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ABSTRACT

Leaf-derived callus of Ficus deltoidea female plant was used to establish the cell suspension culture in

the shake flasks system. Different types, concentration of plant growth regulators and different culture

conditions were studied in order to produce a rapid-growing and well-dispersed suspension culture of F.

deltoidea. Studies using full strength Murashige and Skoog (MS) media supplemented with  either 1mg/L to

5mg/L of picloram or 1mg/L to 3mg/L of 2,4-dichlorophenoxy acetic acid (2,4-D) revealed that MS medium

supplemented with 3mg/L picloram was found to be the most efficient media formulation for the establishment

of cell suspension culture.  In this treatment, a total of 8.70mL of packed cell volume (PCV), 1.57 x 10  cells/5

mL of total cell count and 62.52% of cell viability was obtained. The total cell number gained was about five-

fold more than those obtained in 3 mg/L 2,4-D. The growth curve constructed based on the PCV showed that

F. deltoidea cells was in their lag phase between day 0 to day 3. After day 3, the cells eventually entered the

exponential phase. The factors namely the carbon sources, inoculum sizes, medium pH and photoperiod

conditions that affecting the growth of suspension culture were also studied. Medium supplemented with 3%

of fructose hold the highest cells growth rate of 2.70mL. Nonetheless, higher inoculum size (10.0 mL) was

shown to produce a higher cells proliferation rate with the highest PCV gained was 7.20mL. Studies also

revealed  that  a  medium pH below or exceeding pH 5.7 did not induce rapid-growing suspension culture.

The cell suspension culture of F. deltoidea was also found to produce a higher growth rate (3.80mL) under

the photoperiod of 16 hours light and 8 hours dark condition as compared to 24 hours dark condition.
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Introduction

Ficus deltoidea (or commonly known as mistletoe fig) in various parts of the world mainly serves as an

ornamental shrub or houseplant and found native mainly in Asia tropical region for example Malaysia,

Indonesia, Philippines and Thailand (Starr, 2003; United States Department of Agriculture, 1996). However

in Malaysia, Ficus deltoidea (commonly known as ‘Emas Cotek’, ‘sempit-sempit’ by the native society) is a

medicinal plant which believed to be beneficial for the women reproductive system (BERNAMA, 2006).

Besides, the traditional medicine practitioners in Malaysia believe that this herb is good for improving blood

circulation and for rejuvenation and it can be processed into herbal tea (Uzmi Farm, 2001). The juice of this

plant is a remedy for several ailments like gout, hypertension and diabetes apart from improving blood

circulation as well as reducing cholesterol and toxins in the body (MARDI, 2006).
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Many of other Ficus species had been studied yet studies on the deltoidea species is still very limited. Past

research on F. deltoidea have been conducted in order to determine the type and optimum concentration of

plant growth regulator for callus induction (Then, 2006). In view of the many application of cell suspension

cultures as well as the lack of studies on cell suspension cultures of F. deltoidea; this study was conducted

in order to study the effects of different plant growth regulators (PGRs) at various concentrations on the

establishment of cell suspension cultures from leaf-derived callus of F. deltoidea. Through this, the growth

curve of the cell suspension culture maintained was able to be determined in the best induction medium.

Despite from focusing into the effects of PGRs, other factors such as nutritional (carbon sources), physiological

(inoculum sizes) and environmental factors (medium pH and photoperiod conditions) were also studied to

determine their effects on the growth rate of the suspension cultures.

Materials and methods

Plant Materials 

The plant material used for the establishment of cell suspension was callus induced from female leaf

explants of F. deltoidea obtained between January 2006 and June 2006 (Anna et al., 2007).  Induced calli were

subcultured every four weeks to freshly prepared MS culture medium supplemented with 1mg/L Picloram, 3%

sucrose (w/v) and 0.80% of agar (w/v). 

