of 285.0 g/flack™
of shoot biomass, which was 133% higher than
the biomass in the control group. After applying
additional nitrogen and carbohydrate sources,
the fresh weight of the sprout cultures reached
321.6 g/flack?, which was 199.3 g more than the
biomass of shoot cultures grown on MS medium.
Four different media showed varying results
concerning the growth parameters of the stevia
sprout cultures. For the growth of S. rebaudiana,
MS medium was the least suitable. This con-
clusion can be drawn from the results obtained
21 days after in vitro sprout cultivation, which
are represented in Figures 1 and 2. These data
showed statistically significant differences for
all other experiment variants.

100

80 73.40

57.80

< 60 50.70
0o
0o
E a0 26.00

0

MS MS2N  MS2S  MS2N2S

a) steviosides, mg g

Y. Shevchenko et al. (2010) showed that the
DPPH-free radical scavenging capacity of the
shoot culture of stevia grown on the MS me-
dium was 34.07% on the 21% day of cultivation
(Fig. 1b). Increasing the nitrogen supply led to
an enhancement of DPPH to 62.8%, which was
2.5 times higher than in the tissues of stevia
cultivated on MS medium. The treatment with
60g/L" of saccharose rather than 30g/L* did not
affect the DPPH significantly compared to the
additional application of nitrogen. However, it
captured 88% prevalence of the control plot.
The combined modification of MS medium,
with increased nitrogen and carbohydrate con-
tent, resulted in the formation of 78% DHHP ac-
tivity. Afterward, it was concluded that it could
be attributed to the higher concentrations of
steviosides and anthocyanins present in the
plant biomass.

The application of additional KNO, and
NH,NO, caused an accumulation of 5070 mg
of steviosides per 1 g of fresh weight of biomass
in the shoots after 21 days of cultivation. This
amount was 95% more than that in cultures
grown on MS medium (Fig. 3a).

6
522 543
5 398
. [
-
oo
3
e 230
g
2
1
0
MS MS2N  MS2S  MS2N2S

b) anthocyanins, mg g

Figure 3. Content of steviosides and anthocyanins in in vitro cultures of S. rebaudiana
on the 215t day of cultivation
Note: MS is the standard medium. MS2N is the MS medium with twice the concentration of nitrogen compared
to the standard medium, MS2S is the MS medium with doubled saccharose concentration, MS2NS is the MS
medium with doubled concentration of nitrogen and saccharose

The culture’s stevioside content increased
to 57.8 mg/g* after a 21-day cultivation period,
with the additional carbohydrate source
resulting in a 71 mg/g? increase compared to

the nitrogen treatment. The plot with in vitro
cultures supplied with additional nitrogen and
saccharose had the highest stevioside content,
exceeding the control by 2.8 times and reaching
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73.40 mg/g™. The content was 2.8 times higher
than the control, reaching 7340 mg/g.

The anthocyanin content in the shoot cul-
ture of S. rebaudiana reached 2.3 mg/g* of fresh
biomass after being cultivated for 21 days on
MS medium. Synthesis of 3.98 mg/g* of antho-
cyanins occurred after supplementing with
a double concentration of KNO, and NH,NO,
compared to MS medium typical concentration.
Application of 60 g/L* saccharose, instead of
30 g/L?, caused a two-fold increase in anthocy-
anin quantities. The substance content of this
plot reached 5.22 mg/g?, which was similar to
that after the treatment of sprout culture with
increased nitrogen and saccharose concentra-
tions. The combination of nitrogen and saccha-
rose did not have as significant an effect as the
single application of saccharose alone.

MS is among the most commonly used me-
dia for in vitro plant cultures. Additionally, B5
medium (Gamborg), LS (Linsmaier § Skoog),
Velicky and Martin, and Blaydes and Heller me-
dium compositions are widely used. The selec-
tion of the cultivation medium depends on the
requirements of the initial plant and cultivation
form, such as callus, suspension, hairy root,
or shoot cultures. The MS culture is commonly
employed for in vitro cell cultures, whereas B5 is
used for hairy root cultures. On the other hand,
LS medium is known to promote intensive bio-
mass production in many cases. M.H. Zenk et al.
(1978) conducted several tests to produce the
indole alkaloid serpentine using Catharanthus
roseus suspension cell cultures. The alkaloid
content in cell cultures was dependent on the
nutrient medium’s composition. It was discov-
ered that LS medium was optimal for the pro-
duction of alkaloids, whereas MS medium was
optimum for cell growth.

