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Plants have been an important source o f medicine for thousands o f years and herbs are “hot currency” in the world today. 
During the last decadc, popularity of alternative mcdicine increased significantly worldwide with noticeable trend. This in 
turn accelerated the global trade o f herbal raw materials and herbal products and created greater scope for Asian countries 
that possess the major supply of herbal raw materials within their highly diversified tropical rainforest. As such, advanced 
bioreactor culture system possesses a great potential for large scale production than the traditional tissue culture system. 
Bioreactor cultures have many advantages over conventional cultures. Plant cells in bioreactors can grow' fast and vigorously 
in shorter period as the culture conditions in biorcaetor such as temperature, pll, concentrations o f dissolved oxygen, carbon 
dioxide and nutrients can be optimised by on-line manipulation. Nutrient uptake can also be enhanced by continuous 
medium circulation, which ultimately increased ccll proliferation rate. Consequently, production period and cost are 
substantially reduced, product quality is controlled and standardized as well as free of pcsticidc contamination and 
production of raw material can be conducted all year round. Taking all these into consideration, current research efforts were 
focused on varying several parameters such as inoculation density, air flow, medium formulation, PGRs etc. for increased 
production of cell and organ cultures o f high market demand herbal and medicinal plants, particularly Eurycoma longifolia, 
Panax ginseng and Labisia pumila. At present, the production o f cell and organ culture o f these medicinal plants have also 
been applied in airlift biorcaclor with different working volumes. It is hope that the investment of research efforts into this 
advanced bioreactor technology will open up a bright future for the modernization of agriculture and commercialisation of 
natural product.
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Tumbuhan telah menjadi salah satu sumber perubatan sejak ribuan tahun dahulu dan merupakan "pertukaran duit utama” 
pada masa sekarang. Sejak beberapa tahun lalu populariti dalam kaedah rawatan perubatan altem atif ini telah meningkat 
dengan hegitu ketara. Fenomena ini telah meningkatkan lagi pasaran serta skop produk dan bahan mentah herba hagi 
negara-negara Asian yang kaya dengan kepelbagaian tumbuhan dalam hutan hujan tropika. Justeru itu, teknologi 
bioreaktor boleh mendatangkan potensi yang baik untuk penghasilan bahan mentah herba yang berskala besar berbanding 
dengan kaedah kultar tisu secara tradisional. Kultur sel/organ menggunakan bioreaktor mempunyai pelbagai kelebihan 
berbanding dengan kaedah kovettsional, di antaranya ialah sel tumbuhan mampu tumbuh dengan lebih cepat dan segar 
dalam jangkamasa yang singkat kerana parameter pengkuituran seperti suhit, pH, kadar penverapan oksigen, karbon 
dioksida boleh dikawal secara automatik. Penyerapan sumber makanan tumbuhan/kultur juga boleh dipertingkatkan dengan 
cara kitaran media yang seterusnya akan membawa kepada peningkatan kadar penghasilan sel/organ tumbuhan yang 
maksima. Justeru itu, h>s dan jangkamasa penghasilan produk boleh dikawal serta dapat menepati pian’aian yang 
dikehendaki. Selain daripada itu juga bahan mentah yang dihasilkan bebas dari kesan racun perosak dan bahan mentah 
tersebut boleh dihasilkan secara berlerusan sepanjang tahun. Setelah mengambilkira semua fakta di atas, penumpuan 
penyelidikan kini adalah tertumpu kepada analisa parameter pengkuituran seperti kepadatan inokulasi. aliran udara, 
formula media, PGRs dan sebagainya bagi meningkatkan penghasilan sel dan organ tumbuhan ubatan utama seperii 
Eurycoma longifolia, Panax Ginseng dan Labisia Pumila. Pada masa sekarang, analisa dengan airlift bioreaktor yang 
berisipadi media yangberbeza telahpun dijalankcm untuk menghasilkan bahan mentah herba secara kultur sel dan organ. 
Adalah diharapkun bahawa usaha yang dijalankan ini akan membuka satu lembaran baru dalam bidang pertanian moden 
dan pengkomersilan bahan mentah herba semulajadi.
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INTRODUCTION