Medium Preparation

Full strength of Murashige and Skoog medium (1962) was used in this study and supplemented with plant

growth regulators (2,4-D and picloram) at the concentrations of 1,2 and 3 mg/L. Sucrose at 3% (w/v) was used

as carbon source unless stated otherwise. Medium pH was then adjusted with pH meter (Mettler Toledo) to

pH5.7 ± 0.1 with either 0.1M of HCl or NaOH. The medium was then distributed with volume of 20 mL to

each 100 mL Erlenmeyer flask and covered properly with aluminium foil. Then, the medium were autoclaved

at 121°C and 15psi for 15 minutes. Finally, the autoclaved media were left to be cooled under room

temperature. Culture medium without any PGR supplemented was used as the control in this study.

Establishment of Cell Suspension Culture

The establishment of suspension culture was initiated by inoculating 1g of finely-chopped four-week old

callus into 20mL of liquid medium in 100mL Erlenmeyer flask. In order to study the influence of two different

types of auxin (2,4-D and picloram), two series of Erlenmeyer flask containing MS medium forfeited with 3%

of sucrose (w/v) were prepared, each with concentration of 1mg/L to 3mg/L. The flasks were then sealed and

maintained on rotary shaker (PROTECH Model 721) at 80-100rpm.  The cultures were incubated at 25 ± 1°C

under cool fluorescent light with regular photoperiod of 16 hours light and 8 hours dark. 

Growth Measurement

The growth of F. deltoidea was measured in terms of packed cell volume (PCV), cell count and percentage

of viability. PCV was determined by allowing the suspension culture to sediment in a sterile centrifuge tube

whereas the cell count and percentage of viability were determined by mixing the suspension culture with 4%

(w/v) Evans Blue solution at the ratio of 1:1. The number of cells were then observed and counted with

Neubauer Hemocytometer (Reichert, USA) under a microscope.

Effects of different carbon sources

In this study, the effects of four different carbon sources: glucose, fructose, sucrose and sorbitol at 3%,

on the growth of F. deltoidea cell suspension culture were studied.  Full strength of sterile MS medium

supplemented with 3 mg/L of picloram was selected in this part of study. Five millilitres of cell culture were

inoculated into 20 mL of fresh MS medium in 100 mL Erlenmeyer flask. The cultures then agitated at 80-100

rpm on the orbital shaker. The temperature was maintained at 25 ± 1°C under cool white light and a

photoperiod of 16 hours light and 8 hours dark. The measurement of cell growth was done by quantifying the

PCV values interval of every 3 days continuously for 2 weeks.  Each treatment was repeated twice with 2

replicates each.
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Effect of Different Inoculum Sizes

The effects of three different inoculum sizes on the growth of F. deltoidea cell suspension cultures were
also carried out. The medium chosen for this part of study was sterile full strength MS medium supplemented
with 3 mg/L of picloram. Different amount of inoculum (2.5, 5.0 and 10.0 mL) was introduced into 20 mL
of fresh MS medium in a 100 mL Erlenmeyer flask.  The flasks were then placed on rotary shaker at 80-100
rpm. The temperature was maintained to about 25°C and under normal photoperiod (16 hours light, 8 hours
dark). The values of PCV for each treatment were measured interval of every 3 days for 2 weeks. All of the
treatments were repeated twice with 2 replicates each. 

Effects of Different Media pH 

In  this part of study, three different media pH values (pH 4.5, pH 5.7 and pH 6.7) were introduced to
F. deltoidea suspension cultures. Full strength sterile MS media supplemented with 3 mg/L of picloram was
selected.  Five millilitres of cells were inoculated into 20 mL of fresh media with adjusted pH in a 100 mL
Erlenmeyer flask. Then the flasks were placed on a shaker agitated at 80-100 rpm. The temperature of the
culture room was maintained to about 25°C and under normal photoperiod (16 hours light and 8 hours dark).
The PCV of every treatment was measured in an interval of every 3 days for 2 weeks. Each of the treatment
was repeated twice with 2 replicates each. 

