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Talinum paniculatum (Jacq.) Gaertn, or known as Javanese Ginseng, refers to one of the medicinal plants that is often
used as a raw material for herbal medicine. Its potential is inseparable from the bioactive compounds contained in every
part of the plant, especially the saponin. One of the efforts that can be made to increase the saponin content is through the
elicitation of callus culture using methyl jasmonate. Therefore, this study aimed to identify the effect of concentration
and elicitation time of methyl jasmonate on biomass and saponin production in callus culture. The results showed that
variations in concentration and elicitation time had no effect on the decrease of callus biomass when compared to
control. The highest callus biomass was produced in the callus which was elicited in MS medium with the addition of a
methyl jasmonate concentration of 0.05 mM for 5 days and 0.2 mM for 15 days. In addition, the largest saponin content
by stain area (0.563 cm?) and the intensity of the TLC colour intensity (5 out of 5) on the callus were elicited at a methyl
jasmonate concentration of 0.15 mM for 15 days. The results of this study indicated that the addition of methyl
jasmonate to the callus culture medium could affect the saponin production. In addition, optimal concentration and
elicitation time can increase biomass and saponin production in Javanese ginseng callus (T. paniculatum).
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INTRODUCTION

Talinum paniculatum (Jacg.) Gaertn., also
known as Javanese Ginseng, is a herbaceous plant that
has a root morphology similar to Korean ginseng (Panax
ginseng) [1]. In Indonesia, Talinum paniculatum leaf are
often consumed as a vegetable because it contains quite
high levels of antioxidant [2]. In addition, this plant is
also used as a medicinal plant because its bioactivity as
an antidiarrheal, antibacterial, ulcer treating, stamina
enhancer, aphrodisiac, and breast milk production
enhancer [3].

All parts of Javanese ginseng plant contain
bioactive compounds such as saponins, flavonoids,
terpenoids, alkaloids, and tannins [3-5]. Saponins are
bioactive compounds that are predominantly produced in
Javanese ginseng plants and have the potential to be used
as active ingredients in the manufacture of medicine.
This makes the plant need to be available in large
quantities so its availability in the production process can
be established. However, the limitation in the extraction
of bioactive compounds directly from plants in the field
are the quality and quantity of bioactive compounds that

are not the same because they are influenced by various
factors such as climate, geographical conditions, disease
pests, and harvesting age. Therefore, a solution is needed
to overcome these limitation.

One effective method in Biotechnology to
increase the production of secondary metabolites
through in vitro culture is by the addition of elicitor [6].
Methyl jasmonate is a type of abiotic elicitor that can be
used to increase saponin content in in vitro cultures
[7-9]. To date, various studies have been carried out to
improve saponin through the addition of methyl
jasmonate using root cultures of T.paniculatum. Ahmad
& Anggita (2019) succeeded in increasing the saponin
content in T. paniculatum root culture by 30 mg/g of dry
weight with the addition of MJ of 0.2 mM into the MS
medium for 15 days of elicitation. However, there have
been no studies that use callus culture to increase
saponins in Talinum paniculatum. Therefore, this study
aimed to identify the effect of methyl jasmonate addition
on biomass and saponin production in the callus culture
of Talinum paniculatum (Jacq.) Gaertn.
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MATERIALS AND METHODS
Research Materials

Talinum paniculatum was obtained from CV.
Merapi Farma Herbal in Yogyakarta, Indonesia. The
characteristic of mother plant to be the source of explant
were healthy plants, had fresh green color, and did not
wither.

Callus Initiation

Explant was isolated from the leaves of T.
paniculatum on the position of 2-3 from the shoots. The
leaf explants were further washed with liquid detergent
and tween 20 and rinsed under running water until clean.
The cleaned explants were taken to Laminar Air Flow
for the sterilization stage. The explant was then sterilized
using 50% alcohol (v/v) for 3 minutes and rinsed with
sterile aquade 3 times. The explants were cut into pieces
of 1x1 cm? and inoculated into Murashige and Skoog
(MS) medium with the addition of sucrose 30 g/L, agar 8
g/L, 2.4-D 2 mg/L, and Kkinetin 3 mg/L. Cultures were
incubated at a temperature of 25°C, under light condition
for 24 hours, and with a light intensity of 1000 lux until
the callus reached the stationary phase.

