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Fig.12 a Plate of P. umbellatus on day 7.
b. Morphologicl starter of P. umbellatusin the flask on day 7

Fig.13 Morphologicl pellet of P. umbellatusin the flask on day 7.
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Fig.14 Effect of different carbon sources on mycelium dry weight in the
fermentation of P. umbellatus.
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Fig.15 Effect of different carbon sources on exo-polysaccharide content
during the fermentation of P. umbellatus.
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Fig.16 Effect of different carbon sources on intra-polysaccharide
content during the fermentation of P. umbellatus.
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Fig.17 Effect of different carbon sources on residual sugar content
during the fermentation of P. umbellatus.
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Fig.18 Effect of different carbon sources on the change of pH in the
fermentation of P. umbellatus.
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Table.2 Effect of different carbon sources on mycelium dry weight and
polysaccharide content in the fermentation of P. umbellatus.

t + +
: + +
: + +
1 + +

( <

EPS Exo-polysaccharide

IPS : Intra-polysaccharide
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Fig.19 Time course of P. umbellatus in shake flasks fermentation with
2% glucose.
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IPS : Intra-polysaccharide
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Fig.20 Effect of different nitrogen sources on mycelium dry weight in
the fermentation of P. umbellatus.
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content during the fermentation of P. umbellatus.
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Fig.23 Effect of different nitrogen sources on residual sugar content
during the fermentation of P. umbellatus.
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Fig.24 Effect of different nitrogen sources on the change of pH in the
fermentation of P. umbellatus.
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Table.3 Effect of different nitrogen sources on mycelium dry weight
and polysaccharide content in the fermentation of P. umbdlatus.

t + +
+ + +

+ + +

( <

EPS Exo-polysaccharide

IPS : Intra-polysaccharide
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Fig.25 Time course of P. umbellatus in shake flasks fermentation with
0.25% yeast extract.
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Fig.26 Effect of glucose concentration on mycelium dry weight in the
fermentation of P. umbellatus.
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Fig.29 Effect of glucose concentration on residual sugar content during
the fermentation of P. umbellatus.
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Fig.30 Effect of glucose concentration on the change of pH in the
fermentation of P. umbellatus.
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Table.4 Effect of different glucose concentrations on mycelium dry
weight and polysaccharide content in the fermentation of P.

umbellatus.
( ( ) )
% + + +
% + + +
% + + +
% + + +

EPS Exo-polysaccharide

IPS : Intra-polysaccharide
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Fig.31 Time course of P. umbellatus in shake flasks fermentation with
3% glucose.

EPS : Exo-polysaccharide

IPS : Intra-polysaccharide

74



\\

(2 ) 7 kR pE* E 35 #3505 7 P umbellatus 2 £ 2 258
LY F FF A £ B

AR A A A AT 11 0.19% ~ 0.29% ~ 0.25% ~ 0.3% -~ 0.4%
2 05%fs* 5 F kR FLFRBART » FEHA Foh§ hER

B & ¥ F Pumbelatus shiFsid £ 2 se o~ fh S pERES B B

FTHEPHDEFTPumbelatus ® Boif 4 £z FORER o d Bl L &

£

»

TN, REPFEEA AT RERSDF ARG BN > 5 - 15T
A FAAE TR A R R 2 EE A K ¥ 1

BT AL EAR TR A (G BT i o 40 o

0.1% 2 0.2%ps* X B4 kR 2w > 5 f1*t 5 % P.umbellatus 2 7

s

SRt £ %I X

e

SESMEE S & BB 2R 5 3 FA

—\

dERIEE; A RY 049%% 0592 X kR eu s BEFEE
P.umbellatus Fsid8end A i< > %7 X s s L pAgt T g, v
MRS AN F TEDR g o LFRERRY BE%KY Y 26
A E Pk BT R Poumbellatus s A £ i gtk i ot
F-oApFEE A E ANMICE 5 663mg/ml ;- H = G 0.2%%* 5B
$oleo B FAH S B.T77mg/ml ;A SEF FORCE B OB 40 0 BN A
B4 7 edBE > FiiicE A B 0.25% % 5.10 mg/ml>0.3% % 4.37

mg/ml >0.4% = 3.96 mg/ml >0.5% 5 3.37 mg/ml -

75



\
J

Mcelium dry weight(mg/ml

—— 0.1%YE
—m— 0.2%YE
—4&— 0.25%YE
—%—0.3%YE
—%— 0.4%YE
——0.5%YE

Time(days)

