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Abstract

Medicinal mushroom Armillaria mellea was selected in this research to
study the effect of submerged culturing condition and different types of fermenters
on the production of exopolysaccharides (EPS) by this strain. Bioactivity of
EPS and ethanolic extracts of cultures from stirred-tank fermenter was also
investigated.

Results showed that optimal culturing condition for EPS production
was: incubation temperature of 25°C, initial pH of 5.0, glucose ( 2.0%, w/v ),
soybean power ( 1.5%, w/v ), MgSO, ( 0.075%, w/v ), KH,PO, ( 0.15%,
w/v ). Under this optimized culturing condition, maximal yield of EPS ( 0.79
g/l ) was obtained from shake flask culture and increased 7.69 times, as
compared with that ( 102.73 mg/Il ) from basal medium.

The maximal EPS yield ( 0.43 g/l ) was obtained on later period of
incubation ( the 13th day ) from stirred-tank fermenter, while the highest
specific growth rate (u=0.48 day™ ) was observed from air-lift fermenter.
Among the three types of fermenters, only the EPS, with molecular weights
between 3.72 x 10° - 1.9 x 10, from stirred-tank fermenter was mainly
produced by A. mellea on later period of incubation.

Both DPPH radical and ABTS radical scavenging abilities showed the
same increasing tendency of EPS-13 > EPS-8 > EtOH-50%-13 >
EtOH-95%-13 >EtOH-50%-8 > EtOH-95%-8. The antioxidant capacity of
test samples showed a relative tendency as follows: EPS > ethanolic extracts,
later period ( the 13th day ) > early period ( the 8th day ) and 50% EtOH
extracts > 95% EtOH extracts ( same incubation day ).

Both EPS and ethanolic extracts revealed significant ( p< 0.01)
inhibition activity on growth of liver-cancer cells ( HepG2 ) at dosage of
1000 ug/mg. The relative inhibition ability of test samples was: later period
(the 13th day ) > early period ( the 8th day ) and 95% EtOH extracts > 50%
EtOH extracts ( same incubation day ).

Keywords: Armillaria mellea, submerged culture, exopolysaccharide,

antioxidant capacity, anti-tumor activity.
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Fig. 1 Morphology of Armillaria mellea.

(a) fruit body.

(b) shot-strings inside agar bottle.

(¢) young shot-strings on agar plate.

(d) aged shot-strings on agar plate.
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g Vaz & 4 (2011) $#% 2 §hpFF F Mg b AN BA RN e LR
A RS FRUKT & (T1.28%) ~ 39 T (16.38%) - *; % (5.56%) %
A (6.78%) Bkt L4 e 5 21.97% A g (B4R BB PR
) o T in Rl E 3 20 fEE ARL 0 ¢ F Aoy e (17.23%) - B A 3 & friy
s (55.01%) 2 % =~ 4 4 forg s (2776 %) H ¢ i e (C18:1) % &
Frib ik (C18:2, w-6) 7 B & - A W 5 47.74%% 27.71% -

B 77 % pEW (polysaccharide) ~ f=4g it & 4 (phenolic
compounds) ~# 5 f5 B (sphingolipids) ~ % & § % (ergosterol) ~ % & zn
¥] (Ergothioneine) % & § $ojfltenis L fEag % 2424 F (Muszynska etal,
2013; Gao et al., 2001; Lee et al., 2009 ; Gao et al., 2009) - i#F 3 # 3 % R7 &
FRAAIFEOFRSEY A4 B8R = & =3 F (sesquiterpene aryl
esters) > ¢ £ R & F T £ (armillarin) ~ & F2e % (armillaridin) ~ & & #5
% (armillaricin) ~ 8 % g~ % (melleolide) ~ ¥ #& #F= % (armillarigia) - ¥ %
A& % (armillarikin)~ 8 & /= % (armillarilin)~ % & /3 % (armillarinin)
%A% % (armillaripin) ~ 8 % 7+ % (armillasin) ~ % % F7= #
(armillaritin)~ % & g ¥ % (armillarivin)~ & % A& (armillaric acid) % (Yang
etal., 1984; Yang et al., 1989a; Yang et al., 1989b;Yang et al., 1990a; Yang et al.,
1990b; Yang et al., 1991a; Yang et al., 1991b; Obuchi et al.,1990.).» 7 5 £ iffxzﬂ
TEERFL Z L] 93 e B 2 2 st H scid (Chietal., 2013) -
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W £ & 4 (Sunetal, 2009) - #fa % (Wuetal, 2012) % fw3 © (Mazetal,

2011) % # % o

GG RRANMAS D LR Y FHR EFERS LA H Y WA

BRI RS HOE R FES RS blde S EF TR S BRAET - B

AR B’Iﬁpfﬁfg E (FlE 4 > 2003) > iTh L pEfR ~ RO BPR - B 3%
Ji % 74 vx 2. F o

Chi & 4 (2013) 27§k pF2 2> A ag iz pf 2 2
SR AT T T o WP RSk LY B F e Balb/c o) B (1 A FE S g R
s %% th CESLIT/VGH % W %h8;) crodygif 7 R b RS F 7 1
CEBLT/VGH !m*e th Ao k= 2 B 4v H s 5 g B 1.6 B > @ Jw
P F Hp cnG2/IM ) 2 GLEp j8 i ~ 5.91%% 4.44% 3 4 3 14.04 2 8.72% >
BT EhEC 2 me kAL G2MP 2 Gl A4 IFR %@ 1395
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Wu & 4 (2012) 4p N BB BPRIBIE S PR g 5 " MUR MBI
> (mitochondrial membrane potential) @ $# ! cytochrome C » i& @ & it

caspase-9 % caspase-3 @ & i pimie 4_w k= o



2. B 5Lk
Sun & 4 (2009) #= 3 Am B IR AR 5 pER B 5 pE (50~200 pl/ml)
PV REFEES AP & (Kunming mice) "% © wmre s ¥ & R £
AR e 2 205 (2009) AT E BIRE S MM AP L A R T 5
$E R IRE S P SR E 25mglkg 2 % A 50 mg/kg ¥ AR EH o)
BB rime cnBeb b ) MGRMROH T T wie S 4 12 L FiR e &

KT HAEE o

IS

£l

SHCE PP T VIR LA b F BB EH O HELLG 4
BHAGOH N A T HE e BTG 2R E HIETY SE S AR
SHAG AR FATEAEEY ¥ AR FHEP > LFHPIPEF A
fe {1 T T w2 ~B kT e ~ Evfiimie{fop R+ wie (NK) & 4
Fimiz > Ban B VAR HaE e F) S nd X HEARE AAFH S 2 G

A&y (RE A 2004) o

3. oz it

-~ A ¥ Renpd A5 3% ehp d Z (oxygen-containing free
radicals) # 352 ¥ * g3 it P ae 3+ > HldoiEE 1Y (superoxide ;
O°° )~ &% it & (hydrogen peroxide ; H,O,) frsz & p ¢ & (hydroxyl
radicals ; OH - ) % » pt 3 3 2 XL F 7 5 hpd A X fLa Bl
¥ (reactive oxygen species; ROS) > *t 4 € % - BT ok s > § P
pd Rfedbd g LR TR REA W A Doy
iAo g g AL F RS (oxidative stress) o F iR S g 514z A 41 A
AHE I RRAE AN o Ao~ PR B~ BOREERA 1 R
¥ 7 (Aruoma, 1994) -
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(tocopherols) ~ 3k i f& (ascorbic acid) ~ fr#f+* & § % (carotenoids) *
» F T g v iEE (Ferreiraetal., 2009) - f= & (phenolic acid) A& 5
2IAEY A& anpespd B (Karaman et al., 2010) - Muszynska & * (2013)
RIS DR RANE (- ) RERETIRFATAMALE Z G
J v2 % fa (protocatechuic acid) % % &+ & (sinapic acid) ; Vaz & + (2011)
M ERFATAFIFINAIL Z 5 2 (cinnamicacid) % g A F T
(p-hydroxybenzoic acid) > e R s2 xRl A (A -) LR 7R 2R
AR~ 2EBREZ XRS5 M-

Vaz % 4 (2011) e A% 2 2 A+ FHEFC BEPRF 2 LT
Sk Ly v 4 g 3 Y BIRFe M 3P4 o0 DPPH 57 4
(DPPH scavenging active) ~ B & 4 (reducing power) % B-# & § % 4 fa$v

| & (B-carotene bleaching inhibition) 2. ECsy 4 %] % 17.13 ~ 7.53 2 8.94
mg/ml ; @ KA % pEFLy b i 4 A % 5 395098 2 0.87 mg/ml -

Lung ¥ 4 (2011) #FA B % 2R FE T AT B 2H (MEM) -
FloctEcok e (HWEM) 2 2 pgie @ g5 st (MEB) i & fi§
PR FLE V4 LT BRSSP Y 7 ke i (ascorbic

acid) ~ w R #f 2 foaf 0 H P MRS ERER 2 bk =

m&

7 EB®,
@ p-carotene ¥ i A FSHEECKEBS Y o qmF b4 2 g o L FSHEE
K EFBp g v i 4 (% 5 B2 0 conjugate diene method) ~ A & 15 48
# 3+ 5t 4 (chelating effect on ferrous) % 4z % £33 ; i“f 4

(scavenging effect on superoxide anion) #3: ; @ F)5: 48 7 f% 5 B4 iR R

42 DPPH fi o Ajfrpii 4 s R S F B0 anfnf A0 s
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Table 1 Phenolic acids in extracts from six fungal fruiting bodies.

Species A. mellea B. badius B. edulis C. cibarius L. deliciosus P. ostreatus
Phenolic acid mg kg’ DW
Protocatechuic acid 223005 2138+040 750020 154=003 137002 252003
p-Hydroxybenzoic acid - 128020 194=004 230005 - 3.60 =0.05
Vanilic acid = = = 332x0.04 = =
p-Coumanc acid = 13.91 +0.20 = = - =
Sinapic acid 3.77=0.04 1.50=0.20 = 304003 1420040 211=003
Cinnamic acid - 8.73=0.10 - 129003 406020 1.09=0.01
Ferulic acid - 1.450.02 = - - 0.46 =0.01
Total amount 6.00=0.07 4825030 944=0.14 1149008 1972009 9.78=0016

(Muszynska et al., 2013)
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Table 2 Phenolic compounds and cinnamic acid in four wild edible mushroom

species. (mg/kg dry weight)

Armillaria mellea  Calocybe gambosa  Clitocybe odora  Coprinus comatus
Protocatechuic acid nd 2584049 nd nd
p-Hydroxybenzoic add 4.00£0.72 ¢ 3840+£3.14Db 2793+279b 6153+1.19a
p-Coumaric add nd 404+029b 1.81£009¢ 1879+092a
Total phenolic acids 400+0.72d 4502+334Db 2883+151¢ 8033:027a
Cinnamic acid 8.67+0.03¢c 1769+0.21a 13.77£059b 1258+012b
nd, not detected.

