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ABSTRACT 
 
Aims: The cosmic production of biomass and bioactive compounds at pilot scale with minimum 
production costs is an important task to achieve feasible production process of corresponding 
secondary metabolites at a commercial level.  
Materials and Methods: The cell suspension cultures of Catharanthus roseus in MS medium 
supplemented with 2, 4-dichlorophenoxyacetic acid (9.05 µM), kinetin (4.52 µM) were scaled up in a 
pilot plant bioreactor (100 lit). The cost of production was reduced by addition of substitute carbon 
source in a basal medium which hardly costs 30% in the medium. Preliminary studies were 
performed in the 7-lit bioreactor. A 100 lit stainless steel bioreactor equipped with helical impeller top 
mounted was used for scale-up of C. roseus suspension cultures and ajmalicine production. 
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Results: The culture medium reduced the cost by 36% by addition of commercial grade sugar 
whereas medium consist of tissue culture grade sucrose costs 53 USD per 100 lit. The suspension 
cultures were cultivated in a 100 lit bioreactor containing MS medium fortified with cost-effective 
carbon source produced ajmalicine 73.18 mg/l DW and achieved 36 kg of fresh biomass on day 20.  
Conclusion: The results of the present finding demonstrated the feasible and cost-effective 
production process of ajmalicine at pilot scale. 
 

 
Keywords: Bioprocess design; Catharanthus roseus; carbon source; large-scale cultivation; 

bioreactor; ajmalicine. 
 

1. INTRODUCTION 
 

Catharanthus roseus (L.) G. Don (Apocynaceae), 
commonly known as Madagascar rosy 
periwinkle, is a source around 130 indole 
alkaloids including critical anticancer drugs 
vinblastine and vincristine are marketed for more 
than four decades [1]. Ajmalicine 
antihypertensive drug found as a natural 
bioactive compound in 20 species of the genus 
Rauwolfia, four of Catharanthus, and two of 
Mitragyne [2]. Additionally, particular attention 
was given to the production of the anti-
hypertensive and anti-neuro-inflammatory agent 
monomeric indole alkaloid ajmalicine which 
increases the supply of oxygen to cerebral 
tissues and beneficial in post-stroke rehabilitation 
[3-4]. Herein, we have focus on the stem part of 
C. roseus because it contains antihypertensive 
drug ajmalicine, while leaves contain antitumor 
drugs vinblastine and vincristine [5]. The 
continuous demand of indole alkaloids in the 
global market and low yield of alkaloids in field-
grown plants has attracted cost-effective tissue 
culture technology. Since the global market of 
ajmalicine is gradually increasing and therefore, 
the large-scale cultivation in the bioreactor is an 
alternative source for bulk production of life-
saving drugs. Statistically, low-cost culture 
medium reduces the manufacturing cost much 
lower [6]. The main problem obstructing the 
development of scale-up of plant cell cultures 
have been low productivity and the high cost of 
culture medium. Thus, large-scale cultivation of 
plant cell culture in a bioreactor with minimal 
costs of the culture medium is the economically 
feasible way of producing high-value bioactive 
compounds from rare and endangered plants. 
 
Previously, remarkable progress for improving 
the yield of bioactive compounds in the 
bioreactor was studied extensively under 
different parameters. Different bioreactor design 
provides optimal environmental conditions for 
efficient cell growth and medicinal metabolites 
production. The scalability and sustainable 

conditions of a bioreactor which offers an 
appropriate mass transfer, adequate mixing, and 
reduced the shear stress intensity to the cultured 
cells to be promoted for industrial scale and 
enhance production capacity. However, large-
scale cultivation of plant cell cultures in different 
types of bioreactors for the bulk production of 
secondary plant metabolites has certain 
limitations. Over the subsequent 40 years, 
studies have focused on scale-up of cell cultures 
in different types of bioreactors to achieve high 
biomass and product yield. One of the best 
examples of in vitro cell cultures against the field-
grown plants produced product is shikonin, in 
that the extended growing period of 5-6 years 
entail for the accumulation of metabolites under 
stable environmental conditions means that the 
costs of the field-grown raw materials are high. 
Many researchers have demonstrated the 
positive approach towards in large-scale 
applications and economically feasible way of 
producing high-value plant secondary 
metabolites [7-12]. These are expected to remain 
an incredible area in the future for secondary 
metabolites production in bioreactors at a 
commercial level.  
 