Effects of Different  Photoperiod

Two different photoperiod conditions were introduced to F. deltoidea cell suspension culture; 24 hours dark
and normal photoperiod (16 hours light and 8 hours dark). Sterile full strength MS media supplemented with
3 mg/L of picloram was selected in this part of study. Five millilitres of cells were inoculated into 20 mL of
fresh media in a 100 mL Erlenmeyer flask. The dark condition was done by wrapping aluminium foil around
the flask to avoid any penetration of light into the culture. All the cultures were then placed on a shaker with
rotation speed of 80-100 rpm. Temperature of the culture room was maintained at around 25 ± 2 °C.
Measurement of growth was done by observing the PCV of the treatments interval of every 3 days for 2
weeks. Each treatment was repeated twice with 2 replicates each. 

Results and discussion

Effects of different concentration of Picloram 

In order to study the effects of auxins on the establishment of cell suspension culture, two different auxins
(2,4-D and Picloram) were studied at the concentrations of 1 to 5 mg/L. As shown in Table 1, 3mg/L of
Picloram was found to induce the best growth among all the treatments with the highest measurements of PCV
(8.70 ± 0.50 mL) as well as thehighest cell count (6.30 ± 1.78 ×10 cells). This correlates with previous studies4

on Lilium species whereby picloram was found effective for callus induction as well as establishment and
maintenance of stably-growing suspension cultures (Hiroyuki and Masaru, 2002). On the other hand, 3mg/L
of picloram treatment owned the lowest value of cell viability of 62.52% which was about 17.5% lower than
the control. 

Subsequently, 2mg/L of picloram treatment which induced cell volume of 6.90 ± 0.40mL with
approximately 1.8mL and about 3 x10 cells /mL less than the best treatment (3mg/L Picloram). However, it4

possessed a 10% higher percentage of cell viability than that of the best treatment. The 1mg/L picloram
treatment has induced 5.50 ± 0.50mL of cell volume and a cell count of (11.80 ± 2.64) x10 cells /mL, which4

was only 1.50mL and about 4 x 10 cells/ mL higher than the control. Yet, 1 mg/L of picloram treatment4

owned the highest percentage of cell viability with the value of 75.46 ± 6.14% which was about 13% higher
than the best treatment. Taylor et al. (1992) suggested that suspensions containing high concentration of
picloram would produced more phenolic compound than the cells that treated with 2,4-D. Phenolic compounds
were responsible for the death of heterogeneous suspension cultures after 9 weeks thus leads to low percentage
of viability. Any higher concentration of picloram added did not showed any significant improvements of the
cell growth. With the decrease of picloram concentration, the biomass produced was generally decreased but
the percentage of cell viability was increased.

As shown in Figure 1, the higher the concentration of picloram, the lag phase of the growth curve was
comparatively shorter than 2,4-D treatment (Figure 2). Similarly, studies done by Figueiredo et al. (2000)
showed that R. mucosa cultures supplemented with picloram displayed the fastest growth rate and reduced lag
phase as compared to media supplemented with 2,4-D or NAA. NAA was found to be superior to 2,4-D in
promoting both cell growth in Rubia cordifolia (Omar et al., 2004). 
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The control generally had the lowest induction among all the treatment tested based on the cell volume
and  total  cell  number. The  PCV  and total cell number recorded in the control was 4.00 ± 0.60mL and
(8.04 ± 2.00) x10 cells /mL respectively. Conversely, the control possessed the highest cell viability with4

almost 80% of the cells still viable after 12 days of culture. Although no auxins were supplemented to the
control, the culture was still able to grow to a certain amount. This might due to the presence of endogenous
hormones produced by the plant cells to support growth. This was proven by Jiménez et al. (2005) who
showed presence of endogenous hormones in carrot cultures. However, production of endogenous hormones
alone was not sufficient in promoting long-term cell growth. Van der Plas et al. (1995) revealed that cells
grown in the hormone-free medium died after third passage of subculture which further confirmed the
importance of incorporating auxins in the medium for growth of suspension culture.

All the cells of F. deltoidea treated with picloram showed a fine, round and highly cytoplasmic-riched cells
as shown in Figure 3. Figueiredo et al. (2000) observed similar morphology of cells in the study of R. mucosa
cell suspension culture supplemented with picloram with a more homogenous suspension and a higher cellular
viability. 

Table 1: Effects of different concentrations of picloram on the establishment of cell suspension of F. deltoidea.