(Vaz etal., 2011)
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K% 4 (2006) FRE RS PER RIRE S pERE pra 4 o d R
W) RADRPG  EBE T RIS AL ) QWD
Foorh P SR PF IS R P & 50100 2 200 mg/kg W Ap gt R R
HRE] HFRH L EFTFERT > s & FF el pocs

5. "Fa fE

7 (2010) # R EFFE © % pE AMP-1 (polysaccharide from the
rhizomorph of Armillaria mella) %= % rex_(alloxan ,AXN)%{%@:@/J‘ HE
e -MDAZE BT % F 7 % M2 SOD » GSH-PX
B AMP-1 7% ac ] AXN i % ] BB E g £ P BT R0

£ Ao

6. "5 MR AT m e 4k (AR

AMG-1 (N6-(5-hydroxy-2-pyridyl)-methyl-adenosine) E_i & % f] .5k 1
PRI ERF LS AREREG eI A 2 - o FlE A (199]) &
72 B AGM-1 % 0.1 & 0.3 mmol/L it P kg4 Wister ~ &% R ff = %2
i (Ca®*) g M 459ept (glutamate) e ff > B "% K Flak w44 § 5142

A 5 A m i 4F 1§ 2k e
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P SF Ry HLBET R GEY G (F 78 AU A3
5 PR B A gk 2 4 1mE . (Wasser, 2002) o F pERE A d § e H
PEsp (H B M- FBE) REd g A+ 3 85 & - ¥ Ll Ok
Fo s M S FEE) P F R oo f1960E B 3F S AR S T
WG PERE G L bUR otk o A E RS PER AR IR A 0 Bl
SPEM L p Py BEFOH I GRERE TR SN AR T E
WEERTZPRESFT » 2P WY MG N0 5 2 8
1. #&p % g (Intracellular polysaccharides) : i & 3% - picd # 4 £ 972 it

€2 LR -
2. %1% 7 pr(Structural polysaccharides ) : = ‘o= FfifEid @ ehj pE= 4 o
3. 2 % pE (Extracellular polysaccharides) : if ¥ &_fit 3% 3t im¥e ¢h 3neh

NI

() 7 pERyvagEi

Ikekawa % 4 (1969) 7= 7 = # & * JGag+ F 8 # -k 5 B F ¥ Sarcoma
180 34 H 45N ) R B in o B 5877 3 sadrd |k 4 2 3"

% 213455 (complete regression) > | i d F Y FEF H 541 &
S pwe G RGN IS R £ R M B e 2
(Ganoderma lucidum) ~ # & (Phellinus linteus) % = & jF4 (Agaricus
blazei) (Miyazaki and Nishijima.,1981; Han et al.,1999; Mizuno et al.,1999) -

f#éc SEEMOE PR PR N RIS I E AT R
HEARFELT ¢ BF FlpL2berg o) PRHETE 3 SRR R o

5 BB RS I g % T § R R S 2
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1. &~ %

Ik

SRR AR E L3 25 - TG Vg S pEA A
F oAb ald B (1% > 2007) - °r (2000) 4 - fEGET S pEAE (%25 pE
WG IPE S 2 PER BRIk SN RPEE) > Pglucan s+ 4 F Y

(1) &~ F

Ik

£

ETTNS
Ji

’ﬁ#gé g B H 4 m s e T LR

b

3000~5000 Da = + % & " & 4+ it > (2) %1.0x10°~1.0x10° Da £ #u &

£% 2 (3) £3.0x10°Da ™+ E R T o

2. KAl
SPEREOPEHAEE R A A S AN Y ¢ BT e

Bt o i E RKFETHEF 0 L B-(1-3)-D-glucan 3 2 4é 5 12

<

B-(1—6)-D-glucan 3 & 4a1en % pEgE H v B e % & i (Wasser, 2002) » H
Fhpdc®l = (kTR £51999) Arom o ¥ 1 X-spa st s H 2 M
e % @R £ F P B-(1-3)-D-glucan 7 - = 3+ g3 *&_(triple helix) -
H Ao B = o0 o AR BT L BB RUR T h & & F) (R
g & 51999) - Surenjav & 4 (2006) A3 FH = P A T (dimethyl sul
foxide » DMSO) ¢ a3 B-(1—3)-D-glucan 2. = "% 7 it R H B

e .I:}_—r L S

3. =
3 5 pEenE PR § M PURR ST i B Liao® «
(2013) 7= 3 Baom | 2 S pERE P hH pE R EpE (fucose) 22 H Frdig sl

Ml o F R

“ﬁ

i /f L R B e i R ,r'}’}g < bg R TR o

12



CH,OH
0.
OH + OH
HO OH
Blo 5 PR e p(1>6) 4 £ B-(1—>3)-D- i BRI -

Fig. 2 Structure of anti-tumor portion of B-(1—3)-D-glucan with
B-(1—6)-branching side chain.
(-k¥regr &5 1999)
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Bl=  X&spmitp| 22 B-(1-3)-D-7 KpE s o FiE ©
Fig. 3 The crystal structure of B-(1-—>3)-D-glucan by X-ray analysis.
(-kprer ot &51999)
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4 F A
SRS AR AR E g i B A AN T T S
PenloF i A B R RIS S IR AL (PB4 - 2007) -

=5

Wang# + (2006) p %33 Eji€ ¥ (Poriacocos) 4 &t — f2-kij 1+ %
pEREPCS3-11> #-H & w:g (7 pefh i (sulfated)> 2 @ A it (carboxymethylated)

v 803 &5 {5 > $FSarcoma 180 *&%; fmte cndrd| S kg F RS o Jaihigd it

m S

g 2 4F io ¢ 4+ PCS3-11 ( carboxymethylated-sulfated derivative of
(1->3)-beta-d-glucan from Poria cocos) #vkia¢m i@ B &M HE 2 - Zhang
& A (2012) % 34 72 (Ganoderma lucidum) »z ¢t 5 pE48 (GLP) Sarfs

i ig 4 s (sulfated GLP) ¢ # < %= i fnvs & 2 Frdlis fhenier (4

AL IHHEEPEA I TS d R L eI
Wik E s 5 B3 0 Surenjavd 4 (2006) *t #2 4 4 (Lentinus edodes)
R (L-1g, LAy, L-lg, L-1y) 2 H 2 "$ % & 39 F (LNP-13, LNP-l5, LNP-I3,
LNP-1,) 7% FEa8 3% 6% ‘o % Sarcoma 180sndr 7542 » 3 M dv Hak 3
“,f "M AR ()

15



4 B,
= k- G

%ok 5 pER R ERpL T § 3

G R SR e

Table 3 Inhibition activity of GLP and sulfated GLP on carcinoma cells.

Samples Dosage (pg/mL) Inhibition rate (%)
Control KB SGC-7901 HePG2 BEL-7402 MCF-7 SHZ
N ND ND ND ND ND
GLP %5 ND ND ND 013 1094 ND
50 ND 436 ND 11,19 21,14 181
500 ND 657 ND 1833 16,60 104
Sulfated GLP (DS~ 1.46) % 8.80 10.13 2181 17.64 20,60 4290
50 19,66 1377 4226 423 3000 5230
500 3446 46,60 7479 55.46 4020 8588

(Zhang et al., 2012)
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% w B3 F pER R w2 Sarcoma 180 2. Furd B i 14
Table 4 Antitumor activities of mushroom (Lentinus edodes )
polysaccharides against Sarcoma 180 tumor cells.
Sample Structural Dose Inhibition Enhance-
feature (mgkg~™'xX ratio (%) ment ratio
days) of body
weight (%)
Control 42
FU-5 20X7 48.6 39.1
L-1, With bound 20T 12.1 550
protein 607 47.8 29.1
L-I» With bound 20X7 259 413
protein 30X7 40.7 347
60X7 3.5 314
L-15 With bound 207 50.0 427
protein 30x7 63.0 37.1
60XxX7 70.0 27.4
L, With bound  20X7 20.3 33.3
protein 30x7 31.8 46.1
60X7 3.1 45.0
Control 454
FU-5 20X7 S1.7 356
LNP-I, Without 20X7 75 57.8
bound pro- 60X7 17.1 58.6
tein
LNP-1, Without 20X7 0.6 522
bound pro-  30X7 20.7 56.3
tein 60X7 304 453
LNP-1; Without 20X7 12.1 509
bound pro- 30X7 by g <7 4 |
tein 60X7 414 450
LNP-1; Without 20X7 98 496
bound pro- 30X7 195 46.7
tein 60X7 37.6 454

(Surenjav et al., 2006)
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(=) % mERFcaisd):
1. FEP B ae -

PARTEETRET 4p o - L4 & 444 (Flammulina velutipes)
S B SN R R 0 BB F MY E @ BRSO e 4 (lkekawa et al., 2001)
Kobayashi (1993) 4y i 2 - (Coriolus versicolor) % & PSK (polysaccharide
Krestin) 2 " i< G- B FE2 A E 2 RphF o

Fo o F Ao 0 JE g dm e il 4 BN H g

.Eu}

5 pERY ,%%Td B 5 7
FoOTHR S - LR D &) (Wasser, 2002) o

A g S pE lentinan ¥ A R end A K ST L B o lentinan s 8 E B
dmve & F_T e A H A 4 interleukin-1 (IL-1) %13 » & A = 3 endm e i}
BT %5k ~ v 8 41 es 2 T # Bpmte ~ f AME e (NK) £ 2
A e FiAAHEF weht > B3 28 IL-2-NKERFS
(NKAF) ~ Evimie &t 713 (MAF) % & % ik chFk ot > i&a
Bt G T e s NK dm¥e ~ fmve M5 M F eilimPe 2%t Y A3 AT F
F MehwieF > B FR A EER RGP R (kR E
1999) 1} £ BB EieB e 21 (Wasser, 2002) -

B F-v Dectin-1 3 i &> E sfiw#e (macrophages) ~ #% e
(dendritic cell) % V'g ? e &k (neutrophils) % w2 4o X4 H & B-(1
—3)-D-glucan % & 7 WL frd &L X ML R F o 8- B ELA e s

Moo ¢ REBEITY 2 mie grE (cytokines) ko IR fmiE i E BRE e

J ¢ A ¥ £ & it (Brown et al., 2003; Herre et al., 2004) -

18



Colony Genera] Potentiation C3a
Sllmulating of Host Resistance Anaphylatoxin
Factor + + *
Serum Protein / C3b
LA,LB, LCetc. non-specific
Complement C3 Activated
Liver Macrophages Macrophages
ADME
AF
Accessory NI} /Ampifier IL-2 /precursor Cytotoxic \ CTL | TARGET
LENTINAN Macrophages T-lymphocytes Cytotoxic-T T-lympho- TUMOR DESTRUCTIO
(A-cells) (Helper) Lymphocytes cytes CELL
< specific ‘%C)J
('.‘/
'%,} TS]upprgssor Null K)\_~
TUMOR p, \Llym ocyte Cells
ANTIGENS '{; %,
k> L
= B-Lymphocytes Antibodies
Natural
Killer Cells

] = A & % pE lentinan 2o 3 s f B T 2T o
Fig. 4 Possible pathways of immuno-enhancing activity by lentinan.