Although remarkable and attractive advances of 
plant biotechnology, the production cost of 
secondary metabolites by cell cultures are still 
high. Zenk [13] reported that development of 
plant cell cultures at an industrial scale is 
preferable if the production cost equal or lower 
than the field produced the product. A recent 
study showed that application of disposable 
bioreactor cut down the production costs for cell 
culture system for the production of significant 
secondary metabolites [14-15]. Conversely, plant 
cell and tissues in the culture medium lack the 
autotrophic ability and therefore need an external 
carbon source. Different carbon sources to 
varying concentrations in culture medium have 
been utilised to stimulate the product synthesis 
and reduce the cost of production of secondary 
metabolites. The optimised protocols have been 
studied using different carbon source for the 



 
 
 
 

Fulzele and  Namdeo; BJI, 21(4): 1-15, 2018; Article no.BJI.43510 
 
 

 
3 
 

production of withanolide by Withania somnifera 
suspension cultures and achieved 5% more 
production from a medium enriched with sucrose 
as a carbon source [16].  
 
A low yield of secondary metabolites by cell 
cultures with a high cost of culture medium 
drastically reduced the possibility to make a 
feasible and viable production process at a 
commercial level. Furthermore, the supplements 
of other costly ingredients in MS medium which 
shares in meager quantity while the source of 
carbon contributes 83% which increases the 
costs of the medium. Sucrose remains the most 
widely used carbon source and is an essential 
ingredient of culture medium. Due to low 
productivity and high production costs of these 
alkaloids by cultures of C. roseus, efforts were 
made to minimise the costs by the addition of 
commercial grade sugar into the culture medium. 
There are no reports based on scientific 
observation in the literature on the scale-up of 
ajmalicine production at pilot scale. Therefore, in 
the present study, the culture medium was 
fortified with low-cost carbon source components 
for suspension cultures of C. roseus in the 
bioreactors agitated at 100 rpm and 140 rpm and 
studied the cell growth and ajmalicine production 
thoroughly. 
 

2. MATERIALS AND METHODS 
 
2.1 Establishment of Callus Cultures 
 
Surface disinfection of explant materials as 
described by Kapare et al., [17]. In brief, explant 
materials (stem) of C. roseus were kept under 
running tap water for 30 min and then washed 
with Dettol for five min followed by thorough 
washing with distilled water to remove the traces 
of germicidal agent. The materials were then 
treated with 70% ethyl alcohol for 3 min and 
mercuric chloride (0.1% w/v) solution for 2 min, 
and subsequently, the plant materials were 
thoroughly rinsed six times with sterilised distilled 
water under aseptic condition. Lastly, surface 
sterilised explants were incised into small pieces 
(10-12 mm) and transferred to Murashige and 
Skoog's (MS) [18] medium supplemented with 2, 
4-dichlorophenoxyacetic acid (9.05 µM), kinetin 
(4.52 µM) and 3% tissue culture grade sucrose. 
The medium pH was adjusted to 5.8±0.02 using 
0.1N HCl or 0.1N NaOH before addition of agar 
(8 g/l). Medium (20 ml) dispensed into test tubes 
and autoclaved at 103.42 kPa for 20 min. 
Surface sterilised explants were aseptically 
transferred into culture tubes and incubated at 

25±2°C and maintained 16 h photoperiod with 
white fluorescent light (40 μmolm

-2
s

-1
). The 

cultures were regularly sub-cultured every third 
week on the same medium composition and kept 
under similar culture conditions. 
 
2.2 Establishment of Suspension 

Cultures and Scale up 
 
Suspension cultures were initiated from callus 
cultures. After 7th subcultures, ~3-4 g of biomass 
was transferred into 250 ml Erlenmeyer flask 
containing 75 ml of MS medium fortified with 2, 
4-dichlorophenoxyacetic acid (9.05 µM), kinetin 
(4.52 µM) and 3% tissue culture grade (TCG) 
sucrose (Hi-media, India). The initial Packed Cell 
Volume (PCV) of 15% and initial biomass to 
liquid ratio of 40 g/l FW was achieved from 3-4 g 
of biomass as an inoculum. Similar attempts 
have also been carried out with MS medium 
fortified with the same growth regulators with the 
addition of 3% commercial grade (CG) sugar 
(local market, Indore, India). The flasks were 
kept on Gyratory shaker and agitated at 120 rpm 
at 25±2°C under 16/8 h light and dark 
photoperiod conditions with white fluorescent 
light (40 μmolm

-2
s

-1
). The suspension cultures 

were subculture after every three-week interval. 
 
