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Abstract

Medicinal mushroom Grifola frondosa was selected in this research to study
the effect of submerged culturing condition and different types of fermenters on
the production mycelial and exopolysaccharides (EPS) by this strain.
Antioxidant ability of EPS and extracts of culture from air-lift fermenter was
also investigated.

Results showed that G. frondosa obtained a diameter of mycelial growth of 6.4
cm/15days on potato dextrose agar (PDA) at 30°C. Optimal culturing condition for
EPS production was: sucrose (7.0%, w/v), yeast extract (2.5%, w/v), FeSO4 (0.15%,
w/v), KH2PO4 (0.3%, wi/v), initial pH of 6.0, and incubation temperature of 30°C.

Among the three types of fermenters, the air-lift fermenter had the highest EPS
yield (1060.61 mg/L), specific growth rate (1=0.16 day*) and product formation rate
(Qp=88 mg/L/day). The molecular weight of exopolysaccharides from shake flask and
three types of fermenters ranged from 7.06 to 7.36 x102 Da.

Samples of EPS, EtOH and hot-water extracts of culture from air-lift
fermenter possessed antioxidant ability on DPPH - scavenging ability, total
antioxidant capacity, Fe?* chelating ability and reducing power tests. However,
those samples showed no common tendency of relative antioxidant ability for
the four antioxidant tests.

Samples contained functional components of total phenol and

ergothioneine, which were positively correlated with their antioxidant ability.

Keywords: Grifola frondosa, exopolysaccharide, submerged culture,
antioxidant ability, functional components.
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(-) AFAL I AT

FigF s g B E AR (Fungi) ~ £+ FM (Basidiomycota) - 4
7% (Agaricomycetes)~ % 3t 7 B (Polyporales) /& 3" Ff* (Meripilaceae) ~
#IZEB (Grifola) o B iAA Fave it Lok LR A2 F 0 H0 RS
B REAFAR AW F o s AL ABE R T IR
Ze o~z o mpASAE SO ERRe FERFAHE AF SR

WA Ed p 2B (Bt - 2013) -

RGP AMIFE AT CBFAAREST EPE T E F AFL
GBI SIS A E o S S A R R
FEE A kD H b Qe apiede ok 4 o ¥ L G S B Maitake>
e FHERMAR S 0 FLFIRELIGY 22 0 (£ 2007) 0 HEEL &
AR EREF S T A GS 45 E 800 0 AL L R el L R
AT~ A B Bl S RPN S o BT A 2 2
BPrE 77 L2 Lo 8- fa mxpaire g 29 ¢ FahgE (K
Tfe ' & > 1999) c + RMABAE (B-) S T3t sast A=
SN LR HE £SO B KT i 40~60cm> £ 3~4 F 5 o
AET2~Tmm hgpmd LA TR 0 A G F w1 A L
X

.’g"tfé%,ﬁ' y * —}‘Ig,-]—}‘,‘r’\p}: () 3§‘i/_‘ ’ P\% (Eg::f_ A ,2013)0



(b) FHekii

Fig. 1 Morphology of fruit body of Grifola frondosa
(@) wild Grifola frondosa
(b) cultivated Grifola frondosa
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(2) BHFFHL A
1. - = &

g 7 ok~ 90% ~ 39 B 3.2% ~ F575 0.2% ~ AR T & 4 5.0% -
A 07% (AL% A4 5 2011) » £t dev FHROKT L4 5 0 & A I
HEARBAT o282 %73 Bi B VitC 2 VitE R 57 5 &
4 Z Aot b & 4 FpE (ergosterol- a4 2 Do BRir) A GEE ¥ 7 A (K

oo £ 5 1999) -

2. L

fFEFINY FFFLL P K 5% 25 5Mg-Ca~2Zn %

B T (M1 1986) -

Bibs 5 1858 kAR B0 8 A R AT T 2% T R (AL 4 5 2011)