( Wasser, 2002 )
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3. EEIrilfiwmie ¢ ¢

SR R P T e = 0 Nk BERER
d5v= > Zhang & 4 (2005) j€2¢%F /1% R12 ) (Pleurotus tuber regium)
A - f8 % pERY carboxymethylated polysaccharides (CMPTR) » £ 12
CMPTR &2 MCF-7 4 #g5 i im®z > 38 H ¢ "% i< cyclin D1 ~ cyclin E 2
Bel-2 (k= F-v ) eh& I > # 34 Bax (Blw®e 3~ Fv ) end ik > ¢ #

FEF 3t GL P » s Bl Frd)bmie B 78 v % o
- A =T O N
SN aErIGE2 REBER

8 Gig R R B & (submerged fermentation) & = 3t4d % chg
Fe A A > 1948 & d Humfeld & £ 1% o33 & Hjivss 4 v 32 iy
(Agaricus campestris) PE] 3B o B PG Rt A AR A T AEEER PN G T

i % 2 7 (biomass) £ i34 (metabolites) h2 £ -

(-) FhEE 2 TE

FOH - PR R AT iR R B R Adp ik B TR T B T
FRnE A # 2 foaaFagrdlpH E B R F BiE (RMRT)
H i g o G B

7

BFRFET o RFEHRAP IR A UL T
AT BIFR B R B ALY Bt g RS ¢ A 2 325 (sporulation)
A A F g FIE R P4 (P4 ) i A A58 Faiak (pellets) 43

i (3R 2002) -
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EE AL BLAER A2 L8
BARER AL AFE DI FHYEA AR 2 B R A E
RO AW 2L BB F I EAIERVGBRAEERERE TR
DANA G R R E R AR ERED
oo B A iR e d A end £ o FHE FR R ASS S L2500
Flostis gt > 2 WV poeneap A B R MY SR ER
BaBAzRE2A448 2 VUELRFTTEERE N A RBEDE S
EARPRC RS ER S > FARE LRI E L |

A% E (3> 2005)-

GRFRBAEFE > FYRINEFTEARB I F L2 F LTS -
—HF AL REAAZ S U F T WEESFER pH EEFE

1. Bk
RRR G FEPEAE C asE c FBME > AN EFLEE R A
FEMIrAHA S P AR R F RS T o BURH A P A R iEr §

FEw Rz et B IRA S lA RS R XS p ik

7N\
¥

2001) e — K ¥ ARG H A R BB FTRUEBE S -
BEcnf v R R EEPER S PER- 0 @ G ARHCA BB (1P SBURAL
BB F 2 5 iR (L% 4 > 2013) -
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2. % ik
FORAE A4S A S blheidd R P E > 2 £ 9
FF NHAY  BRURT RAEY VR TR R RR - FIRT A RBERE T
wgﬁ’gwgﬁw%mﬁﬁnm&:iﬁi’Eﬁﬁwﬁéﬁﬁﬁ*i
A 3 F Ao s X B4 (yeastextract) ~ 1 f & iE ik (corn steep
liquor) % 3-9 *# (peptone) % > i % = A 4Fsem Vi ik 5 Ay 25 F
dor AR AFBEE (7)o md M RREF L X R R GWiT, T

REFIAM A1 pa R @ F RMAES A (5% 4 2013)

3. B F

S e E A A A BB F Rt @ ¥ CIN AT o
BMEWSFEABAERSOFE 0 ERBGNE
ERACE S 3y Fion o

PH#E 2 2 IR #A LR § R Lo 2 JIEFHMS L - en B

Gend Eid F s A 4 e

5

Fﬁ

4 il f}&’

« § i

&
o gf
R
4#

AP AR o RF L ERRZ § RGBT F RS E e B (R

A5 2013) 0 — i L& * AT E G &2 K F ot s 5~25 2 F (F -

1996 ) -
& e
4. mpRE
LR R P G MR RSB § R PR et £ R

Park% 4 (2001) 47 M2 F AR A B % TRl F R PB BT 0 S
B2 LS SRS - S AaHe A Y o S A

FACE R EAE 8 BRI R B 5 M)ﬁ$@%£
TG (2) e a6 (3) BFEmEAEY 5 (4) B EFTH
B (B) B e BER (6) ilwmef PRRT (7)) B wel

R (1% 4 - 2013) -

22



%1 T ERY AL
Table 5 Nutrient contents in organic nitrogen source.

& 2 S SIS T L I ST
F-0 F (%) 50.0 24.0 51.0
Bk E (%) - 5.8 -
595 (%) 0.0 1.0 1.0
B (%) 3.0 1.0 3.0
A 4 (%) 10.0 8.8 5.0
F255 (%) 95.0 50.0 92.0
2% % (mg/kg) - 5.73 3.06
Fii (mg/kg) - 0.88 2.4
Z & (mg/kg) - 74.6 145
Fak e (mg/kg) - 83.6 21.0
v el A2 (mg/kg) - 19.4 -
2 ¥ % (mg/kg) - 0.88 -
% (mg/kg) - 629 2750
##z pk (%) 3.3 0.4 3.2
g i (%) 1.4 0.5 0.6
4 % i (%) / 1.1 2.4
B E (%) 1.6 0.3 1.1
2d 3 (%) 5.5 0.9 2.5
vz i (%) 6.5 0.1 3.4
g (%) 6.5 0.2 2.9
" g vips (%) 2.1 0.5 0.6
F [ ORpL (%) 3.7 0.3 2.2
iz f&(%) 3.7 - 1.7
¢ % fa(%) 1.2 - 0.6
it & T (%) 4.6 0.1 1.4
¥ 5 i(%) 4.4 0.5 2.4

(4 % « » 2013)
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3
bal
A
4y
ETIS
=
=
4‘_.
“:"
'I,
¥
C

FRHEIMAPRZDFE ST RS

BAT S 465 A & - G R i E (14 2018) 5 A KRG

-d\o}

p"’P,frhz“ﬁp;;\Ztk’} ’ 1}__94}3 g Rz ﬁ}}!\;‘}%{?}l?’\?’ﬁ@’f—i% F]F bdel 3 F

EARAMAERFE RS IRA A2 AV MEY RS A

G
P2\

et £ o> Fpt e '#7?;;@?7,?4 Fr‘]*i’f

6. &R
WMAIPBADERY  BRAERIE- BAVLL AT > FIZERL

PSR A e & TR LR EE S ML A ahE £ 7

G0 - RIS b % B A F MY 5 22~28C (Eyal, 1991) » @
BPREEREREAER YL 24~28C2 o RB0CHH2 L RFE 7

40C ™+ RIF ERESH~- (2% 4 2006) -

7. pH &
F%fxi’i pH fﬁ.{,\?;’%} RS LR B 12 E%BEY 4 ENE R F)F B

M

g~ F P BRE R RBA S Aok F chitr $30
3 %~ 5 (Forage et al., 1985 ; Kim et al., 2005 ; Margaritis and Zajic,

1978 ) - Shu ¥ Lung (2004) #= % pH & ¢ %2 5 (Antrodia

R

I &
camphorate) 2. # ¢ 5 AR Z A F £ F o F

%

F A pH 2.5 -
85 2 Mov 4 £ (2 %4 »2006) @3 % EAT 5 BEY 4L T

TERRAAIANE Bpdge kR F B pH e b g iEe o

A TR Y o G D B D KRS T @R A F e B 4

TR AR S 3 35 RS B SoF PME ST S o R A g
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FI* R RE IR & ok > a FREHNEJI HEE Y 2 @5 kd
oI BRI S IS A F 0 B Fiad K2 A fand S
gAY ¥ e g A2 T4 (shear stress) @ i FAEE S 5 B E A
(2006) #* 7 # % (Grifola frondosa) # J#F4EiE F AR B > I 2 jT4% ] »
7 fEAR BRI AR SRR SR AR T AR Rk
RER N ERNZEESF Y EERASHATE L AR FNMEE RS
Pt A F 2 i F 5 80~100rpme % & 4 (2012) #F+>E (Tricholoma

matsutake) Bk A8 & i #E4EE 5 5 70~90 rpm -

9. i § £

|

Rippa sy k2 o LR HEARY ¥ F S AR E BRI EX A

AL G R M Rwre R R WA SAEF LT aiEr o B
FREAFELF E IR EERBEERAAT Y 5 F £ (dissolved
oxygen - DO) -+ ¢ BEFM et i(T% ~ 2 F £ &% KA foihd 2
(Forage et al., 1985; Rau et al., 1992) o y* b » d >t 2 F»04) % B 53k 18 € 3
oF F BED FAIRPIVNFEER 0 MR T A4 b B chi Az o e
S PEREG PR AR A A G o FRLEE T e

B EEHA, AR Su T F R Y (38 > 2002)

(=) HPHABTL 65

P LR RV RRESEEELS 2 2 2B L
#34 (stirred - tank type) ~ # ;¢ ¢ (bubble column type) 2 2 F 3¢

(air-lifttype) 5ty (BT ) H 42 Bad g ddeoT™ ¢
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INE: =l §i 4
pﬁl%i&ﬁ%i%?éﬁﬁﬁﬁﬁﬁ’ﬂiiﬁﬁ(%iﬁ)ﬁ

WAL §&f # (air-inlet) % g4 83 E * (impellers) ; #5425 F5d

PR PN SRR R N R g AT AR R Y > P B R

A B F @4 2R EMFE (Brauer, 1985)c it # 1 ¥ F F] L i

gay

£

3

LNEREE G B T 4 s AT R A B AR SRR kA
PRl ¥ o PEEEBRETAY REFEE it P B s o LS

AR EEALR LR R ivg T AL 8
(1) MEEFLEETENEALAF T4 > HERGMER S - TRR
i F o A ot R > AR -2 L@ SFfrASF AR

(2) BRWELLFERL A4 HE B XORBEEE ST FE
() WL TR RF R4 4 ERF A AFNRD 4 o

(4) HRIPEERRE X AU DFEN D €5 2 TEA -

(5) Pt ? B dhv iv § 715K

2. F e 3w R
Foe s A L R E s J R A R

(BIi-b)rj-BiEfF (air-inlet) HFHEEHI*E > chf WI B ER
BEa A MRBLEFRFZ (T4oF > 2001) « A EEH ciBBET 1 7
EAREFE S > A FRE R A AL EF IR AR T
B et e R MR PE R ER S A Fe
FEfh g & At ot o A H A ER S B i mie s £ G
d gk Py e - 0 F e N R KT R £ kg

EPAEIE o A F eSO H g b 2 e
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3.