Plants have been an important source of medicine for thousands of years and herbs are “hot currency” in the world today. 
During the last decade, popularity o f alternative medicine increased significantly worldwide with noticeable trend. This was 
proven with a 12% (US$ 364 billion) o f growing in the global pharmaceutical industry per annum while the personal care & 
cosmctics industry is growing at more than 6% (US$108 billion). The global export o f medicinal plants is reported to be 
USS759 million per year. The rapid growth in herbal-based pharmaceutical industry has accelerated the global trade of 
herbal raw materials as well as herbal products and further created a greater scope for Asian countries that possess the major 
supply of herbal raw' materials within their highly diversified tropical rainforest. Malaysia, w'hieh is identified as one o f 12
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mega-diversity countries in the world. For instance, the Malaysian Herbal market has the potential to reach RM 5.2 billion 
by year (Latiff, 2008). To avoid the problem of extinction, plant production through conventional breeding cannot be relied 
on as the main source o f raw materials for the herbal industry.

Over decades, micropropagation (in-vitro propagation o f axillary and / or adventitious buds as well as somatic embryos) has 
been used as advenced biotechnological system for the production of identical pathogen-free plants for agriculture and 
forestry industries. This technique, however is too costly due to intensive hand manipulation of the various culture phases 
and is not used commercially for all plant specics. Furthermore, in some plants, the initial stage of establishment and 
response is slow and the survival o f the plants in the final stage ex-vitro is often poor, which further reduces the potential of 
production through micropropagation.

Recently, bioreactor has been proven to be applicable to the large scale growth of many plant spccies and organs such as 
shoots, bulbs, microtubers, bulbs, corms and somatic embryos. In biochemical contex, bioreactor is described as a self
contained, sterile environment which capitalize on liquid nutrient or liquid / airflow and outflow systems, designed for 
intensive culture and allow maximal opportunity for monitoring and control over microenvironmental conditions. Bioreactor 
culture system is more advanced than the traditional tissue eulture system as the culture conditions in bioreactor can be 
optimized by on line manipulation of the culture condition such as temperature, p ll and the concentrations o f dissolved 
oxygen, carbon dioxide and nutrients. Nutrient uptake can also be enhanced by continuous medium circulation, which 
ultimately increased cell proliferation rate. In addition, the production can be focused on a desirable form such as cells, 
organs or plantlets and the production process can be conducted in a factory setting by automation. Consequently, production 
period and product quality is controlled and standardized, free o f  pcsticide contamination and production o f raw material can 
be conducted all year round (Pack et a/.,2010;Jcong et al., 2009). Therefore, the advanced bioreactor eulture system is the 
key step towards commercial production o f secondary metabolites by plant biotechnology.

MATERIALS AND METHODS

Plant Materials.
Three medicinal plants: Eitrycoma longifolia, Panax ginseng and Labisia pumila were used in this study. In order to induce 
the adventitious roots, young and fresh leaf, stem and lateral branch were obtained from in vitro plantlets of Eurycoma 
longifolia. Similarly, the leaf and stem explants o f Labisia pumila used were derived from the in vitro plantlets cultured on 
basal Murashige and Skoog (MS) medium (Murashige and Skoog, 1962). As for Panax ginseng, adventitious roots were 
induced from the callus culture obtained from Chungbuk National University Korea.

Induction and m ultiplication of Adventitious Roots of E. longifolia and Labisia pumila
Three different types o f  cxplants (leaf, stem and lateral branch for E. longifolia while leaf and stem for L. pumila) were used 
to induce adventitious roots from L. pumila and E. longifolia. The leaf (1.0 cm2), stem (1.0 cm) and lateral branch (1.0 cm) 
cxplants were aseptically excised and cultured on root induction medium. In this study, modified MS medium supplemented 
with 5% (w/v) sucrose and various auxins (IAA, EBA and NAA at 0.0, 1.0, 3.0, 5.0, 7.0, and 10.0 mg/L) were used as the 
roots induction medium while MS medium without any phytohormonc served as the control. Each treatment, which 
consisted of 5 explants, was repeated three times. All root cultures were incubated at 25 ±  2 °C in constant darkness.

The effects o f various concentrations o f different auxins on adventitious root formation from different explants were 
recorded weekly. The percentage of cxplants forming roots, the number o f roots formed per explants, the average length of 
roots and the day of root formation were monitored for 3 months. The morphology and colour o f the roots were also 
observed.

