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Abstract 

 

A systematic approach was taken to establish a rapidly growing suspension culture of Curcuma mangga (C. mangga). Various 

responses were obtained from shoot bud explants cultured on MS basal medium supplemented with different concentrations of 2,4-D, 

NAA and IAA either alone or in combinations. Different levels of sucrose were also tested. Rapid growing friable callus obtained 

from shoot explants cultured on MS basal medium supplemented with 1 mg l-1 2,4-D, 30 g l-1 sucrose and 2 g l-1 gelrite were selected 

for the initiation of suspension cultures based on histological morphology. From various media screened, rapid growing suspension 

cultures were established by using MS liquid medium supplemented with 0.3 mg l-1 2,4-D, 0.1 mg l-1 NAA, 30 g l-1 sucrose, 0.1 g l-1 

malt extract, 0.5 mg l-1 d-Biotin, 100 mg l-1 glutamine, 5 mg l-1 ascorbic acid and citric acid respectively. Phenolic compounds 

production was most effectively controlled by the incorporation of ascorbic and citric acid as antioxidants.  
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Introduction 

 

Curcuma mangga Valeton & C. van Zijp belongs to 

Zingiberaceae family, and it is among 80 species of 

rhizomatous herbs of Curcuma genus. This species of 

Curcuma, manifests most distinct identity of raw mango 

flavour combined with that of ginger in the rhizome due to 

the presence of car-3-ene, cis- and trans- dihydroocimene, 

ocimene and mycrene (Achut and Bandyopadhyaya, 1984; 

Rao et al., 1989, Singh et al., 2003; Sasikumar, 2005). 

Traditionally, C. mangga was used as medicine to treat 

stomach pain, fever, debility, bronchitis and asthma, to act as 

an aphrodisiac and to provide postpartum care (Syu et al., 

1998; Hong et al., 2001; Park and Kim, 2002; Abas et al., 

2005; Hussain et al., 2008). The natural pigment from this 

species has also been reported to show antioxidant, anti-

inflammatory, antitumour, antitubercular, antifungal, 

antibacterial and antiprotozoal activities (Richomme et al., 

1991; Habibi et al., 2000, Kirana et al., 2003, Chan et al., 

2008; Tewtrakul and Subhadhirasakul et al., 2007, Liu and 

Nair, 2011; Malek et al., 2011). Various secondary 

metabolites have been isolated from C. mangga (Liu and 

Nair, 2011; Malek et al., 2011), however there is little 

information on the in vitro production of secondary 

metabolites. Although these compounds can be obtained from 

field grown rhizomes, enhanced production of diterpenoids 

from in vitro sources is possible to ensure continuous supply 

of consistently high quality compounds.  A stable suspension 

culture established with a systematic protocol is critical to 

enable the manipulation of cultures for enhanced production 

of secondary metabolites. The aim of this study was to 

establish a cell suspension culture of locally grown C. 

mangga with rapid cell growth to be used as an alternative 

source for the production of secondary metabolites in future 

studies. In this process of establishing cell suspension 

cultures of C. mangga, initially a suitable culture medium 

was   selected   for  the  induction  of  callus  from   the  shoot  

 

explants. The appropriate callus for the initiation of 

suspension cultures was determined according to histological 

morphology of the calli and an optimum medium was 

determined for the establishment of cell suspensions with 

rapid cell multiplication. Antioxidants were used to overcome 

browning in the cultures. These cultures will be used as a 

source for the production of bioactive compounds such as 

(E)-labda-8(17),12-dien-15,16 dial in future studies. (E)-

labda-8(17),12-dien-15,16 dial (labdene diterpenoids group), 

is one of the major compounds isolated from rhizomes of C. 

mangga (Abas et al., 2005) with inhibition activity against 

lung, colon, gastric and breast tumour cell lines (Yunbao and 

Muraleedharan, 2010).  

