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ABSTRACT:

In order to select a suitable bioreactor type for the submerged cultivation of Ganoderma applanatum,

both growth characteristics and polysaccharides production were compared among four different types of biore-
actor. These include an external-loop type air-lift bioreactor (ETAB), a balloon type air bubble bioreactor (BTBB),
a column type air bubble bioreactor (CTBB) and a stirrer type bioreactor (STB). The mycelial biomass produced
from the reactors were in decreasing order; ETAB (7 g/l) > BTBB (6.2 g/l) > STB (6 g/ly > CTBB (5 g/l). Maximal sol-
uble exopolysaccharides (1 g//) and endopolysaccharides (2.7%) were also obtained from ETAB. Thus, the ETAB
was most suitable for submerged culture of G applanatum mycelium. Based on the results, ETAB was chosen for
further detailed study. The most effective aeration rate for the mycelial growth in ETAB ranged from 0.05 to 0.1
vvin. For the maximal production, the mycelium at the initial growth stage needed low aeration rate to reduce
cell damages by fluid flow. However, as the mycelia grew, the culture became viscous and thus needed higher aer-
ation. The molecular weight of exopolysaccharides obtained from the culture grown in ETAB was higher than that

from the culture grown in other bioreactors.
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Fig. 1. Comparison of mycelial growth of Ganoderma appla-
natum grown in four different types of bioreactor
(BTBB: a balloon type air bubble bioreactor; CTBB: a
column type air bubble bioreactor; ELAB: an external-
loop type air-lift bioreactor; and STB: a stirrer type
bioreactor). The mycelia were cultivated at 21°C for
7 days.

o] EUTS HIAGTE olEi Alole #AMAY] A
B4 39 @ Ao=A Fo] AAHRD hHlEEx
A 9] vl HETE w9 Fol 72T 7] ZH
Folut FAFE WA o] IV 85 Al fAl st
AAAE 15 BAEES st 3719 AFAIE =
F= &3t 97) dEolt}. Fig. 2v wWtE ) 7| ¥%E7)
FollAe] wiekr17bel] me Ao &FAAFS VeRd A
ojt}. &B4AFE Wi 47 FA3] AT R
A AA7IQ 64 el A 0ol 7HA BAF
ady 712 718e] aNtsgHY 85 Abhde] &
FABE AoE JehHT o] $(2001)% Ganoderma
Iucidum AP A, Xu and Yun(2004)2 Paecilomyces
tenuipes®) FAPIGANAN B7EEE FUFE FAY A
kol St Skt Bt F=rt e FAHA vl A
o]

[S)
202 AEdEn.
FHH H 9} 0](2000ye &7 FAH kS AERHT)
ol &7 FAAE AFigete] Aol AnTFHF
o] R AR ANFE EhEE WIS & 4

100

5 8o -0-STB

g -m— ETAB

o

o 60

£R

2 40

2

2 20

ko

©

o 0 9
0 1 2 3 4 5 6 7

Days in culture

Fig. 2. The time course of relative dissolved oxygen change
(%) in the media during the submerged culture of
Ganoderma applanatum in ETAB (external-loop type
air-lift bioreactor) and STB (stirrer type bioreactor).
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Table 1. The growth characteristics of submerged cultures of Ganoderma applanatum mycelium in four different types of bioreactor

at the same cultivation conditions

Type of bioreactor Cell concentration (g/)’

Stagnant time (day)

Overall cell yield Ymb Overall growth rate Rx (g/d/1)

BTBB! 6.2 7

0.24 0.88
CTBB 5.0 8 0.20 0.62
ETAB 7.0 7 0.28 1.00
STB 6.0 7 0.21 0.74

*Mycellial dry weight at 7th day.

*The value of Y,, was defined as the cell mass obtained per one gram of glucose in media.
“The value of Rx was defined as the cell mass at the end of the culture divided by the total cultivation time (day).
‘BTBB: balloon type air bubble bioreactor, CTBB: column type air bubble bioreactor, ELAB: external-loop type air-lift bioreactor, STB: stirrer

type bioreactor.
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Table 2. Crude endopolysaccharides and exopolysaccharides
produced by Ganoderma applanatum mycelium
cultivated in four different types of bioreactor

Type of Endopolysaccharide Exopolysaccharide
bioreactor (%) (¢))
BTBB® 2.34+0.21 0.94+0.22
CTBB 2.30+0.27 0.90+0.03
ELAB 2.72+0.58 1.00£0.13
STB 2.08+0.33 0.97+0.07

*BTBB: balloon type air bubble bioreactor, CTBB: column type air
bubble bioreactor, ELLAB: external-loop type air-lift bioreactor, STB:
stirrer type bioreactor.
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Table 3. Molecular weight of exopolysaccharides produced by
Ganoderma applanatum mycelium cultivated in four
different types of bioreactor

Molecular weight (kDa)

Type of bioreactor

Fraction 1 Fraction 2
BTBB* 2,240 1,030
CTBB 1,900 1,080
ELAB 3,410 1,420
STB 3,080 1,500

*BTBB: balloon type air bubble bioreactor, CTBB: column type air
bubble bioreactor, ELAB: external-loop type air-lift bioreactor, STB:
stirrer type bioreactor.
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Fig. 3. Effect of aeration rate (vvm) on mycelial growth of
Ganoderma applanatum. The mycelia were cultivated
in external-loop type air-lift bioreactor at 21°C for 8
days.
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Fig. 5. The time course change in glucose content and pH in
media during the submerged culture of Ganoderma

applanatum in external-loop type air-lift bioreactor at
21°C for 8 days.
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