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Abstract

This study was aimed to assess flavan-3-ol biomass in C. sinensis through callus cultures and suspension cultures derived from leaf explants. Callus
initiation of both cultures were using Murashige and Skoog medium were enriched with plant growth regulators Naphthalene Acetic Acid 3.0 mg/L
and kinetin 2.0 mg/L. The procedures in this study were: (1) callus initiation by cutting the leaves of C. sinensis shoots then planted on Murashige
and Skoog medium that were enriched with plant growth regulators, (2) sub callus culture on fresh medium that enriched with the same growth regu-
lators, (3) suspension culture initiation of liquid callus, (4) growth examination of callus and suspension cultures in week 12, (5) examination of
qualitative-quantitative content of flavan-3-olin suspension cultures at week 4. The results show that suspension cultures contain biomass flavan-3-ol

that increase in the same manner of the increase of callus age and weight
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Introduction

Flavan-3-ol is one of the secondary metabolites
contained in C. sinensis, which can be utilized in various
fields including medical industry. This compound is clas-
sified into phenol group which can performs anti-oxidant
activity (Giri et al., 2012; Vinha et al., 2013; El-kassas
2014; Khalaf et al., 2008; Makanjuola et al., 2015). In
agricultural industry, flavan-3-ol monomer in the form of
catechins can be used as allelochemical (Inderjit, 2008;
Castells E. 2008). It also trimethyl xanthina is utilized in
food industries to supports food and beverage becoming
functional (Sutini et al., 2011; 2014; 2016; Ferruzzi,
2012; Astri, 2009; Ivan, 2005).

Flavan-3-ol can be harvested from C. sinensis plant
in disturbed farming area after 3-5 years of plantation
with special treatments (Ryo, 2009; Asri, 2010). In vitro
culture method has been used widely for various purpose
such as secondary metabolites production, obtaining iden-
tic clone of C. sinensis, obtaining Jatropha that is resistant
to drought, and obtaining sugar cane with abundant yield
(Sumaryono et al., 2005; Sandal et al., 2005; Mochamad
et al.,, 2012; PTPN. 2014). Callus cultures form was
crumb and varies, so it should be kept in optimum condi-
tion that corresponds to research purposes. Production of
flavan-3-ol through in vitro culture (callus cultures and
suspension) has several advantages, namely less time
consuming compare to field production, more efficient
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(laboratory scale results that can provide industrial
needs), and to free from climatic change effect. Therefore,
this study was purposed to evaluate the biomass of flavan-
3-ol in callus cultures and suspension cultures derived
from leaf explant of C. sinensis.

Methods

Initiation of Callus

Initiation of callus was done by cutting C. sinensis
leaves then planted on Murashige and Skoog medium
(MS) enriched with plant growth regulators Naphthalene
Acetic Acid (NAA) and kinetin (Aljabari et al., 2014;
Farzana et al., 2011; Nikolaeva et al., 2009; Orihara and
Furuya, 1990). C. sinensis leaves were washed with
running water for 30 minutes, and then dipped in mix
solution of fungicide-bactericide 3% and 5% of calcium
hypochlorite. The leaves then were rinsed with distilled
water and soaked in ascorbic acid 3% for 15 minutes in
culture tubes. Sterilization was done by soaking the leaves
in 5% of sodium chlorine solution for 30 minutes then
rinsed three times with sterile distilled water. Leaves were
cut in sterile area for about 1 cm with forceps. Leave cuts
were initiated in solid medium MS enriched with NAA 3
mg/L kinetin and 2 mg/L at laminar air flow cabinet. At
last, they were stored in temperature 20-25 °C (Sutini et
al., 2008, 2012).

Callus Subculture

Calluses were cut into 2-4 pieces sub-callus using
forceps and needles. The sub-calluses were subsequently
transferred to the fresh medium that has similar composi-
tion as initiation medium. Sub-calluses were stored at the
same temperature as previous step or 20-25°C (Sutini et
al., 2008, 2012).
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Suspension Culture Initiation

Suspension cultures were initiated in liquid Mu-
rashige and Skoog medium. Suspension culture was
weighed around 0.5-1 g callus to put in 20 ml of liquid
MS medium inside 100 ml Erlenmeyer bottle that has
been added with PGR. The bottles were then shaken in
rotary shaker at 100 rpm at 20-25° C of temperature (Arif,
2009).

Callus and Suspension Culture Growth Monitoring

Both callus and suspension culture growths were
monitored for 12 weeks. Weight of each culture was
measured in the beginning of culture and in the harvesting
time.

Qualitative-Quantitative Test of Flavan-3-ol Content

Both qualitative and quantitative analysis was con-
ducted at week 4 of culture. Qualitative analysis was con-
ducted by observing morphological characteristic of cul-
tures using three-ocular microscope then photograph the
features. Following this, the extraction of flavan 3-ol was
conducted. Furthermore, this content was analyzed
through High Performance Liquid Chromatography
(HPLC) chromatogram.