J.J. Zhong (2001) demonstrated that the in-
tensity of alkaloid synthesis in cell suspension
cultures of Holarrhena antidysenterica varies
depending on the form of nitrogen in the culti-
vation media. Adding nitrogen to the MS nutri-
ent solution stimulated anthocyanin formation
in cell suspensions of Vitis vinifera. D.J. Kim &
H.N. Chang (1990) reported the increased pro-
duction of shikonin in Lithospermum eryth-
rorhizon cell cultures under the influence of
increased nitrogen concentration. However,
K. Sakamoto et al. (1994) reported that a reduced

Plant and Soil Science, (14) 2

level of total nitrogen in the cultivation media
improved the production of capsaicin in Capsi-
cum frutescens and anthraquinones in Morinda
citrifolia. It is possible to conclude that the re-
sponse of in vitro culture to increased nitrogen
supply may differ, depending on the physiologi-
cal and biochemical status of native plants.

JJ. Zhong's (2001) research revealed that
the accumulation of alkaloids in Holarrhena
antidysenterica and shikonin in Lithospermum
erythrorhizon suspension cell cultures were
significantly affected by the carbon source. In
1980, Knobloch and Berlin examined the impact
of saccharose concentration on the synthesis
of indole alkaloids in Catharanthus roseus cell
cultures, ranging between 4-12%. It was found
that the optimal concentration of sucrose was
8%. Moreover, by increasing the sucrose concen-
tration to 8%, the yield of benzophenanthridine
alkaloids in Eschscholtzia californica cell sus-
pension culture increased tenfold and reached
150 mg/L* (Berlin et al., 1981). However, Do and
Cormier (1990) found that greater amounts of
sucrose may induce osmotic stress in cells of
suspension cultures, resulting in reduced bio-
mass accumulation, but also increased antho-
cyanin production in Vitis vinifera cell cultures.

N. Sae-Lee et al. (2014) added NH,NO, in
quantities of 0.5, 1.0, 5.0, and 10.0 mg/L to the MS
medium as a nitrogen source to stimulate Vitis
vinifera cv. Pok Dum cell culture growth and in-
duce secondary metabolite synthesis. The opti-
mum result was achieved using MS medium en-
riched with 0.5 mg/L* NH,NO,. On the 14* day of
the experiment, the biomass of the cell cultures
was 27.8 g/L", representing a 5.6-fold increase
compared to the control group.

F. Akbari et al. (2018) showed an increase in
shoot length, seedling dry weight, and leaf fresh
weight of steviawhen NH,NO, was applied along
with KNO,.

In this experiment, increasing the con-
centration of KNO, and NH,NO, in MS medium
stimulated intensive biomass accumulation
of shoot cultures. After a 21-day cultivation
period, the biomass of sprouts was 71% higher
than the biomass of shoots grown on the control
plot on MS medium. The increase in saccharose
concentration in MS medium elicited 2.3-fold
growth stimulation of biomass. The combination
of extra nitrogen and carbohydrates was found
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to be the most effective. This methodology stim-
ulated biomass accumulation, which exceeded
the control plot by 2.6 times. The stevia sprout
cultures’ growth parameters varied across four
distinct media. The MS medium was found to be
the least suitable for the growth of S. rebaudiana.
This conclusion was drawn based on the results
obtained after 21 days of in vitro sprouts cultiva-
tion, as presented in Figures 1 and 2. These data
show significant statistical differences when
compared to all other experimental variants.
Evaluating the antioxidant potential is im-
portant for determining the stability of a product
during storage, and this value has a direct rela-
tionship with the concentration of substances
with antioxidative properties. Substances with
antioxidative properties can reduce the number
of free radicals in foods and are therefore impor-
tant components of a healthy diet (Nshimiyimana
§ He, 2010). Plant secondary metabolites,

including polyphenolics such as anthocyanins,
are known for their high antioxidant potential.

Prior research into the antioxidant poten-
tial of phenolic compounds has shown that their
mechanism of action involves directly captur-
ing free radicals. Furthermore, free radicals
(ROO) oxidise phenolic compounds and inac-
tivate them, causing the fragmentation of less
reactive substances (Smetanska et al., 2021). The
phenolic compound radical (O) formed during
the reaction is stable. The unpaired electron
can delocalise within the aromatic ring and can
cause dimerisation, dismutation, recombina-
tion with other radicals, oxidation of quinones,
producing semiquinones. Semiquinones can re-
act with other radicals, forming stable quinones
(Mohdaly et al., 2010). Antioxidants can prevent
or inhibit substrate oxidation, thus eliminating
or decreasing the oxidative damage caused to
target molecules (Fig. 4).