TR o SR~ PRARLRE B PERRA R DB AR 7 E
FALIEAR G B R MBI R £ 5 o 7 A
SE o ERRAR I EEERA ST AU OIH I T HOFME T 2
- X HP w2 oarE: (aspartic acid) ~ sk 3%fc (serine) ~ £ '=p4 (glutamic
acid)~7 "=p& (alanine)-p&*=fs (tyrosine)-i=eps (lysine)~if *=ps (arginine)

£33 4R (kB 4o £,1000) -

#i1 & 7§ F 4 (glucose) ~ /& J&#E (trehalose) ~ 4 & #& (mannose)

FoHYHBMI R AT LA R A R AR - T



FEEERAORAF TSRS L LA BER L ARSI T

Li- Nl P (ﬁ’fﬁ » 1986 ; -k TE e & 5 1997) o

4 S
5.7 W
G WRZEF R NI R H505% A F AL uF

gk pl ey B #eps (pyroglutamic acid) ~ 5t & (lactic acid) » b ik (acetic
acid) ~ &% & (formic acid) ~ # % f& (malic acid) > # #¢f& (citric Acid) ~ %34
fe (succinic acid) ~ ¥ fi& (oxalic acid) » 2£#* 2 f&¢ (fumaric acid) & (4F o
1986) o Fg S pa ik 7 Wk 7 B 47 ~500% > 4v b B 4SRpL > W RAZ JLIA

Fi |42 1580% (-k #F 4o 1 & 5 1990) -

6. "5 B

ﬁ"ﬁ%—;‘? .LQ%‘T;,JA§§PHF_
(1) ¢ i (Hid =" TC)
() AR (e AR)

(3) A gHrF (W SpRIRS Y F)

B - fad rkehd AR D EH > B §F B-1,3 0 p-16-F HpE
(glucan) eng 4 > w4 flgrimme LA A0 > &% p A AA S o Inoue 3 4
(2002) #t+# % D-Fraction & 7w §. A FHF7 3 - # ¢ D-Fraction 3 &%

5 g5 SepharoseCL-4B ¢ 1if- DEAE-SepharoseCL-6B ¢ 1 — #8.4 it 2



Afr > BE% R D-Fraction ¥ 4 & T % ¥ w2 &3 Th-14- Th-2 > #r4] B
e A de s e T fwre i 1 3 Aok ® e A s C-INF~ IL-12p70
e IL-8 > F pEdrd] IL-4 enZ 4 o ¥ ¢t Adachi & 4 (1994) e 7 #F #3545
SEEV S Esmr ke TS o MR pMARES o

Kodama % % (2003) erfefk A7 3 % P > Hag 5 B3 i 36 {1 f A mve
AR B F bk (£ 0 B 9 58.3%¢ R L F - 68.8%¢15 5 &
# I 62.5% 09 i & B Rl & TR ORR B F e o Meth-A Sl
7~ IMC-%; e MM-46 & m¥e &g FFr4] 5% > Frd|F 5 25.6%-49% ;5 7
¥ 4 ocdrd] Meth-A 4 4 ~ IMC-% fm e 3 & o #5455 B3 b 5 Bk 07
ey 0 BT K E B FDA #4788 &8 r = B TRk o

:}7%;;3 3 % (1994) 4z & p & ~ e £ 5 SR gﬁ%ﬂ SER B
Bl d 5 MBS #3282 7 45 010 Grifola frondosa % #of 17 % >
B3 &AL 5 pEM (polysaccharide) : ¥ 5 < ),%Je;};] 4t Grifola umbellata %
PERE 4 Lewis " g p 2 #& 45 ~ S180 f B % 5 #r 18 * » 4 Co-60 R &2 Tk
BRIy A2 g e 3 3 & (8% > $F Staphylococus aurens £ Escherichia

coli 7 4 #r4]ie % (Rfezr > 1996) o

B L4 (1988) #F 0 AEFF FUMIT BP0 2 BD-F R
& Sarcomal80/ICR -] ¥ Bl 7 & ¥ enfiidigg &1 o Mori & 4 (1987) » #-~
B e GRE R LY 20%2 £ 8 b r - D ¥ 2R > BEH

