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Abstract

Original Research Article

This present study was carried out to determine an efficient and reproducible callus and shoot induction protocol
of Talinum paniculatum by using leaf and node explants. Explants were cultured in MS medium supplemented with a
combination and concentration 2,4-D and kinetin (0, 1, 2, 3 mgL™) in single or combination treatment for 14 days. The
best response of callus and shoot induction (100%) and the fastest callus (6,0 + 2,31 days) and shoot induction (5,0 £
1,15 days) from leaf explants were obtained from MS medium supplemented with (1 mgL™ 2,4-D and 1 mgL™ kinetin)
and (3 mgL™ 2,4-D and 1 mgL™ kinetin) respectively. In the case of node explants, none of calli were produced,
whereas the best response of shoot induction (100%) and the fastest shoot induction (4,0 + 0 days) were obtained from
MS medium supplemented with 3 mgL™ kinetin. Callus produced from leaf explant has a bright yellow color and
friable texture. The optimized protocol of callus and shoot induction for Talinum paniculatum plant could be used
effectively for mass propagation to fulfill the demand of the pharmaceutical industry as well as for its cultivation.
Keywords: Callus, 2,4-D, explants, kinetin shoot, Talinum paniculatum.
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INTRODUCTION

Plant tissue culture is one of the powerful tools
in plant biotechnology approach for clonal mass
propagation using relatively small pieces of plant
(explant), multiplication of disease-free plantlets
throughout the years without seasonal dependence,
production of plantlets with a somaclonal variation that
have better stress tolerance, and production of certain
secondary metabolites which qualitatively and
quantitatively sustainable under aseptic and controllable
condition (Kumar & Reddy, 2011; Kumlay & Ercisli,
2015). Callus and shoot induction from explant is an
efficient way to accelerate the multiplication and
regeneration  process of  plantlets  through
micropropagation (Dalila et al., 2013; Kumlay &
Ercisli, 2015)

The type of explant and plant growth
regulators are the two most factors that influenced
efficient callus and shoot induction from explants.
Young leaf and node explants are the type of explants
frequently used in callus and shoot induction. Young
leaf explant consists of competent cells in
parenchymatous tissue which actively undergoes cell

division, while node explant also contains axillary
meristematic tissue, thus it will be more responsive
towards callus and shoot induction (Dalila et al., 2013;
Kumar & Reddy, 2011; Kumlay & Ercisli, 2015). 2,4-
Dichlorophenoxyacetic acid (2,4-D) is a common
synthetic auxin used in plant tissue culture to induce
callus growth from explant due to its function to
dedifferentiate cells which stimulate actively cell
division and proliferation. Kinetin is one of the
cytokinin groups mostly used to stimulate cell division,
cell differentiation, and shoot induction (Dalila et al.,
2013; Habibah et al., 2017; Handayani et al., 2021;
Kumlay & Ercisli, 2015). A combination of 1,5 mgL™
2,4-D and 0,5 mgL™ in MS culture medium using
Barringtonia racemose endosperm explant resulted in
100% callus induction percentage, whereas 93,33% of
callus induction percentage resulted from leaf explant in
MS medium supplemented with 2,0 mgL™ 2,4-D
(Dalila et al., 2013). Sakpere, et al., (2014) also
reported a combination of 5,0 mgL™ 2,4-D and 0,1
mgL*kinetin produced 60% callus induction on
Telfairia occidentalis leaf explants, whereas nodal
explants produce less percentage callus induction
(20%). Another research also reported the combination
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of kinetin 2,0 mgLkinetin and 0,25 mgL™ NAA
resulted in 67,50% shoot regeneration percentage from
Solanum tuberosum nodal-derived callus (Kumlay &
Ercisli, 2015). These results suggested that optimum
callus and shoot induction is strongly influenced by the
combination of PGR at certain concentrations and
different type of explants.

Recent developments in plant tissue culture
have clearly shown its contribution to the improvement
of propagation and secondary metabolites production
from various medicinal important plants, including
Talinum  paniculatum. In  Indonesia, Talinum
paniculatum (Jacg.) Gaertn. or commonly known as
Ginseng Jawa is an important herbaceous perennial
plant which also often consumed as a leafy vegetable.
This plant belongs to the Talinaceae family (Lakitan et
al., 2021; Silalahi, 2022). It contains various bioactivity
such as antioxidant, antibacterial, antifungal, and
aphrodisiac. This plant is also rich in secondary
metabolites such as flavonoids, saponin, tannin, and
steroids (Cerdeira et al., 2020; Gamage et al., 2017;
Lestario et al., 2009; Menezes et al., 2021; Silalahi,
2022; Yeni et al., 2022). Various bioactive compounds
contained in all parts of T.paniculatum brings many
health benefits to cultivating this plant.