©

Bl=+- 2REARB*IPVPHRIPRIFANGCEZEE

Fig.32 Effect of yeast extract concentration on mycelium dry weight in
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Fig.35 Effect of yeast extract concentration on residual sugar content
during the fermentation of P.umbellatus.
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Fig.36 Effect of yeast extract concentration on the change of pH in the
fermentation of P. umbellatus.
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Table5 Effect of different yeast extract concentrations on mycelium dry
weight and polysaccharide content in the fermentation of P.

umbellatus.
( ( ) ) (

% + + +
% + + +
% + + +
% + + +
% + + +
% + + +

IPS : Intra-polysaccharide
EPS : Exo-polysaccharide

YE : Yeast extract
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Fig.37 Time course of P. umbellatus in shake flasks fermentation with
use 0.5% yeast extract.

EPS : Exo-polysaccharide

IPS : Intra-polysaccharide
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Fig.38 Time course of P. umbellatus in shake flasks fermentation with
3% glucose and 0.5% yeast extract.

EPS : Exo-polysaccharide

IPS : Intra-polysaccharide
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Fig.40 Effects of aeration rate and fed-batch culture on mycelium dry
weight in the stirred tank fermentor of P. umbellatus.
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Fig.41 Effects of aeration rate and fed-batch culture on exo-
polysaccharide content in the stirred tank fermentor of P.

umbellatus.
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Fig.42 Effectsof aeration rate and fed-batch culture on intra-
polysaccharide content in the stirred tank fermentor of P.
umbellatus.
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Fig.43 Effectsof aeration rate and fed-batch culture on residual sugar
content in the stirred tank fermentor of P. umbellatus.
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Fig.44 Effects of aeration rate and fed-batch culture on the change of
pH in the stirred tank fermentor of P. umbellatus.
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Fig.45 Effects of aeration rate and fed-batch culture on mycelium dry
weight in the bubble column fermentor of P.umbellatus.
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Fig.46 Effects of aeration rate and fed-batch culture on exo-
polysaccharide content in the bubble column fermentor of P.
umbellatus.
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Fig.47 Effects of aeration rate and fed-batch culture on intra-
polysaccharide content in the bubble column fermentor of P.
umbellatus.
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Fig.48 Effects of aeration rate and fed-batch culture on residual sugar
content in the bubble column fermentor of P. umbellatus.
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Fig.49 Effects of aeration rate and fed-batch culture on the change of
pH in the bubble column fermentor of P. umbellatus.
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Table.6 Effects of different type of fermentors, aeration rate and
fed-batch culture on mycelium dry weight and polysaccharide
content in the fermentation of P. umbellatus.
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EPS : Exo-polysaccharide

IPS : Intra-polysaccharide
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Fig.51 Effectsof culture method on molecular weight of polysaccharides from P. umbellatus in fermentation.
ST: Stirred tank fermentor BC: Bubble column fermentor FB: Fed-batch culture
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Table.7 Effects of fermentors type and aeration rate on molecular
weight of polysaccharide from the fermentation of P.

umbel latus.
ST-1vvm ST-0.5vvm
DAY EPS IPS EPS IPS
1 2.3x10* 9.3x10° 5.8x10" 5.5x10°
2 6.6x10° 1.5x10° 5.8x10° 1.1x10’
3 5.4x10° 3.3x10° 1.2x10° 9.1x10°
4 2.3x10° 2.9x10° 8.3x10° 8.3x10°
5 9.3x10* N/A 5.1x10° 8.9x10°
6 5.6x10 N/A 3.8x10° 7.4x10°
3.1x10*
7 1.2x10* 1.6x10° 3.2x10° 6.2x10°
2.7x10
BC-1lvvm BC-0.5vvm
DAY EPS IPS EPS IPS
1 2.7x10° 2.3x10* 3.2x10° 1.15x10*
2 6.3x10° 5.1x10* 4.2x10° 2.2x10*
2.9x10°
3 8.5x10° 3.7x10° 8.3x10° 3.5x10*
7.1x10* 5.3x10°
4 1.2x10* 9.4x10° 5.3x10° N/A
1.2x10°
5 5.2x10* N/A 1. 5x10* N/A
6 1.1x10° N/A 1.4x10 N/A
7 9.6x10* 9.3x10° 2.7x10 1.7x10°
7.3x10°
N/A : Date not available
ST : Stirred tank fermentor BC : Bubble column fermentor