 

Results and Discussion 

 

Explant preparation  

 

Since the explants were taken from underground rhizomes, 

establishment of contamination free culture was a major task 

(Hosoki and Sagawa, 1997). In this study, rhizomes were 

sprouted in soil free conditions until shoot buds appeared. As 

in table 1, rhizomes left to sprout at room temperature under 

dark condition produced the highest amount of shoot buds. 

The surfaces of explants usually carry a wide range of 

microbial contaminants. Thus, the explants must be 

thoroughly surface sterilized before inoculating on culture 

medium to avoid infection. Usage of commercial bleach 

(5.25% sodium hypochlorite as active ingredient), ethanol 

and mercury chloride (HgCl2) have been reported as very 

effective sterilizing agents in establishing aseptic buds of 

many Zingiberaceae species (Mrudul  et al., 2001; Neeta  et 

al., 2002; Chan and Tong, 2004; Yusuf et al., 2007). Three 

cm shoot buds (Figure 2(a)) were excised from rhizomes, 

washed with running tap water and surface sterilized by using 
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disinfectants with different treatments, as described in Figure 

1 and Table 2. Shoot bud explants were first treated with 

Tween 20, a wetting agent that improves the disinfestation by 

acting as a surfactant thereby removing surface contaminants 

such as soil and dust. Hypochlorite is known to be very 

effective against bacteria. When diluted in water, the 

concentration of hypochlorite salt used (NaOCl)) leads to the 

formation of hypochlorous acid (HOCl), whose concentration 

is correlated with bactericidal activity (Nakagarwara et al., 

1998). Bacteria killing by HOCl maybe due at least in part to 

lethal DNA damage (Wlodkowski et al., 1975; Dukan et al., 

1999). Ethanol is also a powerful sterilizing agent but 

explants were usually exposed to it for only a few minutes 

due to its extreme phytotoxicity (Afolabi et al., 2009). 70% 

ethanol washing, prior to disinfection with HgCl2 enhances 

the contact between HgCl2 and the surface of explants 

efficiently. Mercury ions in HgCl2 solution function in 

surface sterilization by interfering with enzymes and protein 

in the cell membrane and cytoplasm of contaminating 

pathogenic microorganisms (Smith, 2005). Singh et al., 

(2009) reported that contamination can be reduced to 5.5% 

by using 0.1% (w/v) HgCl2. In contrast, our initial study 

showed that the contamination was high at 80% when 0.1% 

(w/v) HgCl2 was used. However when the concentration of 

HgCl2 was increased to 0.5% (w/v), 83% of the cultured 

explants were found to be dead. This is probably due to the 

fact that a high concentration of HgCl2 is phytotoxic to plant 

cells. Out of three surface sterilization treatments carried out, 

treatment three with 0.3% (w/v) HgCl2 was the most effective 

with a 77% survival rate (Figure 3) after four weeks in  MS 

medium. This treatment was therefore adopted for subsequent 

experiments.  

 

Initiation, growth and characterisation of callus 

 

Callus initiation is the primary stage in many tissue culture 

processes for the establishment of cell suspension cultures 

(Kumar and Kanwar, 2007; Ngara et al., 2008), indirect 

somatic embryogenesis (Kulkarni et al., 2002; Rahman et al., 

2006) and other applications. Various plant growth regulator 

(PGRs) treatments have been used for these purposes in 

different plant cultures (Afshari et al., 2011). In our present 

study, several different types and concentrations of auxins 

were tested for initiation of friable and vigorous growing 

callus from shoot bud explants to be used as inoculums for 

suspension cultures. Various auxin concentrations used in 

this study produced different types of callus morphology and 

callus induction percentages (Table 3 and Table 4). When 

cultured on a hormone-free medium, the explants produced 

roots (Fig 4).In contrast in MS (Murashige and Skoog, 1962) 