Generally, T.paniculatum was propagated by
stem cutting and seed. However, these propagation
techniques were less efficient due to the slow growth of
the root from a stem cutting, limited seed availability,
seed dormancy, and low germination (A. Yachya &
Y.S.W. Manuhara, 2015; Seswita, 2010). Considering
the growing demand for T.paniculatum plant extract in
the pharmaceutical industry and the substitution of
expensive importing Korean ginseng, there is an urgent
need to develop an efficient protocol for T.paniculatum
micropropagation through callus and shoot induction.
Previous studies focused on T.paniculatum in vitro
culture have been carried out. Manuhara et al., (2015)
established adventitious root culture from leaf explant
and increased saponin content using 2,0 mgL™ IBAin a
liguid MS medium. (Solim & Manuhara, 2017) also
reported the effect of 2 ppm IBA in the liquid and solid
medium could induce root and shoot induction
percentage (100%) from stem explant. Restiani et al.,
(2022) also studied the effect of methyl jasmonate
elicitation on saponin accumulation from callus culture.
However, the optimization of PGR and type of explants
on efficient callus and shoot induction protocol of
Talinum paniculatum is still limited. Therefore, the aim
of this present study was to determine an effective
callus and shoot induction protocol from leaf and nodal
explants in MS medium supplemented with different
combinations and concentrations of 2,4-D and Kkinetin
(0,1, 2, 3mg L) in single and combination treatments.
This established protocol will benefit the effective
cultivation as well as the supply of bioactive
compounds for the pharmaceutical industry.

MATERIALS AND METHODS
Preparation of plant material

Talinum paniculatum was obtained from the
laboratory of Biotechnology, Duta Wacana Christian
University. Young, healthy, green, and disease-free
of T.paniculatum mother plant was used as a source of
explant. Plant specimen determination was conducted at
Plant Systematic Laboratory, Biology Faculty, Gadjah
Mada University, Yogyakarta.

Preparation of culture medium

Medium culture used in this study was
Murashige and Skoog (MS) with modification
(Murashige & Skoog, 1962). In order to determine the
protocol of an efficient callus and shoot induction from
different explants (leaf and node), MS medium was
supplemented with  different combinations and
concentrations of plant growth regulators 2,4-D (0, 1, 2,
3 mgL') and kinetin (0, 1, 2, 3 mgL™%) was
supplemented in MS medium (Table 1). Into the MS
medium, added 0,1 g Myo-inositol, 30 g/L sucrose then
adjusted the pH of the medium at 5,7 — 5,8 using HCI or
NaOH 0,1M. Subsequently, added 0,48 g gelling agent
into the medium, homogenized, and pour into a culture
bottle. A solid MS medium was sterilized using an
autoclave at 121°C for 30 minutes (Natasha & Restiani,
2019; Restiani et al., 2022).

Table 1: Various combinations and concentrations
of plant growth regulators
Plant growth regulators (mg L) | Treatment
2,4-D Kinetin Code
0 0 TO
Tl
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15

WWIWINININFPIFPIPO|IOIC(WIN|F
WIN|FPWINFP(WINFPWNFPRO|IO|O

Culture establishment

Explants used in this study were leaves and
nodes. Young leaves and nodes explants used in this
study were the second and third leaves and nodes from
shoot tip. Subsequently, explants were pra-sterilized by
washing under the running tap water and rinsed using
liquid detergent (3%) (v/v) and 3 drops of tween 80 for
45 s, then washed using sterilized aquadest thrice until
the explant surface was clean. Further, clean explants
were sterilized inside the Laminar Air Flow by
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immersing them with 70% alcohol (v/v) for 3 min, then
washed 3 times until no remaining alcohol was on the
surface of the explant. Sterilized leaves (0,5 - 1 cm) and
nodes (2 -3 cm) explants were inoculated into the MS
medium supplemented with various combinations and
concentrations of 2,4-D and kinetin. The culture was
maintained at an incubation room with a relatively
stable temperature of 25°C + 2 °C, 24 h light, and light
intensity 3000 lux (Natasha & Restiani, 2019; Restiani
et al., 2022). At the end of 14 days of culture, callus
induction percentage (Equation 1) and shoot induction
percentage (Equation 2) were calculated as follow:

Callus Induction % =
Number of explants callusing

Total number of explants in the culture

Shoot Induction % =
Number of shoot regenerated from explants

Total number of explants in the culture
(Hemmati et al., 2020)

Data analysis

All  experiments were carried out in
Completely Randomized Design (CRD) (Table 1). Data
were collected from three replicates and presented as
mean + standard deviation. All data were analyzed
descriptively.