PGR Concentration Days Total cell no. per m l Cell viability Colour of

(mg/L) ± S.D. (×10 ) ± S.D. (%)   Culture4

Picloram 0 3 6.30 ± 1.78 93.02 ± 6.93 Clear light yellow

6 6.60 ± 1.81 92.51 ± 7.49 Clear yellow

9 7.75 ± 2.26 88.26 ± 19.56 Clear greenish yellow

12 8.04 ± 2.00 79.96 ± 6.18 Clear greenish yellow

1 3 6.60 ± 3.22 85.27 ± 11.15 Clear light yellow

6 7.60 ± 1.64 87.07 ± 6.38 Clear yellow

9 8.70 ± 1.47 81.04 ± 8.92 Clear greenish yellow

12 11.80 ± 2.64 75.46 ± 6.14 Greenish yellow

2 3 5.95 ± 7.58 88.56 ± 3.01 Clear yellow

6 7.95 ± 1.27 83.06 ± 6.19 Yellow

9 9.10 ± 3.29 73.46 ± 4.89 Greenish yellow

12 12.80 ± 3.10 71.99 ± 6.04 Greenish yellow

3 3 10.50 ± 4.07 91.34 ± 4.69 Clear yellow

6 11.60 ± 3.70 86.92 ± 4.15 Yellow

9 13.80 ± 6.08 76.35 ± 7.22 Greenish yellow

12 15.70 ± 4.20 62.52 ± 4.04 Greenish yellow

4 3 4.83 ± 7.64 93.22 ± 2.10 Light yellow

6 7.67 ± 2.32 85.00 ± 4.55 Greenish yellow

9 11.40 ± 0.88 77.63 ± 8.64 Greenish yellow

12 13.50 ± 4.26 65.62 ± 10.07 Opaque olive green

5 3 5.00 ± 2.83 92.73 ± 4.21 Light yellow

6 7.50 ± 1.95 88.72 ± 3.16 Greenish yellow

9 10.38 ± 3.26 77.22 ± 13.23 Greenish yellow

12 13.26 ± 3.21 66.23 ± 15.68 Opaque olive green

S.D. = Standard Deviation

Fig. 1: Effect of different concentrations of picloram on the establishment of F. deltoidea  cell suspension
culture measured by packed cell volume (PCV) in 20 mL of cell culture. Bars indicate the standard
deviation.
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Fig. 2: Effect of different concentrations of 2,4-D on the establishment of F. deltoidea cell suspension culture
measured by packed cell volume (PCV) in 20 mL of cell culture. Bars indicate the standard deviation.

Fig. 3: Morphology of F. deltoidea cell suspension culture supplemented with 3 mg/ L of picloram. (a)
Morphology of cells under light microscope (magnification:   x400). (b) Physical appearance on the
wall of flask. 

Effects of different concentration of 2,4-D 

To study the effects of 2,4-D on the establishment of suspension cultures, 3 different concentration of 2,4-

D were supplemented (1mg/L, 2mg/L and 3mg/L). Of all the treatments for 2,4-D, 3 mg/L was found to be

the best concentration to induce the highest cell growth with PCV value of 5.30 ± 0.60mL (Figure 4). This

value was 1.30 mL higher than measured in control. Other than that, 3mg/L 2,4-D treatment owned the highest

total cell number of (7.75 ± 2.65) x 10 cells/mL among all the 2,4-D treatments (Table 2). However, the PCV4

and total cell number produced by this 2,4-D treatment was still 3.40 mL and 8.00 x 10 cells/mL lower than4

those obtained in the best picloram treatment. Nevertheless, 3mg/L 2,4-D treatment possess 10% higher cell

viability (74.03 ± 2.36%) as compared to the best picloram treatment. 

The second best treatment was found to be 2mg/L 2,4-D treatment of all 2,4-D treatments. It owned the

cell volume of about 4.50 ± 0.30mL and total cell number of  (7.03 ± 2.47) x 10 cells/mL, which were about4

2 times lower than the best picloram treatment. Yet as compared with the best 3 mg/L of 2,4-D treatment, it

had a lower percentage of cell viability by about 2% with the value of 72.00 ± 3.65%. 

