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of plant gowth regulators and medium composition on

biomasp and ginsenoside production

, Nguyen Trung Thanhl'*, Kee Yoeup Paek2

rFaculty of Biologt, Hanoi (Jniversity of Science, WU, 334 Nguyen Trai, Hanoi, Yietnam
2 Department of Horticulture, Chungbuk National Univers ity, 3 6 I - 7 3 6 Cheongi u, Korea

Received 17 April2009

Abstract. We established cell suspension culture on ginseng and some attempts have been made to
increase ginsenoside yield of ginseng cell culture through manipulation various culture factors and
process variable. The maximum biomass yields of cell suspension culture of ginseng was obtained
in medium co ning2,4-D as compared to IBA or NAA. However, ginsenoside production was
much hi BA or NAA containing medium and 7 mglL IBA was determined to be optimal
for cell (10.1 mg/L DW) ani ginlenoside production (7.2 mglg DW). Addition of
cytokinin (BA and kinetin) did not affect cell growth but ginsenoside production was increased
when the medium supplemented with 0.5 mg/L BA or 0.5 mg/L kinetin. Half and full stength MS
medium were found to be equally suitable for both biomass as well as ginsenoside production. At
various sucrose concentation investigated, 30 ClL sucrose enhanced biomass yield as well as

ginsenoside production and further increase of sucrose concentation upto 70 glLled to a decrease
in ginsenoside accumulation and biomass production. The maximum growth and ginsenoside
production was obtained for nitogen concentation of 30 mM.

KEtwords: Auxin, cytokinin, sucrose, MS shength and nitogen.

fatty acids, alcohol and vitamin I2l. The
saponins known as ginsenosides are widely
believed to the major bioactive compounds of
ginseng.

Recently, the production of secondary

metabolites using plant cells has been the

subject ofextended research [3]. The plant cell
cultures has been considerd as a potential

alternative for the eflicient production of
ginseng and its active ingradients, such as

ginsenoside in terms of product quality. A

1. Introduction

Ginseng (Panax ginseng C.A. Meyer)
which belong to the Araliaceae, is one of the
most variable oriental herbs. It has been used as

a healing drug and health tonic in countries as

Korea, China and Japan since ancient times [].
Until now, ginseng has reported to contain
saponins, antioxidants, peptides, polysaccharides,
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number of reports of ginseng cell culture were
published time to time [4-6]. However, there is
still a need to the productivity of the tissue
culture process in order to be economically
competitive with field cultivation of ginseng. A
number of physical and chemical factors that
could influence secondary metabolite in plant
cell cultures have been found 12,71.
Optifnization of the hormone concentration and

combination are often effective. For ginseng
cell growth,2,4 D is most commomly used in
routine culture maintenance [6]. But use of this
suspected carcinogen often create health and

safety concerns. Alterations in the
environmental factors such as nutrient levels,
light, and temperature may also effective in
increasing productivity.

In this paper, we established cell suspension

culture of ginseng cell and some attempts have
been made to increase biomass and ginsenoside
yield of ginseng cell culture.

2. Materials and methods

Stock cell culture and calture condition

Stock suspension cells of P. ginseng werc
maintained in MS medium. The cultural
conditions were done as described by [8].

D eterm in atio n an d an alvs es

Extraction and determination of ginsenoside
production were determined as reported
previously [9].

Experimental design and data analysis

All experiment were repeated three times
with 3 replicates. Data were subjected to

Duncan's multiple range test using SAS
progmm (Version 6.12, SAS Institute Inc..
Cary, USA).

3. Results and discussion

To understand the culture characteristics of
the suspended cells of ginseng in shake flask,
the effect of plant growth regulators (2,4-D or
IBA or NAA combination with BA or kinetin)
on cell growth, ginsenoside production by
cultured cells were focused on. The maximum
biomass yield of cell suspension culture of
ginseng was obtained in medium containing
2,4-D as compared to IBA or NAA. However,
ginsenoside pioduction was much higher in
IBA or NAA containing medium (Table l).
Considering these results, 7 mglL IBA was
determined to be optimal for the cell growth
(10.1 glL DW) and ginsenoside (7.29 m/gDW
total ginsenoside) of ginseng suspension

culture. Addition of cytokinins (BA and
kinetin) did not affect cell growth but
ginsenoside productivity (particularly Rb
group) was increased when the medium
supplemented with'0.5 mgil BA or 0.5 mg/L
kinetin (Table 2). These results obtained in this
present study is quite interesting because almost
all suspension culture of ginseng cells reported
until now were claimed to require 2,4-D which
is a potent herbicide and carcinogen and

therefore unsuitable for pharmaceutical and

food industries [0]. From this point of view,
our system is apparently favourable for the
process scale up for commercial ginsenoside
production by ginseng cells without addition of
the chemical2,4-D.
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Table 1. Effect of different auxin on cell gourth and ginsenoside production