RESULTS AND DISCUSSION
Callus and shoot induction stages of leaf and nodes
explants

Callus and shoot growth stages from leaf and
node explants were initiated within 4 to 14 days and 6
to 14 days after culture, respectively. Callus growth is
initiated by swelling of the explant and followed by
callus growth at the cut surface of the leaf explants after
10 days of culture. Callus is fully formed at the leaf
surface after 14 days of culture (Fig. la-d). It is
suggesting that wounding of explant stimulates cell
dedifferentiation and proliferation to form callus.
According to Ikeuchi et al., (2013) and Iwase et al.,
(2011), wounding of explant during excision acts as an
external signal that triggered the activation of
transcription  factors WIND1 (Wound Induced
Dedifferentiation 1) which in turn upregulated genes
encoding cytokinin to induce callus formation. Callus
was formed as a mechanism to heal the wound site of
explants.

In the beginning, callus has light green in color
and friable in texture. After 14 days of culture, the color
of callus turned yellowish-green with a friable texture.
According to Sari et al., (2018), variation in callus color
is influenced by pigmentation, type of explant, and
influence of light. Green color of callus is caused by the
development of chlorophyll pigment inside the cells,
while the yellowish-green callus indicates the
degradation of chlorophyll pigment in callus. Kinetin is
one of the cytokinin hormones that promote chlorophyll
formation. This result is in line with results reported by
Sari et al., (2018) that showed green callus formed from
Myrmecodia tuberosa cotyledon explant after 2 weeks
of culture.

Figure 1: Callus induction stages of Talinum paniculatum leaf explant on MS medium containing 2 mgL ™ kinetin and 2 mgL™*
2,4-D at 4, 10, 12 and 14 days of culture (a-d), shoot induction stages of Talinum paniculatum stem node explant on PGR- free
media (e-h) and, MS media containing 3 mg L™ kinetin at 6, 10, 12 and 14 days of culture (i-1). Notes: Grey arrow: leaf explant,
black arrow: bright yellow friable callus, and dark green arrow: nodes-derived shoot
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Callus begin to form after explant swelling and
continued with the formation of callus at the edge of
explant. The increasing size of the explant after
swelling was presumably caused by the absorption of
nutrients from the medium. Callus of Javanese ginseng
leaf explants has a friable texture marked by the loose
cell interaction thus callus cells could easily be
separated. The addition of 2,4-D either in single or
combination treatment with kinetin produced friable
callus. The addition of auxin 2,4-D stimulates cell
elongation by increasing cell wall plasticity which
caused the cell wall to become loose and increases the
water adsorption into the inner cell through osmotic
pressure. Thus, friable callus also contained much water
and doesn’t have lignified cell wall yet. This result is
also in line with Sari et al., (2018), which reported the
addition of 2,4-D and kinetin in MS medium affected
the production of friable callus texture of ant nest
(M.tuberosa) after one month of culture. According to
Purnamaningsih  (2006), callus texture usually
determines the regeneration capacity to induce shoot
and root formation. The friable callus has a higher
regeneration capacity to form a shoot than the compact
callus. These results indicated that the addition of 2,4-D
and kinetin into MS medium influenced the color and
texture of the callus.

Shoot induced from nodes explant within 6
days after inoculation in PGR-free medium and medium
supplemented with 3 mg L™ kinetin (Fig 1e-l). Shoot
induced at the excision site in Javanese ginseng of
nodes explant. The same result was also reported by
Yusniwati et al., (2021) that shoot emerged from
axillary meristem located in excised nodes explants in
9,3 days in MS medium supplemented with 0,3 ppm
BA. These results indicated that wounding during the
excision of explants also stimulates the regeneration of
tissue or organ including shoot and root (Ikeuchi et al.,
2013). In addition, the interaction of exogenous
cytokinin added in the medium with the activity of
axillary meristem already contained in nodes explant
could stimulate cell proliferation and regeneration into
new shoots more quickly (Yusniwati et al., 2021).