F g2 ok g B iz o Mizuno & 4 (1995) dp i Adgag S pEe o
ril

RF LGP ERREE A RELT G P16 L dafe B-1-3-D-
FRPEA S A MR RPEL b0 P M st BY
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Pofr ST S REE T PR L N E BT LS R
Bie 0 Flt 2 WA R § 5 Maitake Product Inc. #7475 4 2 2 B E
P~k g% (D-Fraction) 7 &% 1997 # 12 7 = % ® FDA & i Tk ¥

T 1098 £ 3 7 BanieiT A MR M Z TRk W A& (1R 2002) - P e G A

RpAGaMmLRL > FEMBESHIBEDS ] T 2 4
(Mayell, 2001)

(1) 2 R e % 5w

(2) Bk Tl A5

(3) "E M i MR £

B R E E A TRRF Y s FIRAG TR F oA 4 2 Bl
it* (Nanbaetal., 2000) -

A dE ARt 2pE (HIV) it

PAE K ARk @ v PR D-Fraction it § oxH e T dwoe 3 45
HIV @ i34 2505 & 8857 i 7 olisd HIV &7k 4 5% (Hishida et al.,
1988) » 2 MR 7475 >t 1991 & > & - BHHIV 4 5 2% 7 $ 1
ARG EE-S LY B PR T A2 #ruﬁfaan =1+ o Nanba % 4
(2000) % 7 & 1 e fa i F Bk SR i (FHLHIV A § > S 4R 2 FLHIV ie
P e EERIHIHIV pE Tl d A R kR R 4 P
BB R R g e

4. %% i #E

Kubo % 4 (1994) #-# &5+ # M4 & 4 & AR ¥ B # A5
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PR T AL L A TER O RGRE R EEE g R R
BFEROM G VAL d RS B R 6 CSTBL6L MR v &
(IDDM) » 7 p Bg$r] o 4k & (Kurushimaetal., 2000) > gt *F > H 3G E 7
# B~ MT-a -glucan 7= sc 49 2 4 <X p %% S 'm%e (Leietal., 2013) > @
MT- a -glucan 7= iy 73 "% MHE AR -] Bl > o g B R0 SRS b e 4 %
(Leietal., 2012) -

b S
Kubo & 4 (1996) 4I* Befskk & B o BRE R AT FIR
ERERY AVEFR R A BRI ERAER > P&

L EFEEMR G S L A GHGE AT agF HDL A 5 £ i i

PEEFR o Choi & 4 (2001)#-F 4+ F 48 A W * 47k ~ #ok ~ 2 AR 2 7 AR %

BPois o BRI B T Sz A (ACE) ndrdliddd » & % 8w 4 -k 3B

A BB A 0 B A TS %‘ﬁ#ﬁ#ﬁﬁ?—% 55 #dlE
& o

M VAL E M RS

6. (BAFiE#

FGEPP T U FSE NI v IR 4-0 Bl o E S g R o TR S
#15 MR Y E [ REE (ALT) e 8 3 @ORpEk R (AST)e

VAR T e B E R g e (Vincent et al., 2000)

SEYQGHELY Vo PR MR 2T
Kk

KEP 2 B FSMERE A HAS Y L S IS J A



pod ghenst i (Okamura, 1994) - @A 3 dp > pd A~y ~ " FiEF
LiEr B S EF R &M G

Mau % % (2004) 7 39 % 75548 & DPPH 7 d i%-;,%—‘,ﬁ% AR % ]
A SEELMgT a4 2 BRA pEY B 04 JFan & 4 (2011)

WA S pEETILE 4 E% > A DPPH pd E}«%“,f iv 4R g v 4R

LIP3 SR
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ST S HHE PR (FH B -RAEE) BLa g A3t B

g Ay LPERE (ROB R  TEE) PR T BT R o g:i;q:". ’
K aBEY G (F R FuM) A3 W £ AP AZE A EFE

t# (Wasser, 2002) - p 1960 & A B4 F S AT TFRIPEMEL G 2
WEPUR R 0 BRA E RS PRI 38 AR 0 e S PERE L p 4

WFH s HEFITREL T R SEMIpARY 2 240F 2R 2
PREFT > LA PR @G AN 52 g

1. #z p % p& (Intracellular polysaccharides) @ i & % @4 4 £ 97 F it &

Z R o

2. %1% % p& (Structural polysaccharides) : = == Fiig @ h i ph Ao o
3. #z ¢t % p& (Extracellular polysaccharides) ::if % ®_*it % >t fw o *h IR g