Firstly, scale-up of suspension cultures was 
carried out in 1-l Erlenmeyer flasks containing 
same media constitute and subsequently scaled 
up in 5-l Erlenmeyer flasks and kept on Gyratory 
shaker at 120 rpm. For 100-lit bioreactor, eight-
nine 5-l Erlenmeyer flasks were used to produce 
inoculum. In 5 lit Erlenmeyer flasks, fifteen 
percent packed cell volume was achieved by 
transferring ~60-70 g fresh biomass of three-
week-old suspension cultures in 1500 ml MS 
medium. The flasks were agitated on Gyratory 
shaker at 120 rpm at 25±2ºC. After three-week 
spent medium was removed from each flask and 
cells were transferred aseptically into 10 lit 
sterilised inoculum bottles, as inoculum for a 100 
lit bioreactor.    
 

2.3 Configuration of 7 lit Bioreactor 
 
The working volume of 7 lit stirrer bioreactor was 
4.5 lit, and schematic diagram of 7 lit bioreactor 
shown in Fig. 1. Top driven agitator fixed on the 
top, and upper stainless steel top plate was 
removable. Suspension cultures were cultivated 
in a bioreactor at 100 rpm and 140 rpm. An 
internal diameter of bioreactor was 135 mm and 
impeller diameter 90 mm, length 200 mm and 
shaft length 360 mm. Total six numbers of 
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impellers were fixed to impeller shaft and 
distance between two impellers 40 mm and width 
of impeller 90 mm. Suspension cultures were 
aerated by sterile air, supplied by stainless steel 
orifice at the bottom of the helical impeller. The 
temperature was maintained at 25±0.5°C. 
Samples were withdrawn every fifth day for 
determination of growth and ajmalicine contents. 
All experiments, data were from the duplicate 
and the averages with standard deviations given 
in the results. 
 
 

 
 

Fig. 1. Schematic diagram of a 7 lit stirrer 
bioreactor equipped with top mounted helical 
impeller as agitator. The working volume of 

bioreactor was 4.5 lit 
 

2.4 Pilot Scale Bioreactor (100 Lit 
Capacity) 

 
A 100 lit stainless steel bioreactor with the jacket 
equipped with helical impeller top mounted was 
used for scale-up of C. roseus suspension 
cultures and ajmalicine production. The internal 
diameter of a 100 lit bioreactor was 400 mm and 
working volume of 75 lit.  A schematic diagram of 
a 100 lit bioreactor is shown in Fig. 2. A 
mechanically top driven helical impeller achieved 
agitation speed 100 rpm and 140 rpm. The 
impeller diameter, the diameter of the shaft and 
length of the shaft were 536 mm, 40 mm, and 
660 mm, respectively. The impeller thickness of 
5 mm, the total number of impellers 6, the 
distance between two impellers 76 mm and width 
of impeller 260 mm. Bioreactor installed with a 
thermocouple, sterilisable pH and DO electrodes 
(Ingold, Germany) was used to control 
temperature, pH and dissolved oxygen of the 

culture medium. The temperature of suspension 
cultures in the bioreactor was maintained at 25± 
0.5°C in each experiment. The pH of the medium 
was maintained between 5.7 and 5.8 by the 
controlled addition of 0.2% NaOH or 0.2% HCl 
solution in each experiment. Compressed air 
aerated suspension cultures and filtered by 
passing through the primary filter to remove oil 
and particulates and after that air sterilised by 
passing through 0.22 mm filters (Domnick 
Hunter) and aeration (0.33 M3/h) provided via a 
stainless steel ring positioned beneath the helical 
impeller. Dissolved oxygen in the medium was 
maintained at 30% ± 1% from air saturation by a 
continuous feed of sterile air. 
 

 
 

Fig. 2. Schematic diagram of a 100 lit 
stainless steel bioreactor with the jacket 

equipped with top mounted helical impeller. 
The working volume of bioreactor was 75 lit. 
1. Stirrer motor, 2. Shaft, 3.  Helical impeller, 
4. Air orifice, 5. Dissolve Oxygen probe, and 

6. Temperature probe 
 

A 100 lit bioreactor was agitated at 140 rpm 
containing three-week-old suspension cultures to 
achieve initial biomass to liquid ratio of ~40 g/l 
FW. The bioreactor comprised 75 lit MS medium 
supplemented with TC sucrose and CG sugar as 
a carbon source and experiments were 
conducted at 100 and 140 rpm individually. 
Samples (~200 ml) were withdrawn aseptically 
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from bioreactor every 5th day for determination 
of pH, fresh weight, dry weight, sucrose, and 
ajmalicine content. All experiments, data were 
from the duplicate and the averages with 
standard deviations given in the results. 
 