Effects of plant growth regulators and type of
explant on callus formation

Leaf explant showed a positive response in
callus induction from all medium supplemented with
PGRs, except for the PGR-free medium did not show
any callus induction (Table 2). Callus induction time
from leaf explant ranged from 5,3 + 2,31 - 10,0 £ 0
days. The fastest callus induction time (5,3 £ 2,31 days)
from leaf explant resulted from MS medium
supplemented with 3 mgL™ 2,4-D and 3 mgL™ kinetin,
whereas the slowest (10,0 £ 0 days) callus induction
time resulted from MS medium supplemented with 1
mg L™ kinetin. Furthermore, node explant also showed
a positive response in callus induction from all medium
supplemented with PGRs, including in PGR-free

medium (Table 2). Callus induction from node explant
ranged from 4,0 + 0 - 8,0 + 2,83 days. Node explant
needs minimum time for callus induction within 4,0 + 0
days in PGR free-MS medium (control) and MS
medium supplemented with 2 mg L™ 2,4-D and 1 mg L~
! kinetin, while the slowest callus induction (8,0 + 2,83
days) resulted from MS medium supplemented with 1
mg L™ 2,4-D and 2 mg L™ kinetin. The addition of only
2,4-D (1 — 2 mgL™) in medium without kinetin and 3
mgL™? kinetin in medium without 2,4-D showed a
negative response as none of the calli were induced
from node explants. In contrast, the addition of only
2,4-D in a medium without Kinetin showed faster callus
induction time in leaf explants. Callus induction
of T.paniculatum leaf and nodes explants in MS
medium supplemented with a combination of 2,4-D and
kinetin relatively faster than other types of explants in
the same MS medium containing a combination of
PGRs. Shirsat et al.,, (2021) reported that callus
induction of Caesalpinia bonducella stem internode
ranged from 6 — 9 days after culture in MS medium
supplemented with (1 — 3 mgL™) 2,4-D, while in
medium supplemented with (2 - 3 mgL™) kinetin
showed longer callus induction (12 days) from the same
explant type. Sari et al., (2018) also reported callus
induction time from different types of explants
(cotyledon, stem, tuber, and root) at 14 days of culture
(two weeks) in MS medium supplemented with 0,5 — 2
mg L™ 2,4-D and 0 — 2 mg L™ kinetin. In addition, leaf
sheath explant of Saccharum officinarum L. cultured in
MS medium containing (1, 2,5 and 5 gL™) 2,4-D
showed slower callus induction time within 11,60 +
0,24 — 21,20 + 0,20 days (Inderiati et al., 2021).
Furthermore, Habibah et al., (2021) reported faster
callus induction time (16 days) from Dioscorea
esculenta tubers occurred in MS medium supplemented
with 0.5 ppm 2,4-D and 0.5 ppm kinetin. These results
suggested that callus induction time is strongly
influenced by a different type of species, type of
explant, and the interaction of endogenous hormones
and exogenous PGRs added in the medium. Based on
the results, 2,4-D and kinetin are the best combination
of PGR used in callus induction due to its higher
callogenic activity than others (Carsono et al., 2021;
Dalila et al., 2013; Sari et al., 2018).

Data in Table 2 and Figure 2A showed the
highest callus induction percentage (100%) from leaf
explant resulted in MS medium supplemented with (1 —
2mgL?) 2,4-D, 1 mgL™ 2,4-D + 1 mgL™ kinetin, and
(2 -3 mgL™") 2,4-D + (1 - 2 mgL™) kinetin, while the
lowest callus induction (25%) resulted in medium
containing (1 — 2 mgL™) kinetin without 2,4-D.
Meanwhile, the highest callus induction percentage
(100%) from nodes explants resulted in MS medium
supplemented with 1 mgL™ 2,4-D + 1 mgL™ kinetin, 2
mgL™ 2,4-D + 2 mgL™* kinetin, 2 mgL™ 2,4-D + 3 mgL"
! Kinetin, and 3 mgL™* 2,4-D + 1 mgL™ kinetin, while
nodes explants did not show any callus induction in MS
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medium supplemented with 3 mgL™ kinetin without
2,4-D. This study showed similar results with callus
induction percentage from Barringtonia racemosa leaf
explant cultured in MS medium fortified with (0,5 — 2
mgL™) 2,4-D without kinetin resulted in the highest
callus induction percentage (83 — 93%) (Dalila et al.,
2013). Furthermore, Sakpere et al., (2014) also reported