As for multiplication, the best treatment from the induction study was used for further optimization in air-lift bioreactor 
system with different capacities. The cxplants (lateral root primodia) were cut to 1.0 cm in size and inoculation density of 
6.0g /L  was used. Basically, for 3L bioreactor, 2L liquid medium was added. For 5L bioreactor, 4L liquid medium was used 
whilst for 10L and 20L bioreactor, XL and 18L o f liquid medium was added, respectively. The roots o f K. longifolia and L. 
pumila were harvested after 3 months and 2 months o f culture, accordingly. During harvesting, the medium was filtered and 
the fresh weights o f the roots obtained were measured.

Induction and M ultiplication of Adventitious Roots of P. ginseng.
Adventitious roots o f P. ginseng were induced from callus cultured on modified MS medium containing 5.0 mg/L indole 
butyric acid (IBA) and 5 % sucrose. After 1 month of culture at 25 -  20C under dark condition, the adventitious roots were 
induced. The induced adventitious roots were sub-cultured at every 5 weeks interval into 1 OOOmL-conical flasks containing 
400mL of liquid MS medium supplemented with 5.0 mg'T. IBA and 5% sucrose. The cultures were agitated at 100 rpm on a 
rotary shaker, at 25± 20C in dark condition. A total o f  6g/L of these adventitious roots were carefully selected and further 
proliferated in 5L-airlift balloon type bioreactor containing 4L half strength MS liquid medium supplemented with 5.0 mg/L 
IBA and 5% sucrose. Bioreactors were maintained at 23+20C in dark condition for 4-8 weeks prior to harvesting and the 
volume of input air was adjusted to 0.1 vvm (air volume / culture volume per min). During harvesting, the medium was 
filtered and the fresh weights o f  the roots obtained were measured.
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Scaling up of adventitious root cultures in 20L bioreactor system
As the adventitious roots o f P. ginseng possessed high multiplication rate, their production was further up-scale in 20L 
bioreactor system. The ccll lines with high biomass and high levels of secondary metabolites were selected. In scaling up, a 
series o f optimization experiments which include different capacity o f air volume/aeration were conducted.

Statistical analysis
The experimental design was fully randomized. Data were analyzed statistically by Analysis o f Variance (ANOVA) 
followed by the Tukey’s USD test, with the level o f significance 5% (p<0.05) to compare the different treatment means, if 
any. Statistical analysis was performed using the SPSS for windows (Version 15.0).

RESULTS AND DISCUSSION

Induction and multiplication of Adventitious Roots in Eurycoma longifolia.
Leaf explants was observed to be a better explant in the induction of adventitious roots from E. longifolia as compared to 
stem and lateral branch explants. NAA was the best PGR in the induction of adventitious root from leaf explants o f E. 
longifolia as compared to IB A and IAA. The data revealed that adventitious root could be induccd Irom the range of 3.0 to
7.0 mg/L a Her 2 months o f  culture (Table 1). As the concentration of NAA was increased from 3.0mg'L to 5.0mg/L, the 
percentage of explants forming roots, the number o f root per cxplants and the length of roots formed were also increased. 
Treatment with 5.0 mg/L of NAA recorded 45.2 + 5.2 % of explants forming root, 9.2±2.4 root per explants, with the 
average length of 1.1 — 0.2 cm, which marked the highest value among all the concentrations o f NAA tested (Fig 1). This 
statement was supported by the study done by George et al. (2008) whereby NAA w'as found to be the most effective auxin 
in the induction o f Baliospermum monlanum and this could be correlated to the faster uptake o f NAA as compared to IAA. 
There have been numerous reports that NAA is involved in the initiation of adventitious roots and that division of roots 
inidally is dependent either upon the exogenous or endogenous auxin (Ercisli et al. 2002; Haynes and Samagula 2003).

The second best PGR in adventitious roots induction was 1BA. Within the IBA treatment, the highest percentage o f cxplants 
forming roots, the number o f roots per explants and the length o f roots formed were observed in MS medium containing TBA 
at the concentration of 5.0mg/L, which were 37.0 ± 5.4%, 7.2±2.5 roots, and 0.9±0.2cm, respectively (Tabic 1). The low'est 
percentage of cxplants forming roots (18.0±4.2) and the lowest number o f root per explants (3.0±0.5) was recorded in the 
treatment with 7.0mg;,L IBA. The treatment with 5.0mg/L IBA recorded the fastest root initiation where it took 33.4 ± 2.5 
days to form adventitious root. According to Siddique et at. (2006), IBA was found to be more effective in the induction of 
roots without inducing callus in Hemidesmus indivus and Vitex negundo. IBA at 5.0 mg/L was optimal in the adventitious 
roots formation from leaf cxplants in this study. Pierik et al. (1997) similarly found a low rooting response o f Quercus rohur 
‘Fastigiata' in the range of 0.0 to 0.3mg/L IBA, but a gradual increase occurred from 0.3 to 5.0 mg/L and 5.0 mg/L w'as 
optimal.