Phenolic compounds (OH) + ROO’—>» Phenolic compounds (0" ) + ROOH

Semi- qulnone resonance
—_——

ROOH RO

ROOH Qumone

Figure 4. Mechanism of neutralization of reactive radicals by phenolic compounds

Source: A. Mohdaly et al. (2010)

Y. Shevchenko et al. (2010) demonstrated
that the DPPH of the shoot culture of stevia in-
creased by 150% after the introduction of addi-
tional nitrogen supply. However, the application
of saccharose caused a slight increase in DPPH
compared to the control. On the other hand, the
combined application of additional nitrogen and
saccharose positively influenced the increase of
DPPH in plant tissues. There has been a recent
rise in demand for industrial biotechnologies
and natural antioxidants, aimed at replacing
synthetic analogues. Free radicals are responsi-
ble for lipid peroxidation, which in turn can lead
to many chronic illnesses in humans, including
cancer and cardiovascular disorders; thus, they
play a crucial role in their development.

N. Sharma et al. (2015) also reported that
using a nutrient MS medium with twice the

concentration of NH,NO, and 4.5% sucrose in-
creased the growth of S. rebaudiana cell cultures
and the synthesis of steviol glycosides. Yet, the
steviol glycoside amount in cell cultures was
2.99 mg/g*, whereas in the leaves of the original
plants, it was 40.0 mg/g.

These studies indicate that nitrogen posi-
tively affects the content of steviosides and an-
thocyanins, while sucrose has an even stronger
impact. The concentration of steviosides in in vitro
culture was 2.7 times higher after the treatment
with nitrogen and sugar as in MS-cultivated in
vitro S. rebaudiana. Anthocyanins are second-
ary metabolites found in plants that respond
to stressors from unfavourable biotic and abi-
otic conditions, such as a lack or an excess of
minerals. According to N. Sae-Lee et al. (2014),
there was an increase in the accumulation of
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anthocyanins in grape (Vitis vinifera L.) cell sus-
pension cultures with increased nitrogen supply.
The effect of various concentrations of am-
monium nitrogen on anthocyanin synthesis was
investigated in in vitro cell cultures of Rosa hy-
brida by P. Olgunsoy et al. (2017). The induction
of rapidly growing callus was observed during
cultivation on MS solid medium with 4.0 mg/L?*
2,4-dichlorophenoxyacetic acid, but without ad-
ditional nitrogen supply. According to J.J. Zhong
(2001), raising the nitrogen content of the nutri-
ent medium augments the anthocyanin com-
position in suspension cultures of Vitis vinifera.
T.P. Magangana et al. (2018) demonstrated that
the availability of nitrogen directly affects ste-
viol concentration in microplants. Microplants
subjected to a medium containing half the phos-
phate concentration were associated with the
highest levels of stevioside (740 mg g/L).
Suspension cultures of Nicotiana tabacum
have been found to accumulate more nicotine
when exposed to increased saccharose concen-
tration, resulting in osmotic stress (Shibasaki
et al, 2007). Aralia cordata cell suspension
cultures showed decreased anthocyanin syn-
thesis with a higher concentration of sucrose at
5%, whereas a concentration of 3% sucrose pro-
moted anthocyanin accumulation. The osmotic
pressure was also increased by adding mannitol
to the medium, and it was discovered that after
the addition of 3 g/L of this substance, the level
of anthocyanins accumulated in the Vitis vinifera
culture was elevated by up to 1.5 times, reaching
55 pg/cell? (Dai et al., 2014). An additional boost
in anthocyanin content was observed in the
callus cultures of Euphorbia milli grown in MS
medium plus 7% sucrose. This indicates that, in
numerous instances, growth-promoting envi-
ronments are distinct from those required for
synthesising secondary metabolites in cultures.

CONCLUSIONS

It was established that various breeding en-
vironments had diverse effects on in vitro

development of stevia culture. The four chosen
media demonstrated distinct outcomes in terms
of the growth parameters and synthetic poten-
tial of stevia cultures.

The MS medium was the least suitable for
S. rebaudiana growth. The biomass increased
twice as much as the control plot, after nitro-
gen and sucrose content was increased. The
best medium for obtaining steviosides was MS
with twice the nitrogen concentration. The ste-
vioside content exceeded the control by 182.0%.
However, this environment was less suitable for
accumulating biomass. Anthocyanin accumula-
tion increased by 1.5-fold with an additional ni-
trogen supply and 2.0-fold was associated with
an increased sucrose concentration. This could
be due to the role of carbohydrates in the antho-
cyanin biosynthetic pathway.

The findings strongly suggest that it is pos-
sible to modify the nutrient solution according
to various tasks, such as increasing the biomass,
antioxidants or certain valuable metabolites like
steviosides and anthocyanins. In this particular
case, the MS medium with a doubled nitrogen
and sucrose supply can be used for high bio-
mass production of stevia hoot culture and for
obtaining antioxidants. To increase biomass for
stevioside production, it is advantageous to in-
crease nitrogen supply and possibly extend the
cultivation period. For anthocyanin production,
increasing the saccharose content in the culti-
vation media would be meaningful.