2,4-D at 1 mg/L with PCV of  4.10 ± 0.70mL gave the least cell volume among all the treatments. This

value was not significantly different from the value recorded in the control. Moreover, it gave a lower number

of total cell numbers by about 1.50 x 10 cells/mL as compared to the control. On the other hand, 1mg/L 2,4-D4

treatment gave 66.45 ± 10.87% of cell viability which was about 13.50% lower as compared to the control.

In general, the percentage of cell viability was decreasing with the increase concentration of 2,4-D from

1mg/L to 3mg/L. However, increase concentration of 2,4-D brought about some increment in cell growth

though  the  biomass  yielded  in  2,4-D treatment was not noticeable as compared to picloram treatments.

The best treatment in 2,4-D (3mg/L) produced about 40% less cells as compared to the best picloram treatment

(3mg/L). Thus, 2,4-D was more suitable in inducing cell differentiation rather than maintenance of cell growth

for long-term. This was proven in M. elliptica whereby the cell growth was lower in the presence of 2,4-D

than in the presence of NAA and IAA (Abdullah et al., 1998). The auxin, 2,4-D as an supplemented hormone
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in suspension culture usually induce complex physiological alterations including permeability of cell walls and

increase in pore size of cell wall (Hensel et al., 2002). According to Yang et al. (1999), the suspension cultures

of Mentha cells were observed to show significant cell elongation under 2,4-D treatment.

The  differentiation mechanism might due to the activation of cell division or genetic level activities.

Chong et al. (2005) showed that 2,4-D was the most effective in the induction of ginger somatic

embryogenesis as 2,4-D shock could serve as a trigger in inducing cell division in the epidermal cells and

promoting their further differentiation to somatic embryos. Other than that, there might be certain degree of

inhibitory effect of 2,4-D on the growth of cells (Hollmann, 2002; Hirasuna et al., 1996).

As observed from Figure 4, all the 2,4-D treatments generally did not produce a healthy sigmoidal growth

but rather linear and slow growth. This might further supported the fact that, 2,4-D does not support growth

or maintenance of cells but for differentiation. 

Based on the observation on Figure 5, 2,4-D treatment shown an elongated, highly vacuolated cells and

huge clumps of cells was found stuck on the wall of the flask. The same observation was reported by

Figueiredo et al. (2000) on the   R. mucosa cell suspension supplemented with 2,4-D. Similarly, according to

Yang et al. (1999), the suspension culture of Mentha cells also showed significant cell elongation under 2,4-D

treatment. Thus, it can be concluded that 2,4-D promotes cell differentiation but not significantly increase the

growth of F. deltoidea cell suspension culture. 

Table 2: Effects of different concentrations of 2,4-D on the establishment of cell suspension culture of F. deltoidea.

PGR Concentration Days Total cell no. per Cell viability Colour of Culture

(mg/L) mL ± S.D. (×10 ) ± S.D. (%)4

2,4-D 0 3 6.30 ± 1.78 93.02 ± 6.93 Clear light yellow

6 6.60 ± 1.81 92.51 ± 7.49 Clear yellow

9 7.75 ± 2.26 88.26 ± 19.56 Clear greenish yellow

12 8.04 ± 2.00 79.96 ± 6.18 Clear greenish yellow

1 3 5.10 ± 2.36 98.21 ± 2.53 Clear light yellow

6 6.35 ± 3.32 70.56 ± 3.38 Clear yellow

9 5.36 ± 3.56 67.20 ± 4.87 Clear yellow

12 6.55 ± 5.32 66.45 ± 10.78 Greenish yellow

2 3 5.63 ± 1.77 95.55 ± 0.14 Clear light yellow

6 5.21 ± 1.33 77.88 ± 4.08 Clear yellow

9 6.44 ± 2.51 70.32 ± 2.94 Clear yellow

12 7.03 ± 2.47 72.00 ± 3.65 Light olive green

3 3 5.31 ± 3.32 96.79 ± 2.65 Clear light yellow

6 6.03 ± 1.23 83.26 ± 2.26 Clear yellow

9 6.95 ± 3.62 77.62 ± 6.20 Greenish yellow

12 7.75 ± 2.65 74.03 ± 2.36 Light olive green

* S.D. = Standard Deviation

Fig. 4: Effect of different concentrations of 2,4-D on the establishment of F. deltoidea cell suspension culture

measured by packed cell volume (PCV) in 20 mL of cell culture. Bars indicate the standard deviation.