(1) 25 41% Foe RS FRF ZApFEIRE TR FREARET D

§ B prcnd £ o

N

(2) FlaFor4 Mo F BT AR AR s Bty B F

(3)

v
3

~
.
A
Y
s
fie
.
A
=
[
il
s
=
/\N
=
T1\4
=N
E-]
e
~=
v
H N
&L
i
T
Bk
2
=N

RN EEE
FRAFEEOES(RI-cOF A S BRE-4 - BY % 3 F(draft

tube ) R-F RPN AR S 2 F A2 (airriser) frT % R

(down-comer) » £ 4c b ¥ 2 g - &~ 3% (disengagement zone ) %

RIeF F (air-inlet) (24§ > 2001) > o * SR I ® &5 H 3N en

-n\:.

EAEY P ZEFPAIDEF A RANMEEA L e L 4 R R

RO B T) A R TSN EARY AR DL G R i MR 0 AT

FIAFZFIROFRABRFFENe > PR D o 2 S AT 7

*

£

FOMenT iR o THMALREFL LA TR R B AF MY

=¥

2 U AR S AR Ak G FIN AR Z iR 52 Rl

FENS A B8

(1) T4 fis > #7007 2 e * hd AL Guakl i s o

(2) & W FSMA 42 RAERA S I R IR T X
wﬁ%ﬁﬁ@ﬁﬁﬂi*“W‘E? S

B) A BT BARZS i MEY 22 F FRIAZAL Y
$Hin IR % o

(4) % s th M 35T 5 AR AR B B A B RS B

e o
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Disengagement zone

CESEEE N TR 3. SR

- > > >
> B
> > > >

>
>

Gas outlet

/ Culture medium
%; L—" Impeller

— Air inlet

Gas outlet

=

AIr-riser ~d )

|

(b)

-
<

-
—-> —>
-

|1—

N
(©)

¢

Gas outlet

=
\

Down-comer

o (AL 0 (D) F e 5

Culture medium

Culture medium
Draft tube

() F B e

Fig. 5 Different types of fermentors. (a) stirred-tank type. (b) bubble
column type. (c) air-lift type.



S~ ek
R AL

|

(-) #5% Bt
FERFAAM (Armillariamellea) - d gL 2R ¥ %> Ao 7

(ped > o) k-
(=) #F=&we ik
FL83B (mouse hepatocyte cell) BCRC 60325

HepG2 (human hepatoblastoma cell) BCRC60025

P SRIEFRFIMAFTREGEEFAT Y o @TAT 0 )

(=) B %4

®

ﬂ\‘&

I R?

(1) Potato Dextrose Agar (PDA)

Potato starch 49
Dextrose 209
Agar 159
Water 1000 ml
pH 5.6
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(2) #kmz % & (seed medium)

Potato starch 44
Dextrose 209
Silkworm pupa powder 59
Water 1000 ml
pH 5.1

(3) A #3= % £ (Basal medium)

Glucose 10 ¢
Corn steep liquor 5mi
KH,PO, 159
MgSO, 0.75g
Water 1000 ml
pH 4.0
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(4) A4 A

Glucose 20 g
Soybean powder 159
KH,PO, 15¢g
MgSO, 0.75¢
Water 1000 ml
pH 5.0

4 451> X H
2. .sm’??i’ﬁ%é

(1) *+mre (FL83B) # % £

Medium component Final conc.

Nutrient mixture F-12 Ham 11.1g/L

(Kaighn’s modification)

Fetal bovine serum 10%
Sodium bicarbonate 1.8g/L
Final volume 500ml
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(2) " mre (HepG2) # % & (DMEM / high glucose)

Medium component Final conc.
L-glutamate 2mM
Sodium pyruvate imM
Penicillin 1mM
Fetal bovine serum 10%
Sodium bicarbonate 3.7g/L
Final volume 500ml

(z) £E£2 %%

1. 544 (lactose)~ % 5 # (maltose) ~ #4fit = & 4 (sodium dihydrogen
phpsphate ) % pEp p A RS ZE R €44 o

2. Bift = & 4% (ammonium dihydrogen phosphate ) ~ % fi¢ 4%
(ammoniumsulfate ) ~ #4p & fi= 7% (Folin—Ciocalteu reagent) % pi
P 1t & Merck = & o

3. %# (fructose)~ 3¢ *f (peptone) ~ £ ¢ % B~4 (beef extract
poeder) ~ (Potato dextrose broth) ~ /%33 (agar) & ptp & & Himedia

AN
)

]

4, p&= 5 P~4 (yeastextract) pbp £ W BD 27 -
S. ifiEAl pLp ALAXICHFIE o

6. 4 & # (glucose) ptp & ¥ 7 Scharlau = @ o
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7.

8.

2 5K &% % (cornsteep liquor) ~ § % #&%= ( Glucisamine) ~ $=- ¢
% ¥ 7 @ ( p-dimethylaminobenzaldehyde ) ~ nutrient mixture F-12
Ham (Kaighn’s modification) - Peroxidase -~ a-tocopherol ~ ABTS [
(2,2-Azino-bis(3-ethyibenzo-thiazoline-6-sulfonic acid) ] ~ DPPH
(o,0-diphenyn-B- picryl-hydrazyl ) ~ iz & + & (gallic acid) % ptp %
B Sigma- aldrich = & -

¢ fief5 it (acetylacetone ) Fip ¥ B AlfaAesar = & -

9. AlamarBlue®ptp % & Invitrogen 2> & o

10.

11.
12.
13.
14.

15.

16.

17.
18.

MgSO, ( Magnesium sulfate ) ~ = (phenol ) ~ #:p& (sulfuric acid )

FErfe = & 47 (potassium phosphate,Monobasic) ~ & % i 4 (sodium

hydroxide )~i& % i* & (dihydrogen dioxide)- % fi& ( hydrochloric acid )

FRHCHFPHIERE

95% ¢ f% (ethyl ethanol) p-p & & F12 ¢ & o

99.5% =z p% (ethylethanol) pEp B P ib 1 o

Fpe (folicacid) pbp p Afrk &1 F 50 g4 o

DMEM / high glucose (#= %) ~ #» % & j (fetal bovine serum)
Trypsin—-EDTA-~L-#% "=p&( L-glutamate )~ 5 fk fe4p  ( sodium pyruvate )
Bp % & Gibco = & -

&4 (sucrose )~ § ¥ = (acetonitrile) ~ ® A% (methanol) % ptp %
& J. T. Baker =~ @ o

Pullan p£p p * Showa Denko = # o

Soybean powder PEp 5P & 8 5 o

Silkworm pupa Ptp 5 ® B P E 5 o
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S RERRE
1. 583 % % : FIRSTEK™ (Model-R1100 ~ Model-RI150 2
Model-TG5) ; TKS (Model-LTI601) - Firstek = & » =% o

2. BEBRAES AP RELP > Lo
3. pH meter : inolab (Model-Level 1) > W.TW. 2 & » {8 K o

4. %% % & o5 0 HITACHI (Model-himac CR22GTI )» p = R B 2
Foop ko

5. % »xiv &40 & 7 &k  HITACHI (Model- L6000) pump - Bischoff RI
Detector ( Model-8110 ) » HITACHI ( Model-D2500 ) chromatointegrato
HAGR P2REXD P Ao

# B §2'% 1% © Model-RHD 603 » RISEN 2 » 4 -
4 k32 ¥ 1 Model-Freeze dryer FD5N » EYELA 27 > p 4 o

- b A8 B Model-polygerm1000 » MGT 2 @ > 4 o

© © N o
¥

T

A F BN F e S D MG1000S-7TL 0 MGT 27 » 88 o
10. ’*ﬁzﬁ‘“@/%‘{ﬁ%}ﬁ : Model-R-2000V1 » PAMCHOM = & » 48 & -
11, i @ 3R 7 R 2R 32 % 45 ¢ Model-S302R - Firstek =~ & » 5% -
12. -k T 5% & 4% (74 © Model-TW 14U » LIAN SHEN 2 & » 4 o
13. 158 kg 4 0 TKS (Model-KB-02) » KANSIN 2 & » 54 o

14. %47 = T : Model-AB104 S » METTLER TOLEDO = # » 44 -
15. 4 k& & 3+ @ Model-Spectrnic 601 > Thermo Fisher Scientific» £ &
16.% #6445 4048 © SAS™RO.1 (SAS Institute Inc, USA) -

17.% *o% Bl #c 48 - Sigmaplot-scientific Graphing Software Version 2000
( Microsoft Inc, USA ) -

18.5% % 4 % & 7 % ELISA reader (%] 5. MRXII microplate reader,
DYNEX, USA)
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AR e S AR kSRR E R G B E L AR
2ok 5 EEA S R ip) R 2

(=)

= RE

R AR

% % 7 A8  Armillaria mellea

|

it

l

T8 & ARk
FEXS SR A A e § RN

TBRE & AR
¥z Lﬁé //)—?lf“ % LJ}/ b g /)J"?Ufﬁ =)

'
EERRE
ﬁﬁg%ﬁ&‘tﬁmﬂﬁ~&%~§ﬁ
l Bl e G BEREZ RS A E
IR
FEX B AR - § hE MgSO, ik B
l RIEPe 3 R A R A R
FETF PR A F
v
BN EkR (PN S e § B
l S M FuHAE
Fi T E G AR

ZE S~ R PrdlRp e a4
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(=) Fr

Wi A PDA TR AR P L RRFEFF ORI LR B FD
FE (Eicl2mm) BB FzACRBED PDAAG AL -5 25T
T AIFAAGEAG L ENRAAIEZHT D REA (RES

BARBRYLIom) ¥ 4CHF > & ¥ 575 A (stock culture) - &
SRR EFSBURTFEA
(=) b

BP0 *Et]}fé PFH A B BV ARG J]?‘]A’/fiﬂ;
& PDA i A w250 T 4 I ATA B R 00 £ 08 F2 @
;«%E’& P‘gﬁ“fS/w\*"‘,I‘ ' AT - PDA T4r A L o b 25CTr % 12

A EFUBERAYAL BB TR SRR S
(z) T8 % Ktk

REFLRE LRI FRAE - BRI ERE R PR R
Aol fn d FANAS  RBIT A FERZTESEEAY L B R
BARZBC FpRBEAELER (LERAZ 2 LFER) wmTdhif
oo FE TR A
ERIEE FE 3%

(1) Potato Dextrose Agar (control)
(2) Potato Dextrose Agar + 0.5% yeast extract
(3) Potato Dextrose Agar + 0.5% beef extract