medium supplemented with auxin, cultured explants were 

swollen after five days of inoculation and callus emerged at 

the cut edges within 10 days of culture. MS with 1 mg l-1 2,4-

D was the most effective medium for friable callus induction 

at 76% (Fig 5(a)). 1-2 mg l-1 2,4-D was reported to be an 

effective PGR that produced rapid proliferating friable callus 

in C. amada (Prakash et al., 2004), Gymnema sylvestris (Roy 

et al., 2008)  and Brassica napus (Jonoubi et al., 2005) in 

vitro cultures. Substitutions with other auxins or increasing or 

decreasing the concentration of 2,4-D resulted in a reduced 

percentage of explants producing callus (Table 3 and Table 

4). The callus were white, nodular with roots at 0.1 mg l-1 

2,4-D (Fig 5(c)) and relatively brownish with a dry friable 

appearance at 8 mg l-1 2,4-D (Fig 5(e)). However, when MS 

in combination with higher or lower concentrations of IAA 

and NAA were used, the callus morphology and callus 

induction percentage differed but without any particular 

pattern (Table 4).  In comparison to the natural auxin, IAA, 

synthetic auxins NAA and 2,4-D induced a better response in 

terms of the percentage of friable callus induction even at low 

concentrations (Table 3 and Table 4). Pierik (1990) reported 

that this result could be attributed to the fact that synthetic 

PGRs are more stable in their ability to withstand physical 

and enzymatic degradation than naturally occurring auxins. 

The callus observed were whitish and globular at lower 

concentrations of IAA and NAA (1 mg l-1 IAA and 1 mg l-1 

NAA) (Fig 5(g)) and were whitish with a mixed friable and 

globular appearance at higher concentrations of IAA and 

NAA (5 mg l-1 IAA and 5 mg l-1 NAA) (Fig 5(i)). Sucrose 

concentrations also affected callus morphology and the 

induction percentage (Table 5). Mucilaginous and white 

callus were formed when the concentration of sucrose was 

increased to 8% (Fig 5(k)). This morphology may be caused 

by the influence of sucrose on the humidity of in vitro culture 

conditions (Lee et al., 2002). In this treatment, the 

concentration of 2,4-D was maintained at 1 mg l-1 due to its 

response in producing favourable rapid growing friable 

callus. In plant tissue culture, sucrose is the most commonly 

used carbohydrate source because of the wide spread of this 

disaccharide as a transporter molecule, and its high solubility 

in water. Many in vitro studies have proven that sucrose 

supports near optimum rates of growth and also plays 

multiple roles in the provision of carbon and energy that 

promotes cell growth and division (Swedlund & Locy, 1993). 

The callus doubled in size in less than two weeks when 

subcultured in a fresh MS medium supplemented with 1 mg l-

1 2,4-D. Callus on  MS medium supplemented with lower or 

higher 2,4-D or other PGRs, proliferated slowly (data not 

shown) and did not produce friable callus. Friable callus is 

ideal for the initiation of cell suspension cultures in many 

plants (Lee and Chan, 2004). Slow growth rates were not 

appropriate for the establishment of suspension cultures. For 

this reason, the growth kinetics of callus cultured on MS 

media supplemented with 1 mg l-1 2,4-D was further studied 

(Fig 6). The growth curve of C. mangga callus showed a 

sigmoidal-type pattern where three growth phases can be 

distinguished (Figure 6). A sigmoidal growth curve was also 

reported in the in vitro callus culture of other plant species 

such as Orthosiphon stamineus (Lee and Chan, 2004), coffee 

plant (Santos et al., 2003) and Brazil nut (Serra, 2000). In this 

report the lag phase where cells of the explants prepare for 

division and energy accumulation occurred up to day 42 from 

inoculation, similar to Brazil nut callus culture (Serra, 2000). 