Figure 2. Sub-cultured callus in week 12

Figure 3. The suspension cultures on liquid MS medium

Results

Callus Initiation

Callus initiation effects can be observed at 12 weeks
of treatment. Physiological changes that could be ob-
served were explants became swollen, brighter colour,
curved shape, have calluses on the edge that become wid-
er (Figure 1). Callus sub-cultures appeared at 12 weeks of
plantation with 1-2cm of diameter (Figure 2). In addition,
callus of suspension cultures in liquid MS medium after
plantation are shown in Figure 3.

Callus Growth Examination

Callus growth was monitored from callus weight af-
ter 4-12 weeks of plantation (Table 1). Moreover, the
growth of suspension culture from week 0 to week 4 after
plantation can be seen in Table 2.

Table 1. Callus weight in week 4 up to week 12

4 500
6 600
8 900
10 1700
12 1800
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Table 2. Suspension culture weight after plantation

500

1100

1500

alw N

2500

Qualitative and Quantitative Analysis of Flavan-3-ol
Content

Qualitative analysis of flavan-3-ol content in callus
was done through stereo microscopes observation,
binoculars or three occulars microscope observation were
shown in Figure 4. Quantitative analysis result shows that
flavan-3-ol content was 3.48 ppm in week 4 (Figure 5).

Figure 4. Flavan-3-ol content in catechin standard cells (A), flavan-3-ol callus cells (B), bars 5 mm.
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Figure 5. Chromatogram of flavan-3-ol — catechin content in C. sinensis: (A) flavan-3-ol-catechin standard, (B) flavan-3-ol-catechin sample.

Discussion

Callus initiation should be performed during in vitro
culture as the early stage of culture. Good quality of
callus resulted in good quality of culture. Callus that was
produced at the initial stage will free from contamination
or browning. Response of injured tissues due to nutrition
reduction and NAA addition are shown in Figure 1. This
response is relevant to the research by Maharik et al.
(2009) and Semiarti et al. (2014) that described the addi-
tion of NAA and 2,4-dichlorophenoxyacetic acid / 2,4-D
can promote callus growth. Chavan et al. (2013) reported

that Initiation on Ceropegia panchganiensis by adding
2,4-dichlorophenoxyacetic acid, 9 M could induct 95% of
callus. Initiation of callus on in vitro culture of use of
plant growth regulators, as well as the number of concen-
trations used and the origin of the use of plant eksplan
influence the direction of research data research purposes
as follows.

Verbenacea callus initiation by Soumahoro et al.
(2015) using NAA 1 puM has obtained callus by 56%.
Furthermore, Bhagya et al. (2013) study on Justicia gen-
darussa Burm f. with addition of NAA 1 mg/L initiates
callus growth while somatic embryos was produced with
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addition of NAA 0.1 mg/ L. Callus subculture is a stage in
which cell multiplication happens in culture process. The
replacement of growth medium with the fresh one will
provide more nutrients that are required to grow. Sheena,
et al. (2015) use the method in the proliferation stage of
sub-culture, so the discoloration process of callus from
row yellowish-green to brown and from compact callus
and friable can be clearly observed. Calluses were sub-
culturred to be kept for further study. Research conducted
by Rahayu et al. (2003) explained that MS medium en-
riched with PGR kinetin and 2,4-D has successfully
increased Acalypha indica callus mass. In accordance
with research by Petel et al. (2014), BAP inducted 3-4 the
growth of Caralluma edulis sprout .

The cells of suspension culture were separated in
liquid medium to form cell aggregates. The aggregates are
useful for metabolytes production. As research conducted
by Maria et al. (2013), tea suspension culture in the medi-
um with shicimic acid addition can directly produce
polyphenols. Likewise, Hariprasth et al. (2015) stated that
sub-culture can accelerate the process bioactive com-
pound isolation from culture.

Callus growth during in vitro culture is influenced
by nutrients in medium, PGR addition, also external
environment such as irradiation and room temperature of
the culture chamber. In the same way, Srivasta and
Chaturvedi (2008) described that callus growth depends
on temperature, nutrition combination in the medium, and
types of explant. Bidarigh and Azarpour (2013) induced
tea bud growth with addition 3mg/L of PGR 6-
Benzylaminopurine.

Suspension culture grows in shorter time than callus
culture. In this study, suspension cultures only needed
two to three weeks to be harvested. It is corelated to the
research conducted by Zakiah et al. (2003) on suspension
culture of Azadirachta indica, which the Azadirahtin
metabolites can be harvested after 20 days of culture.
Relevant with research by Seran et al. (2007) that shows
the growth of culture suspense could be used to gain
monocell embryo as genetic transformation agent.

Quantitative examination of flavan-3-ol was done
through High Performance Liquid Chromatography/
HPLC methods using solvents that have been optimized
in advance to prevent much loss. In accordance with this,
the research conducted by Argawal and Kamal (2007) and
Baranek et al. (2012) that successfully got flavonoids and
naphthoquinone from in vitro culture of Momordica
charantia and A. euchroma (Royle) Johnst. Research by
Wei et al. (2012) shows that HPLC analysis could deter-
mine cathecin from cultivar plant albino tea plant and
normal tea plant. Study conducted by Gupta (2012) re-
vealed that flavan-3-ol quantitative analysis using HPLC
obtained 15% of catechin content. It can be concluded
that HPLC analysis is effective, efficient and suitable for
flavan analysis
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