that leaf and node explants of Telfairia
occidentalis showed different responses on callus
induction percentage. Leaf explants

of T.occidentalis showed the highest callus induction
percentage (60%) in MS medium supplemented with 2
mgL-1 2,4-D + 5 mgL™ kinetin and 5 mgL™ 2,4-D + 0,1
mgL* kinetin, whereas nodal explants
of T.occidentalis showed the highest callus induction
percentage (60%) in MS medium supplemented with 5
mgL™ 2,4-D + 3,3 mgL™ kinetin. Based on results

suggested that the addition of 2,4-D and kinetin at the
lower concentration on the medium gave the best
response of callogenesis in leaf explants. It might be
due to the effect of 2,4-D (auxin) to increase cell
division, causing auxin-sensitive cells that are not
dividing to enter S phase and undergoes mitosis,
whereas kinetin (cytokinin) stimulates cell division and
proliferation (Bong et al., 2021). Among all treatments,
leaf explants produced more callus induction with the
highest percentage (100%) from explants (7 of 15
treatments) than nodes explants (4 of 15 treatments).
This result was similar to the previous study by
Sanchez-Ramos et al., (2022) who reported that leaf
explants of Artemisia ludiviciana produced more callus
induction than nodal explants. These results suggested
that leaf explants were more callogenic than node
explants.

Table 2: Effects of plant growth regulators on callus induction time from leaf and nodes explants of T.paniculatum
(Culture medium: MS, culture period: 14 days)

Type of Explant

Plant Growth Regulators (mgL™)

Callus Induction Time (Day)

2,4-D

KIN

Leaf 0

o

7,0+115

7,0+115

6,00

10,0+0

8,00

6,00

6,0+231

6,00

8,7+3,06

9,5+1,00

70+115

9,3+115

7,5+3,00

7,0+£1,00

53+23L*

Nodes

4,0+ 0*

6,0+0

6,0+0

80=%0

6,0+0

8,0+2,83

6,0+0

4,0 +0*

75+191

7,5+1,00

50+1,15

WIWINININ|RP|RP(FPOIO|IC(WIN|IFRP|IO(WWIWINININ|IP|IFRP IFRPOIOIO|WIN|F

NIFRPIWINRFPIWINFRPIWINRFPIOO|ICICIWINIFPIWINIFPIWINIFPIWINFP|IOIO|O

6,0+0

3

3

6,0+0

Notes: Results are presented as means + standard deviation (SD) (Number of replication of each treatment: 4) (-) none of
callus induced (*): the fastest callus induction time
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Figure 2: Effects of various treatments on callus and shoot induction percentage from (A) leaf explants (B) nodes explants of
T.paniculatum (Notes: description of TO-T15 presented in Table 1)

Effect of plant growth regulators and type of explant
on shoot formation

The best conditions for explants cultivated on
MS medium to regenerate shoots were determined in
the current study using different types and
concentrations of plant growth regulators and various
types of explants. Table 3 and Figure 2B showed that
node explants have better growth response in shoot
induction than leaf explants (none of the shoots were
induced from leaf explants in all treatments). Shoots
were induced from node explants within 40+ 0 -8,0 +
1,15 days after culture. The addition of a lower
concentration of kinetin (1 mgL™) in MS medium
without the addition of 2,4-D showed faster shoot
induction from node explants. This result was similar to
Yusniwati et al., (2021) who reported a minimum time
of shoot induction (9,3 days) from patchouli
(Pogostemon cablin Benth) node explants in MS
medium containing 0,3 ppm BA, while the increasing
concentration of BA (0,4 — 0,5 ppm) showed longer of
shoot induction time ranged from 12,2 — 12,9 days.
Furthermore, Ling et al., (2013) also reported the

increasing concentration of Kkinetin added to MS
medium (1 — 7 mg L) significantly affects longer shoot
induction time from stem explants of Labisia
pumila var. alata ranged from (17,5 — 29 days after
culture). Shoots induced faster from node explants in a
lower concentration of kinetin might be due to the
balance ratio of endogenous auxin and cytokinin
hormone contained in node explants and exogenous
PGR added to the medium (Ling et al., 2013).

