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ABSTRACT

Clinacanthus nutans, known to the locals as Belalai Gajah, is a medicinal plant widely 
used by Malaysians in the belief to cure various diseases including cancer. However, the 
production of Belalai Gajah hardly fulfils the market demand since the growing techniques 
of stem cutting and tissue culture are inefficient and expensive. Therefore, improvements 
in tissue culture techniques and materials application are required. Hence, this study 
tested Carica papaya (locally know as papaya) stem, an agricultural waste, to enhance the 
tissue culture of C. nutans. The effects of C. papaya stem powder and extract on the shoot 
proliferation of C. nutans parameters were investigated. The average number of shoot, 
leaves and length of leaves were observed. Phytochemicals screening was also conducted. 
Overall, C. papaya stem extract showed positive performance and 1% extract was 

found to be the optimum concentration to 
enhance the shoot proliferation.  Meanwhile, 
C. papaya stem powder inhibited the 
shoot proliferation. It was also found that 
flavonoids, glycosides, steroid and terpenoid 
contributed in the shoot proliferation. In 
conclusion, the papaya stem extract is a 
potential in-vitro supplement for tissue 
culture studies. This study gained insights in 
sustainable green economy and showed that 
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zero waste can be attained by converting local papaya stem waste to valuable product. In 
addition, sustainable technology in pharmaceutical approach could be addressed through 
in-vitro low cost large-scale production of Belalai Gajah medicinal plant. 

Keywords: Clinacanthus nutans, papaya stem waste, phytochemicals, shoot proliferation, supplement, tissue 

culture

INTRODUCTION

The Clinacanthus nutans or ‘Belalai Gajah’ plant is useful as herbal medicine in Malaysia.  
This is due to its active biological and phytochemicals contents (Alam et al., 2016; 
Bertrand et al., 2014). Belalai Gajah is traditionally used to assist cancer, gout, kidney 
syndrome, uterine fibroid, skin inflammations and lesion (Ali et al., 2014; Arullappan 
et al., 2014; Fong et al., 2014; Shahzad et al., 2015; Tu et al., 2014). C. nutans products 
are commercially available in the market in the forms of cream, lotions, capsule, tablet, 
herbal tea, concentrated extract. However, manufacturers are not able to fulfil the market 
demands due to the inefficient stem cuttings growth method.  Thus a new growth method 
needs to be addressed.

Plant tissue culture technique has been reported to have produced high quality plantlets 
rapidly (Asghari & Ahmadvand, 2018; Chen et al., 2015; Kataria et al., 2013). Plantlets 
produced through plant tissue culture have high resistance to diseases and stress when 
transferred to soil (Loyola-Vargas & Ochoa-Alejo, 2012; Hussain et al., 2012; Deepthi 
& Satheeshkumar, 2017; Muda & Awal, 2017; Rathore et al., 2014; Syaiful et al., 2009). 
However, this method requires application of expensive synthetic growth hormone, 
6-benzylaminopurine (BAP). Thus low-cost agricultural waste should be extensively 
explored as a substitute to enhance shoot proliferation and reduce cost (Rattana & 
Sangchanjiradet, 2017; Tay et al., 2016).

In another perspective, various tissue culture studies had reported successful application 
of agricultural waste of Carica papaya (locally know as papaya) juice (Daud et al., 2011), 
banana Musa acuminate peel (Daud et al., 2011; Molnár et al., 2011; Swamy et al., 2014), 
coconut Cocos nucifera husk (Deb & Pongener, 2013; Gnasekaran et al., 2010) leaf litter 
and sugarcane Saccharum officinarum bagasse (Basirat, 2011) as a substitute of growth 
hormone. 