P

() ?ppEsigE s
Ikekawa % 4 (1969) 7= % = f& & * LFup+ 7 W4 -k X P4 4 Sarcoma

180 3 F o5\ ) R ittt ) S 581 ¥ 3 sadrd i 4 2 8 3 "8

~

% % > %13 (complete regression) > p {&d 3F 7 —‘F,k;fé? HEBH AL A
BELiEMepw e 3 FRGH P Tl AR S b
(Ganoderma lucidum) ~ % & (Phellinus linteus) 2 = & jFi (Agaricus
blazei) (Miyazaki and Nishijima, 1981; Han et al., 1999; Mizuno et al.,

1999) -

Wb § PR BB - F B N R AT R i ko
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1. &3+ &

HRE 4 (2007) 4 5 R cPURB AR E E A S B - RM G T

B S PR S Ay g sl Mo (2000) 4p AR S PR (R 2
SPE S RERIPE S 2 IPER Bk URG RpES) > H B-glucan 4

Eatbiipd A A Ra R HAmERG et v A1) A3
£ £:3000~5000 Da %+ % & " 457 it (2) £1.0x10°-1.0x10°Da £ #=

5L PR R R AT Y L 40X 4G R P B Y 4 B P S i

Bt e it E RKFETHET > U B- (1-3) -D-glucan 5 i4a > 12 B- (1-6) -D

s

-glucan & & 4&ch 5 pEAE H FUE R ook B iz (Wasser, 2002) 0 H g 4 4o ] =

(kB fe 1 & 5 1999) 7 o ¥ G ¥ X-%‘fsﬂ@*&—%‘ﬁ#‘rﬂi%ﬁ‘%fﬁ%% ) %
F 2 # B (1-3) -D-glucan = - = B+ %43 % (triple helix) » # g 4de
B = 5 > ot AT i B0 Pt (v i & & F] (KB fe £
1999) - Surenjava % * (2006)# 3 # = 7 A I m (dimethyl sulfoxide > DM
SO) ¢ #k3% B- (1-3) -D-glucan z = % iF e a FRE FUhm BT

K%O

12



CH,0OH
O
OH
HO oy

Bl=  RIEEFEELSR-(1-6) 4 L B-(1-3)-D-§ Rpedy o

Fig. 2  Structure of anti-tumor portion of p- (1—3) -D-glucan with p- (1—6)
-branching side chain.
((kTfet & > 1999)
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Fl= X Saimidipl 22 B (1>3) -D-§ RIS & B -

Fig. 3  The crystal structure of - (1—3) -D-glucan by X-ray analysis.
((k¥fet & 5 1999)
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Liao% + (2013) 43 Ji & % PEREcn ¥ PEAEATHT 4 PEAR IR A 12
4 EARSE TN AR PR E P e (fucose) ¥ H FurE e

B R B R RS 0 RIR S R L g AT

- BB ESE E rg hi FA BB APM o TV B E A
w0 BB AT AR S BE RR S D g (% 40 2007)
Wang % 4 (2006) p % 3* E /< & (Poriacocos) 4 #di— f&zt-ki3 1 5
FPCS3-I1> #-H & w):e 7 fipe i+ (sulfated) % 222 A iv (carboxymethylated)
v 813 45 {5 > 4+Sarcoma 180 P& e cndrd| B A F /L o kS d
B 03 45 (5 & H 4 PCS3-Il ek iaiem & B B4k o Zhang% 4 (2012)% 7

7. (Ganoderma lucidum) #z ¢t 3 pE48 (GLP) S Acf&is i3 4F {5 2.

sulfated GLP ¢ # = - fig ime & 2 prd| B hanied (& -)o

FE SR EEPES S TS FEF o 0 S LAF PN
WFUhg A1y § B4 Surenjav# 4 (2006) .4 % (Lentinus edodes)
S EERL (Lelu, Lelo, Lels, Lelg) % 314 % % £ 35§ (LNP-l, LNP-ly, LNP-1j,
LNP-1g) 9% BERE $ 5% fm %2 Sarcoma 1804175 42 » 4 v it

166 IS S PR AR RA I (2) -
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# - Bz PR T R MR e dr
Table. 1 Inhibition activity of GLP and sulfated GLP on carcinoma cells.