2.5 Extraction of Ajmalicine 
 
The extraction of ajmalicine from biomass as 
described by Namdeo et al., [19]. In brief, with 
modification, harvested biomass and medium 
were analysed for the determination of 
ajmalicine. Suspension cultures were separated 
by filtration (Whatman No. 41 filter paper). 
Subsequently, harvested cells were dried in an 
oven at 55°C and after that powdered. Dried 
cells were extracted with methanol (three times) 
and evaporated to dryness at 40°C in vacuo to 
yield the residue. For analysis, the concentrate 
was transferred into polypropylene micro-
centrifuge tubes, mixed with methanol, and 
centrifuged at 12000xg for 10 min. After 
centrifugation, clear supernatants were 
transferred to clean glass vials and directly 
applied onto a high-performance liquid 
chromatography (HPLC) column. Similarly, the 
spent medium was extracted with chloroform, 
which was separated and evaporated to obtain a 
concentrate. For HPLC the concentrate was 
treated as above. 
 

2.6 High-Performance Liquid Chromato-
graphy (HPLC) 

 
Quantification of ajmalicine as described by 
Namdeo et al., [19]. With modification, the HPLC 
was performed on Shimadzu HPLC system, 
Japan, (LC-10AT/SPD-10A, CR6A) with a 25 ml 
loop and a variable wavelength detector. 
Separations were performed on Inertsil C18 
reverse phase silica gel column (4.6 x 250 mm 
Sigma, USA). The ajmalicine was determined by 
using Methanol - 0.1 mM di-ammonium hydrogen 
phosphate (40:60) as a mobile phase. The         
flow rate was 1 ml/min, and the elution was 
monitored at 254 nm. This method is sensitive 
and accurate with good reproducibility. Validation 
of quantitative process was performed with 
samples for five times. The results of the five 
injections from the same samples at five 
concentrations (0.01–0.5 µg) showed similar 
retention time. The analytical operation can be 
completed in 20 min. Quantitative estimation of 
ajmalicine was performed by using a standard 
curve obtained from the standard sample 
(Sigma). Also, Peak identification was confirmed 
by standard sample of ajmalicine. 

2.7 Growth Parameters 
 
Harvest biomass from bioreactor every 5th day 
was taken up for the determination of packed cell 
volume (PCV), sucrose, fresh weight (FW) and 
dry weight (DW). Details on the determination of 
FW, and DW, were described by Fulzele and 
Heble [8]. In brief, PCV was determined by 
allowing 100 ml cell suspension to settle in a 
100-ml cylinder for 20 min. Subsequently, 
harvested biomass was gently pressed on filter 
papers (Whatman No. 1) to remove excess water 
for FW determination. Harvested biomass was 
dried in an oven at 55°C for 16 h to get DW. The 
determination of sucrose as described by Fulzele 
and Heble [8], In brief, the measurements of the 
refractive index have been performed on Bausch 
and Lomb, USA. The results of the samples of 
TCG and CG at the different concentrations 
(0.5% to 5.0%) showed a similar refractive index. 
Validation of quantitative method was performed 
with five times the samples. This method is 
accurate with good reproducibility.  
 

2.8 Statistical Analysis 
 
The influence of carbon source on cell growth 
and ajmalicine production were determined by 
one-way analysis of variance (ANOVA). All 
experiments were carried out in duplicates in 
bioreactor and data were expressed as a mean ± 
standard deviation.  
 

3. RESULTS AND DISCUSSION 
 
Large-scale cultivation of suspension cultures in 
the bioreactor is an attractive bioprocess tool to 
develop feasible production protocol of 
secondary plant metabolites. The suspension 
cultures have been successfully cultivated in the 
bioreactors and studied the production protocols 
of alkaloids, isoflavones, terpenoids, taxane, 
anthocyanin, and glycosides [7-8,20-22]. 
However, the production costs of the plant 
secondary products are always a critical task to 
make feasible and economical production at 
large scale. It recorded that sole source of 
carbon alone in the culture medium shared 83%. 
Hitherto investigation of the influence of low-cost 
carbon source to reduce the production costs 
and scale up of C. roseus suspension cultures in 
a pilot plant bioreactor has not been studied 
earlier. In the present study, we have 
successfully cultivated suspension cultures of C. 
roseus at the pilot plant level and subsequently 
investigated the low-cost carbon source to 
reduce the production cost of ajmalicine. 
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3.1 Effect of Different Carbon Sources on 
Cell Growth and Ajmalicine 
Production in a 7 Lit Stirrer Bioreactor 