This was followed by an exponential growth phase, where 

maximum cell division and increase in cellular area (Abbade 

et al., 2010) were observed occurring between day 42 and 

110. Growth deceleration was observed between day 110 and 

120. Lima et al., (2008) reported that growth deceleration 

occurs as a result of the usage of nutrients and the 

accumulation of toxic substances in the culture medium. It is 

appropriate to subculture the callus at the beginning of this 

phase (Lima et al., 2008). The maximum increase of callus 

biomass was observed at the late stationary phase, with the 

initial inoculums of 0.3 g reaching 11 g. Histological studies 

were also carried out to provide further evidence on fast 

growing callus of different morphology. Periodic acid Schiff 

(red stain), specifically stains polysaccharide (starch reserves   

and  walls)   meanwhile  blue-black   naphtol  stains  
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Table 1. Effect of different treatments on rhizome for sprouting. 

Treatments Photoperiod Temperature  

(oC) 

Duration of sprouting 

(weeks) 

Number  of shoot buds  

(in 4 weeks) 

1 16 hours light and 8 hours dark 20 oC at air-condition  4  5 to 20  

2 16 hours light and 8 hours dark 30 oC at room temperature 4  5 to 20  

3 24 hours dark 20 oC at air-condition 3  40 to 60  

4 24 hours dark 30 oC at room temperature 2  40 to 60  

 

Table 2. Surface sterilization method. 

Disinfectant Treatment 1 (%) -T1 Treatment 2 (%) -T2 Treatment 3 (%) -T3 

Chlorox (v/v) 50  

(15 minutes) 

50 

(15 minutes) 

50 

(15 minutes) 

Ethanol (v/v) 70 

(5 minutes) 

70 

(5 minutes) 

70 

(5 minutes) 

HgCl2 (w/v) 0.1 

(30 seconds) 

0.5 

(10 minutes) 

0.3 

(5 minutes) 

 

soluble or reserve protein (Fisher, 1968). Red stained cells 

indicate the presence of polysaccharides as the source of 

energy that supports proliferation of cell division (Jalil et al, 

2008). Histological section of friable white callus cultured on 

MS solidified medium supplemented with 1 mg l-1 and 2 mg 

l-1 2,4-D showed large cells with large nuclei and dense 

cytoplasm with islets of protein compounds stained blue- 

black and polysaccharide stained red (Fig 5(b)). When 

supplemented with a low concentration of 2,4-D (0.1 mg l-1 

2,4-D), cells with dense cytoplasm and nuclei were observed 

(Fig 5(d)). However these cells (Fig 5(d)) grew slowly due to 

the absence of polysaccharide which supports cell division. 

Callus produced in media supplemented with high 

concentrations of IAA and NAA showed cells with less dense 

cytoplasm and nuclei (Fig 5(j)). Callus on medium 

supplemented with low concentrations of IAA and NAA are 

irregular in shape with small nuclei, less cytoplasmic and the 

presence of vacuolated cells (Fig 5(h)). While, callus initiated 

in MS medium supplemented with 8 mgl-1 2,4-D revealed 

that the cells are largely vacuolated (Fig 5(f)). The presence 

of vacuolated cells will affect growth of callus, thus reducing 

the rate of suspension culture propagation when transferred to 

a liquid medium and the propagation of debris will dominate 

the culture. Thus, the histological studies show that the ideal 

callus for the initiation of cell suspension were cells with 

large nuclei and dense cytoplasm that were cultured on MS 

medium supplemented with 1 mg l-1 2,4-D. This callus shows 

the presence of polysaccharides that support the proliferation 

of cell division. Histological sectioning was also performed 

for callus initiated on MS medium supplemented with 8% 

(v/v) of sucrose. The cells also show large nuclei with dense 

cytoplasm and the presence of few polysaccharides granules 

(Fig 5(l)). 

 

Determination of optimum maintenance medium for cell 

suspension culture 
 

When cells were suspended in MS medium supplemented 

with 1 mg l-1 2,4-D and 30 g l-1 sucrose, the proliferation rate 

was rapid, doubling the yield in 10 days after initiation. 