Samples Dosage (pg/mlL) Inhibition rate (%)
Control KB SGC-7901 HePG2 BEL-7402 MCF-7 SHZ
ND* ND ND ND ND ND
GLP 25 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) 25 8.80 10.13 2181 17.64 2060 4290
50 1966 1377 4226 423 3000 5230
500 3446 46,60 7479 55.46 4020 8588

(Zhang et al., 2012)
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% = {45 7 pERE ¥ E R e Sarcoma 180 2o Fubd g s
Table 2 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 442
FU-5 20X7 48.6 39.1
L-I, With bound 20X7 12.1 55.0
protein 60X7 478 29.1
L-I With bound 20X7 259 413
protein 307 40.7 347
60X7 545 314
L-I5 With bound 20X7 50.0 427
protein 30X7 63.0 37.1
60X7 70.0 274
L-1g With bound 20X7 203 333
protein 30X7 31.8 46.1
607 37l 450
Control 454
FU-5 20X7 51.7 356
LNP-1, Without 20X7 =S 57.8
bound pro- 607 17.1 58.6
tein
LNP-1, Without 20X7 0.6 522
bound pro- 30X7 20.7 56.3
tein 607 304 453
LNP-1; Without 20X7 12.1 50.9
bound pro- 30X7 17.2 37.1
tein 607 414 450
LNP-1, Without 20X7 98 496
bound pro- 307 19.5 46.7
tein 60X7 37.6 454

(Surenjava et al., 2006)
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(=) % pERiird B 45+

TpIF I 74 A

PALRTRRFREA TN - L4 43 (Flammulina velutipes)
i B oo SN gt bl A F KN H o e B Op 04 (Ikekawa, 2001) -
Kobayashi (1993) 45 i £ 2= (Coriolus versicolor) % p% PSK (polysaccharide
Krestin) £ % i< < Rt BB A E2 fgo434 E2 RpHF -

S pERT ;g@ B 58 T A SR T B AL 0 S e Rt e s 2 R e

A A 5 pE lentinan ¥ A R end & & A iEF L ) > lentinan it jE E
fre N F_T e f A 4 interleukin-1 (IL-1) %15 » 1 A = $cnlmPe B0
T W Bpiwbe ~ e g Rl A T mBplnie ~ p 23S iz (NK) & =
Baoit o BaFi iRty meaiil &g 23 IL-2 NKERF]S
(NKAF) ~ E rime 75 1t 515 (MAF) % & #m cd ik i &m is i
i BT e~ NK sz ~ fmfe g B E rflmbe & 2t B A BARF &7
B eim e 3o B s U BN LS B MO B IR P (KT 4o £ 51999)
W R EeBle A1 (Wasser, 2002) o

B -0 Dectin-1 3 73 A3t B et w2 (macrophages) ~ #f % @
(dendritic cell) % v* ® v o 2k (neutrophils) Hiwrez L@ X4 H e
B- (1—>3) -D-glucan % & 7 i frA &L X B LA F o> - HEELA

Wi A AR B EEITY & w2 jrE (cytokines) ik o N4 fwiE
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Colony General Potentiation C3a
Stimulating of Host Resistance Anaphylatoxin
Factor + * *
Serum Protein / C3b
LA,LB,LCetc. non-specific
Complement C3 Activated
Liver Macrophages Macrophages
C
ADM!
AF
Accessory IL-1 Amplifier IL-2 /precursor Cytotoxic \ CTL | TARGET
LENTINAN Macrophages T-lymphocytes Cytotoxic-T T-lympho- TUMOR -—PII;ESTRUCTION
(A-cells) (Helper) Lymphocytes cytes CELL
% specific o
/
‘E) Suppressor Null (K)\_¥
2 T-1 h
TUMOR 2 ymphocyte Cells
ANTIGENS '%F %,
Z L
"\ (B-Lymphocytes Antibodies
Natural
Killer Cells
Ble 435 7 pF lentinan 2 338 FL & 18 % 2T o

Fig. 4 Possible pathways of immuno-enhancing activity by lentinan.