193

Concentration Fresh wt. Dry wt.
(me/L) (dL) (dL)

Ginsenoside (me/e D'ilD
RbRe

2.4-D 328 a' lI.9 a 1.81 2.35 4.16
I
5

IBA 5
4I
9

144 d
170 c
778 c
2t6b
226b

7.5 d
8.8 cd
9.1 c
l0.l b
l0.s b

2.r6
2.09
2.43
2.61
1.42

3.05
3.49
3.31
4.69
4.22

5.21
5.58
5.74
7.29
5.&

NAA

'Mean separation by Duncan's multiple range test at p {.05

Table 2. Effect of different cytokinins (along with 7mgll IBA) on cell growth and ginsenoside production

I
3

5

7
9

132 d
134 d

152 cd
164 c
188 c

7.1 e
7.3 de
7.8 d
7.6 cd
9.7 b

2.85
3.28
2.6r
2.16
2.r6

5.33
5.58
4.83
4.08
2.45

8.18
8.76
7.44
6.24
4.61

Cytokinins Concentration Freshwt.
(mgL) (c/L)

Dry wt.
G/L)

Ginsenoside (mgle DW)
Rg Rb Total

lg2b' l0.r b r.88 2.78 4.66

BA
0.1

0.5
1.0

230 a
252 a
243 a

l.8l
1.75
r.79

2.75
5.33
3.53

4.55
7.08
5.32

ll.2 ab
ll.5 a
11.1 ab

Kinetin
0.1

0.5
1.0

1.16
r.49
1.56

4.62
s.82
3.59

5.78
7.32
5.15

225 ab

240 a
242 a

ll.1 ab
Il.7 a

ll.4 a

"Mean separation by Duncan's multiple range test at p <0.05

Table 3 shows the effects of different
strength of MS medium on biomass and
ginsenoside production. Half and full shength
MS medium were found to be equally suitable
for both biomass as well as ginsenoside

production. High salt strength (2.0) inhibited
cell growth ginsenoside production. Such a

phenomenon was also described in provious
cultures of ginseng adventitious roots I l].

Table 3. Effect of different sucrose concentration on cell growth and ginsenoside production

Sucrose
concentr. (g/L)

Fresh wt. Dry wt.

@tL) (gL)
Ginsenoside (mg/s DW)

Re

l0
30
50
70

27 d'
180 a
98b
52c

2.9 d
10.8 a

8.4 b
5.7 c

0.32
2.17
t.07
0.09

0.66
4.39
2.25
1.58

0.98
6.56
3.32
t.67

"Mean separation by Duncan's multiple range test at p 4.05
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At various sucrose concentrations

investigated, 30 glL sucrose enhanced biomass
yield (180 g/L FW, and 10.8 g/L DW), and

ginsenoside production (total ginsenoside

production upto 6.56 mgg DW). Further
increase of sucrose concentration upto 70 glL
led to a decrease in ginsenoside accumulation
and biomass production (Table 4). On the

contrary of our results, several authors

suggested that a relatively high sucrose level
was benificial to secondary metabolite synthesis

[12]. For example, Weselake et al. [13] reported

that the triacylglycerol content of the cells of oil

seed rape could be increase about 8-fold on a
fresh weight basis when sucrose concentration

in the growth medium was raise from 2 to 22%o

(w/v). Choi et al. (1,994a, b) found that the

optimal concentration of sucrose for cell growth

was between 30 and 50 glL and upto 70 glL
sucrose inhibited cell growth, while the
ginsenoside content showed a steady increase

with sucrose concentration of upto 60 g/L.
Based on our results it can be concluded that
high sucrose level and secondary metablite
production is not a general phenomenon and

depends on plant species.