(4) Potato Dextrose Agar + 0.5% corn steep liquor

36



() s %A@

MR B ALY AR A RE ST ER A A B 3
Bxolz 56§ FERA > BAEIT A FFRZ AR E AN 25CH
F (150 pm) 3 & 12 % il Humic e € UGl 2 Bk &
%o

FRfERE & A
(1) Potato Dextrose Broth (control)
(2) Potato Dextrose Broth + 0.5% silkworm pupa powder
(3) Potato Dextrose Broth + 0.5% yeast extract
(4) Potato Dextrose Broth + 0.5% corn steep liquor
(5) Potato Dextrose Broth + 0.5% beef extract
() %

- B

PP ETERAEAT ZFR  MREFRLFERE 3 WG

\4

LA mf;ﬂ’;‘%im.é v B o~ 7 100 ml fakhi & A2 5 A= & 4a5g (250 ml)
o 25 CHRFHEA (150rpm) 8 % > €5 B JT K 0.4 cm 2 A5k

B Lt RSk 2 B R sk 2 A (seed culture) o
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(<) #HFF&

ks AR AR LB AA AR A E T B

é%’%%ﬁﬁﬂ4%ﬁﬂ’ﬂ%éﬂﬁéﬁﬁﬁﬁl%°

1 A % i

(1) 72 Ja * glucose (1.0%)

(2) # Jr : corn steep liquor (0.5% )

(3) & % B 48 - MgSO,

(4)%ER :25C

(5) mi @ 5 * 150 rpm

(6) 4242 pH : 4.0

(M) §¢ % & :100ml 3 %% 250 ml § 2 = & 4asgd o
2. BPEEHIER

£ EFrR E* 20C-25C ~30C2 BCrf* FEEER -

(2) 4245 pH :3.0~7.0

(3) ¢ JhoiiE* = 48 ¥ pE (fructose, glucose, galactose ) 2 = f& fFpE

(lactose, maltose, sucrose ) & 7 ip|z& » 7 g5 1% (wiv) o

4) % HoriEr w5 ¥ % R (beef extract, yeast extract, soybean
powder, corn steep liquor )£ = #& & ¥ % J&( (NH;)H,PO,, (NH,),SO, ]

FAMEF REFREE > FH B3 05% (W) -
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I RGPk

2 3B & 3+ (Orthogonal experimental design) = 1 #* #cI® st
O AR EL R A R RS REE T E R
PR S RT R T R R ROE T 25 %R T
Ko R B F Rk G e Y R F OB SE AR LTI

HakBh o F - fEE R e EURITER S 2 (JLE 4 5 2013) -

RSP R HIEE Y 2 (3)02 (4) B EPhg

Bk (glucose) ~ & & (soybean powder) % #rfzds (MgSO,) ¥ 5 &

SF G o HgRr L9Q) i {TZ FF Z kT I % Rz F
FERGERVHCHE PR BHRFEARANTEEF IS (F4 2 2L
- 712 72F) -

SRR LS REE = FlF2 2 kT E T eE KivKy 2 Ky A

BEFF2mARE  FEAIT 2T (LA GFB):

PABFFART L 22 B EWEFEHRSEFPHTTE LRI R

7J\_I:,\.’:_‘z_9‘K1\ K2;~ K3

A 1 Ky = (0.14+0.22+0.33)/3 = 0.23
A 1K, = (0.20+0.21+0.42)/3 = 0.28
A 1 Kj = (0.20+0.18+0.50)/3 = 0.29

RESEZ 2 2P Z KX ERLE | ETEL L AR 4

A R =0.29-0.23 = 0.06
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¥ b oie (7% B des 7 (variance analysis) B eh 8- % 7]
FRT gLl de P SRS R L R L Rl e RS %
CEEEERESLEE L AR T RLEY S N LK
B PERA o LT R LA RIS % R
HTR o F RSk G RS G LG T R A o
1448 BERREE AT AT F R LT IR

PEORHRSH (RF A > 2013) -
(*) - % Y %
1. #4E88 p2H (stirred-tank fermentor)
Dx%ER :25C
(Q#EE R = PHRENEHE

(3) #4=:# & : 100 rpm

(4)# A £ 5% (viv) Rk R
(5)i& # £ :0.5vvm (m¥m*-min)

(6) i ieH :01% (viv)
(7)42 4:pH : 5

(8)4k (e huft : 4L
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2. § &3 2 (bubble column fermentor )
)£ 8R 25T

@i ¢

E-D)

(3) ki &

E-y

@) # & £ 5% (viv) fBFRITFR

Ik

(5)i& # £ :0.5vvm (m’m*-min)
(6) i ieH :01% (viv)
()4 4=pH : 5

(8) 4k franfE 4L

3. # B gpkH, (air lift fermentor)
1)x®EAE :25C
QMEET &
@) MR R &
4+ & & 5% (viv) AR FR
(5)i # £ :0.5vvm (m’m®-min)
(6) i} ieA 1 01% (viv)
(7) 4 4pH 5

(8) #k Al fE (5L
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R LARRE:

(__

1 #9452 5 ARl

) EjsiH 2 4 (biomass) A& B iRl

Mt B2 FE AR T 2R (N02) o f iR 0 £ ¥
T A PSR AR R 2 S - G S el K 60TC 2
SRR IEE o EE R R REGET S FuML g E 0 F

gdrywt/l 22 %% & 7 -

2. H A H T AR

d % soybean powder = Fjfs € 224 < kv FRs 0 B L E

chd Eod ARbrbra 2 Eaoviw it 2 E (LA

FPRRT) RT2PFFZEE7 TR € F FUHEEY P AT
TR TS mAR o Ft 5% (2012) e

Fgt & ok &Y § § #E9% (glucosamine) 7 # 0 FlF A

LT LF Q%M’gvuﬂaaa%Mgﬂxﬁﬁ%%ﬁﬁﬁ
AP FAL ~HARAPFZ ARNFPRLFUBLFTAL T 02

B2 A L2 R RSB A0 ml Y S AR At 15 B 4 60

TS Sk k(85 HREEH (40 mesh)» T+
FicE ks R o fEB 01gacEd A2 5mlT729% H,SO.— & > B ~ 125
ml = 4850 » A RIFR A WY 2 25C/130 rpm &~ J& 30 min > £ 12
5AMIRO -k > & »id Fj g ¢ 121°C-kjak i 2hro b fris s § 4
¥k f2% 2 10N 2 05N NaOH @ rx pH=7 £ =& 1 100 ml

_‘:EX

M AR PR BRI R R REESI ST

o

Il
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# F fEy=t ¢ g * Elson-Morgan ;2 (Elson and Morgan, 1933 )-
FEFREZA (2006) 20 F A iBAF o RITRILE - TANERT

¥ & chkk e figp fr (acetylacetone) i3 0% € 4§ F YR 2 BLg b ehg
A fElt Ay g et R N-2 fpiTd fo LAY P 5 AAF TR
( p-dimethylaminobenzaldehyde ) fpett o i3 i @ S5 &A= 5 = d +
o2t £ 525mm ™ 2§ oA mskii Bt @ § 5%

7 EAXE ’—ﬂ“l%fEODszsfjﬁiﬁr—g °

(1) dkEe fp prig e P B~35ml e fef fr o 33t 50 ml 1.2 M &gl ik

Rt > REBEE 0 FRERY

(2 BPH-"ZAF EIR 133 gH-TEZAFIE A0
25ml @ ke prz 26ml @R &Y » iR d S iR 0 F R

ﬁ—TE‘Iﬁa,}" o
CECT R
B 1.0 Ml % 3K 3% B Sode ~ 0.5 Ml dR 12 fbf ik i3 % (5 i

Kigde# 25 mins 4 gris4e » 10ml e fE 2 O5ml Eefdst- ¢ F K F
PEEARARTRI LA r2mle fEoR £ E360C ks A BLlhro
FU% Ak kB3P RUR £ 2 ODgps 0 £00 ¥ § F 4R 28w s ('
Bl=) f FPPEfREY §EHes g - £ 5 HASM L

B ERE; B2 BEE 8 (HFl-) TP ERESY 255 R
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T 5 IRy AP 2

2B~ 010 % 4033 10 ml F4-k? » B AR 5ml ﬁr%
2 100ml & * (500 ug/ml) £ R R ﬁﬁ%"ﬁ‘?\'% ek
Wik (10~20-30~40~50 2 60 ug/ml) > ¥ 7 FAg-K i

vORRR A o 1% 1t 2 RITUR £k 2 ODsys ¥ F § F AR iR
(- ) -

AT R K LR

iR A AY fAFaEd (5% viv) 1 250ml 5 &= &
457 (7 100 ml A#2 % 4)  *25CRAF& 2 (150 rpm) 12 % >
L %7 Astz g %R rtgia (No2) &4 f g > ¥ 12 RO ki

A (5 e B SR B0CER Y G B A RS
Fmict #R T 5 %R RS SR L
a‘-ﬁ:;ﬁ'—B’»Z FEE2 4 kicE f;i:]’,w?ﬁ (0.025~0.05~01-0.2 %

0.39) 113t it 7 H,S0, -k j27 @ 3 § MR kizin o 2 417

FE B S 2Rk RR Y FEBE: B TE @ i E ¥

(=) pH &z p =

44



B~ 1.0 ml 3 e 22 9506 FpF iR & (114, viv) > *t 4CiE {7 ik
24h 1 > #.< (15000 rpm > 15 min) B~ 3 #2 ¢k 5 pE2 Al o £ 14
75% 2 PR T R TR Hre 2 f;g%‘r BBk B 60°C 4

FOBEAT R TR L0k T G e v G e
2. "2 ek 5 pERE2 B

%% Dubois & % (1956) z ps#ifsiz  (phenol-sulfuric acid

method ) 3 4v rd i3 & o M i go 18 2 % oF S pEAR4e 1.0 ml 2 4

KR A K AR 2 Rt AR S 1O ml i A4~ 05mI5% i
% 25 ml 98%kFifk - R A (S E 35 A 4miR| TR £ 7% 2 ODygg &

E

FUHFTEREREY R CRBIZ ) 6 TR FERR %t S R
Tamtsd X(mgll) #ESRhuiipd e SpmlzEp 4
Hept — Pl T “'Wﬁﬁ z#H2 09

weeh SpER g B (mg/l) =X x #fER# x 0.9

HREEP 58 0.1g 73 10ml #40K ¢ 0 B~ 1 53 7% Sml 42

I 100ml & * (0.5mgiml)e gt 3R HHR* 2 FERZ§ §

% (0.01-0.02-0.04-0.06~0.08% 0.1mg/ml)> ¥ = m2 3
55#%15%’}\7%%2934%%5&’@? ﬁﬂrﬁ&/z‘/? /Eé\-/ﬁl