Growth Curve Studies

The growth profile for F. deltoidea cell suspension culture generally showed a sigmoidal growth curve

throughout the 12 days of study period by the measurement of packed cell volume (PCV) (Figure 6). However,

the growth curve was not complete as it only near reaching the end of exponential phase by day 12. 
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Fig. 5: Morphology of F. deltoidea cell suspension culture supplemented with 3 mg/ L of 2,4-D. (a)

Morphology of cells under light microscope (magnification: x400). (b) Physical appearance on the wall

of flask. 

The study was initiated by inoculating about 1.80mL of cells on day 0. On day 3 the F. deltoidea cell

suspension culture showed about 37% increment of growth which was relatively slow as compared to day 6,

day 9 and day 12 with an increment of about 156%, 243% and 310% respectively. Thus, between day 0 and

day 3, the cells were in their lag phase whereas after day 3, the cells entered the exponential phase. However

after day 9, the growth of the cells was shown to be slowed down with only about 67% of increment in PCV

as compared to 119% of increment between day 3 and day 6. 

The lag phase was noted with generally stagnant or minimum growth observed from the growth curve. A

possible explanation for this was the suspension cells were adapting to the newly inoculated environment

during the lag phase, as it entered the log phase, the cells eventually adapted to the new environment and

started to grow exponentially utilising the nutrients provided (Yen et al., 1999). Exponential phase was well-

known by doubling in numbers of cells with every generation time. During this phase of growth, the cells were

successfully adapted to the new environment and fully utilizing the nutrients and resources to multiply

(Stanbury and Whitaker, 1999). Nevertheless, stationary phase was marked significantly by a suddenly ceased

in increment of cell growth. This might due to the limitation of nutrients available in a batch culture or cells

started to secrete toxins to the environment and further lead to cell death.

Fig. 6: Growth curve of F. deltoidea cell suspension culture after cultured for 12 days in MS medium

supplemented with 3 mg/L picloram based on the measurement of packed cell volume (PCV). Bars

indicate the standard deviation.

Effects of Different Carbon Sources 

Four different carbon sources (glucose, fructose, sucrose and sorbitol) with 3% (w/v) concentration were

supplemented into MS medium to study the effect of carbon sources on the growth rate of F. deltoidea cell

suspension culture. After 12 days of observation, it was found that all treatments showed an almost uniform
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trend of sigmoidal growth curve (Figure 7). However, culture supplemented with fructose achieved the highest
growth rate on day 12 with the value of 2.70mL, which was about 0.2mL higher than the sucrose treatment.

Although fructose treatment has the lowest growth rate during day 0 to day 6 it increased drastically after day
6 and continuously owned the highest growth rate until day 12. 

Meanwhile, sucrose treatment gained 2.50mL of growth rate on day 12. The percentage of increment
throughout the period of study was found to be quite constant with no sudden increase or decline in cells’

growth (Figure 7). 
The same as for sorbitol treatment, it has a cell growth of 0.30mL lower than the fructose treatment on

day 12. During day 0 to day 3, sorbitol treatment was marked by the highest growth rate among all the
treatments. Yet, it showed a sudden decrease in the growth during day 3 to day 6, and followed by the growth

increment after day 6.
The lowest growth was obtained in the glucose treatment, in which showed a growth rate of 2.2mL which

was about 0.5 mL less than the best carbon source treatment on day 12. The growth of cells in glucose
treatment was slightly lower during day 3 than day 9, and then the trend increased again after day 9. 