IAA was found to be the least effective PGR in the rooting response of E. longifolia . In the 1AA treatments, adventitious 
roots were only successful formed in MS medium containing 7.0 mg/L while other concentrations o f IAA w'ere not able to 
induce the adventitious roots. IAA at the concentration o f 7.0 mg/L showed 3.0 ± 1.0% of cxplants forming roots, 1.0 = 0.5 
roots induccd per explants and 0.2±0.1 cm root (Table 1). Root initiation in 7.0 mg/L IAA look 62.5±6.4 days for the 
initiation of adventitious roots. These findings on 1AA was contradicted with the study conducted by Klerk et a/.,(1997), in 
which IAA was reported to be the preferable auxin for in vitro rooting o f apple ‘Jork 9' shoots as compared to IBA and 
NAA. Azadi (2007) also reported that Rosa hybrid L. treated with higher concentration of IAA show'ed a significant increase 
in the root number.

Induction and multiplication of Adventitious Roots in Labisia pumila.
IBA was also found to be the most suitable plant growth regulators in adventitious roots formation from both leaf and stem 
explants. The results showed that the highest rooting ability from leaf explants w'as obtained in medium supplemented with
3.0 mg/L o f IBA which was 77.78=31.42% of rooting with 2.0=0.3 roots were induccd per explant. Besides that, root formed 
from the leaf explants in medium with 3 mg/L o f IBA w'as found to be the longest (1.13-0.52 cm) as compared to IBA and 
NAA treatments. Meanwhile, medium supplemented with 1.0 mg/T. o f IBA w'as the most suitable plant growth regulator in 
inducing root from the stem explants (50.00±14.14%). At 1.0 mg/L o f IBA, it was also noticed that the longest root 
(1.12±0.45 cm) and highest number o f root (4.3+1.1) was recorded.



Fig. 1 Effects o f NAA at 5 mg/L (w/v) on adventitious root induction Irom leaf explants o f Eurycoma longifolia Jack; a) 
Root cxplants at 0 day b) Callus start to form after 3 weeks c) Observation after 4 weeks d) Adventitious root formation after 
7 weeks e) Development o f lateral root primodia. g) Observation after 7 weeks g) Observation after 8 weeks h) Matured root 
sample for subculture i) Multiplications o f Tongkat Ali adventitious root in Air-lift bioreactor system (3L ballon type bubble 
bioreactor ,BTBB) containing 2L of basal MS medium supplemented with 5% (w/v) sucrosc, 5.0 mg/L NAA (w/v) and 6 g/1 
(w/v) inoculums (bars 2.0 cm). The cultures were incubated at 25 + 2°C and dark condition with cool white fluorescent light 
o f  150 nmol m-2 s' 1 (supplied by Philips TLD fluorescent light tubes).

Table 1. Effect o f different auxins at various concentrations on the adventitious roots induction from leaf, stem and lateral 
branch explants o f Eurycoma longifolia Jack after 2 months o f culture.

F.xplant* Plant growth 
lypc regulator

Concentration 
(mg0.)

Day of root 
formation 

(Mean ± SD)

Bxplants 
forming roots 

(%)

No of roots 
per explants

Length of adventitious roots
(cm)

0 O.OxO.O O.OiO.O O.OiO.O O.OxO.O
1 O.OxO.O O.OiO.O O.OXO.O O.OxO.O

TAA 3 0.0=0.0 0.0=0.0 O.OiO.O 0.0=0.0
5 O.OiO.O O.OxO.O O.OiO.O O.OxO.O
7 62.5=6.4 3.0-1.0 l.0±0.5 0.2i 0.l
10 O.OiO.O o.o=-o.o O.OiO.O O.OxO.O
0 O.OiO.O O.OxO.O O.OiO.O O.OxO.O
1 O.OiO.O O.Ou.0.0 O.OiO.O O.Oi-O.O