ODygo &+ F7 17§ § MR ¢ & (HH=)
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(2) A4~

Begf iR ot 4C T+ g4 b 4 (10000 rpm - 30 min) i 0 B
Fir il g ARG > £ 2 0.2 um R ik 0 B 20 pl i & 7 HPLC &

S N SN

4 4% # ¢ * Lichrospher 100 NH, (5um) > 250mm x 4mm - (VDS optilab)

FHIER CRE
# 4 F 7% -k=85:15 (viv)

n # ¢ 1ml/ min

| : Bischoff model 8110 RI detector

W

#& 4 i : Hitachi model D-2500 chromatointegrator

£ # 2 F 54 (retentiontime ¥ 5 8.40 ~ 43) # HPLC z A #E% &

fsfxl'lir"‘ﬁ Bz o
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(T) #p% 58z 247

7 % - #c (fermentation parameters ) :
1 B~ e g4 2 £ (maximal yield of exopolysaccharide, Pra)

NRAPFL X2 B Awd AR (gl)-

2. v 4 Ei# & (specific growth rate, n)

w3

& o

PEMNHES W2 K6 AT

u= (InN;—InNg) / t—tg
3. Pz ¢k 5 pE4 =i 5 (product formation rate, Q)

iloE pz2 et it AE o

Q= t %t 5 PEL F R (Prgc) [ e FSHHZ & 2 8 (1)

4. v % A 5 (specific product yield, Y )
HEEER (g) Autd 22wt fpEE o

Y=t % 5 b 54 £ 8 (Puax) [ B FH5r2 £ 8 (Xinax)

5 g A % (product yield, Yy )
7 —E‘ o

REEFEREE (9 nfEHkied i@

Yps=8 2 ¢h S pEd S8 (Pra) [ W45 54 £ (glucose, g)

6. fF]sct8 A F (biomass yield, Yy )

s _E_ °

REEFEREIAE (g L Fugz
238 (Xmax) ! 47 542 (glucose, g)

Yys= 3= B F‘:]
7. B~ F 5482 & & (maximal yield of mycelial biomass, Xax )

WREADFL 2B FAEAR (9)
8. B+ rzeh 5 pEA & i (days,t)
NREHRFERFEIEAL PRI
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(=) P2 S L3 & 200 2

_—

\\\?@r

T EEA (2001) 222 o S @A T EMNRWEE R T (gel
permeation chromatography, GPC ) ;2 :& {7 A 45 o H B 2 4p 2 3L /&~ /| 4p
et Fo7 g dAne 2 ka3 £ Figd 3 AR Ap? Srind
BAEREN N R A S AT FI LM ENIUTPN A EFESEA A
CEBRRRD D FTEFE RERFRDR AT ETRE SR
PCERH O wFTERE RRAATRDN R NEF AR B AT RS
s o A FLG )k 4772 (gel filtration chromatography ) ¢ 4 & 44

* & 4772 (size exclusion chromatography ) °

B pgi 2ml &2 959G FE iR & (1:4,viv) > 3t ACi& 7wk 24 hr
{$ » & (15000 rpm > 15 min) B3 %2 ¢h 5 Rz ki o E 12 T5%2
TR Rg ks e % Fe R R RAKY E 60CHH Y # o A
FAEWE TR L e kR 0 B 0 0.2 um g i g 0 B 15 pl

MREFTAFREA G2 AT A JTiE 4T

447 ¢ 11 PolySep-SEC-P 300x7.80 mm - ( Phenomenex , model 5000 ) -
FHIE R ©45C

G A I SN

e # 2 1ml/ min

W Bl % : RIldetector (Bischoff , model 8110)

# & = :pullulan (» 3 & 10000 ~ 21700 ~ 47300 ~ 113000 ~ 210000 -
366000 % 805000 Da - retention time %4 %] 5 10.734 ~ 10.32 ~

9.92-946-9.05-8487 2 7937 ~ 45 ) HEd RAHRT -
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(=) et s pEr BERe BEPF UG
1. #e *b 5 pEtl
H-7 SR AR R A (NO2) B 7 4 f i *f S
T b pr R R BRSED USHEAR o £ 4o » 959 (1:4,viv) iR &
g o 4T E T 24 hrts > ik (No.2) 274 7 BiRP~ (7

fe vz eb §pE2 ke o £ 0 T5%C fRiE TR M EE L iRiRE T

I

FooRRFARICETEE SRS A L B ke X R E D

20 mg/ml & * -
2. FhRL BEBRS UG

Heg F R R g (NO.2) 7 f Wi 'f At
FREBRRRESL USHA £ E&F4 TR T E R EHEES
Kotk R E = £48A55g ¢ o2 1110 (g/ml) v B4 ~ 2 iR (50%
& 95%) >+ 30°C - 150 rpm 4 i 5 B~ 24 o PRS0 B e B b ik o
AT 2 TR AP E R P S A ST 2 R
WCHBERFLITREEFA ICHR E M REPERZBTED

100 mg/ml # * o
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(™) Foz i ag 4 20 B2
ApPwit ()12 WE 2 IEHEERRe BRI R T
pEFF L oo
1. DPPH g ¢ # (a,0-diphenyl-B-picrylhydrazyl radical) ipi“,éf i ?

%+ Shimada % % (1992) 2.2 /% o« @4 ¢ g T & p (75
LAz € A2 pd Amag e g ki F Redng LV i
i & ¢ (hydrogen donor) % 'z i WiEF 4 pd A (peroxyl
radical ) » F =& + ¥ ¢ * i%“,éf DPPH - pd a4 » kiTGing b4
2 4f itic 4 oDPPH - £- faffachpd Ao FHR WY £
RIMER T 5 A 517nm T F dGp Rk B o FRR O B g

AP RIT sl A& (REBR) PFER S H DPPH 7 ¢
BRI FEARR S A EMBIIIM R kB Rk EE NG S
NAR 2 dig b4 @5@ °

DPPH- + AH —— DPPH:H + A-
(violet) (decolorized )

tEDE K
(1) B4Aml2ER2Z% 5P~ ¢ BB FRIRE HREL
P ARR R (FERE) B fRigie ($RRE) 4o LmliTe
fie % £20.008% DPPH ® fig ;% % o
(2) RF53 R EF B30 4418 > BlER &% 2 ODgyy ©
DPPH p ¢ éiﬁf ('scavenging effect, %) =
[ (OD control—OD sample ) / OD controt J X 100

FEFAB > S AERRT S g
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¥ % ¢ 114wy A& trolox~a-tocopherol % ascorbic acid ¥ 5 it ¥ P&
o F %% ICo (4 50%DPPH f d #rF 2 k&) 47 » 1Cs

dﬁﬁﬁﬁﬁﬁimﬁéfi%@o

2. ABTS (2,2-Azino-bis (3-ethyibenzo-thiazoline-6-sulfonic acid )
pd E&%"P’-"f TR APAS

*~F % %% Miller 2 £ (1993) 2 Arnao % 4 (1996) 2z 3 j% -
Horseradish peroxidase ¢ it H,0, 2 ABTS ¥ J& > & ABTS F 2 -
BRFiEEs5L ABTS - "o

peroxidase
H,O, +ABTS » 2H,0 + ABTS - *

ABTS - A B8R EJ 2 B3 pd 23L& 734nm T £ 4
Boxex kg 4o 2 g AT HET SRR ABTS: "¢ Hex sk B0
GV B S L ff?’r']iiﬁ'léﬁ’l\';‘%'fifié%i%%é d Az 4 o
¥ 2r ABTS-"p d B it 15>0Dqg © " 4% 5 > P & 7 # 2% ABTS -
TRl 2 gtk au e ARG R 4 AR o
e
(1) #- horseradish peroxidase ~ ABTS £ H,0,i & 353 &34 = 4

2 Btk R A H A 4.4 unit/ml ~ 100 uM £ 50 uM -

(2) *»30CT@wkF - | P> REGXFS S LT AHABTS - "

podRE R
(B) 4c»025ml7 iRz 4e % MH ~ ¢ BEBF FRRE EE

;ﬁl

= (trolox) z. 2 f3RR £305 (5 F i 10 A 48 0 B 2R

Rl

2. ODqz4 ©
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ABTS p ¢ &7 f & ('scavenging effect, % ) =
[(OD control ~ oD sample) / OD control] x 100

2% 1) trolox & ¥R e #\ﬁﬁ;ﬂ«ﬁ Al o S
1 1Csy (#r4] 50% ABTS @ "5 12 2 JE B ) 451 7 ICyo o S iR

FA AT N R E e

9 % %% Amin & £ (2004) 2 Folin-Ciocalteu - ¢ ;2 ip| % %2 %
PEZ F R PP SR8 £ 4 2 £ Folin-Ciocalteu 324 ¢ £i4p
fc  (phosphomolybdicacid) 354 M BB TvFF it ipitépmap ¥

B R (Mo®™ > Mo™)» 4 &2 Fé it 24300 £ 765nm T F 4 s e

\F‘\ﬂ

fg,cx%fg@rg%—‘rfgp MR- LN ey ég}:g

LR+

(1) 20.1ml % & » 4 » 0.75 ml 10%-<Folin-Ciocalteau's reagent;® &
B3 REFESL G o

(2) 4> 0.75ml pRELHF R (6%) R 5353 TR E 0L 4815 3

765nm ToplEsxckiE o BEx gl aFpipEE (gallicacid

equivalent) # - (mg GAE/100 g extracts) -

FH? 183k (gallicacid) sfE B w 5k S AR & P

1/?'\ —;E'.*ﬁi‘—’—% ) éﬁ'l\—fzr»xﬁ.ﬁ,}‘ o
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ARKZLZRETFRAE T IENE FERCBIRFHD ) R
SFimie 2 O3 mie 4 K 2 B8 3 2 5 Alamar blue assay Kit > 32 %
& mz € #- Alamar blue ;2% ¢ chresazurin (5B R F S 0 AR ke
2. resorufin it & 4 > 2L £ 570 nm J & < 2k & (ODsz) © ODsyo 4
BRAFWCEREL S WG EFHF o RITL V) BT P g
FERLIR ¥ ¥ e E & B 4 SR SR e P oanR] SRR R e

CER S ER
ETY

1 Bomat ()12 @WEz et 5z c BEPRLHELT L imes i
BT EIARER (P2t % pE: 125~ 250 ~ 500 ~ 1000 pg/ml ; & fg %

Be3:125 ~ 250 ~ 500 2 1000 pg/ml) #a 5 FRlk o 15 0t F Rl A

G e xSl ie i A R K SR e e ) Rm R T A SR

2. ¥lwmrE At 06 L4 ¢ (2 x 10° celliwell) > # CREE SR
Gt A RERERS (F5%E)F T HS (ile) 2 7 50%" A