 
A preliminary study of the effects of different 
carbon sources on growth and ajmalicine 
production was conducted in a 7 lit stirrer 
bioreactor. The time course of growth and 
ajmalicine production of C. roseus cell 
suspension cultures were grown in MS medium 
containing TCG sucrose and CG sugar and 
subsequently scaled up in a 7 lit bioreactor 
agitated at 100 rpm (Fig. 3 a & b). As can be 
seen, cell growth revealed an initial lag phase 
from days 0 to 5, and after that long exponential 
phase from days 10 to 25 and lastly cells started 
lysis and showed decline phase till further 
cultivation. The cells consumed the maximum 
sucrose during the exponential growth phase, 
and depletion of sucrose was rapidly after that. 
The ajmalicine production was not detected 
during the first ten days and gradually the 
production after that steadily increased from 10 
to 30 days. The suspension cultures were grown 
in MS medium containing TCG sucrose produced 
the maximum amount of ajmalicine 19.45 mg/l 
DW and the biomass 18.34 g/l DW on day 30 
(Fig. 3a). However, incremental increase of 
indole alkaloid production occurred during the 
deceleration phase when suspension cultures 
were cultivated with CG sucrose in medium and 
cells accumulated 21.73 mg/l ajmalicine (Fig. 
3b). In this study, higher ajmalicine production 
occurred during the deceleration phase, and the 
available carbohydrate source was consumed 
entirely by the cells. 
 
Furthermore, suspension cultures were cultivated 
in a bioreactor and increased the agitation speed 
from 100 pm to 140 rpm. The kinetic profile of 
cell growth and ajmalicine production of C. 
roseus suspension cultures in a 7 lit bioreactor at 
140 rpm and medium comprised of TCG sucrose 
and CG sugar depicted in Fig. 4 a & b. The 
growth and ajmalicine production varied when 
suspension cultures were cultivated at 140 rpm 
in a 7 lit bioreactor. The initial lag phase was 
observed for five days and then increased the 
cell growth till 30 days. The ajmalicine production 
was not detected during 0 to 10 days, and after 
that, the production increased gradually until 30 
days of cultivation bioreactor. Maximum 
production of indole alkaloid ajmalicine was 
obtained during deceleration phase, and the cells 
consumed sucrose completely. At 140 rpm, cells 
were grown homogenously in MS medium 
containing TCG sucrose and obtained 23.13 g/l 

DW biomass and maximum ajmalicine 
production of 37.67 mg/l DW on day 30 (Fig. 4a). 
 
The agitation speed of the helical impeller, at 140 
rpm favored homogenous cell growth and did not 
allow cells to settle at bottom bioreactor. Also, 
maximum cell growth and ajmalicine production 
achieved during deceleration phase when 
suspension cultures were comprised of CG as a 
sole carbon source. The maximum cell dry 
weight was obtained by cell cultures grown in MS 
medium with CG on day 25. In the present 
results, the agitation speed 140 rpm stimulus 
homogenous cell growth and achieved a 
maximum 21.25 g/l DW and produced ajmalicine 
38.45 mg/l DW on day 25 (Fig. 4b). The present 
results revealed that the cells were grown 
homogenously in medium containing CG sugar 
and agitation speed 140 rpm could not be 
caused any damage to the cell. As a corollary, 
these finding suggested that agitation speed of 
helical impeller at 140 rpm found to be better for 
growth and production of ajmalicine. Also, the 
present results indicated that C. roseus cells 
grown uniformly in medium augmented with              
low-cost carbon source and also produced             
more concentrations of ajmalicine than that of 
cells cultivated with commonly used TCG 
sucrose. 
 
The TCG sucrose has been used as a common 
carbon source and replaced with CG sugar 
resulted in a low-cost medium for a component 
for rapid mass multiplication of Picrorhiza kurroa 
shoot cultures [23]. Our results are in agreement 
with Lungaho et al., [24] reported that using low-
cost CG as a replacement for high-cost TCG 
sucrose as the source of carbon and obtained 
better results of in vitro cell cultures of Solanum 
tuberosum. The promising results of inexpensive 
carbon source that enhanced the production of 
ajmalicine in a 7 lit bioreactor at 140 rpm, we 
have scaled up suspension cultures in a 100 lit 
bioreactor and further experiments at 140 rpm.  
 