However, suspension cultures showed tissue browning after 

the third passage of subculture even though the subculture 

interval was shortened. Frequent subculture to fresh medium 

has been reported as a factor favouring culture establishment 

without tissue browning (Tiwari et al., 2002). Different 

strengths of MS basal medium and different concentrations of 

2,4-D (auxin) were tested to overcome browning. Decreasing 

the concentration of 2,4-D to 0.5 mg l-1 in the MS medium, 

earlier produced proliferating suspension cells without any 

sign of tissue browning. Even though, the use of 2,4-D and  

 
Fig 1. Surface sterilization method. 

 

  

 
 

Fig 2. (a) Shoots sprouted from mature rhizomes of C. 

mangga (Bar represent 1 cm). (b) Sprouted buds (3cm to 

4cm) collected as explants (bar represent 0.5cm). 

 

NAA in the media as common auxins have encouraged 

growth and maintained the viability of suspension cultures in 

this study and also other reports (Endress, 1994), browning 

was also associated with the use of 2,4-D, especially if high 

concentrations were added to the medium. This problem was 

also found in cultures of Dioscorea sp. (Viana and Mantell, 

1989) and Aconitum heterophyllum (Giri et al., 1993). Evans 

et al., (2003) reported that synthetic auxins like 2,4-D may 

possess  herbicidal property at high concentrations, that 

inhibits the formation of callus and suspension cells leading 

to cell browning. However, browning recurred in cells 

cultured in 0.5 mg l-1 2,4-D supplemented media after the 6th 

subculture. The addition of ascorbic acid (5 mg l-1) and  citric  
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 Table 3. Effect of 2,4-D on callus induction from C. mangga shoot bud explants cultured on MS medium with 3% (v/v) sucrose. 

2,4-D (mg l-1) Callus induction (%) Morphology of callus 

0.0 0.0 Explant producing roots and shoots without callus 

formation 

0.1 64 ± 2.3 White, globular, compact/nodular with roots 

1.0 76 ± 3.2 White, friable, sticky and glassy 

2.0 70 ± 3.1 Yellowish white, friable, sticky and glassy 

4.0 54 ± 2.9 Yellowish white, dry friable and glassy 

8.0 58 ± 3.1 Brownish, dry friable and glassy 

           Values represent means ± standard deviation (S.D) for 15 cultures per treatment. 

 

Table 4. Effect of IAA and NAA on callus induction from C. mangga shoot bud explants cultured on MS medium with 3% (v/v) 

sucrose. 

IAA( mg l-1) NAA (mg l-1) Callus induction (%) Morphology of callus 

1 1 62 ± 1.8 Whitish and globular 

3 1 55 ± 2.0 Whitish and globular 

5 1 58 ±  6.1 Whitish, globular and friable 

1 3 42 ± 3.4 Whitish,  globular and friable 

1 5 57 ± 5.2 Whitish, globular and friable 

5 5 70 ± 1.7 Whitish, globular and friable 

3 3 68 ± 2.0 Whitish, globular and friable 

5 3 67 ± 2.3 Whitish, globular and friable 

3 5 66 ± 2.4 Whitish, globular and friable 

           Values represent means ± standard deviation (S.D) for 15 cultures per treatment. 

 

acid (5 mg l-l) as antioxidants and further decreasing 2,4-D 

concentration to 0.3 mg l-1 produced proliferating yellowish 

white and vigorous suspension cell cultures (Fig 8) without 

further tissue browning. Bushra et al., (2009), reported that 

the browning and subsequent death of explants and cultures 

could be attributed to the oxidation of polyphenols. 