(7 pg e 1%%ﬁ#ﬁ2m’ﬁ%%%gﬁumﬁﬁ%’ﬁ»um%
Alamar blue (Alamar blue : medium =1:10) #&[-*>*37CF &2/ FFis>

570 nm T & BR] Tpwre R 1Y i ek @
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e 3% % (cell viability, %) =
[(OD sample ~ ODweon) / ( OD control - ODmeor) ] x 100

PESSE N E ISP ST R

oD sample - EREARIL ST H e R EE o
OD control : A &t T /adB 4] 2 wx ki@ o
ODwmeon © &7 FRH™~ fm¥e {5 7 fif e 2 Bk E >

L M kd FE o

Viable Cell

Reduction
Reactions

v
Na- -O\/‘;’\‘[O\Cf-o Na* \T \'/O\r‘(\\éo
\tv N.; = B /\/
Resazurin Resorufin
(deep blue) (pink)

(£ -) 23

WHATIE SR THEEHERE K L (Mean £ SD) %7 0 & ATE TR

11 SAS FuitE gk (SAS, 1996) & {7 % > 4 47 (analysis of variance ) %
Z B 4% ¥ &~ 47 (Duncan’s new multiple range test ) 2_ st3- 4 477% G2 %
2238 F4E2 (p<0.05)> & @& * Student’s t-test k=% ey L
B op<00l Pt ¥ £ 8 -p<005 L7k %L %> p>0.05 g

AL FHFLE (£ 2010)-
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N z_l—‘gc ,\ F

dORRAGPDA - KB ARAEARE AR AT
P it WA A FEA Rt gt 4 OFSE (Bl -a) Flet G % & £R 5
5 1 PDA chyf & 34 > MH S Z B AR Z ATE N -

~3 %% 2 PDA (potato dextrose agar) = 32 % A A# > £ £ F %4 (0.5
% wiv) =47 IF ¥ &4 5 (yeastextract ~ beef extract ~ corn steep liquor) >
Peni i BREHEL L RRE AL A2 N 2 BElEHE NEFHR
SEFE e d MHEALAREDE IR mURRHRL LA
FRAEREFRD SN LA L &2 e

B% (W7-b~d) BAFFNGT FFEHFTPDA L 0 25Tx %
123  H2EHR - AEPREEERE (V4 FE) BERAGLTA
R

liquor 2. (Bl=-c) 2 {2 & HREFFIpLT- 2 ¥ F > beef extract 2 (F]

# ° i *c yeastextract i (Hl+ - b) % i 4c corn steep

Wi

-d): = b KD 75 *e_corn steep liquor (e che f A2 7)< ficE 2 B A &

<

v T A QMJ 4 0.5% (w/v) corn steep liquor 2 PDA i FfE- = & 1

&L ¥
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(c)

Bl  FEREAALZPDABAA L 24 L3 (25C/M2 = ).
(a) AifFseg 2 o (b) 57‘]:4\: yeast extract o
(c) 4 cornsteep liquor - (d) % 4c beef extract -
| |

Fig. 6 Shoe-string growth of A.mellea on PDA (25°C/12 days).
(a) nonutrientadded. (b) yeast extract added.
(c) corn steep liquor added.  (d) beef extract added.
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Table 6 Effect of added nutrients in seed culture on mycelial production and
final pH by A. mellea.

Mycelial dry weight

Media @) Final pH
PDB + Silkworm pupa powder 9.50+0.86" 5.21+0.18"
PDB + Yeast extract 3.44+0.46° 4.83+0.04°
PDB + Corn steep liquor 2.24+0.31 B¢ 4.75+0.03°
PDB + Beef extract 1.21+0.04 <P 5.25+0.02"
PDB (control) 0.29+0.07" 4.84+0.04°

Values superscribed by different letters in the same column are significantly different (p<0.05).
Each value are expressed as Mean + SE (n=3).
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Table 7 Effect of different incubation temperatures on mycelial production
and final pH by A. mellea in shake flask culture

Incubation Myecelial dry weight Final oH
temperature ("C) (9/) P
B A
20 3.04+0.04 5.36+0.04
A B
25 3.90+0.07 5.03+0.01
30 2.62+0.34° 4.86£0.02
c D
35 0.96+0.70 4.35+0.01

Values superscribed by different letters in the same column are significantly different (p<0.05).
Each value are expressed as Mean + SE (n=3).
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Bl- = AR EAT I FF K e core steep liquor PDA 2 4 £
W2 (8% 10 % )
(a) 20C = (b) 25°C = (c) 30C = (d) 35T -

Fig.7 Shoe-string growth of Armillaria mellea on corn steep liquor-enriched
PDA at four different incubation temperatures (10 days ) .
(a) 20C. (b) 25C. (c) 30C. (d) 35C.
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Table 8 Effect of different initial pH on mycelial biomass and
exopolysaccharide production by A. mellea in shake flask culture

Mycelial dry weight  Exopolysaccharide

Initial pH o) (mg/l) Final pH
C BC B

3.0 3.80+0.19 110.93+13.87 2.93+0.01
B AB A

4.0 5.44+0.23 121.68+7.63 5.10+0.16
B A A

5.0 5.69+0.22 140.10+19.22 5.17+0.07
A C A

6.0 7.37+0.27 08.70+13.33 5.30+0.08
A D A

7.0 6.92+0.20 69.65+11.95 5.50+0.31

Values superscribed by different letters in the same column are significantly different (p<0.05).
Each value are expressed as Mean + SE (n=3).
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Table 9 Effect of different carbon soures on mycelial biomass and
exopolysaccharide production by A. mellea in shake flask culture

Carbon sources  Mycelial dry weight Exopolysaccharide

(1.0%, Wiv) (/) (mg/l) Final pH
B B D

Fructose 4.32+0.18 94.55+3.64 5.39+0.04
D C A

Galactose 2.77+0.14 81.82+2.71 6.12+0.06

C D CD

Lactose 3.60+0.01 57.27+2.53 5.33+0.12
C B C

Maltose 3.64+0.41 94.55+2.73 5.71+0.01
D D B

Sucrose 2.73+0.21 59.82+0.91 5.90+0.05
A A D

Control* 5.22+0.18 102.73+5.45 5.32+0.03

Values superscribed by different letters in the same column are significantly different (p<0.05).
Each value are expressed as Mean + SE (n=3).
*Basal medium with 1% (w/v) glucose
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Table 10 Effect of different nitrogen soures on mycelial biomass and
exopolysaccharide production by A. mellea in shake flask culture

Nitrogen sources  Mycelial dry weight Exopolysaccharide

(0.5%, wiv) @) (Mgl Final pH
Organic
A B B
Yeast extract 8.06+0.34 89.18+10.50 4.97+0.10
C B CD
Beef extract 3.50+0.25 83.77+12.14 4.46+0.01
B A CB
Soybean powder 5.34+0.22 104.66+15.16 4.73+0.06
* B A D
Control 5.22+0.18 102.73+5.45 5.32+0.03
Inorganic
D C D
(NH,),S0O, 0.46+0.04 40.18+8.66 4.21+0.04
D C D
NH,;H,PO, 0.44+0.14 43.01+4.22 4.22+0.00

Values superscribed by different letters in the same column are significantly different (p<0.05).
Each value are expressed as Mean = SE (n=3).
*Basal medium with 0.5% (w/v) corn steep liquor.
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B2 S E kT 0.075% (C2) o p s 2 g F 0t 5 1330 2§ (1996) 40
~ B F RS G ALY B L 5~25 2 B2 k%A ko AT
it » soybean powder 7= i3 & ¥ F iR o 1245 soybean powder ¥ & &7 0 v
Frpkit &z 8455 374% % 32.2% > F]  F'2m s v ks 5.84 -
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L9 (3°) I 2 sk 4¥c

Table 11 Experimental factors and their levels for orthogonal layout L9 (3°)

Factors
A B C
Glucose (%)  Soybean powder (%) MgSQO, (%)
1 1.0% 0.5% 0.05%
Levels
2 2.0% 1.0% 0.075%
3 3.0% 1.5% 0.10%
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Table 12 Myecelial biomass and exopolysaccaride produttion from
orthogonal experiment
Factors A B C Mycelial ~ Exopolysaccharide
_ Glucose Soybean MgSO,  dry weight
Trials powder (9/1) (mg/l)
1 1 1 1 457 +0.03 138.76 + 15.38
2 1 2 2 6.89 £ 0.06 219.66 + 38.74
3 1 3 3 8.43 £ 0.07 329.46 + 47.79
4 2 1 2 5.32£0.05 202.11 £ 26.54
5 2 2 3 10.43 £ 0.04 214.50 + 10.19
6 2 3 1 1258+ 0.16  421.94+ 20.51
7 3 1 3 7.53+0.14 197.14 £ 7.16
8 3 2 1 9.75+ 0.38 182.25 £ 7.98
9 3 3 2 13.96 + 1.01 499.66 + 37.58
Exopolysaccharide
Ki 229.30 179.34 247.65
K2 279.52 205.47 307.15
Ks 293.02 417.02 247.03
R* 63.72 237.68 60.11
Mycelial dry weight
Ky 6.63 5.81 8.97
K 9.44 9.02 8.72
ks 10.41 11.66 8.79
r* 3.78 5.85 0.24

Experiments were carried out for 14 days at 25°C with initial pH 5.0 .
Kx = the average yield of mycelia or exopolysaccharide in three experiment at Xi.
*R = Kuax - Kmin

*1 = Kkvax - Kmin
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Table 13  Analysis of variance of the orthogonal experiment for
exopolysaccharides production

Variance Sum of square Degree of Mean F ratio and
source deviation (SS) freedom (m) square (MS) | significance level
Glucose 0.006 2 0.003 1.590
Soybean 0.102 2 0.051 25.098"
MgSO, 0.007 2 0.004 1.770
error 0.004 2 0.002
total 0.120 8

*F ratio > F0.05=19.0
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sugar by A.mellea during incubation in shake flask culture.
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Fig. 9  Changes of exopolysaccharide, mycelial biomass, pH and

residual sugar by A.mellea during incubation in stirred-tank
fermentor.
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Fig. 12

BADPFZAAUNFEETRAASMES 2 P RLEN -
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() Fe#pH (B425% 14x)-

(d) # BspH G625 12%)-

Color and appearance changes of biomass by A. mellea during
incubaction in three different types of fermentors.

(a) day 0. (b) stirred-tank fermentor (day 14).

(c) bubble column fermentor (day 14).

