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ABSTRACT The two different ways to supply air inside the bioreactor were examined in the adventitious root
cultures of Panax ginseng C.A. Meyer. First, the aeration rate varied at 0.05, 0.1, 0.2 and 0.3 vwm, respectively
which were supplied during the whole culture period. Second, the amount of air supply was increased from 0.05
to 0.3 vwm at 10-day intervals in proportion to the root growth. Both the root growth and the ginsenoside
accumulation were maximized to 175.8 g dry wt. of root growth and 4.3 mg/g dry wt. of ginsenoside
accumulation when the aeration rate was increased gradually. The effect of the sparger pore size (15, 30 and
60 um) in the bioreactor was also investigated, which suggested the greatest root growth (175.9 g dry wt.) in
the 15 ym-sized sparger and the highest ginsenoside content (4.3 mg/g dry wt.) in the 60 ym size. Finally, the
diameter of a sparger (15 ym-sized) varied at 1.5, 3.0, 5.0 and 8.0 cm, respectively. The highest root growth
(191.9 g dry wt.) and the ginsenoside content (4.9 mg/g dry wt.) were obtained in the sparger diameter of 8.0 cm.
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Figure 1. Configuration of a 20 L bulb type bubble bioreactor
system used for culture of ginseng adventitious roots. (a) air
compressor, (b) air cooler, (c) air dryer, (d) air reservoir, (e) air
flow meter, (f) 0.2 ym membrane filter for air inlet and air
ventilation, (g) glass sparger, and (h) silicon stopper.
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Figure 2. Comparison of initial kLa in different aeration rate

(A) and various pore size (B) and diameter (C) of sparger in
bulb type bubble bioreactors.
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Table 1. The growth and the ginsenoside productivity of ginseng adventitious roots by aeration rate in bulb type bubble bioreactors

after 40 days of culture

Growth of adventitious roots

. . Ginsenoside
. . Total ginsenosides S ox
Aeration rate (vvim) Inoculated Harvested Growth rate d productivity
(mg/g dry wt) /d
(g dry wp) (g dry wi) (fold) (mg/L/d)
0.05 7.0 149.1 8.2 21.3 3.7£0.1 0.9
0.1 7.0 173.6£7.5 24.8 3.940.1 1.1
0.2 7.0 163.1+9.8 233 37102 1.0
0.3 7.0 151,684 21.7 4.1+0.2 1.0
0.05/0.1/0.2/0.3" 7.0 175.8%8.3 25.1 4.340.1 1.2

2 yvm: volume of gas per volume of aerated liquid (min) per minute, YAeration rate increased to 10 day intervals from 0.05 to
0.3 vvm, *Ginsenoside productivity (mg/L, per day)=total ginsenoside content (mg/g dry wt)Xdry weight of harvested roots (g dry
wt) per volume of culture medium (L) per culture day (d). The values are expressed as means of three replicates with standard

deviations.
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Table 2. The growth and the ginsenoside productivity of ginseng adventitious roots by pore size of sparger in bulb type bubble

bioreactors after 40 days of culture

Growth of adventitious roots

Ginsenoside

Pore size of sparger

Total ginsenosides

o (s dry ) A (mefe dy wo ey
15 7.0 1759*5.6 25.1 3.910.3 1.1
30 7.0 175.1+4.5 25.0 45+02 1.3
60 7.0 1719147 24.6 49+0.2 14

* Ginsenoside productivity (mg/L per day)=total ginsenoside content (mg/g dry wt)Xdry weight of harvested roots (g dry wt) per
volume of culture medium (L) per culture day (d). The values are expressed as means of three replicates with standard deviations.

Table 3. The growth and the ginsenoside productivity of ginseng adventitious roots by diameter of sparger in bulb type bubble

bioreactors after 40 days of culture

Growth of adventitious roots

Ginsenoside

Diameter of sparger

Total ginsenosides

Inoculated Harvested Growth rate productivity*
(em) (g dry wi) (g dry wt) (fold) (mg/g dry W) (mg/L/d)
1.5 7.0 175.11£43 25.0 4.1£0.2 1.2
3.0 7.0 175.9+3.7 25.1 4.01+0.2 1.2
5.0 7.0 181.4+4.1 25.9 3.9%+02 1.2
8.0 7.0 191.9+t4.4 274 4910.1 1.6

” Ginsenoside productivity (mg/L per day)=total ginsenoside content (mg/g dry wt) Xdry weight of harvested roots (g dry wt) per
volume of culture medium (L) per culture day (d). The values are expressed as means of three replicates with standard deviations.
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