Leaf IBA 3 39.6J.3.2 I5.5J-3.0 4.1x2.0 0.4±0.l
5 33.4±2.5 37.0±5.4 7.2x2.5 0.9±0.2
7 52.3+4.6 18.0±4.2 3.0i0.5 0.3±0.1
10 O.OiO.O 0.0=0.0 O.OiO.O O.OiO.O
0 O.O+O.O O.OxO.O O.OxO.O O.OiO.O
I O.OiO.O O.OxO.O O.OxO.O O.OiO.O

NAA 3 35.5±5.2 17.2J.4.3 4.5=2.1 0.3i0.1
5 28.2±3.6 45.2*5.2 9.2x2.4 1.1 =t0.2
7 50.0±4.2 12.5x3.5 3.4x1.2 0.4+0.1
10 O.OiO.O O.OiO.O O.OiO.O O.OiO.O
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0 0.0=0.0 O.OXO.O 0.0=0.0 O.OXO.O
1 0.0=0.0 O.OiO.O 0.0=0.0 O.OiO.O

IAA 0.0=0.0 0.0i 0.0 0.0=0.0 O.OiO.O
5 0.0=0.0 O.OiO.O 0.0=0.0 O.OiO.O
7 0.0=0.0 O.OiO.O O.OXO.O O.OiO.O
10 0.0=0.0 O.OiO.O O.OxO.O O.OiO.O
0 0.0=0.0 O.OXO.O 0.0=0.0 O.OiO.O
1 0.0=0.0 O.OiO.O O.OXO.O O.OiO.O

Stem IBA 3 65.4x6.4 5.4*2.5 2.1x 1.0 0.2x0.1
5 52.4=7.5 8.6i3.4 4.2*1.0 0.3=0.1
7 58.5=3.5 3.0X2.1 2.0±1.0 0.2±0.1
10 O.OiO.O O.OXO.O O.OiO.O 0.0=0.0
0 O.OiO.O O.OiO.O O.OXO.O O.OXO.O
1 O.OiO.O O.OiO.O O.OXO.O O.OiO.O

NAA 3 O.OiO.O O.OXO.O O.OiO.O 0.0=0.0
5 48.2x4.6 7.2=5.3 3.2X2.0 0.2=0.1
7 67.0=5.2 4.5=1.2 2.4X1.0 0.2=0.1
10 O.OiO.O 0.0=0.0 O.OiO.O 0.0=0.0
0 O.OxO.O 00=0.0 O.OiO.O O.OxO.O
i O.OXO.O 0.0=0.0 O.OxO.O O.OiO.O

1AA 3 O.OiO.O 0.0=0 0 O.OiO.O O.OiO.O
5 O.OiO.O 0.0- 0.0 O.OiO.O O.OiO.O
7 O.OxO.O O.OiO.O 0.0=0.0 O.OiO.O
10 00=0.0 O.OiO.O 0.0=0.0 O.OiO.O
0 0.0- 0.0 O.OiO.O 0.0=0.0 O.OiO.O
1 0.0=0.0 O.OiO.O 0.0=0.0 O.OiO.O

Lateral IBA 3 35.0*2.6 14.0=2.0 2.0=1.0 0.2X0.1
branch 5 31.0=3.2 20.2=2.1 4.1=1.0 0.2X0.1

7 40.0*3.0 10.0=1.0 3.0*1.2 0.2±0.1
10 O.OiO.O O.OiO.O 0.0±0.0 O.OiO.O
0 O.OiO.O O.OiO.O O.OXO.O 0.0=0.0
1 O.OxO.O O.OiO.O O.OXO.O 0.0=0.0

NAA 3 33.0=2.0 16.0i2.0 2.OX 1.0 0.2=0.1
5 30.0=3.0 23.2x2.0 5.0il.0 0.2=0.1
7 37.0=3.0 10.0x 1.0 2.0x 1.0 0.2=0.1
10 O.OXO.O 0.0=0.0 O.OxO.O 0.0=0.0