(Wasser, 2002)
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% ok A2 £ & eniv ¥ (Brown et al., 2003; Herre et al., 2004) -

3. B Bdrdl R mie st ay

SRR ST R B T A E e 2 2 VR R R w e
5y = > Zhang & 4 (2006)7€ 245 58 7% ®1 2 ) (Pleurotus tuber regium) 4
g d - 48 % pEAY carboxymethylated polysaccharides (CMPTR)» £ 12 CMPTR
JedZ MCF-7 A #g5 & 'w ¥ > 3¢ H € *% i< cyclin D1 ~cyclinE 2 Bcl-2 (42
= v ) ehA R 3R 4 Bax (iwie k= Bev ) ehdiE o @ Hpegpan

Gl #p » & PlFrd|imre 3 78 v & o
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A
> g

B

= AFRE R A
8 Z GG ip R R 3 % (submerged cultivation) £ = 3t A F e ¥
P #1948 & d Humfeld 5 L1 # o 32 & ke & w 32 74 (Agaricus
campestris) F S o SRR A Z P NGRS A AN A T AEPFF PN G
Pk % 4 5 (biomass) £ @ (metabolites) ¢4 £ - f pF3f 4 § &

Al = TR

(-) FhEE2 TE

PR - BEPF 3 A& 0 AT IR A S A Ay R BB T B W
kbl o g ianird] pHENER i §F 2o (B RT) @
ﬁ/

AR

#

T o EEAMRA R R > Mg A TS
MairkiE %3 & 4225 (sporulation) - @ FIAEFIZ b4 (T )

e ¢ 75 sk (pellets) e (38 > 2002) -

( }é]i“'%"’k’ 5 «urd];’g\_t,«i“%‘ iﬂ

SEY SRS A S BATMS AR 0 A LB A HES
PERF (352002) % o FssM B R A2 b o drani 48 (£ 5 2009) -

BAFRRE AL AF T Bl A s AR s 25 St a8y
GHEOFFH A ERBRFLIRIRACBRRA L ARERB TR ORE

TR R R L Y AR ERA D

[
*E;—]‘ e S ST —}Fﬁiﬁqﬁﬁwgﬁ;\ﬁi{,ﬁ%’;,K{éfﬂ&% B AP
B BAd3FE84 432 J PUBLRATFE LRSS A RENF L

HAP T B AL F B & 0 U7

3
R
B

B
>

b
A

[
e

| =

)@.\

|
=

jud

g

bl

a\
3

=3

%



@ (2 0 2005) -

HHIFERAF  FARIEFERARBR DI LFEZ H LTS o
-RFR RARZ eI P F R WERFCER pH BEFE
TR R EHEEEETAS T

1. mR

BURE FEPEAE S Padf o~ F M E AR 2 LR TS S
AU A HAL P RARRLE 2P F o FRFLF 7R & 08% i 4
Flot @ W F 7 0 3 el (ALF 4 0 2011) > BUREIOHCA £ 0 & ip
T R ENRME et ERSHEE XA BRI LS AR FAEE
o p e (F02001) e - ARHFERG H A KRBT
WL E MRS > - BEPESR Y B R B CEREE S PEE- 0 Ao A B

@ 1% RURAL S R 0 F 2 5 BRsUR (1% 4 2013) -

2. %k

FORA R A FM e B4 bldeidd B RAR PR E S 2 S
*EF RBHMAER AR A TR TR ERR G AT ARG RE
FWEF R BT R BRI E45E 0 7 B F RdoiER 4
(yeast extract) ~ 2. 5K /=& ;& (corn steep liquor) % 3-v & (peptone) %
FALAFRATRESBAY AP Facan BHEE (L2) o d 3tk
FEF ZRRRM I GWE FP TR EFEF A NI Z A0 T

BMEES A P (GEE 4 > 2013)
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Table 3 Nutrient contents in organic nitrogen source.