Hence, agricultural waste is a promising tissue culture supplement because it contains 
natural phytochemicals (Anjusha & Gangaprasad, 2016; Jamal et al., 2017). Phytochemicals 
in plants include alkaloids (Aravind et al., 2013), flavonoids (Milind & Gurditta, 2011), 
saponin, tannin, glycoside, steroid, terpenoid, carotenoids (Aravind et al., 2013), minerals 
and vitamins (Ward et al., 2017). The phytochemicals play important roles in shoot 
proliferation, plant defence against pathogens and nutrient absorption.
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Previous study on C. nutans tissue culture demonstrated that spent mushroom compost 
(Tay et al., 2016) and corn Zea mays stem (Tay et al., 2017) had enhanced shoot proliferation 
of the plant. For application of C. papaya as supplement, it is noted that the studies were 
only limited to papaya fruit juice. The papaya fruit juice served as a supplement in tissue 
culture, where it enhanced the production of Celosia sp. (Daud et al., 2011) and orchid 
Doritaenopsis (Rahman et al., 2004). Since the application of the C. papaya stem powder 
and extract on C. nutans is yet to be addressed, this study focuses on C. papaya stem as a 
potential supplement to induce the tissue culture of C. nutans.

The objective of this study was to determine the performance of the in-vitro C. nutans 
shoot proliferation using papaya stem powder and extract. The phytochemicals compounds 
of the papaya stem were investigated to gauge its ability in enhancing the C. nutans shoot 
proliferation.

MATERIALS AND METHODS

C. papaya Stem Powder and Extract Preparation

Papaya stems at aged of 2 with size 5 inches long from top to bottom of the main stem 
were collected from the UiTM Perlis farm. It was dried, ground and sieved through a 710 
µm size sieve. The powder was also used to prepare the C. papaya stem extract. A water 
extraction method was conducted to obtain the extract. An approximate 10 g of C. papaya 
stem powder was mixed with 50 ml of distilled water. The mixture was incubated in an 
incubator shaker (Infors HT Ecotron) at 200 rpm and 25 ± 2°C for 2 hours. Then, the 
mixture was centrifuged at 5000 rpm (4458 × g) for 10 minutes to obtain the supernatant. 
The separated supernatant (extract) was then stored at 4°C.

Preparation of the Culture Medium

Distilled water was mixed with 3% β-D-Fructofuranosyl-α-D-glucopyranoside (sucrose) 
powder (Sigma Aldrich™), 0.4% Murashige and Skoog (MS) powder (Duchefa 
Biochemie™), 0.01% 1,2,3,4,5,6-Hexahydroxycyclohexane (myo-inositol) powder 
(Duchefa Biochemie™), 0.005% of prepared 0.1 µM 6-benzylaminopurine (BAP) (Duchefa 
Biochemie™) solution. After that, the pH of the MS solution was adjusted to 5.8. The 
prepared MS solution was heated using a hot plate and 0.3% polysaccharide (gelrite) 
powder (Duchefa Biochemie™) was added. Then the C. papaya stem powder or extract 
was added followed by polysaccharide powder. The completed mixture (MS solution) was 
poured into jam jars and the medium were left to cool. The jam jars containing MS solution 
were autoclaved at 15 lbs psi and 121°C for 15 minutes (Das et al., 2015; Tay et al., 2017).
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Surface Sterilisation

The autoclavable apparatus was autoclaved and the non-autoclavable materials were cleaned 
with 70% ethanol. The nodal segments of the C. nutans were excised and washed with tap 
water for five minutes to remove particles that might lead to contamination. All apparatus 
and materials were put in a laminar flow. Then the nodal segments of C. nutans were soaked 
in 70% ethanol for three minutes, followed by 30% sodium hypochlorite (Sigma Aldrich™) 
for three minutes, 0.1% mercuric chloride (Sigma Aldrich™) and sterile distilled water. 
Lastly, the nodal segments were air dried before the shoot induction.

Shoot Induction

The nodal segments of C. nutans were sub-cultured on a fresh MS medium. One nodal 
segment was placed in each jam jar. The culture was incubated in an incubator at 25 ± 2°C 
under 16 hours of cool white fluorescent light and 8 hours dark photoperiod. 

The nodal segments of C. nutans from a sterile explants stock were subcultured in 
three conditions. The first condition only contained an MS medium, which served as a 
control. The second condition contained the C. papaya stem powder and the third, had the 
C. papaya stem extract. 