3.2 Effect of Different Carbon Sources on 

Cell Growth and Ajmalicine 
Production in a 100 Lit Stirrer 
Bioreactor 

 
In pilot plant study, Fig. 5 a & b presents the 
profile of growth, sucrose consumption, and 
ajmalicine production during the cultivation under 
a 100 lit bioreactor agitated at 140 rpm. Three-
week-old suspension cultures were transferred 
into a bioreactor containing MS medium 
comprised with TCG sucrose and achieved initial 
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biomass to liquid ratio 0.04 g/ml FW. The cell 
growth displayed an initial lag phase for first 0 to 
5 days, long exponential growth phase between 
10 to 25 days and then growth slowing down 
from days 25 to 30 (Fig. 5a). The cells consumed 
sucrose almost wholly before reaching to late 

exponential phase, and maximum biomass and 
ajmalicine production were achieved during 
deceleration phase. A maximum ajmalicine 
production of 40.15 mg/l DW was obtained on 
day 25 and decrease after that to 39.81 mg/l DW 
on day 30.  

 

 

 
 

Fig. 3. (a) Time-profile of growth and ajmalicine production by Catharanthus roseus 
suspension cultures in MS medium supplemented with growth regulators and 3% tissue 

culture grade (TCG) sucrose as carbohydrate source in a 7 lit bioreactor at 100 rpm. (b) Time-
profile of growth and ajmalicine production by Catharanthus roseus suspension cultures in 
MS medium supplemented with growth regulators and 3% commercial grade (CG) sugar as 

carbohydrate source in a 7 lit bioreactor at 100 rpm. These results represent mean values ± SE 
of two replicates 

 

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 5 10 15 20 25 30

-2

0

2

4

6

8

10

12

14

16

18

20

22

24
D

ry
 w

e
ig

h
t 
(g

/l)
, 
A

jm
a
lic

in
e
 (

m
g
/l)

 

Cultivation period (days)

 DW
 AJM

 S
u
cr

o
se

 (
%

)

 Sucrose a

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 5 10 15 20 25 30

0

5

10

15

20

25

D
ry

 w
e
ig

h
t 

(g
/l)

, 
A

jm
a

lic
in

e
 (

m
g

/l)

Cultivation period (days)

 DW
 AJM

b

 S
u

cr
o

se
 (

%
)

 sucrose



 
 
 
 

Fulzele and  Namdeo; BJI, 21(4): 1-15, 2018; Article no.BJI.43510 
 
 

 
8 
 

 
 

 
 

Fig. 4. (a) Time-profile of growth and ajmalicine production by Catharanthus roseus 
suspension cultures in MS medium supplemented with growth regulators and 3% tissue 

culture grade (TCG) sucrose as carbohydrate source in a 7 lit bioreactor at 140 rpm. (b) Time-
profile of growth and ajmalicine production by Catharanthus roseus suspension cultures in 
MS medium supplemented with growth regulators and 3% commercial grade (CG) sugar as 

carbohydrate source in a 7 lit bioreactor at 140 rpm. These results represent mean values ± SE 
of two replicates 

 
As well, a low-cost ajmalicine production protocol 
was studied in pilot scale bioreactor at 140 rpm 
containing CG sugar as a sole source of          
carbon. The time course of growth, ajmalicine 
production, and sucrose consumption is shown in 
Fig. 5b. The suspension cultures were grown 
homogenously in a bioreactor, and the cell 

growth exhibited an initial lag phase for five days, 
an exponential period between 10 to 20 days 
and subsequently declined phase. The cells 
consumed maximum concentrations of sucrose 
during exponential phase. The ajmalicine 
production could not detect during the lag phase, 
but the production level gradually increased from 
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day ten onwards. The consumption of sucrose 
rapidly decreased between days 0 to 15 and 
continued to decline slowly until day 30. The 
ajmalicine production was augmented during             
the exponential phase, and at the same time, the 
cell has rapidly utilised the sucrose in the 
medium. The maximum ajmalicine production 

73.18 mg/l obtained on day 20, and after that, the 
production was slowly decreased to 62.19 mg/l 
on day 30 (Fig. 5b). The experimental data 
exhibited that suspension cultures were 
acclimatised in a medium comprised of CG sugar 
and attained 24.28 g/l/day cell growth in a 
bioreactor. 