Table 4. Effect of different stength of MS medium on cell growth and ginsenoside production

Sucrose Fresh wt.
concentr. (g/L) (e/L)

Dry wt.
G/L)

Ginsenoside (mele DW)
Rg

l0
30
50
TO

225 a'
185 b
153 c
98d

9.9 a
10.3 a
9.4 a
6.8 b

r.45
2.27
0.98
0.46

4.88
4.45
3.s7
3.45

6.33
6.73
4.55
3.91

'Mean separation by Duncan's multiple range test at p {.05

The effect of the initial nitrogen
concentration in the medium for cell growth
and metabolite production was studied in P.

ginseng cell cultures. The initial nitrogen level
was adjusted to 30, 60, 90 and 120 mM. The
kinetics of growth (based on dry weight) in
various cultures is shown in (Table 5). It is

apparent that growth was inhibited at a high
initial N concentration. The highest dry weight
reached 11.6 ElL at an initial nitrogen
concentration of 30 mM. The highest
ginsenoside production was (7.46 mglg DW) at

initial medium nitrogen .concenhation of 30
mM after 25 days of culture.

Table 5. Effect of different nitogen concentration on cell growth and ginsenoside production

nitrogen Fresh wt. Dry wt.
concent.(mM) (gL) (gL)

Ginsenoside (m/g D$f)

60
90
r20

182 b
ll2 c
76d

10.8 a
8.1b
6.1 d

2.17
0.65
0.23

4.48
4.rl
4.32

6.65
4.76
4.56

'Mean separation by Duncan's multiple range test at p <0.05
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In cell cultures of P. quinquefolium, ll3l
reported that the final dry cell weight was

relatively low with the low nitrogen

concentration. Maximum cell dry weight

obtained (15 g/L) at a total initial nitrogen

concentration of.40 mM and the cell growth

w.ls inhibited at a high initial nitrogen

concentration of 80 mM. Similarly, the

accumulation of total saPonin and

polysaccharide were also influenced by initial

nitrogen concentration in the mqdium. The

maximum production of ginseng saponin and

polysaccharide obtained (1.5 dL and2.l9 gtL)

at the initial nitrogen concentration of 40

mM.tl4l. In the simultaneous production of
ginseng saponin and polysaccharide by

suspension cultures of P. ginseng, [15] reported

that production of ginseng saponin was related

with the total nitrogen concentration. The result

suggested that a low nitrogen concentration was

beneficial for the stimulation of total saponin

production.
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Nudi c6y luy6n phu ti5 bao Nhaq sdm Panax ginseng C.A.
Meyer: Anh hucmg ctta cilc chat kich thich sinh trucrng

\ A, A t 
^. . u ' ' -

vd mQt s0 thAnh phdn trgng m6i trucrng d6n sinh kh6i
vd s6n phdm ginsenoside

Nguy6n Trung Thenhr, Kee Yoeup Paek2

'Khoo Sinh hqc, Tntdng Dqi h4c Khoa hqc TI nhi6n, DHQGIIN, 334 Nguydn Trdi, Hd NQi, ViQt Nam
zKhoa Cdy tring, Trtrdng Dqi hpc Quiic gia Chungbuk, 361-736 Cheongiu, Hdn Quiic

tti Uao Nhdn sim ttd tlugc nu6i c6y trong m6i truong l6ng MS d6 sin xuSt sinh nr5i va san phAm
trao <l6i ch6t ginsenoside. Di5i voi auxin, sinh khdi thu dugc lon nh6t d 2,4-D so siinh voi IBA vd
NAA. Nhung san phem ginsenoside tich lfry cao d IBA vd NAA. Ki5t qud thu tlugc liL (7.2 mg/g trgng
luqng kh6, t6ng s5 ginsenoside) vi sinh htr6i lA l0.l gtL to.ngluqng khd d n6ng dQ 7 melL IBA. Cdn
eiii voi cytokinin khi ndng d0 tane tu 0.1 <ltin 1.0 mglL (BA vd kinetin) tl6 kh6ng inh huong d6n sr,r

sinh truong cria ta5 bdo, nhtmg ting c6 f nghia eOi voi san phAm ginsenoside khi rn6i truong MS dugc
b,5 strng 0.5 mg/L IBA hoic NAA. Ndng <lQ m6i truong MS voi 50 ho[c 100% li thich hqp cho sg tich
lfly sinh rurOi tii bdo vi tr5ng hqp sin phAm ginsenoside. Ndng <lQ <tuong 30 g/L n tOi uu cho su sinh
truong cria t6 bio vdr sg tr5ng hqp san phAm giiisenoside. Sinh kh6i t6 bdo vi si.n phAm ginsenoside tt6
thu <lugc lon nh6t d ndng d9 3OmIvI nitrogen.

Keywords: Auxin, cytokinin, sucrose, ndng dQ m6i truong MS.