Then 1% of the (m/v) powder, 2% (m/v) powder, 4% (m/v) powder, 1% (v/v) extract, 
2% (v/v) extract and 4% (v/v) extract were added into each of the MS medium (Tay et al., 
2017).  The average number of shoot and leaves, and the average length of leaves were 
observed and recorded for 6 consecutive weeks. The samples were duplicated for each 
condition.

Phytochemicals Screening

The aqueous extract of C. papaya stem was prepared using an amount of 4 g of C. papaya 
stem powder in 100 ml distilled water agitated in an incubator shaker at 200 rpm at 25 ± 2°C 
for 24 hours. After 15 minutes of evaporation through a rotary evaporator, approximately 
2 mL the C. papaya stem extract was obtained. These steps were repeated seven times. 
The extract was subjected to different phytochemicals tests including alkaloid test using 
mercuric iodide reagent (Ikeyi et al., 2013), sodium hydroxide test for flavonoids (Usman 
et al., 2009), saponins test (Ikeyi et al., 2013), ferric chloride test for tannins (Ikeyi et al., 
2013), Keller-Killani test for glycosides (Emmanuel et al., 2014), steroids test (Njoku & 
Obi, 2009) and terpenoids test (Njoku & Obi, 2009).

Statistical Analysis

The recorded data were analysed using Microsoft Excel 2010.  The obtained results were 
expressed in mean ± standard deviation (n=2).  Data then were further analysed using 
one-way analysis of variance (ANOVA) with 95% level of confidence. 



Sustainable Approach using Plant Waste for Medicinal Plant Propagation

623Pertanika J. Sci. & Technol. 27 (2): 619 - 632 (2019)

This study was conducted in 2017 at the Faculty of Applied Sciences, UiTM, Arau, 
Malaysia. To note, University Teknologi MARA, (UiTM), Malaysia, has its branch 
campuses in all states of Malaysia, including at Arau, the state of Perlis.

RESULT AND DISCUSSION

Effects of the C. papaya Stem Powder on Shoot Proliferation of the C. nutans

Figures 1(a), (b) and (c) show the inhibition of C. nutans shoot proliferation compared 
to the control. At the end of week 6, the control showed 50% higher number of shoots, 
number of leaves and length of leaves (p>0.05), compared to the samples treated with the 

Figure 1.	Effects of C. papaya stem powder on shoot proliferation of the C. nutans (a) average number of 
shoots, (b) average number of leaves, and (c) average length of leaves

(a)

(b)

(c)
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powder. An increase of the powder concentration significantly decreased the measured 
parameters thus inhibiting the number of shoots and length of leaves. However, 2% (m/v) 
of the powder treatment recorded the lowest inhibition, which is 50% for the number of 
leaves compared to 1% and 4 % (m/v).

It was seen that a 100% inhibition had occurred in the first few weeks in the C. 
papaya stem powder treatment.  This inhibition occurred because the C. papaya powder 
had absorbed the nutrients from the surrounding environment and therefore limiting the 
nutrients for C. nutans.  This then led to the inhibition of the shoot proliferation. The shoot 
proliferation occurred at the later weeks as the C. papaya stem powder released its nutrients 
to the surrounding environment due to the concentration gradient.  As a result, the plant 
utilised the nutrients and the shoot proliferation started. Mercy and Jenifer (2014) also 
reported a similar observation and explaination that the application of Punica granatum 
pomegranate peel powder inhibited the shoot proliferation of the Vinca rosea.

It was also observed that the shoot proliferation in the control samples had increased 
in the early weeks but decreased later. Such condition implied that the senescence stage 
of the C. nutans and the depletion of nutrients and growth hormone in the medium had 
occurred. Hence, this resulted in the loss of leaves of the C. nutans. Zwack and Rashotte 
(2013) supported this study by explaining that the senescence of leaves occurred due to 
the depletion of the cytokinin growth hormone in medium.