Treatment with antioxidants like ascorbic acid and citric acid 

seemed to inhibit the polyphenoloxidase enzyme that 

converts the phenols to typical brown polymersis. Therefore 

this is one of the effective strategies to control the phenolic 

browning of in vitro cultures (Pizzocaro et al., 1993). The 

combination of 2% ascorbic acid and 2% citric acid reduced 

the percentage of browning in F. religiosa L. culture (Siwach 

et al., 2011). MS medium augmented with 0.3 mg l-1, 2,4-D, 

0.1 mg l-1 NAA, 100 mg l-1 glutamine, 0.1 mg l-1 d-Biotin, 30 

g l-1 sucrose , 0.1 g l-1  malt extract  and antioxidant agents, 5 

mg l-1 ascorbic acid and citric acid respectively was further 

used as standardized medium(M2) for suspension cultures. 

Meanwhile other media used in this study did not overcome 

cell browning. 100 mg l-1 glutamine and 0.1 mg l-1 d-biotin 

were also added to the media. Glutamine is an amino acid 

added as a nitrogen source and also to increase embryogenic 

callus formation (Peterson and Smith, 1991). Ahmed et al. 

(2009) reported that glutamine at different concentrations has 

been used in order to reduce phenolic exudation from leaf 

callus. Meanwhile biotin acts as a cofactor for a small 

number of enzymes involved in carboxylation, 

decarboxylation, and transcarboxylation reactions that are 

concerned with fatty acid and carbohydrate metabolism 

(Knowles, 1989; Alban et al., 2000). Since prior results had 

indicated that suspension cultures of C. mangga could grow 

well in an MS medium supplemented with vitamins and 

augmented in 0.3 mg l-1  2,4-D, 0.1 mg l-1 NAA, 100 mg l-1 

glutamine, 0.1 mg l-1 d-Biotin, 30 g l-1 sucrose , 0.1 g l-1  malt 

extract  and added with antioxidant agent of 5 mg l-1 ascorbic 

acid  and 5 mg l-1 citric acid, growth kinetics experiments 

were undertaken using this medium. The cell cultures were 

maintained by subculturing at 10 day intervals. The growth of 

cells in the suspension culture was found to proliferate more 

vigorously   compared   to   cells   on  the   solidified   culture  

Fig 3. Percentage of surviving explants under different methods of 

surface sterilization. Values are mean + standard deviation for 4 

replicates each treatment. 

 

Fig 4. Root from shoot bud explants of C. mangga on MS 

media without any phytohormones (Scale: Bar = 1 mm). 

          

http://www.plantphysiol.org/content/127/3/1224.full#ref-26
http://www.plantphysiol.org/content/127/3/1224.full#ref-2
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Table 5. Effect of sucrose on callus induction from C. mangga  shoot bud explants cultured on MS  medium with 1mg/l 2,4-D. 

Sucrose (%) (v/v) Callus induction (%) Morphology of callus 

3 76 ± 3.2 White, friable, sticky and glassy 

8 65 ± 2.7 White, mucilaginous, wet and in lumps 

         Values represent means ± standard deviation (S.D) for 15 cultures per treatment. 

 

medium (Fig 7).  This was probably due to the agitation and 

loosening of cells which would encourage further cell 

division. In this study, suspension cultures showed typical 

growth kinetics when 5 ml (SCV) inoculums were cultured in 

50 ml of culture medium. The growth of cell suspension 

cultures reached a maximum growth (45ml SCV) 21 days 

after initiation and subsequently became stationery and 

started to decline after day 28. The same growth kinetics 

pattern was reported by Lee and Chan et al (2004) in in vitro 

Orthosiphon stamineus cell suspension growth kinetics. 

 
Materials and methods 

 

Establishment of aseptic explants  

 
The fresh yellow rhizomes of C. mangga Val. were 

purchased from a local farm. The rhizomes were washed, air 

dried and placed in paper boxes to allow shoots to sprout to 

about 3 to 4 cm in length and were used as explants.  The 

rhizomes were placed in different conditions as in Table 1 to 

obtain optimal sprouting. Suitable explants were chosen and 

rinsed under running tap water for 10 minutes. The summary 

of the general sterilization method is shown in the Fig 1 and 

different treatments used are shown in Table 2. Tween-20 

was added to reduce surface tension. The surface sterilized 

shoots had their external leaves removed and were finally 

dried on filter papers under laminar air flow prior to 

inoculation on media. The contamination, necrotic and 

survival percentage of cultures were calculated using the 

following formula: 
 