As seen in Figure 2B, leaf explants did not
show any shoot induction in all treatments, while node
explants showed a positive response in shoot induction
percentage ranging from (25 - 100%), including in
PGR-free medium (control). The best treatment that
resulted in the highest shoot induction percentage
(100%) was MS medium supplemented with (1 — 3
mgL™") kinetin without the addition of 2,4-D.
Meanwhile, the addition of a higher concentration of
2,4-D in MS medium containing a lower concentration
of kinetin reduced shoot induction percentage (25%).
This result was linear with Fejér et al., (2018) that
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reported an increase in kinetin concentration (0,5 — 1
mgL™) increased shoot induction percentage (100%). In
contrast with these results, Premkumar et al., (2011)
reported reduced shoot induction from stem explants
of Scoparia dulcis L. in MS medium supplemented with
the increasing concentration of kinetin and BAP (2,32 —
9,29 uM). Node explants showed a positive response in
terms of shoot induction than leaf explants due to the
presence of buds at the node's area. According to Fejér

et al., (2018), the addition of cytokinin into the media
could overcome the apical dominancy and thus could
enhance the growth of lateral buds and stimulate shoot
formation from node explants. Furthermore, the
different shoot growth responses in node explants might
be influenced by the interaction of concentration level
of endogenous hormone contained in the explant and
the concentration level of exogenous PGR added to the
culture medium.

Table 3: Effect of plant growth regulators on days for shoot induction and shoot induction percentage from leaf
and nodes explants of T.paniculatum (Culture media: MS, culture period: 14 days)

Type of Explant

Plant Growth Regulators (mg/L)

Shoot Induction Time (Day)

2,4-D

KIN

Leaf 0

o

Nodes

40%0

8,0+1,15

4,50+ 4,50

WIWINININ|FP(FPIFPIOOIC|IWIN|IFPIOWIWIWINININ|IFPIFPIFPIOIOIOIWIN|F

NIRPWINFRPIWINRFRP(WINIRFPOO|IO|IO(WIN|IRPIWINIFRPIWINRFRIWIN|IFLRIOO|O

3

3

Notes: Results are presented as means + standard deviation (SD). (Replication of each treatment: 4)
(-) none of callus induced (*: the fastest shoot induction time)

CONCLUSION

The present study has successfully established
efficient callus and shoot induction protocols from leaf
and node explants of Talinum paniculatum in solid MS
medium supplemented with a combination of 2,4-D and
kinetin. The best response of callus and shoot induction
(100%) and the fastest callus (6,0 £ 2,31 days) and
shoot induction (5,0 + 1,15 days) from leaf explants
were obtained from MS medium supplemented with (1

mgL™ 2,4-D and 1 mgL™ kinetin) and (3 mgL™ 2,4-D
and 1 mgL™ kinetin) respectively. In the case of node
explants, none of calli were produced, whereas the best
response of shoot induction (100%) and the fastest
shoot induction (4,0 £ 0 days) were obtained from MS
medium supplemented with 3 mgL™ kinetin. Callus
produced from leaf explants has a bright yellow color
and friable texture. The optimized protocol of callus
and shoot induction for Talinum paniculatum plant
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could be used effectively for mass propagation to fulfill
the demand of the pharmaceutical industry as well as
for its cultivation.

ACKNOWLEDGEMENT

The research was financially supported by

Biotechnology Faculty Duta Wacana Christian
University.
REFERENCES

Yachya, A., & Manuhara, Y. S. W. (2015).
Perbandingan Kandungan Saponin Antara Akar
Rambut Dengan Umbi Tanaman Ginseng
Jawa(Talinum paniculatum Gaertn.). STIGMA
Journal of Science, 8(September), 12-16.

Cerdeira, C. D., Da Silva, J. J., R. Netto, M. F., G.
Boriollo, M. F., I. Moraes, G. O., Santos, G. B., C.
dos Reis, L. F., & P. L. Brigagdo, M. R. (2020).
Talinum paniculatum: a plant with antifungal
potential mitigates fluconazole-induced oxidative
damage-mediated growth inhibition of Candida
albicans. In Revista Colombiana de Ciencias
Quimico-Farmacéuticas (Vol. 49, Issue 2).
https://doi.org/10.15446/rcciquifa.v49n2.89704
Dalila, Z. D., Jaafar, H., & Manaf, A. A. (2013).
Effects of 2,4-D and Kinetin on Callus Induction of
Barringtonia racemosa Leaf and Endosperm
Explants in Different Types of Basal Media. Asian
Journal of Plant Sciences, 12, 21-27.
https://scialert.net/abstract/?doi=ajps.2013.21.27
Fejér, 1., Grulova, D., De Feo, V., Urgeova, E.,
Obert, B., & Pretova, A. (2018). Mentha x piperita
L. nodal segments cultures and their essential oil
production. Industrial Crops and Products,
112(November 2017), 550-555.
https://doi.org/10.1016/j.indcrop.2017.12.055
Gamage, R. N. N., Hasanthi, K. B., & Kumari, K.
D. K. P. (2017). A Comparative Study on In Vitro
Antibacterial Activity of Different Leaf Extracts of
Medicinal Plant Talinum paniculatum. Human
Journals, 10(3), 143-154.
www.ijppr.humanjournals.comwww.ijppr.humanjo
urnals.com