Effects of C. Papaya Stem Extract on Shoot Proliferation of the C. nutans

The effects of the papaya stem extract on the C. nutans shoot proliferation are shown in 
Figures 2(a), (b) and (c).  The percentage of shoot proliferation growth, ranging from 32% 
to 400%, was recorded at the end of week 6. Statistically, when the extract concentration 
increases, it significantly decreases the measured shoot proliferation parameters (p<0.05). 

Only 1% (v/v) of the extract exhibited positive and the most efficient shoot proliferation. 
This was due to the C. papaya stem extract containing high soluble nutrients in aqueous 
liquid form, which easily absorbed and utilised by the C. nutans. Contrary, the shoot 
proliferation of the C. nutans in the 2% and 4% extract were lower than the control in the 
early weeks. Such observation occured due to addition of high concentration of nutrients 
causing excessive growth nutrients and osmotic pressure in the plants, thus turning the 
plant dry and brown (Al-Khateeb, 2008). Daud et al. (2011) and Swamy et al. (2014) also 
reported similar results with our finding, where lowest concentration of papaya fruit extract 
efficiently promoted shoot proliferation of the Celosia sp. and Pogestemon cablin.
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Figure 2.	Effects of C. papaya stem extract on shoot proliferation of the C. nutans (a) average number of 
shoots, (b) average number of leaves, and (c) average length of leaves

(a)

(b)

(c)

Comparison between The Effects of C. Papaya Stem Powder and Extract on Shoot 
Proliferation of the C. nutans

Table 1 shows that 1% (v/v) of C. papaya stem extract was most effective to promote the 
C. nutans shoot proliferation. Comparison of the C. papaya stem powder and extract on the 
C. nutans shoot proliferation over time is illustrated in Figures 3(a), (b) and (c). Statistical 
analysis shows there was significant difference for all treatments (p < 0.05). 
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All parameters showed a similar pattern where in earlier weeks, the C. nutans shoot 
proliferation in the medium with the extract and control had increased.  Meanwhile, there 
was no growth in the medium with the C. papaya stem powder. This was due to the soluble 
nutrients in the liquid extract that enhanced the shoot proliferation.  However, the solid C. 
papaya stem powder absorbed the nutrients required for the C. nutans shoot proliferation, 
thus inhibiting its growth.

Table 2 shows the comparison of plant-based extract on various plant growth 
performances in tissue culture. The plant extracts were the Carica papaya, banana Musa 
acuminate, corn Zea mays, tomato Solanum lycopersium, carrot Daucus carota and coconut 
Cocos nucifera. A low concentrations of 5% to 30% of plant extracts was optimum for 
plants growth. The optimum concentration of water-based extracts was dependent on the 
sources of extracts and types of plant (Daud et al., 2011; Swamy et al., 2014; Gnasekaran 
et al., 2010; Molnár et al., 2011; Chukwuka et al., 2014; Deb & Pongener, 2013). 

Table 1
The most effective treatment using C. papaya stem for shoot proliferation of the C. nutans 

Parameters of Shoot Proliferation Optimum Condition
Average Number of Shoots 1% (v/v) extract
Average Number of Leaves 1% (v/v) extract
Average Length of Leaves 1% (v/v) extract

Table 2
Comparison of plant-based extracts on various plant growth performances in tissue culture

Extract source Type of extract Optimum concentration Plant References
Papaya Carica 
papaya fruit

Juice/water extract 2% (2%, 3%, 5%, 7%) Celosia sp. Daud et al., 2011

Banana Musa 
acuminate

Juice/water extract 5% (2%, 3%, 5%, 7%) Celosia sp. Daud et al., 2011
MS liquid extract 10% (5%, 10%, 20%) Pogostemon 

cablin
Swamy et al., 2014

Water extract 5% (0%, 5%, 10%, 
20%, 30%)

Phalenopsis 
violacea

Gnasekaran et al., 
2010

Water extract Not mentioned Pisum sativum, 
Nicotiana 
tabacum

Molnár et al., 2011

Tithonia 
diversifolia

Water extract 50% (50%, 100%) Corn Zea mays Chukwuka et al., 
2014

Tomato 
Solanum 
lycopersium 

Water extract 5% (2%, 3%, 5% and 
7%)