Callus Elicitation

The 66-day-old callus was sub-cultured in MS
media containing various concentrations of methyl
jasmonate (0.025; 0.05; 0.1; 0.15; and 0.2) mM. The
culture was incubated at 25°C, under light conditions for
24 hours with a light intensity of 1000 lux. Each
treatment was repeated 3 times. Callus was harvested
after the elicitation of the 0™, 5™ 10" and 15" days.
After that, a measurement of the dry weight of the callus
and an analysis of its saponin content were conducted.

Saponin Analysis

The extraction of the callus of T. paniculatum
was carried out based on a modification of the research
method by [7]. Callus was oven-dried at 50°C until the
dry weight was constant. Dry callus was mashed using a

mortar. A total of 0.1 g of callus powder was extracted
using 10 ml of 96% analytical grade ethanol and then
heated using a water bath at a temperature of 80°C for 45
minutes. The sample was filtered, and the remaining
solvent was evaporated until a volume of 0.2 ml
remained. A total of 3 puL extracts and a standard solution
of 5% saponins were plotted in plat silica gel GF s, with
a size of 10 x 8 cm, then they were diluted with eluent
propanol: water (14:3). After that, the plate was
wind-dried, sprayed with anisaldehyde reagent
containing 0.5 ml of anisaldehyde, 10 ml of acetic acid, 5
ml of concentrated sulfuric acid, and 85 ml of ethanol.
Next, the plate was heated in an oven at a temperature of
105°C for 7-10 minutes. Results were observed under
254 nm UV light. Identification of saponin content on
the extract was carried out by calculating the value of
Retention Factor (Rf). Semi-quantitative analysis of
saponins used a modified method, namely calculating
the stain area and color intensity assessment on the GF,s,4
gel silica plate.

RESULTS AND DISCUSSION
Callus Growth

T. paniculatum callus grew on leaf explants
starting from 1% week to 9" week. Callus had a friable
texture (Figure 1). Friable callus had a fragile texture and
was easily separated. During its growth, the callus
absorbed water and nutrients from the medium, so that
the callus width was increased. The friable texture of the
callus underwent rapid cell division. It was influenced by
the effective combination of the hormone 2,4-D (auxin)
and Kinetin (cytokinin), which stimulated the cells to
continue to divide and enlarge. The higher the
concentration of 2,4-D, the faster the cell ability to
divide, leading to the formation of a friable callus [11].
The results of this study were in line with the study [12]
where the use of 2 mg/L 2,4-D combined with BAP (1
and 2 mg/L) resulted in callus with a friable texture and
better visual.

Figure 1: Initiation of T. paniculatum callus on the (a) 0" day, (b) 2" day, (c) 4™ day,
(d) 8" day, (¢) 10" day, (f) 13" day, (g) 17" day, (h) 24" day, (i) 35" day,
(j) 42™ day, (k) 58™ day, (1) 66™ day
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The Effect of Concentration and Time of Elicitation

on Callus Biomass
The effect of elicitation on the growth of T.

paniculatum callus was measured based on callus
biomass. Based on the callus biomass in Figure 2,
growth of callus in the methyl jasmonate treatment
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showed an increase in biomass (dry weight) of (0.052 —
0.063) g compared to the control (0.050 g). The highest
biomass was produced at the treatment of MJ,H;
(concentration of 0.05 mM, elicitation time of 5 days)
and MJsH; (concentration of 0.2 mM, elicitation time of
15 days).
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Variation of Methyl Jasmonate and Duration of Elicititation

Figure 2: The effect of concentration and time of methyl jasmonate elicitation on the biomass of Javanese ginseng (Talinum
paniculatum Gaertn) callus. Description: MJ, =0 mM, MJ, = 0,025 mM; MJ, = 0,05 mM; MJ; = 0,1 mM; MJ,=0,15 mM; MJs=
0,2 mM; Hy = 0 day; H; =5 days; H, = 10 days; H; = 15 days