Habibah, N. A., Moeljopawiro, S., Dewi, K., &
Indrianto, A. (2017). Flavonoid production, growth
and differentiation of Stelechocarpus burahol (BI.)
hook. f. and th. cell suspension culture. Pakistan
Journal of Biological Sciences, 20(4), 197-203.
https://doi.org/10.3923/pjbs.2017.197.203
Handayani, E., Irsyadi, M. B., Aris, I., Alawiyah,
R. L. M. N., Ayuningtias, N., Permatasari, F., &
Rineksane, 1. A. (2021). Optimasi Sterilisasi
Endosperma Kepel (Stelecthocarpus burahol [BI]
Hook F. & Th) Secara In Vitro. BIO-EDU: Jurnal
Pendidikan Biologi, 6(2), 113-121.
https://doi.org/10.32938/jbe.v6i2.1179

Hemmati, N., Cheniany, M., & Ganjeali, A. (2020).
Effect of plant growth regulators and explants on

callus induction and study of antioxidant potentials
and phenolic metabolites in Salvia tebesana Bunge.
Botanica Serbica, 44(2), 163-173.
https://doi.org/10.2298/BOTSERB2002163H
Ikeuchi, M., Sugimoto, K., & lwase, A. (2013).
Plant callus: Mechanisms of induction and
repression. Plant Cell, 25(9), 3159-3173.
https://doi.org/10.1105/tpc.113.116053

Iwase, A., Mitsuda, N., Koyama, T., Hiratsu, K.,
Kojima, M., Arai, T., Inoue, Y., Seki, M.,
Sakakibara, H., Sugimoto, K., & Ohme-Takagi, M.
(2011). The AP2/ERF transcription factor WIND1
controls cell dedifferentiation in arabidopsis.
Current Biology, 21(6), 508-514.
https://doi.org/10.1016/j.cub.2011.02.020

Kumar, N., & Reddy, M. P. (2011). In vitro Plant
Propagation: A Review. Journal of Forest Science,
27(2), 61-72.

Kumlay, A. M., & Ercisli, S. (2015). Callus
induction, shoot proliferation and root regeneration
of potato (Solanum tuberosum L.) stem node and
leaf explants under long-day conditions.
Biotechnology and Biotechnological Equipment,
29(6), 1075-1084.
https://doi.org/10.1080/13102818.2015.1077685
Lakitan, B., Kartika, K., Widuri, L. I., Siaga, E., &
Fadilah, L. N. (2021). Lesser-known ethnic leafy
vegetables talinum paniculatum grown at tropical
ecosystem:  Morphological traits and non-
destructive estimation of total leaf area per branch.
Biodiversitas, 22(10), 44874495,
https://doi.org/10.13057/biodiv/d221042

Lestario, L. N., Christian, A. E., & Martono, Y.
(2009). AKTIVITAS ANTIOKSIDAN DAUN
GINSENG JAWA (Talinum paniculatum Gaertn)
Antioxidant Activity of Javanese Ginseng (Talinum
paniculatum Gaertn) Leaves. Agritech: Jurnal
Fakultas Teknologi Pertanian UGM, 29(2), 71-78.
Ling, A. P. K., Tan, K. P., & Hussein, S. (2013).
Comparative effects of plant growth regulators on
leaf and stem explants of Labisia pumila var. alata.
Journal of Zhejiang University: Science B, 14(7),
621-631. https://doi.org/10.1631/jzus.B1200135
Manuhara, Y. S. W., Kristanti, A. N., & Utami, E.
S. W. (2015). Optimization of Culture Conditions
of Talinum paniculatum Gaertn. Adventitious
Roots in Balloon Type Bubble Bioreactor Using
Aeration Rate and Initial Inoculum Density. Asian
Journal of Biological Sciences, 8(2), 83-92.
https://doi.org/10.3923/ajbs.2015.83.92