Achieving the optimal nutritional environ-
ment using MS is an important step in the inno-
vative biotechnology of obtaining valuable sec-
ondary metabolites from plants, considering the
biological features of each in vitro culture.
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Bn/inB NOXXMBHUX PEYOBUH Ha PIicT i CUHTEe3 MeTaboniTiB y
KynbTypaxX naroHis in vitro S. rebaudiana

AHoTauia. PociuHu cTeBil pebaymiaHy BUPO6GIIAIOTh COMOAKI Ha CMaK CIIONYKUA - CTEBIO3UIM,
aKi B 300 pasiB conopli 3a IIyKOp i MOXKyTb BUKOPHCTOBYBATUCS K HaTypPaJIbHI MiZICOMOAKyBadi.
KpiM TOrO, TUCTA CTeBil MICTUTh BEJIUKY KUIBKICTb aHTMOKCUIAHTIB. BUKOpUCTAHHA POCIVHHUX
CTIOJIyK IK KOMIIOHEHTIB (QYHKIIIOHAJIBHOTO XapuyBaHHS Ta HYTPULIEBTUKIB € HAJ3BUYANHO
aKTyaJIbHUM Ha CbOTONHIIIHIN AeHb. MeTo0 ZaHol po6oTu 6y/I0 LOCTIAUTY BIUIUB ITiIBUIIEHOTO
Q30THOTO JKUBJIEHHS Ta CaxXxapo3W Ha PiCT i HAKONMYEHHS CTeBiO3UZIB Ta aHTOLiaHIB, a TAKOX
QHTHOKCUIAHTHY aKTUBHICTh y WIBUAKOPOCIUX KYIBTypax IaroHiB S. rebaudiana. BusHaueHO
MopdosoriuHi 3MiHM JIMCTKIB, HaKONUYEHHS CTeBiO3WIIiB i aHTOLiaHIB Ta aHTUOKCUIAHTHI
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BJIACTUBOCTI eKCTPaKTiB. [ToKa3aHo, 110 IIPOTArOM TPbOX THIKHIB KyJBTMBYBAaHHS IIaroHIB in Vitro
Ha cepemoBHINi MS 3 MoABINMHOI KOHIIEHTpalli€lo a30Ty 6iomaca s6inbiviaca Ha 71,0 %, micis
3aCTOCYBaHHA IOABIMHOI KOHIIEHTpAIlil caxaposu — Ha 133 %, a Imiciia 36iIbIIeHHA a30TY B ITO€HAHHI
3 [1ogavelo caxapos3u — Ha 162,0 % mopiBHAHO 3 KOHTposieM. Caxapo3a CTUMYIIoBajia HAaKOIIUYeHHSA
H6ioMacu. AHTUOKCUAAHTHU ITOTEHLIIial ITicjIs BHECEHHS a30Ty 6YB Y 2,4 pasu BUILIUM 33 KOHTPOJb,
a IIpu BHECEHHI caxaposu - ¥ 2,7 pa3u. [Tarouu, o6pobiieHi miABUILIEHOI0 KOHIIEHTPALi€0 a30Ty Ta
caxaposu, Mictviu 50,7 Ta 57,8 Mr/r" cTeBio3UiB BiAMOBimHO. OfHAK ITOETHAHHS a30TY Ta Caxapo3u
TIPU3BOAWJIO [0 HaKoMM4eHHsS 73,47 Mr/r! creBio3uziB. [TaroHu, BUPOIIEH] Ha cepemoBHIli MS,
MicTuim 26,0 Mr/T! cTeBio3uAiB. BMicT aHTOIIiaHIB 6yB B 1,7 pa3u 6LIBIINM 33 YMOBU BHECEHHS a30Ty
Ta B 2,3 pasu 6i/IbIIMM 32 YMOBY BHECEHHS a30Ty Ta caxapo3u. ONTHMaIbHI JKUBUIbHI CEPEIOBUILA,
po3pobiieHi iHAMBIAYyanbHO IJIg KOKHOI KYJIBTYpU in vitro, 36iNBIIYIOTh ITPOAYKLIIO IHHHKX
BTOPUHHUX METAbO0JIITIB pOC/IUH 10 3 pasiB

KniouoBi cnoBa: pocnuHHa 6ioMaca; KylbTUBYBaHHS; IIOXKUBHE CEpEIOBUIIE; BTOPUHHI
MeTab0JIiTH; CTeBIO3UAY; aHTOLIIAHN; AaHTUOKCUAAHTHA aKTUBHICTD
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