 

 

 
 

Fig. 5. (a) Time-profile of growth and ajmalicine production by Catharanthus roseus 
suspension cultures in MS medium supplemented with growth regulators and 3% tissue 

culture grade (TCG) sucrose as carbohydrate source in a 100 lit bioreactor at 140 rpm. (b) 
Time-profile of growth and ajmalicine production by Catharanthus roseus suspension cultures 
in MS medium supplemented with growth regulators and 3% commercial grade (CG) sugar as 
carbohydrate source in a 100 lit bioreactor at 140 rpm. These results represent mean values ± 

SE of two replicates 
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Fig. 6. (a) Time-profile of cell growth by Catharanthus roseus suspension cultures in MS 

medium supplemented with growth regulators and 3% tissue culture grade (TCG) sucrose and 
commercial grade (CG) sugar as carbohydrate source in the 7 lit bioreactor at 100 rpm & 140 

rpm. (b) Time-profile of cell growth by Catharanthus roseus suspension cultures in MS 
medium supplemented with growth regulators and 3% tissue culture grade (TCG) sucrose and 
commercial grade (CG) sugar as carbohydrate source in the 100 l bioreactor at 140 rpm. These 

results represent mean values ± SE of two replicates 
 
In this study, the effects of carbon sources on the 
regulation of ajmalicine production by C. roseus 
suspension cultures were studied in the 100 lit 
bioreactors, where the inexpensive carbon 
source CG sugar elevated the ajmalicine 
production. Growth and ajmalicine production 

were relatively higher with CG sugar as the 
carbon source. Suspension cultures were 
nurtured with TCG sucrose produced ajmalicine 
40.15 mg/l DW on 25 days, whereas medium 
comprised with CG sugar produced 1.8-fold more 
on 20 days. Further, maximum biomass 26.78 



g/L DW and ajmalicine of 73.18 mg/l were 
output on day 20 when CG sucrose used as a 
source of carbon in the medium. At the same 
time, 21.36 g/l DW biomass and 40.15 mg/L 
ajmalicine produced when medium comprising 
TCG sucrose, the most commonly used carbon 
source for plant cell cultures. These findings 
revealed that the C. roseus 
accustomed to medium containing low
CG sugar and attained 3.66 g/l/day ajmalicine. 
The higher production by suspension cultures of 
C. roseus containing CG sugar conducive 
for high yield. A 54.86% inc
ajmalicine productivity was enhanced by 
cultured cells suitable with CG sugar as a carbon 
source. 
 
We have successfully cultivated suspension 
cultures in a bioreactor at the pilot plant level and 
simultaneously studied to reduce the production 
cost of ajmalicine by the addition of low
carbon source. In the present study, the costs of 
MS medium comprised with TCG sucrose around 
53 USD per 100 lit which reduced 36% by 
addition of low-cost CG sugar, which comes 
hardly 13 USD per 100 lit. The utilisation of 
carbon source for product synthesis, the minimal 
cost of carbon source was found better and 
stimulated the production capacity of cells and 
increased the accumulation of ajmalicine in cells 
(Fig. 5 a & b). These results indicate
cost carbon source improved the production level 
of cultured cells and produced maximum 
ajmalicine than those grown in MS medium with 
TCG sucrose. Suspension cultures were grown 
in MS medium with CG sugar in a 7 lit bioreactor 
at 140 rpm attained maximum biomass 345.89 
g/l FW while cells acclimatised with TCG sucrose 
produced 298.67 g/l FW (Fig. 6a). The CG grade 
sugar was found ideal carbon source for the 
biomass accumulation and product synthesis 
which yielded 485.65 g/l FW and 73.18 mg/l DW 
ajmalicine while the culture medium 
supplemented with TCG sucrose in a 100 lit 
bioreactor produced 378.56 g/l FW and 40.15 
mg/l DW ajmalicine (Fig. 6b).  Also, suspension 
cultures were grown in a 100 lit bioreactor 
containing CG sugar produced 36 Kg fresh 
biomass on day 20. Furthermore, the suspension 
cultures of C. roseus were cultivated in the 100 lit 
bioreactor at 140 rpm produced a high amount of 
ajmalicine than cells grown in a 7 lit bioreactor at 
similar agitation speed. A low-cost CG sugar was 
found suitable like TCG sucrose for cell growth 
and secondary metabolites production. The 
present results revealed that 
suspension cultures were utilised the 
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Fig. 7. Pilot-scale ajmalicine production by 

