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Abstract

In several ASEAN countries, in vitro culture techniques are one of the cultivation technologies that applied in sustainable agriculture. This technology
has been performed in response to obtain the secondary metabolite of epicatechin from Camellia sinensis L. However, The yield of epicatechin is
remaining low than in the field production. To overcome this problem, phosphor inducers is desirable to be supplemented in the study. The young leaf
shoots of C. sinensis L was sliced on a culture-filled bottle, the sliced part was re-cultivated in the same medium by supplementing of 2,4-D growth
regulators, then the medium was optimized by phosphor inducer with range of concentartions 40-200 ppm. The callus formation was then evaluated
using high performance liquid chromatography methods to obtain qualitative and quantitative data. The results showed that the yield of epicatechin
was obtained to 11.75%, suggesting that the supplementing of phosphor inducers at cultivation of in vitro culture of C. sinensis L able to improve the

production of epicatechin by in vitro culture technique.
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Introduction

Epicatechin is one of the bioactive compounds
isolated from the Camellia sinensis L that has several
properties including anti-cancer (Kurbitz et al., 2011,
Siddique et al., 2011). As anti-cancer, epicatechin able to
protect neuron and cure for muscle degeneration
(Ramirez-Sanchez et al., 2014; Schroeter et al., 2007).
Moreover, Chang et al. (2014) showed in their study that
except dealing with neurological disorders, epicatechin
also serves to reduce injury to the brain. Suggesting that
epicatechin can be a lowering of blood pressure and
increasing relaxation (Galleano et al., 2013).

In the ASEAN countries, epicatechin is widely
exploited on plantations found several problems, such as
highly dependent on climatic conditions, less resistant to
cold weather, highlands-dependent and required the
acidity of the land. To overcome these problems, in vitro
culture techniques can be applied as an alternative
cultivation. In vitro culture technique is provided several
interests including weather/climate-independent and
short-harvested time. Neverthless, the yield of epicatechin
is remaining low using In vitro culture technique compare
to its field production.

To overcome the low production of this bioactive,
supplementing inducers in the form of biotic elicitors or
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abiotic is desirable to conduct, and engineered by using
Escherichia coli and Agrobacterium rhizogenes (Zhang et
al., 2007; Zhao et al., 2015). In our previous study,
supplementation of abiotic elicitors such as the use of Cu
2* metal ion inducers (Nartop, 2018; Sutini et al., 2008)
able to increase the yield of secondary metabolites (Mori
et al., 2017). The addition of precursors and optimization
of phosphorous can perform to stimulate the production
of biomass and secondary metabolites.

Phosphor is one elements in the macro nutrients that
direct the metabolic process of the nucleus and cell wall
shyntesis by performing as an enzyme cofactor in the
shyntesis of secondary metabolites. While in the
epicatechin biosynthesis, phosphor is required in the
biosynthesis of DNA, nucleus and cell wall. In the
previous study, the application of 2 g KHPO, can
improve a dry weight of withanolide-A secondary
metabolites of 13.59 mg g (Muthaiya et al., 2013). In
addition to observe the role of phosphor in the
biosynthesis of secondary metabolites, therefore the
researchers proposed the induction of phosphor in the in
vitro culture of the C. sinensis L plant cultivation. The
goal of this study was to obtain secondary metabolites of
epicatechin that have large amounts of bioactive
properties through in vitro culture from the C. sinensis L.
plant.

Methods

Callus initiation and subculture
Callus initiation was initially planted a young shoots
of C. sinensis L aseptically in the culture bottle. Aseptic
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planting performed as previous method (Grout, 2017
Kumar and Chiang, 2012; Murashige and Skoog, 1962 ),
the young leaves were selcted in first to the third position
of leaves, then washed the leaves with the flowing water
for 20 min, then leaves were soaked using 3% fungicides
and bactericides, following soaked using 5% sodium
hypochlorite solution, then rinsed using sterile distilled
water three times in a laminar air flow room. The leaves
was sliced aseptically to form a callus into the MS media
with partial modification. Shoots of young leaves and
callus, callus subculture, were re-cultivated on MS
medium with the supplementatio of growth regulators 2,
4-D: 2, 4-diphenoxy acetic acid (2,4-D) one ppm (Gal-
leano et al., 2013).

Phosphor inducer treatment

The medium containing 2,4-D one ppm growth regu-
lator was optimized by supplementation of phosphor in-
ducer with ranging concentrations. The optimizations
were: a) MS media without the phosphor supplemetation,
b) MS media with the phosphor supplementation at con-
secutive concentrations: 0, 40, 80,120, 160, 200 mg. L.
c) Planting sliced leaf & callus on optimization media.

Testing the epicatechin secondary metabolites qualita-
tively-quantitatively of C. sinensis L callus

The callus was evaluating its wet weight to collect the
epicatechin data qualitatively and quantitatively regarding
our previous method (Sutini et al., 2016). In brief, set up

the wight of callus to 500 mg, the calus was refined by a
mortar and stamper followed by hot water pouring at 75
°C, then collect the clear solution. The callus was
dissolved in 25 ml chloroform followed by shaking using
a separating funnel, resulting two layers. The top layer
was collected, added with ethyl acetate, and gently
shaked, then collect the top layer in the beaker. After
collection, the solution was evaporated on acid cupboard
until the splash stains. The stain firstly dissolved in the
methanol followed by membrane filtration. The filtrate
was injected into rheodin-high performance liquid chro-
matography (HPLC) to obtain epicatechin levels

Results

Callus initiation/Callus formation

Callus formation appears consecutively on the side
from the sliced leaf explants, then the twisted shape - the
basin is the relaxation form, and callus appears on the part
of the cut edge to fill the entire explant that forms callus.
The brief description of the callus formation is showen in
the Figure 1.