(d) air-lift fermentor (day 12).
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4L A.mellea > 2 % 3 pEHh 32 & P2 32 23k
Table 14 Fermentation parameters of different batch cultures of fermentors by

A. mellea
¢

I:)maxa Xmaxb Hc de Yp/xe YP/S Yx/sg "

Culture
g/l g/l day®  mg/l/day mg/g a/g day

Stirred-tank

043 1149 040 33 37 58 1.45 13
fermentor
Bubble column

043 9.53 0.33 36 45 66 1.21 12
fermentor
Air-lift

050 9.76 0.48 45 51 50 0.98 11
fermentor
a : maximal yield of exopolysaccharide b : maximal yield of biomass
¢ : specific growth rate d : product formation rate= Ppay / t
e : specific product yield= Pmax / Xmax f : product yield =Pnax /glucose, g
g : biomass yield=Xmax / glucose, g h : days to reach maximal exopolysaccharide

production
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R (FpEF 8 12X > BlLtr-ach) 2 FBRSNERER (B8 12
o FLtCcach)E I mE A RT AT EE (A1) 0 Atk
PE TR PR A B AT K R 2 A % AT PR (2.75x107~3.68x10”
Da> L) MENFRERFALY (FEY 131 BLI-b) plapd
BT R AN TN A TR SRS (5 133) A4 2 S

MEFREATAL 0 FREAFERFET D ($82-%12)
D2 A3 R 2.75x107~2.97x10" Da £ A F FEEE (£ L) iRl th ok p At A
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TR

Table 15 Retention times of pullulan standards with different molecular
weights by gel permeation chromatography.

Molecular weight (Da) Retention time (min) Log M.W.”
10000 10.659 4.00
21700 10.250 4.34
47300 9.920 4.67
113000 9.330 5.05
210000 9.052 5.32
366000 8.487 5.56
805000 1.977 5.91

* Log molecular weight
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Fig. 13

Molecular weight chromatogram of polysaccharide from modified
medium by gel permeation chromatography.
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Fig. 14  Molecular weight chromatogram of exopolysaccharides from
A. mellea in shake flask by gel permeation chromatography.
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Fig. 15
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Molecular weight chromatograms of exopolysaccharides from

A. mellea in stirred-tank fermentor by gel permeation chromatography.
(a) day 8 of fermentation. (b) day 13 of fermentation.
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Fig. 16  Molecular weight chromatograms of exopolysaccharides from

A. mellea in bubble column fermentor by gel permeation

chromatography.

(a) day 8 of fermentation. (b) day 12 of fermentation.
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Fig. 17  Molecular weight chromatograms of exopolysaccharides from
A. mellea in air-lift fermentor by gel permeation chromatography.
(a) day 8 of fermentation. (b) day 12 of fermentation.
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ALt BHEBEERTZRIe A RERERLEIEHES G2
Table 16  Estimation of molecular weights of exopolysaccharides from four
different cultures by gel permeation chromatography.

Retention time

Molecular weight

Cultures Da ]

y (min) (Da)
Modified medium - 5.783 3.29x10’
Shake flask 12 5.77 3.34x10’
8.10 2.44x10°
10.777 1.01x10*
Stirred-tank fermentor 8 5.75 3.47x10’
10.34 2.04x10"
13 6.093 1.99x10’
8.31 5.48x10°
10.05 3.27x10*
11.39 3.72x10°
Bubble column fermentor 8 5.713 3.68x10’
11.337 4.06x10°
12 5.773 3.34x10’
8.74 2.73x10°
11.347 3.99x10°
Air-lift fermentor 8 5.847 2.97x10’
8.983 1.84x10°
11.353 3.93x10°
12 5.893 2.75x10’
8.313 5.45x10°
11.333 4.08x10°
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Aok SRR FER e BRI 4 LR
AFEHMEENTHEE TS XA LR E A (8% % % 13x) rEL
et SPEM A BRER L B E P 0 Rl F 2 DPPH g d i’\j“‘fﬁ‘b 42
ABTS 5 ¢ E;iﬁ-% it 4 o Lung (2011) 4 7 FR & oK BRIk FF LW 0 F
RAPEEPSZERFEL G L TR E 2280 PEIEF 2
fF LFRE Y3 AT RN AR ERCBATBEIBESIEEH T T
FPg¥ g b4 2 s (Tatiyaetal, 2011) o Tt & =k 7 B 4~ %] 12 50%
% 05%¢c AR E B AR (S 0 W RE P 2 g VB e FR SRS R LA B
%= EtOH-50%-8 (50%zc fi% > % 8 = 3 fi¥/t) ~ EtOH-50%-13 (50%¢ f% » % 13
* ¥ p¥i%) ~ EtOH-95%-8 (95%¢ f% > % 8 = % ;%) ~ EtOH-95%-13 (95%¢
fR o &% 13 X gpkiR) e JPEMARE PRFIP R Y AP RF SN S
pE itz 4 % (Huiminetal., 2005) # 7 i A&f2g % 7 £ (Yuanetal, 2005 ;
Chenetal., 2009) ¢ 5 Hiwg itac? o A=xF B F BHESNEES

EPS-8 (% 8 = 4 i) 2 EPS-13 (% 13 % 4 p¥ix) °
f

(=) DPPH p d ghifipai 4 il

DPPH f o A7 < 4af & k2 & h+ A 4F PRSI 72
A FE ALY R RIFLE Y42 FF Y Ede (Shimadaetal., 1992)

AR AT &S AT RRIEDPPH A d Arr a4 2 RR R
F B w3 ROl kR 0 F] EPS-8 ~ EPS-13 2 EtOH-50%-13 § 2% 2 h ik g7 ¢ &
FoRRER EFEAFTEE > TR FRIEARA W5 602102 6.0

gll
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DPPH - scavenging effect of exopolysaccharides and
ethanolic extracts from cultures of A. mellea using stirred-tank
fermentor.
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DPPH p d # 2 ICs

Table 17 The ICs, of DPPH - scavenging effect of exopolysaccharides and
ethanolic extracts from cultures of A. mellea using stirred-tank

fermentor.

Samples I1Cso (g/D)*
EPS-8 0.70+0.01°
EPS-13 0.12+0.00"
EtOH-50%-8 11.72+0.13°
EtOH-50%-13 3.22+0.05°
EtOH-95%-8 13.76+0.06"
EtOH-95%-13 5.42+0.03¢
Trolox (positive control) 4.99x10°
Ascorbic acid (positive control) 2.83x10°
a-tocopherol (positive control) 2.92x10°°

Values superscribed by different letters in the same column are significantly different (p<0.05).
Each value are expressed as Mean + SE (n=3).
* 1Csp is defined as the total antioxidant necessary to decrease the initial DPPH by 50%.
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ABTS - "scavenging effect of exopolysaccharides and
ethanolic extracts from cultures of A. mellea using stirred-tank
fermentor.
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ABTS f d £ 2 ICs

Table 18 The ICsy of ABTS - * scavenging effect of exopolysaccharides
and ethanolic extracts from cultures of A. mellea using

stirred-tank fermentor.

Samples ICso (g/D)*
EPS-8 2.30+0.06 °
EPS-13 0.59+0.01F
EtOH-50%-8 16.80+0.91°
EtOH-50%-13 3.50+0.20 °
EtOH-95%-8 83.63£1.974
EtOH-95%-13 9.82+0.48°¢
Trolox (positive control) 31.27x10°

Values superscribed by different letters in the same column are significantly different (p<0.05).

Each value are expressed as Mean = SE (n=3).

* |Cs is defined as the total antioxidant necessary to decrease the initial ABTS - * by 50%.
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Table 19 Total phenol contents in exopolysaccharides and ethanolic
extracts of cultures from A. mellea.

Total phenol content

Samples (mg GAE/100 g extract)
EPS-8 17.18+0.19 °
EPS-13 39.06+0.25 *
EtOH-50%-8 4.25+0.05
EtOH-50%-13 8.51£0.25 ©
EtOH-95%-8 3.94+0.09 F
EtOH-95%-13 4.65+0.08 °

Values superscribed by different letters in the same column are significantly different (p<0.05).
Each value is expressed as mean + SD (n=3).
* The results were expressed in milligrams of gallic acid equivalents (GAE) per 100 grams

of extract.
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Table 20 Correlation between total phenol contents and antioxidant assays.

Samples 1Cs0 (9/1)
DPPH - scavenging ABTS - "scavenging

ability ability
EPS-8 0.70+£0.01° 2.30+£0.06 °
EPS-13 0.12+0.00 0.59+0.01°
EtOH-50%-8 11.72+0.13° 16.80+0.91°
EtOH-50%-13 3.22+0.05 ° 3.50+£0.20 °
EtOH-95%-8 13.760.06 * 83.63+1.97"
EtOH-95%-13 5.42+0.03 © 9.82+0.48°
Correlation coefficient (r) -0.7085 -0.4408

Values superscribed by different letters in the same column are significantly different (p<0.05).
Each value is expressed as mean + SD (n=3).
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Table 21 Cell viability of FL83B cells treated with exopolysaccharide
and ethanolic extracts from cultures of A. mellea.

Samples* Cell viability (%)
EPS-8 99.94+1.56 °
EPS-13 99.85+0.91 °
EtOH-50%-8 101.96+1.65°
EtOH-50%-13 98.66+2.07°
EtOH-95%-8 100.76+0.46°
EtOH-95%-13 98.84+0.78°
Control ** 100.0+1.07 ®

Values superscribed by different letters in the same column are significantly different (p<0.05).
Each value is expressed as mean = SD (n=3).
* Samples with a concentration of 1000 pg/ml.

** Medium without any added sample.
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Fig. 20 Cell viability of HepG2 cells treated with various concentrations of
exopolysaccharide from cultures of A. mellea.

Each value is expressed as mean = SD (n=3).
*Significantly different from control (p<0.05).
**Significantly different from control (p<0.01).
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Fig. 21 Cell viability of HepG2 cells treated with various concentrations

of ethanolic extracts from cultures of A. mellea.

Each value is expressed as mean + SD (n=3).
*Significantly different from control (p<0.05).
**Significantly different from control (p<0.01).
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S O BmRErE IEEZ BFRR L B B IR
(HepG2) & F 2 ¥
Table 22 Cell viability of HepG2 cells treated with exopolysaccharide

and ethanolic extracts from cultures of A. mellea.

Samples* Cell viability (%)
EPS-8 56.65+2.62 °
EPS-13 43.70+0.33°
EtOH-50%-8 56.82+3.70 °
EtOH-50%-13 47.45+1.36 ©
EtOH-95%-8 62.20+3.90 °
EtOH-95%-13 36.38+5.38 °
Control ** 100.0+2.87 #

Values superscribed by different letters in the same column are significantly different (p<0.05).

Each value is expressed as mean + SD (n=3).

* Samples with a concentration of 1000 pg/ml.

** Medium without any added sample.
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Appendix Fig. 4 The calibration curve of glucose analysis by HPLC.
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Appendix Fig.5 Molecular weight standard curve of polysaccharide.
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Appendix Fig.6  Gallic acid standard curve by Folin-Ciocalteu assay
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