Catharanthus roseus suspension cultures in 
cost-effective culture medium in the 100 lit 

bioreactor 
 
Application of low costs medium for plant cell 
cultures is requisite to reduce the production 
costs of secondary plant metabolites as the 
problems associated with slow growth and low 
product yield. In the present study, we have 
applied low-cost carbon source to reduce the 
production cost of ajmalicine at the pilot plant 
level. The suspension cultures of 
cultivated in a bioreactor on two types of carbon 
sources exhibited differences in their growth and 
ajmalicine production. We recorded that the cells 
utilised the low-cost CG sugar which contributes 
83% in the culture medium and achieved 55% 
more production than that of TCG sugar in the 
culture medium. This results could be due to the 
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different sensitivity of cultured cells to the 5-
hydroxymethylfurfural is an essential bio-sourced 
intermediate formed during autoclaving from 
carbohydrates [25]. Also, the incremental 
increase of cell growth and ajmalicine production 
was high in cultured cells contained CG sugar 
may be due to it contains more substances which 
has already been reported in the regeneration of 
Centella asiatica and Solanum tuberosum [26-
27]. From the present results, the production of 
ajmalicine by C. roseus suspension cultures in 
MS medium supplemented with CG was found to 
be conducive. 
 

The selection of carbon sources which provides 
energy and beneficial for cell development of in 
vitro cell cultures has long been accepted as a 
crucial factor for secondary metabolite production 
by plant cell cultures. Sucrose is found to be 
most common carbohydrate found in phloem 
sap. It has been widely used to provide carbon 
source, energy sources and to maintain osmotic 
pressure in the cells [28-29]. Also, sucrose 
recognised as signalling molecules and essential 
for plant growth and development, stress 
resistance and secondary metabolites [30-33]. In 
plant cell cultures, various studies have 
demonstrated that the appropriate concentrations 
of sucrose in culture medium enhance the cell 
growth and also balance the production of 
secondary metabolites [34-35]. On the contrary, 
the high concentrations of sucrose in a culture 
medium that could impede the cell growth and 
lead to cell death due to increased osmotic 
pressure [36-37]. Furthermore, sucrose was 
breakdown to glucose and fructose by cell wall of 
plant cells [38]. Solfanelli et al., [39] 
demonstrated that the specificity of sucrose as a 
signaling molecule and transcript profiling reveals 
that anthocyanin synthesis pathway in 
Arabidopsis up-regulated by sucrose. In the 
present study, the addition of low-cost 
commercial grade sugar in culture medium has 
not shown any adverse performance towards cell 
growth and accumulation of ajmalicine, on the 
contrary, stimulated the product synthesis. It can 
be concluded that replacing TCG sucrose which 
is 36% expensive than that of low-cost CG sugar 
could be consumed by the cells without any 
adverse effects on the cell growth and product 
synthesis. 
 

The CG sugar has been utilised to act as an 
alternative low-cost medium component for plant 
cell culture. In the present study, a 100 lit 
bioreactor operated at 140 rpm, and medium 
supplemented with a low-cost source of carbon 

in culture medium achieved better cell growth 
and ajmalicine production than that of TCG 
sucrose (Fig. 7). These results are in agreement 
with Demo et al., (27) reported that low cost CG 
sugar of local market has more calories and 
contain high amount of calcium, phosphorous, 
iron, potassium and sodium compared to TCG. 
Therefore, additional nutrients present in the CG 
may further enhance the growth and product 
synthesis. It has shown that the CG sugar as 
carbon source was better than the TCG sucrose 
in various plant cell culture species and achieved 
rapid multiplication of shoot cultures, micro-
tubers and indole alkaloid production [8,40-42].  
The present results revealed that a low-cost 
carbon source in culture medium could be able to 
reduce the production cost of the bioactive 
compounds at a commercial level. 
 

4. CONCLUSIONS  
 
The ajmalicine production by C. roseus 
suspension cultures in pilot plant bioreactor was 
found to be efficient with CG sugar as the 
medium carbon source which reduced the 
production cost by 36%. The cell growth and 
product synthesis were found to be better in CG 
than that of TCG sucrose which is commonly 
employed as the carbon source in the plant cell 
cultures. Furthermore, an agitation speed 140 
rpm was found to be appropriate agitation speed 
for homogenous mixing and does not allow the 
cell to sediment at bioreactor bottom. Higher 
amounts of ajmalicine could be obtained in 
suspension cultures cultivated in MS medium 
fortified with CG sugar as the carbon source. In a 
nutshell, it can be concluded that the present 
findings undoubtedly offer opportunities to 
improve the production of indole alkaloid by the 
addition of low-cost carbon source. 
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