A series of experiments with Cyclamen persicum  led to the conclusion that an increased density o f vascular tissue will 
increase root regeneration due to the level o f phytochromes and other metabolites that are present in the leaf midvcin 
(Srcedhar et al., 2008). On top o f that, the ability o f leaf explants in producing endogenous auxins might be the reason in 
effective adventitious roots formation from the leaf than stem explants (Eduardo, 1998). Indole-3-butyric acid (IBA) is 
known as a synthetic auxin for long time and is the major auxin used commercially for the induction o f adventitious roots in 
stem or leaf cuttings (Srivastava, 2001). This compound is likely to be a storage form o f auxin as well, although it may also 
have auxin activity directly (Roberts, 2007). IBA is derived from LAA via a chain elongation reaction similar to that found in 
fatly acid biosynthesis. Besides that, IBA can be converted to IAA after broken down by peroxisomes through the process o f 
(3-oxidation (the same process used to metabolise fatty acids) (Roberts. 2007).Thus IBA may also be part o f the machinery 
that maintains IAA homeostasis (Srivastava, 2001).

The lower efficiency of NAA in rooting could be explained by the connection between levels o f endogenous IAA and 
adventitious root formation. It might due to the exogenously applied synthetic auxin (NAA) has not been efficiently oxidised 
to IAA foT plant cell utilisation. Hence, due to inadequate supply of IA A, the explants showed lower ability in root initiation. 
This was evidenced by Liu and Sanforf (1988) that endogenous LAA was dctccted in root explants on media supplemented 
with NAA.

On top of that, more energy may be needed by the explants to convcrt the absorbed synthetic NAA from the medium to 
natural form o f IAA before being used by the explants. This condition could likely explain the low efficiency in root 
induction on explants placed in medium added with NAA. Consequently, additional energy would be used up and might 
eventually lead to insufficient energy needed for cell growth and development. Zolman, Martinez, Millius, Adham and 
Bartel (2008) demonstrated that energy is needed in converting NAA lo IAA, hence, displaying reduced responses o f NAA 
in rool elongation.

Table 2: Effects of MS medium supplemented with different plant growth regulators at various concentrations 
on root induction from the in vitro leaf cxplants of L. pumila var alata

Plant growth Concentration, Percentage of Day of callus Number of Length of root
regulators mg/L rool formation, formation, root per (cmtSD)

_________  _____________  _______  %±SD__________ dayi-SD______cxplant ±SD_________________
Control 0 - a - a

IBA 1 66.67il5 .71ab 30.0±8.5S 2.CM-0.3a 0.89±0.60a
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NAA

3
5
7

1

3
5
7

77.78±31.42
27.78±39.29ab

6.67±7.86ab

33.34±47.14ab 
2 2 .2 2 ±0 .0 0 “b 
11.11±15.71 “b

a

30.0±8.5“
18.0±25.5a
27.0±1.4“

8.5±12.0"
18.0±25.5a
10.5±14.8“

a

2.0x0.3 " 
2.8±4.0a 
8 .0 ± 2 .8 “

2 .9 ± 4 .r
7.0±3.5a
3.0±4.2a

a

1.13=0.52a 
0.62±0.87“ 
0 .6 8 ±0 .1 1 a

0.48±0.68a 
0 .8 8 ±0 .1 1“ 
0.25±0.35“

a

Values represent mean = standard deviation of 2 rcplicates per treatment. Mean followed by the same letter in 
the same column did not differ significantly at (P < 0.05) according to Tukey’s HSD test.

Table 3: Effects of MS medium supplemented with different plant growth regulators at various concentrations 
on root induction from the in vitro stem explants o f L. pumila var alala.

Plant growth 
regulators

Concentration,
mg/L

Percentage of 
root formation, 

%±SD

Day of root 
formation, 
day±SD

Number of root 
per explant 

±SD

Length of root 
(cm±SD)

Control 0 10.00il4.14“n I6 .0 =t2 2 .6 a 0.5±0.7a 0.50=0.7 r h

IBA 1 50.00±14.14h 26.5±5.0a 4.3±1.1b 1.12±0.45b
3 30.00±14.14ab 28.0±19.8 * 2.0±1.4“h o.eoiO .H 35

5 10.00±14.14“b 15.0±21.2a 0.5±0.7a 0.10±0.14“
7 2 0 .0 0 ±0 .0 0 ab 28.5±20.5“ 1 .0 +0 .0 ” 0.30±0.14ab

NAA 1 40.00±28.28ab 40.0±12.7a 1 .8 ± 1 .2 * 0.35*0.2 l ab
3 20.00±28.28ab 15.5±21.9a 0.5±0.7a 0.05±0.07a
D -
7 - -

Values represent mean ± standard deviation of 2 rcplicatcs per treatment. Mean followed by the same letter in 
the same column did not differ significantly at (P < 0.05) according to Tukey’s HSD test.