Soluble sugars such as glucose, fructose and sucrose are often referred to as the substances responsible
for osmotic adjustment in tissues under osmotic stress (Premachandra et al., 1992). Maretzki et al. (1974)

showed that sucrose, fructose and glucose were the best carbon sources for the growth of most plant cell
cultures. However, Abdullah et al. (1998) showed that 3% and 5% of fructose and mannitol was able to

promote growth of M. elliptica cell cultures. Alike in this study, fructose treatment showed the highest growth
increment on day 12 followed by sucrose, sorbitol and glucose, respectively. 

The kinetics of sugar uptake by maize endosperm suspension cultures resemble those observed for
asparagus cell cultures in that fructose is transported most rapidly, followed by glucose and then sucrose

(Felker et al., 1989). Godo et al. (1996) showed that lower suitability of sucrose for both cell clumps culture
medium and protoplast culture medium might be due to the partial breakdown of sucrose into glucose and

fructose by autoclaving. Similar to this study, the consumption of fructose by S. eleagnifolium  Cav. suspension
culture was found to be 27% higher than sucrose (Nigra et al., 1990). Thus, to achieve the optimum cell

growth, different plant required different carbon source due to the different enzymatic metabolism. Moreover,
the availability of sugars and its derivatives would initiate different responses and would affect plant

metabolism, growth and development (Yu, 1999).
Althought fructose managed to produce the highest growth rate, it was anticipated that at higher

concentration, it might have a growth-inhibitory effect. Such inhibitory effect at higher concentration of fructose
was well document in Nicotiana tabacum and Cinchona succirubrum with using high fructose concentration

(Nigra et al., 1990).

Fig. 7: Effect of different carbon sources on the growth rate of cell suspension culture of F. deltoidea
measured by packed cell volume (PCV). Bars indicate the standard deviation.

Effects of Different Inoculum Sizes 

The size of the inoculum had some effect on the synthesis of secondary metabolites may be related to the

enhancement of the activity of the enzymes involving the metabolic pathway (Contin et al., 1998). The effect
of 3 different inoculum sizes: 2.5mL, 5.0mL and 10.0mL, on the growth rate of F. deltoidea cell suspension
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culture were studied for 12 days. An inoculum size treatment of 10.0mL produced the highest growth rate

(7.2mL) on day 12. As observed in Figure 8, the 10.0mL inoculum size treatment showed a sigmoidal growth

curve with a lag phase during the first 6 days and entered exponential phase after day 6.

Meanwhile, the treatment using 5.0mL of inoculum size yielded 3.70mL of increment in cells on day 12

(Figure 8). The growth rate obtained in this treatment was almost 2 times higher than the 2.5mL inoculum

treatment. The growth curve shown was not a significant sigmoid shape as compared to the best treatment.

However, this treatment too, entered the exponential phase after day 6.  

Next, the treatment using 2.50mL of inoculum size treatment with 2.4mL of increment of growth gained.

Nevertheless, the general trend of growth curve observed was quite linear as compared to the other treatments

examined. However, a slight increment was observed after day 9. This treatment possessed a longer lag phase

as compared to other treatments.

All the treatments did not show a complete growth curve as most of the cells were still in their mid-

exponential phase. Thus, stationary phase could not be determined. As observed from Figure 8, with every

doubling-up of inoculum size, the growth rate yielded on day 12 were also doubled. 

Plant cells required a critical minimum inoculum density for cell suspension culture. Lower inoculum

density may be only in their late exponential phase while those from higher inoculum density, could have

already been in their declining phase (Abdullah et al., 1998). According to Guo and Zhang (2005) on the

studies of ginger cell suspension culture, inoculated amount which lower than 0.5% (w/v) would eventually

generate low proliferation while higher than 2.0% (w/v) the cells would proliferate faster.

However, the optimum inoculum size is highly variable among different plants’ species (Figueiredo et al.,

1997). Zhang et al. (2002) had concluded that maximum value of biomass and secondary metabolites

production will obtained with larger inoculum. 

Fig. 8: Effect of different inoculum sizes on the growth rate of cell suspension culture of F. deltoidea

measured by packed cell volume (PCV). Bars indicate the standard deviation.