The results of this study showed that the
concentration of methyl jasmonate and the time of
elicitation had an effect on increasing the biomass of T.
paniculatum callus. The increase in callus biomass
indicated that the addition of methyl jasmonate at low
concentrations (0.05-0.2) mM had not been able to
stimulate stress for callus so that growth continued, and
biomass did not decrease when compared to the control.
The results of this study were in line with [13], which
showed an increase in palm oil callus growth after
adding jasmonic acid at a concentration of (0.25, 50, 75)
uM. Methyl jasmonate is a type of growth hormone that
causes plants to withstand stressful conditions and, at the
proper concentration, plays a role in supporting growth
and defense against depression (Asgher et al., 2015). It
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can be seen based on the results in Figure 2. That callus
biomass did not show any decline until the 15" day of
elicitation. In addition, another factor that could be the
cause of an increase in callus biomass was the effect of
the combination of the hormones 2.4 D, kinetin, and
methyl jasmonate on the elicitation medium. At low
concentrations, the three types of growth hormone
interacted with each other to increase callus biomass.

Effect of Concentration and Time of Elicitation on
Saponin Production

The content of saponin in the callus was
measured based on stain area and color intensity of stains
formed on KLT plates (Figure 3 and Table 1).
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Figure 3: Effect of concentration and elicitation time of methyl jasmonate on the saponin contents of T. paniculatum callus.
Description: Std.1 : saponin standards in ethanol (5%b); Std.2 : saponin standard in water (5%); K : 0 mM; MJ; : 0,025 mM;
MJ, : 0,05 mM; MJ;: 0,1 mM; MJ, : 0,15 mM; MJs : 0,2 mM; Hy : 0 day; H, : 5 days; H, : 10 days; Hs : 15 days

The saponin content of T. paniculatum callus
extract was detected by comparing the Rf value of the

stain with a standard saponin solution after being
sprayed with anisaldehyde-H,SO,. Based on Figure 3, it
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is known that the control and extract of the T.
paniculatum callus produced intense green stains. These
stains formed saponins. This is in accordance with the

statement [7] that the saponin stain will be solid green
after being sprayed by an anisaldehyde reagent.

Table 1: The effect of concentration and elicitation time of methyl jasmonate on the color intensity of saponins

Treatment Rf Area of Saponin Stains (cm®) | Color intensity
Saponin Standard 1 (5%) | 0.65 | 0.094 1
Saponin Standard 2 (5%) | 0.613 | 0.094 1
Control 0.613 | 0.330 3
MJ;H, 0.600 | 0.385 4
MJ;H, 0.613 | 0.440 4
MJ;Hs 0.600 | 0.424 4
MJ,H, 0.600 | 0.440 5
MJ,H, 0.588 | 0.440 5
MJ,H; 0.600 | 0.502 4
MJsH, 0.600 | 0.440 4
MJsH, 0.588 | 0.495 5
MJsH; 0.600 | 0.495 5
MJ,H, 0.588 | 0.495 5
MJH, 0.600 | 0.502 5
MJH; 0.600 | 0.563 5
MJsH, 0.600 | 0.495 5
MJsH, 0.613 | 0.440 4
MJsH, 0.613 | 0.330 4

Description: Numbers 1-5 on color grading are from
the most faded to the most intense colors (containing
saponins in small-to-large quantities).

Saponins on callus were indicated by dense
green patches with varying Rf values (Figure 3 and
Table 1) on KLT plates. Table 1 shows the standard Rf
values of saponins 1 and 2, which were 0.65 and 0.613.
The control treatment was 0.613, and the stain from the
elicitor treatment was 0.588-0.613. Those Rf values
showed not very different results. This indicated that the
stains in the control sample and the elicitation treatment
stains were saponin compounds because the Rf value
was close to the standard Rf value of the saponin. Table 1
showed that the largest saponin stain area produced by
the methyl jasmonate elicitor treatment MJ;H;
(concentration of 0.15 mM and elicitation time of 15
days) was 0.563 cm? with an Rf value of 0.600. The
lowest saponin stain area was in the methyl jasmonate
elicitor treatment (0.2 mM incubation time of 15 days)
and the control treatment was 0.330 cm® with an Rf value
of 0.613. Various concentration of methyl jasmonate
were successfully increased saponin levels compared to
control (Table 1).