Phosphor inducer affect the wet weight of callus

The supplementation of phosphat inducer with
ranging concentration in order to increase the callus
biomass affect the wet weight of the callus. Callus wet
weight is shown in Table 1.
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Figure 1. Callus formation. A. the shape of the explant that twists - the basin - the relaxation. B. callus appears on the cut edge. C. The overall

explants that form callus, 5 mm bars

Qualitative-quantitatively analysis of epicatechin
C. sinensis L callus

The qualitative data was obtained by using triocular
microscopy to compare the shape & color of callus with
the standard form and color of epicatechin (Tripathi et al.,
2018). In the microscope, the standard epicatechin color
is relatively similar as the color of callus cells containing
epicatechin (Fig. 3). Quantitative data was obtained by
using High Performance Liquid Chromatography/HPLC.
The standard epicatechin retention time chromatogram
form with the same retention time of callus samples and

obtained epicatechin levels of 11.75%, as shown in Figure
4.

Table 1. Callus with inducer of variations in phosphor concentration.

Phosphor inducer (mg.L?) Wet weight of the callus (mg)

0 50
40 50
80 100

120 148
160 200
200 145
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Figure 3. Epicatechin standard cells- arrow sign. A. Epicatechin
callus cells- arrow sign, B. 5 mm bars

Discussion

In nature, callus formation formed due to cell division
in explored/injured explants. Regarding to Dewi et al.
(2012) the development stages was began from the
formation of explants that changed from curved-rolling
shape, following the changes of color leaf to older or
younger, then the formation of callus on the edge of the
leaf that grown on the surface of leaf explants. As shown
in the Figure 1, the texture apparantly hard and compact
which can be propagated to obtain the various types of
secondary metabolites. In the previous study, the callus
showed the hard texture after supplementing with 2,4-D
growth regulators with a yellowish and aqueous color
(Andre et al., 2015). In another point of view, in vitro
conditions affected the callus formation which potentially
used as main material for further study. Shi et al. (2011)
reported that the callus formation can be regerated into
the whole plants and provided a promising application in
the medical and agricultural industry.

In this study, to maintain the growth of callus, the
cultivation of slices young leaves and callus is required to
rejuvenate, while the supplementation of regulatory
substances with ranging concentration is obviously
affected its cultivation which have similar statement with
another study (Bidarigh and Azarpour, 2013). In vitro
culture on apple plants obtained the maximum growth of
callus by supplementing 2,4-D growth regulators of 2
mg/L (Rumiyati et al., 2017), and the optimum
rejuvenation of callus was carried out by treating with of
2,4-D growth regulator of one mg/L in the embryo of
Ephedra strobilacea Bunge, resulting in a significant wet
weight of biomass (Mousavi et al., 2011).

Regarding to this study, the wet weight of callus
increas as the increasing of phosphor concentration, as
shown in the Figure 2. However, at the maximum
concentration of 200 mg/L, the wet weight of callus was
dectrease due to the solubility of the phosphorus. In
nature, this phenomonon often situated in the typical
Andisol soil plantation, and the application of phosphate
solubilizing bacteria, such as Bacillus mycoides, is widely
applied to improve the solubality of phosphorus, resulting
the depletion of phosphorus by plant roots (Setiawati et
al., 2014). The additional treatment in the abiotic
elicitation is relatively increased the production of
secondary metabolite by cellular defense mechanism
(Muthaiya et al., 2013). Despite a setting up of promoter
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Figure 4. Chromatogram, A. Epicatechin standard, B. Epicatechin
sample

in the cellular resistance also able to improve the yield of
secondary metabolites (Dias et al., 2016). Khuantrairong
and  Traichaiyaporn  (2012) reported that the
supplementation of dipotassium hydrogen phosphate 5-20
mg/L can increase the total of carotenoid and chlorophyll,
and the addition of phosphor elicitor produced the highest
levels of reserpine secondary metabolites in the
concentration 127.5 mg/L (Supatmi, 2007).

The cell form of callus samples is apparantly having
the similar color with the cell form of epicatechin
standard, as shown in the Figure 3. They showed
brownish yellow callus, which is desirable color in this
study. The light in the incubation chamber causes
oxidation of phenol compounds to epicatechin secondary
metabolites. In the previous study, epicatechin is used as a
comparative standard to obtain catechin secondary
metabolites, with a production of 1.5 g/L (Shibasaki-
Kitakawa et al.,, 2003), suggesting the content of
epicatechin in the callus. The current study have a higher
yield in the content of the production epicatechin than our
previous study (Sutini et al., 2016).

Quantitative data were obtained by the extraction (Su-
tini et al., 2018) followed by the dissolution of the dry
extract using methanol pro HPLC, the extract was
obtained with high purity and used for further analysis by
HPLC (Sutini et al., 2016; Sutini et al., 2017). In the
current study, we obtained 11.75% of epicatechin levels,
as shown in the Figure 4. Interestingly, the yield of our
epicatechin is closely similar to its original plant.
However, at another study reported that the production of
epicatechin from callus can reach at maximum levels up
to 15% and 40% compared to epicatechin produced from
the seeds of the cacao teobroma plant and C. sinensis L
suspension culture, respectively (Eibl et al., 2018;
Shibasaki-Kitakawa et al., 2003), suggesting for further
modification to produce a high level of epicatechin
production. The conclusion of this study that bioactive
epicatechin found in C. sinensis L plants that picked from
the field can also be produced through in vitro culture
techniques and obtained epicatechin of 11.75%. This
acquisition might related to the administration of
phosphorus inducers.
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