Effects of Different Media pH 

Media pH affects cell growth by influencing the breakdown of substrates and transport of both substrates

and product through cell membrane and cell wall (Omar, 2002). Ficus deltoidea cell suspension cultures were

inoculated into 3 different media pH: pH4.5, pH5.7 and pH6.7, respectively to study the growth condition of

the cells. The treatment media of pH5.7 had induced the highest growth rate of 3.8mL owned on day 12 which

was about 2 times higher than the pH4.5 treatment media. As shown in Figure 9, pH5.7 treatment medium

hold a sigmoid growth pattern whereby day 0 to day 6 was recognized as the lag phase and the cells entered

the exponential phase after day 6. 

Previous  studies  point  out  that  pH  levels influence uptake of auxin (Santarem et al., 1997; Davies

and Rubery, 1978). However, most of the plant possessed of optimum media pH of around pH5.0 – 6.0 except

for certain suspension culture which favors acid-growth condition. Most auxin is in dissociated form at a high

pH, and more of the 2,4-D is in its associated form at a relatively low pH. Cells are unable to take up

dissociated 2,4-D. So cells grow fast at low pH because these take up more undissociated form of 2,4-D

(Chong et al., 2005). 
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Treatment medium of pH6.7 hold a comparatively linear growth pattern throughout 12 days of study as

compared to treatment medium of pH5.7 and pH4.5 respectively. The treatment using pH6.7 medium produced

the least cell volume of 1.6mL which was less by 2.2mL as compared with pH5.7 treatment on day 12. 

Meanwhile, pH4.5 treatment held a growth rate of 2.1mL on day 12 which was slightly higher than pH6.7

treatment by 0.5mL. The general growth model was found to be quite irregular yet the increment of this

treatment was not as significant as projected in the pH5.7 treatment. However, it was spotted after day 9 that

the percentage of increment in growth rate was slightly higher. There might be possibility that the suspension

cells started to enter the exponential phase.

Fig. 9: Effect of different media pH on the growth rate of cell suspension culture of F. deltoidea measured

by packed cell volume (PCV). Bars indicate the standard deviation.

Fig. 10: Effect of different photoperiod condition on the growth rate of cell suspension culture of F. deltoidea

measured by packed cell volume (PCV). Bars indicate the standard deviation.

Effects of Different Photoperiod Condition 

Two different photoperiod condition, cells cultured in normal photoperiod (16 hours light and 8 hours dark)

and 24 hours dark condition respectively, were set up to observe their effect on the growth rate of F. deltoidea

cell suspension culture. As shown in Figure 10, cells cultured under normal photoperiod treatment gave 3.8mL

of growth rate on day 12 which was about 200% higher than cells cultured in 24 hours dark treatment of

growth rate of 1.8mL on day 12. About 100% of increment for the cells treated under normal photoperiod

treatment was observed with every interval of 3 days. On the other hand, cells cultured in 24 hours dark

treatment showed lower rate of increment for every interval of 3 days as compared to the normal photoperiod
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treatment. However, it was observed that for cells that cultured in 24 hours dark treatment, was about to enter

the stationary phase during day 9 to day 12 where the rate of increment was found to be decreasing.  

According to Rout (2000), light source became an important factor for the proliferation of suspension cells

since to certain extend it might possess the ability of undergoing photosynthetic activities (Rout, 2000).

However, the degree of affecting the growth of cells was still remaining unclear as limited study was done

on the lighting condition affecting the growth of cell suspension culture. Many studies revealed that light may

inhibit or stimulate the production of secondary metabolites (Matsumoto et al., 1973). For example, dark-grown

cells do not produce anthocyanins (Davies, 1978).

Conclusions

Cell suspension cultures were successfully established from the leaf derived callus of F. deltoidea. In order

to develop an optimised medium and culture condition, Response Surface Model-based Experimental Design

can be conducted to optimise the levels as well as to elucidate interaction between different medium and

culture conditions simultaneously.  Apart  from  that,  optimization  of  important  secondary  metabolites

(e.g. flavanoids) could be done by understanding the kinetics and modelling for cell growth in order to obtain

the maximum product yield for pharmaceutical industry.

Abbreviations

2,4-D, 2,4-dichlorophenoxyacetic acid; Picloram, 4-amino-3,5,6-trichloro picolinic acid; 
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