 
      

 
Determination of culture media for callus induction and 

proliferation  

 
The shoot buds explants were trimmed and sliced into 1 mm 

pieces cross sections. Explants were cultured on a MS basal 

medium with 2 g l-1 gelrite were augmented with different 

concentrations of sucrose and phytohormones combinations 

(Table 3, 4 and 5).  Media were adjusted to pH 5.7 and were 

autoclaved at 120oC for 20 minutes. The cultures were 

maintained in the dark at 25 + 1 0C.  For every treatment 15 

replicates (15 plates of same medium) were used with 10 

explants cultured on each plate. Observations on the 

morphology of the calli induced were recorded after six 

weeks. The calli induction percentage was calculated using 

the following formula: 

 

 

 
Rapid growth of friable callus was assessed using fresh 

weight fortnightly.  Each treatment had four replicates and 

was repeated twice. 

 

Histology of calli  

 

Histology techniques using resin developed by the ORSTOM 

– CIRAD team LRGAPT France (Maril et al., 1995) were 

used. The samples were sliced and then fixed for 24 to 48 

hours at room temperature in Glutaraldehyde-Parafor- 

maldehyde-caffeine (GPC) fixative (mixture of 50 ml 0.2M 

phosphate buffer, 20 ml paraformaldehyde, 4 ml 25% 

glutaraldehyde, 1 g caffeine and topped up to 100 ml with 

distilled water at pH 7.2). The samples were then dehydrated 

in ethanol: 30% (30 min); 50% (45 min); 70% (45 min); 80% 

(60 min); 90% (60 min); 95% (60 min) and twice in absolute 

ethanol for 60 minutes each. The tissues were then prepared 

for filtration with basic resin (Leica Historesin Embedding 

Kit) for 24 to 48 hours at 4oC under slight vacuum. The 

specimens were embedded and the resin was allowed to be 

fully polymerized and were sliced using a microtome. 

Specimens were stained with 1% periodic acid for five 

minutes, rinsed with distilled water at pH 4.5 and the 

submerged in Schiff’s reagent for 20 minutes in the dark. 

Finally, for counter staining, Napthol Blue Black was used at 

60oC for five minutes and viewed under a light microscope.   

 

Determination of optimum maintenance medium for liquid 

suspension culture 

 

Callus was suspended in a liquid medium to enhance 

proliferation. For initiation, only friable callus was used. 

Prior to any new treatment, 1 g of the friable callus was 

proliferated in a liquid medium with same concentration as 

callus induction medium (MS medium supplemented with 

1mg l-1 2,4-D and 30g l-1 sucrose). However, due to cell 

browning, after the 3rd subculture, cells were suspended in a 

liquid medium with MS augmented with various 

concentrations of 2,4-D (0.05 – 0.5 mg l-1) and sucrose(20- 

50 g l-1) with  100 mg l-1 glutamine, and 0.1 mg l-1 malt 

extract. The pH of the medium was adjusted to 5.8 before 

autoclaving at 120 o C for 20 minutes. The cultures were 

incubated at 25 + 1 o C at 90 rpm on a shaker under indirect 

light at 18 hours photoperiod. The cultures were subcultured 

into fresh liquid medium every 10 days and were observed 

periodically under the microscope. After the 6th subculture, 

the medium was again changed because of tissue browning. 

The suspension cultures were suspended in liquid MS salts 

augmented with various concentrations of 2,4-D (0.1 – 0.5 

mg l-1), 0.1 mg l-1 NAA, 100 mg l-1 glutamine, 0.1 mg l-1 d-

Biotin, 30 g l-1 sucrose , 0.1 g l-1  malt extract  and antioxidant 

agents of ascorbic acid (0 or 5 mg l-1) and citric acid (0 or 5 

mg l-1). Stable suspension cultures were used to determine the 

growth curve. The growth of the suspension cultures was 

measured by determining the settled cell volumes (SCV) 

every three days over a period of one month. 