Celosia sp. Daud et al., 2011

Extract with MS 
liquid

10% (5%, 10%, 20%) Pogostemon 
cablin

Swamy et al., 2014

Water extract 10% (0%, 5%, 10%, 
20%, 30%)

Phalenopsis 
violacea

Gnasekaran et al., 
2010
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Figure 3. Comparison of the effects of C. papaya stem powder and extract on shoot proliferation of the C. 
nutans (a) average number of shoots, (b) average number of leaves, and (c) average length of leaves

Table 2 (continue)

Extract source Type of extract Optimum concentration Plant References
Carrot Daucus 
carota 

Extract with 
MS liquid

10% (5%, 10%, 20%) Pogostemon cablin Swamy et al., 2014

Coconut Cocos 
nucifera

Water extract 7% (2%, 3%, 5% and 
7%)

Celosia sp. Daud et al., 2011

Water extract 10% (0%, 5%, 10%, 
20%, 30%)

Phalenopsis 
violacea

Gnasekaran et al., 
2010

Not mentioned Not mentioned Cymbidium 
iridioides

Deb and Pongener, 
2013

Water extract Not mentioned Pisum sativum, 
Nicotiana tabacum

Molnár et al., 2011

Papaya C. papaya Water extract 1% (1%, 2% and 4%) C. nutans This study

(a)

(b)

(c)
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Phytochemicals Screening of C. papaya Stem

The phytochemicals screening of the C. papaya stem showed a presence of flavonoids, 
glycoside, steroid and terpenoid (Table 3). Researchers explained that the flavonoids 
functioned as plant defence system against ecological and physiological pressures such 
as pathogen and insect attack (Khoddami et al., 2013). Grabkowska et al. (2014) reported 
that the glycoside was able to enhance Harpagophytum procumbens shoot proliferation. 
Meanwhile, a study conducted by Kandelinskaya et al. (2007) recorded that steroid had 
increased the protein content in various types of lupine plants and resulted in better light 
signaling.  Hence, presence of steroid in the C. papaya stem increased the protein content 
in the C. nutans and thus promoting its shoot proliferation. An application of terpenoid 
for in vitro culture had also enhanced the multiplication of shoots and root (Khan et al., 
2016). The root multiplication had increased the nutrients absorption and produced higher 
number of shoots. The identified phytochemicals in C. papaya stem are important where 
phytochemicals contributed to C. nutans shoot proliferation. 

Table 3
The phytochemicals screening result of the C. papaya stem 

Phytochemicals parameters Result
Flavonoids +
Glycoside +
Steroid +
Terpenoid +

CONCLUSION	

This study concluded that agricultural waste, C. papaya stem extract has potential to be a 
sustainable supplement for C. nutans tissue culture. C. papaya stem is an agriculture waste 
and easily procured, thus the application is cost-effective for commercial utilisation. The 
1% extract of the C. papaya stem resulted in the highest average number of shoot, leaves 
and average length of leaves. The one-way ANOVA demonstrated significant difference 
(p<0.05) among all conditions of the powder and extract treatments.  Meanwhile, the C. 
papaya stem powder inhibited the C. nutans shoot proliferation up to the fourth week.  
It contains flavonoids, glycoside, steroid and terpenoid, showing that phytochemicals 
support C. nutans shoot proliferation. This study had also provided vital and fundamental 
information that supports future application of papaya stem extract in the in-vivo growth of 
C. nutans. In this case, it is concluded that the C. papaya stem extract can be a sustainable 
supplement for C. nutans tissue culture. Therefore, this study not only shed light into 
waste-to-product and zero waste concepts, but also contributed to the green economy. The 
papaya stem, an agriculture waste is easily procured in many tropical countries, hence can 
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be viable for commercial production. Through application of agricultural waste as for tissue 
culture supplement, the waste is recycled. At the same time, the demand for plant-based 
drug is fulfilled and environmental pollution is minimised.
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