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Optimization of Submerged Culture Conditions for the Growth Increase
of Ginseng Adventitious Root Containing Germanium

Eun Jung Chang and Hoon Il Oh*

Dept. of Food Science and Technology, Sejong University, Seoul
(Received May 25, 2009; Revised June 16, 2009; Accepted June 16, 2009)

Abstract : This study was carried out to determine the optimal submerged culture conditions for the growth increase of
ginseng adventitious roots containing germanium by means of a fractional factorial design with four factors and three lev-
els, using the response surface methodology (RSM). The ginseng (Panax ginseng C.A. Meyer) adventitious roots were
induced by plant growth regulators and cultured in a liquid SH medium. The effects of various GeO, and phosphoric acid
(H,PO,) concentrations in the medium, GeO, addition time and the pH of the medium on the fresh weight of the ginseng
adventitious roots were investigated. The optimum pH of the medium and the phosphoric acid concentration determined
by the partial differentiation of the model equation were 4.7 and 6.0 mM, respectively. The predicted optimal GeO, con-
centration was 10 ppm and the GeO, addition time did not affect the growth of ginseng adventitious roots. Under these
conditions, the growth of the ginseng adventitious root containing germanium was predicted to be 2.47 g.
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T2 AT (8 KT&G $9979) 9778
ola Bhike 38U (Panax ginseng C.A. Meyer) A
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(vweRZ 1587 A4ts &, AHAE FE3] 93 Az
Aokl & AJAE W thE, BAP (6-Benzylaminopurine)
0.5mg/Le NAA (1-Naphthaleneacetic acid) 3.0 mgLE #
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Table 1. Fractional factorial block of experimental design for ginseng adventitious root culture containing germanium and fresh weight

Tre;t;nent Coded var. Process var. Fresh weight (g)
. X * X, X, X, X X, X, X,
1 -1 -1 -1 +1 10 0 4.5 10.0 242
2 -1 -1 +1 -1 10 0 6.5 0.10 2.11
3 -1 +1 -1 -1 10 2 4.5 0.10 2.25
4 -1 +1 +1 +1 10 2 6.5 10.0 2.07
5 +1 -1 -1 -1 110 0 4.5 0.10 1.69
6 +1 -1 +1 +1 110 0 6.5 10.0 1.34
7 +1 +1 -1 +1 110 2 45 10.0 2.16
8 +1 +1 +1 -1 110 2 6.5 0.10 1.74
9 0 0 0 0 60 1 55 5.05 2.08
10 0 0 0 0 60 1 5.5 5.05 2.08
11 -1 -1 -1 -1 10 0 45 0.10 2.13
12 -1 -1 +1 +1 10 0 6.5 10.0 1.89
13 -1 +1 -1 +1 10 2 4.5 10.0 2.19
14 -1 +1 +1 -1 10 2 6.5 0.10 2.34
15 +1 -1 -1 +1 110 0 45 10.0 1.97
16 +1 -1 +1 -1 110 0 6.5 0.10 1.72
17 +1 +1 -1 -1 110 2 4.5 0.10 2.21
18 +1 +1 +1 +1 110 2 6.5 10.0 1.87
19 0 0 0 0 60 1 55 5.05 2.08
20 0 0 0 0 60 1 5.5 5.05 2.08
21 +1 0 0 0 110 1 55 5.05 1.99
22 -1 0 0 0 10 1 55 5.05 232
23 0 +1 0 0 60 2 5.5 5.05 2.04
24 0 -1 0 0 60 0 55 5.05 2.06
25 0 0 +1 0 60 1 6.5 5.05 1.72
26 0 0 -1 0 60 1 45 5.05 1.93
27 0 0 0 +1 60 1 5.5 10.0 1.76
28 0 0 0 -1 60 1 5.5 0.10 1.84
29 0 0 0 0 60 1 55 5.05 2.08
30 0 0 0 0 60 1 55 5.05 2.08

*X,: GeO, conc. (ppm), X,,: addition time of GeO, (weeks), X;: medium pH, X,: H;PO, conc. (mM)
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Table 2. Values of regression coefficients calculated for the fresh

weight
Ind. variable Coefficient T-value Prob > [Tl
GeO, -0.014155 -3.1875 0.0041
pH 0.909692 12.9047 0.0000
H,PO, 0.156681 2.5690 0.0172
pH x pH -0.085092 -7.5223 0.0000
GeO, x GeO, 0.000087 2.3974 0.0250
H,PO,x H;PO, -0.005811 -1.5811 0.1275
pH x H,PO, -0.018554 -2.2030 0.0379

Table 3. Analysis of variance for full regression of the fresh weight

Source DF Sum of Squares Mean Square  F-value
Regression 7 123.080 17.5829  628.152%%**
Error 23 0.64380 0.02799

Total 30 123.724

R 59.=0.994796. ***: p < 0.001

g2l wiAle] pH, X,3¢) phosphoric acid ¥%, interaction
term % pHXphosphric acid %, quadratic term 5 pH,
GeO, &%, phosphoric acid % &< A3t model 4
Y=-0.014155X, +0.909692X,+0.156681X,-0.085092
X,2+0.000087X,%-0.005811X,2-0.018554X.X & 4tk o
FE71EA AAo g EAHEA (Table 3)& 3% A,

GeO, conc. = 10ppm

65

GeO, conc. = 80ppm
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Fig. 1. Contour plots and response surfaces of the fresh weight of ginseng adventitious root at constant GeO, concentration of 10, 60

and 110 ppm, respectively.
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Fig. 2. Contour plots and response surfaces of the fresh weight of ginseng adventitious root at constant pH of medium of 4.5, 5.5 and
6.5 ppm, respectively.
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Fig. 3. Contour plots and response surfaces of the fresh weight of ginseng adventitious root at constant phosphoric acid concentration
of 0.1, 5.05 and 10.0 mM, respectively.
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