Fig. 3 Adventitious root eulture o f labisia pumila', a) Induction o f adventitious root on full-strength MS medium 
supplemented with 5.0 mg/L IBA (w/v), 5% (w/v) sucrose and 2.6 mg/l gelritc b) Adventitious root multiplication in shake 
flask c) Development o f lateral root primodia d) Adventitious root production in 20L ballon type bubble bioreactor (BTBB)
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the cultures were incubated at 25 =  2 C and dark condition with cool white fluorescent light of 150 nmol rrf2 s' 1 (supplied by 
Philips TLD fluorescent light tubes).

Effect of different auxins at various concentrations on lateral root of P.ginseng explants.
Induction of adventitious root is the key step the root culture in vitro. Lateral roots cxplants appeared to be the more 
productive in plant parts for initiating adventitious root organogenesis than others, presumably due to the lateral root being a 
tender organ possessing the property o f  rapid growth and incomplete differentiation. The data obtained showed that IBA was 
the only phytohormone initiated adventitious root organogenesis from explants when 2,4-dichlorophenoxyucetic acid (2,4- 
D), IBA or kinetin was used individually. The cffcct o f IBA alone and IBA combined with kinctin had no significant 
difference on callus formation and adventitious roots formation. The root organogenesis appeared to be non-productive in 
the 2,4-D and kinctin groups. The addition of 2,4-D restrained the morphogenesis of adventitious roots from explants with or 
without IBA.

Fig 2. Schematic diagram o f in vitro adventitious roots production in Panax Ginseng C.A. Meyer by bioreactor: a) Induction 
o f adventitious root on full-strength MS medium supplemented with 5.0 mg/L IBA (w/v), 5% (w/v) sucrosc and 2.6 mg/l 
gelrite (bars 2.0 cm) b) Adventitious rool proliferation after 14 days o f culture (bars 2.0 cm) c) Adventitious root production 
in 201. ballon type bubble bioreactor (BTBB) the cultures were incubated at 25 = 2°C and dark condition with cool white 
fluorcsccnt light o f 150 umol m 2 s_1 (supplied by Philips TLD fluorescent light tubes) (bars 2.0 cm) d) Harvested 
adventitious root from 20 I. BTBB after 5 weeks (bars 2.0 cm) e) Adventitious after drying at 60 °C overnight f) Final 
product ready for commercialize (bars 2.0 cm).

When a liquid nutrient medium is inoculated in a root culture, the adventitious roots selectively take up dissolved nutrients 
from the medium and convert them into biomass. During the induction phase, each pathway requires specific hormonal 
triggers. IBA is an cffcctivc hormonal trigger which stimulated the formation of P.ginseng adventitious roots, whereas 2,4-D 
initiated callus formation but not adventitious roots. IBA was thus favorable o f the adventitious root in P.ginseng culture.
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To develop a successful industrial-scale plant cell and tissue culture system stably producing secondary' metabolites, an 
optimum culture system is the first requisite. In the present study, it was found that controlling the gas composition in the 
reactor was essentia] for obtaining high growth rates and secondary metabolite formation, which is potentially useful for 
large-scale bioreactor cultivation o f P.ginseng adventitious roots as well as for other plant species. In conclusion, it was 
found that the adventitious root cultures may be a more favorable Culture system for the production of P.ginseng because of 
its simplicity, induction speed, and potential for scale up.

CONCLUSIONS
Plant roots function much more than in just nutrient and water uptake only. Roots have also been recognized as the major 
contributors to the production o f secondary metabolite. The advantages o f  root culture are that they show a greater genetic 
stability' and retain di (Terentiation while exhibiting growth rates comparable to those o f plant cell suspensions. In addition to 
that, unlike plant suspensions which often produce very small amounts o f secondary' metabolites, root cultures also can 
display stable metabolic productivity and high biosynthetic capabilities that are often comparable to those of normal roots. 
The improvement of adventitious root culture system through the use o f biorcactor seems to be reliable way for the 
production o f pharmaceutically and nutraceutically important metabolites. Thus, more research can be done for the 
optimization of the chemical and physical parameter for the cultivation o f roots to produce higher yields of secondary 
metabolites.
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