EPS Exo-polysaccharides IPS Intra-polysaccharides
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Fig.52 Gl filtration chromatograms of P. umbellatus exo-
polysaccharides of 1 vvm ageration in stirred tank fermentor on

day 3 and day 7.
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Fig.53 Gl filtration chromatograms of P. umbellatus intra-
polysaccharides of 1 vvm aeration in stirred tank fermentor on

day 3 and day 7.
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Fig.54 Gl filtration chromatograms of P. umbellatus exo-
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Fig.55 Gl filtration chromatograms of P. umbellatus intra-
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day 3 and day 7.
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Fig.56 Gl filtration chromatograms of P. umbellatus exo-
polysaccharides of 1 vvm ageration in bubble column fermentor

on day 3 and day 6.
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Fig.57 Gl filtration chromatograms of P. umbellatus intra-
polysaccharides of 1 vvm ageration in bubble column fermentor
onday 4 and day 7.
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Fig.58 Gl filtration chromatograms of P. umbellatus exo-
polysaccharides of 0.5 vvm aeration in bubble column fermentor

on day 3and day 7.
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Fig.59 Gl filtration chromatograms of P. umbellatus intra-
polysaccharides of 0.5 vvm aeration in bubble column fermentor
onday 3and day 7.
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Table.8 Effects of fed-batch culture on molecular weight of
polysaccharides from the fermentation of P. umbellatus.

FB-ST FB-BC
DAY EPS IPS EPS IPS
1 1.2x10* N/A 3.2x10° 3.7x10°
6.9x10* 7.3x10% 2.7x10° 5.9x10°
3 1.1x10° 1.02x10° 3.3x10° 4.1x10°
5.4x10* 4.5x10*
4 9.3x10" 8.32x10° N/A N/A
5 7.1x10 1.7x10° 8.2x10° N/A
6 N/A N/A 4.5x10° N/A
4.8x10*
7 9.7x10* 6.2x10° 5.2x10° 4.3x10°
3.8x10* 5.1x10" 4.2x10*
7.5x10*

ST @ Stirred tank fermentor
BC : Bubble column fermentor
FB : Fed-batch culture

EPS : Exo-polysaccharide
IPS : Intra-polysaccharide

N/A : Date not available

113



5.4x10" Da //////' 9.7x10* Da
1.1x10°D 3.8x10* Da

Bl L REUE RN AR S & R e 0 S R A 3T 4

($22 %= =2)

Fig.60 Gl filtration chromatograms of P. umbellatus exo-
polysaccharides during the fed-batch culture in stirred tank
fermentor on day 3 and day 7.
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Fig.61 Gel filtration chromatograms of P. umbellatus intra-
polysaccharides during the fed-batch culture in stirred tank
fermentor on day 3 and day 7.
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Fig.62 Gl filtration chromatograms of P. umbellatus exo-
polysaccharides during the fed-batch culture in bubble column
fermentor on day 3 and day 7.
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Fig.63 Gl filtration chromatograms of P. umbellatus intra-
polysaccharides during the fed-batch culture in bubble column
fermentor on day 3 and day 7.
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Table.9 Effects of different type of fermentors, aeration rate and
fed-batch culture on mycelium dry weight, polysaccharide
content and distribution of molecular weight during the
fermentation of P.umbellatus.

Mycelium  EPS+ IPS

Molecul ight (D
Growth condition dry weigh olecular weight (Da)

(mg/ml )
(mg/ml) EPS IPS

1.0x10* 2.7x10°
Twwm 10.85 2.49 010 x10
7.5x10° 5.6x10°
1.8x10° 5x10°

05wm  8.02 235 810 3.5
2.1x10° 1.5x10’
9.6x10° 4.3x10°

Fed-batch  11.87 279 X X
1.7x10° 2.5x10°
6x10° 9.4x10°

Twwm 7.02 2.66 5.6x10 X
1.5x10° 1.2x10°
8x10° 1.2x10"
05wm  6.06 236 3.8x10 x10
3.0x10* 2.4x10°
1.1x10° 5.2x10°

Fed-batch  8.13 3.01 X X
5.7x10* 1.0x10°

EPS Exo-polysaccharide IPS : Intra-polysaccharide
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