= i EN S0 i T E AR
Fo B (%) 50.0 24.0 51.0
ROk E (%) - 5.8 -
Pa %% (%) 0.0 1.0 1.0
i (%) 3.0 1.0 3.0
A 4 (%) 10.0 8.8 5.0
H2 4 (%) 95.0 50.0 92.0
2% % (mg/kg) - 5.73 3.06
Fuvz (mg/kg) - 0.88 2.4
Z & (mg/kg) - 74.6 14.5
ke (mg/kg) - 83.6 21.0
vt el A2 (mg/kg) - 19.4 -
4 %% (mg/kg) - 0.88 -
% (mg/kg) - 629 2750
#z e (%) 3.3 0.4 3.2
%z e (%) 1.4 0.5 0.6
4 5 i (%) - 1.1 2.4
B E i (%) 1.6 0.3 1.1
Bd 3 (%) 5.5 0.9 2.5
v % i (%) 6.5 0.1 3.4
i (%) 6.5 0.2 2.9
B opiRie (%) 2.1 0.5 0.6
0o (%) 3.7 0.3 2.2
i*z ik (%) 3.7 - 1.7
§ % 2 (%) 1.2 - 0.6
a4 i (%) 4.6 0.1 1.4
wa e (%) 4.4 0.5 2.4

(48 %+ > 2013)
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3. mLF M

R R E v R R A A R EfrRF EantE o ¥ L CIN AT o
REVLFERAER T E > BN RHS 2 LE S ABA PR

ERACH Y v o ey RoF BB S 6 @ H L L

PH B3 2 2 4 B A ff 5 Fh7 0 RIFJIAME L > & @
FAPAE B VxR ZE § RO L FEEFEA R (R

% 452013)0— ¥ Ren& * GAEE G L4 £l i A 5~252F (% o
1996) -

o
E:0y

iR A MR RB R B TMA S d LB R

5\.

Park % ¢ (2001) 45 1 & FlaFA B £ T 7 Seif f oA S B BT S
WAL EZIEWME - 0By AL  cGHEEAFEY

BE~E - E G d g PRSI 0P L(1) e
Fi (2 HAMmEaES IR () MHEREEEY 1 (4) AEIMA
S5 (B) AEwERERE (6) Al § BB T (7) ke i

e (L% 4 5 2013)

5. 4 & 73

EFF AP RHE A TR AP RZED FE S DY B

e ded BA F ~ G REE AR E ((LF A > 2013) oA i,/%:"f

-

T /’;]‘4\:*5“;?“%% ks 41}—_ 145&35 J,%‘IZ‘E:“\JET“’KP 2L F]F bl
LR EFRIEAERPE RS 2 E v ABY A RS A
Flscens £ Tt FALE (T4 £ TS kAl
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WA g oy  BRERL- BAFEL TS FLEARL
PEBEFAEAER T T ARESHL L EFE I ML ST LT

Fo- B RNHEOREE A ERFRY S 22~28°C (Eyal etal,, 1991)
] ﬁ%’?ﬁﬂi R R G 5-32°C 0 MR F R R P o B Fuf B Tk

BT A-L96CR G F BT acE A 3 X (ALE 4 2010) -

7. pHE

=

ARz pH 2B BH2 F p i 2 BB Y 2 EhE £ 73 > §
#

T EkRaEdei o F P BRRE B ABEA Y

=
Ia;
|2
T

ot & it %40
3 %~ R (Margaritis and Zajic, 1978; Forage et al., 1985; Kim et al.,
2005) - Shu and Lung (2004) # % 4p 41 pH & ¢ #2582+ # 27 (Antrodia
camphorate) 2 #z ¢ S pEA E 2 A+ & A F o FIGFUME & LR
%489 4 £ > pH 12 55668 5 7 (Be% A »2013) > m it % EART LA

é"’i’r-&

\Cé‘.