Menezes, F. D. de A. B., Ishizawa, T. A., Souto, L.
R. F., & de Oliveira, T. F. (2021). Talinum
Paniculatum (Jacq.) Gaertn. Leaves - Source of
Nutrients, Antioxidant and Antibacterial Potentials.
Acta  Scientiarum  Polonorum, Technologia
Alimentaria, 20(3), 253-263.
https://doi.org/10.17306/J.AFS.2021.0892

Murashige, T., & Skoog, F. (1962). A Revised

| © 2022 Scholars Journal of Agriculture and Veterinary Sciences | Published by SAS Publishers, India | 230 |




Ratih Restiani et al., Sch J Agric Vet Sci, Dec, 2022; 9(12): 223-231

Medium for Rapid Growth and Bio Assays with
Tobacco Tissue Cultures. Physiologia Plantarum,
15(3), 473-497. https://doi.org/10.1111/j.1399-
3054.1962.th08052.x

Natasha, K., & Restiani, R. (2019). Optimasi
sterilisasi eksplan pada kultur in vitro ginseng jawa
(Talium paniculatum). Symposium of Biology
Education (Symbion), 2, 87-95.
https://doi.org/10.26555/symbion.3512
Premkumar, G., Sankaranarayanan, R., Jeeva, S., &
Rajarathinam, K. (2011). Cytokinin induced shoot
regeneration and flowering of Scoparia dulcis L.
(Scrophulariaceae)-an ethnomedicinal herb. Asian
Pacific Journal of Tropical Biomedicine, 1(3),
169-172. https://doi.org/10.1016/S2221 -
1691(11)60020-8

Purnamaningsih, R. (2006). Induksi Kalus dan
Optimasi Regenerasi Empat Varietas Padi melalui
Kultur In Vitro. 2(2), 74-80.

Restiani, R., Barlin, N., & Aditiyarini, D. (2022).
Effect of Methyl Jasmonate on Biomass and
Saponin Content in Javanese Ginseng ( Talinum
paniculatum ( Jacq .) Gaertn .) Callus Culture.
9515(7), 154-158.
https://doi.org/10.36347/sajb.2022.v10i07.003
Sakpere, A. M. A, Ajayi, S. A., & Adelusi, A. A.
(2014). Effect of growth regulators and explant
types on callus induction in Telfairia occidentalis
Hook F. African Journal of Biotechnology, 13(20),
2015-2021. https://doi.org/10.5897/ajb2013.12919
Sari, Y. P., Kusumawati, E., Saleh, C., Kustiawan,
W., & Sukartingsih, S. (2018). Effect of sucrose

and plant growth regulators on callogenesis and
preliminary secondary metabolic of different
explant  Myrmecodia  tuberosa.  Nusantara
Bioscience, 10(3), 183-192.
https://doi.org/10.13057/nusbiosci/n100309
Seswita, D. (2010). Som Jawa (Talinum
Paniculatum) Ginseng Indonesia Penyembuh
Berbagai Penyakit. Warta Penelitian Dan
Pengembangan Tanaman, 16(2), 21-23.

Silalahi, M. (2022). Talinum paniculatum (Jacq.)
Gertn (Kajian Pemanfaatannya sebagai Bahan
Pangan dan Bioaktivitasnya). Jurnal Pro-Life, 9(1),
289-299.
https://ejournal.uki.ac.id/index.php/prolife

Solim, M. H., & Manuhara, Y. S. W. (2017).
Biomass Production of Root and Shoot of Talinum
paniculatum Gaertn. by Liquid and Solid Ms
Medium with Plant Growth Hormone IBA. Journal
of Tropical Biodiversity and Biotechnology, 1(2),
85. https://doi.org/10.22146/jtbb.13731

Yeni, L. F., Mandasari, J., Kamelia, N., & Triana,
D. (2022). Aktivitas Antibakteri Ekstrak Etanol
Talinum Paniculatum Lokal Kalimantan Barat
Terhadap  Shigella  sonnei. 14, 51-58.
https://doi.org/10.25134/quagga.v14i1.50801.Recei
ved

Yusniwati, Y., Setiawan, R. B., Syarif, Z,
Yusmarni, Y., & Fitriawati, F. (2021). Direct
organogenesis of patchouli [Pogostemon cablin
Benth]. 10P Conference Series: Earth and
Environmental Science, 741(1).
https://doi.org/10.1088/1755-1315/741/1/012048

| © 2022 Scholars Journal of Agriculture and Veterinary Sciences | Published by SAS Publishers, India | 231 |