The determination of the quantity of saponins
was also measured based on color scoring by correlating
colors 1-5 from the faded to concentrated. The elicitor
treatment of methyl jasmonate 0.15 mM with an
incubation time of 5, 10, and 15 days (MJ4H;, MJ4H, and
MJ4H3) showed the intensity of the intense color of the
saponin stain with a scoring value of 5 out of 5.
Elicitation with MJ showed that the highest saponin
production was found in the treatment of methyl
jasmonate elicitor with a concentration of 0.15 mM. This
suggested that the methyl jasmonate used in T.

paniculatum  callus  cultures  required  higher
concentrations to increase the content of saponin.
Elicitation carried out by the addition of methyl
jasmonate could stimulate the production of saponins in
callus cultures of the T. paniculatum leaf explant. The
results of this study were linear with previous studies by
[9], which succeeded in proving that the MJ at higher
concentrations (0.2 mM) and a longer elicitation time
(15 days) in T. paniculatum root cultures could increase
saponin production by 1.5 times compared to the
controls.

Based on the results in Figure 3 and Table 1, it
shows that the longer the time of elicitation, the higher
the saponin content. It is in accordance with the research
conducted [9] that the most optimal incubation time for
saponin production is 15 days after being given
elicitation treatment. The highest production of saponin
compounds elicited for 15 days at a concentration of 0.15
mM (MJ4H3) was evidenced by the highest saponin stain
area (0.563 cm?) with the most intense color intensity of
5 out of 5 and followed by a decrease in callus biomass.
This study is in line with the previous study conducted
by [9] that successfully showed an increase in saponin
compounds at an elicitor concentration of methyl
jasmonate of 0.2 mM with an incubation time of 15 days
in adventitious root cultures of Javanese ginseng
(Talinum paniculatum Gaertn.) followed by a decrease
in callus biomass.

Concentration of methyl jasmonate of 0.2 mM
with an elicitation time for 15 days tend to increase
callus biomass followed by a decrease in saponin levels.
This is might be because methyl jasmonate at a
concentration of 0.2 mM acts more as a growth regulator
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that results in callus growth than provides a stress
condition for callus. This was shown by an increase in
callus biomass followed by a decrease in saponin levels
by 0.330 cm?. In contrast, a concentration of 0.15 mM
methyl jasmonate with the same elicitation time for 15
days was able to increase saponin content by 0.563 cm?
and decreased callus growth shown from callus biomass
data. This is in accordance with the theory that methyl
jasmonate at certain concentrations can decrease callus
growth because methyl jasmonate provides a stress
condition on the callus which results in the production of
secondary metabolites. According to [14], methyl
jasmonate activates the metabolism pathway of saponins
in Panax ginseng. Methyl jasmonate stimulates
terpenoid biosynthesis by inducing the genes that
regulate it [15] also states that the addition of exogenous
methyl jasmonate into the in vitro culture medium may
induce jasmonic acid (JA) biosynthesis, which further
stimulates the expression of genes involved in saponin
biosynthesis in ginseng plants.

CONCLUSION

The highest callus biomass of 0.063 g was
produced by MS media added with 0.05 mM methyl
jasmonate and elicitation time for 5 days (MJ,H;) and
0.2 mM methyl jasmonate concentrations and elicitation
time for 15 days (MJsH3). Meanwhile, the highest
saponin content was produced by callus at the treatment
of methyl jasmonate concentration of 0.15 mM and
elicitation time for 10 days (MJsHg with a stain area of
0.563 cm? and a color intensity of 5 out of 5. These
results suggest that optimal concentration and elicitation
time could increase saponin production through T.
paniculatum callus culture.
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