 

Conclusion 

 

Suspension cultures of C. mangga could be established from 

friable callus derived from shoot bud explants. This friable 

callus were produced by culturing on MS medium 

supplemented with 1.0 mg l-1 2,4-D. Histological sectioning 

showed   that   this   callus   has dense cytoplasmic cells and a  
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Fig 5: Morphology and histology of C. mangga calli in MS 

medium. (5a) White and friable callus induced on MS with 

1mgl-1 2,4- D media (Scale: Bar = 1mm). (5b) Histology of 

dense cells of callus with large nucleus on MS with 1mgl-1 

2,4- D media (Scale: Bar = 50µm). (5c) White, nodular and 

rooting callus on MS with 0.1mgl-1 2,4-D media (Scale: Bar 

= 1mm). (5d) Histology of dense cells of callus with large 

nucleus initiated on MS with 0.1mgl-1 2,4-D media(Scale: 

Bar = 50µm). (5e) Brownish, dry friable callus on MS with 

8mgl-1 2,4-D media (Scale: Bar = 1mm). (5f) Histology of 

callus with large vacuolated cells on MS with 8mgl-12,4-D 

media (Scale: Bar = 50µm). (5g) Whitish and globular callus 

on MS with 1mgl-1 IAA and 1mgl-1 NAA media (Scale: Bar 

= 1mm). (5h) Histology of callus with irregular shaped cells 

with small nucleus and cytoplasm on MS with 1mgl-1 IAA 

and 1mgl-1 NAA media (Scale: Bar = 50µm). (5i) Whitish, 

globular and friable callus on MS with 5mgl-1 NAA and 

5mgl-1 IAA media (Scale: Bar = 1mm). (5j) Histology of 

callus with small nucleus and cytoplasm on MS with 5mgl-1 

NAA and 5mgl-1 IAA media (Scale: Bar = 50µm).  (5k) 

Mucilaginous, wet and large lump callus on MS with 8% 

sucrose in 1mgl-1 2,4-D media (Scale: Bar = 1mm). (5l) 

Histology of dense cells of callus with large nuclei on MS 

with 5mgl-1 NAA and 5mgl-1 IAA media (Scale: Bar = 

50µm). dfc: dried friable callus; fc: friable callus; gc: 

globular callus; isc: irregular shaped cells; mc: mucilaginous 

callus; nuc: nucleus; ps: polysaccharide; rp: reserved protein; 

rt: root; vc: vacuolated cells 

 

 

Fig 6. Fresh weight of C. mangga callus culture in MS 

medium supplemented with 1mg/L  2,4-D. Values represent 

means + standard deviation (SD) for 4 replicates per 

treatment. 

 

 
 

Fig 7. Fresh weight of C. mangga suspension culture in M2 

medium. Values represent means + standard deviation (SD) 

for 8 replicates per treatment. 

 

 

distinct nucleus with the presence of polysaccharide and 

reserved protein that supports rapid cell growth. The 

suspension cultures of C. mangga can be established and 

maintained by inoculating friable callus into MS liquid 

medium supplemented with 0.3 mg l-1 2,4-D, 0.1 mg l-1 NAA, 

5 mg  l-1 ascorbic acid, 5 mg l-1 citric acid, 0.1 mg l-1 d-

Biotin, 100 mg l-1 glutamine, 0.1 g l-1 malt extract and 30 g l-

1sucrose. Ascorbic acid and citric acid were added as 

antioxidant agents to overcome cell browning. For future 

studies, suspension cultures established in this medium can 

be used as a source for the production of secondary 

metabolites.  
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Fig 8. Rapid growing suspension cells in M2 medium (Scale: 

Bar = 100µm)  
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