W FITR B ARAIAL N B BRI R FAES pH Ea

&

b d

s

=

L °

8. WH#F

HA R R o A &L kA TR A A S
BF R T RFFRAL NG FETRH A F e iR TR o A0 R L
FI* RF RETIER E ook > A FEHALJIYHEE S 2L § k2
NoWHT RPF ML AN A F o AL L2 F o 2
L iEARY AL § A2 T4 (shearstress) @ i FSHARS S AL E A
(2006) # 7 ## 4 (Grifola frondosa) # JREFiE F A% B > FUME A%
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AR AR R I AR R T TR A A b
IR - R = i S g & 5% *p{;]zlf AR Bk —»E;],/f 1
h 5 pERS A B 2 83 & 5 80~100rpm e % & 4 (2012) B HE

(Tricholoma matsutake) 5% %8 & i #4232 5 5 70~90 rpm o

Wi

W 3 LA o LR IREARY o 5 RS F BT SR
FOIAA N R EEmEEN s L T IR SRR L et o F
FEBAFLF EPRREERPERAAYF Y 3 F £ (dissolved
oxygen - DO) > » ¢ FFFMeneE e 1T% ~ fE %K & & 2 R PFE end =
(Forage et al., 1985; Rau et al., 1992) o gt ¢t > d =55 F*3) 2 Faakis €
B § F BT TN TR 0 2 N A A % § R gAY
e S PR AR AN mE A G o F g F U F T I i et

%\, W )7 ﬁﬁ-m’—] 13\: % /4;;\ ,,\._L’;bﬁj_/’l? B (ﬁrs ’ 2002)
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() FEHAEEL I8

S SIEN SRS 3 EA RS LELE L ES FE L TR
-GBS E T RSB et FEMRET R - £F G IR R D
BECARESFIRLI > DA P EEAE e TR o Tt By
g B g o (fermentor) 33 % 77 3% kex LG AP R ok BE 5 1Y
EIRA A SPE R ASOS T o B AL AP D 651 £
RASE* ks> * ¥Ry E@ k™ FR2 A
(F2)-

&
b
L]

Pod RN R T RRA SRS D2 A AN
#5¢ (stirred - tank type) ~ # i¢ 5% (bubble column type) % F £ 3¢

(air-lift type) # 2ty o H 22 Bl gL 4o

TR 3

THF P BARLR T SRS EREN B AA g (RT-a) WA
LGS R (airinlet) X 4 iRGUIEEE F (impellers) iR DGR
BN PRI TR F eI R AF AR Y T 2 R hT
A SFHEWN A R W (Brauer, 1985) o it 1 ¥+ F] 5 0 H
FEE 3 B P4 anddih s AT R B AER g kAP oA Al ¥
oo SRR ST AR R S PP AR o SR

BEAL R L (e iv g T oAbk
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w3 R R SE R L A R R
Table 4 Advantages and disadvantages of different types of fermenters

w T [ i B
WAL pR LR Aerc s i LA MR E

F e s EpE,

OB R

23 EBARR AR

Lifi i K
2.5¢ A K
3.9 4 ] iK

4.8 5 R A #

1.8 s & 43

2.4 i § 2 4

N
&
<

3
=
e

N
'

1R forc s £

27 L BARIE A

<l

1A & B3REEEA

25 § WP

(% » 2001)
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(1) HELEFLEEERE E2 BT o4 > HANMES S - TR

(2) PR LERER AL RE  HNBAIRREE ALY
() WHMEZERF 4 A ERB 2L APFNRS A
(4) PHMEEEX

KAt A L 6 H AR -
(5) #Hpxth® Wi dh™ it € FlA®T 7 Lad 2 RFFTL -

2. F # WP

Foe R H N RN R E g J AP A& B
(BlZ-b) ¥ 3 - Bieg ¢ (air-inlet) » &2 1% & » g $8F & A B 32
Heni o R EFRF 240 (2 foR 0 2001) o g EEM iREEG D2 8
WEE? wF FERF b Sk 0 A EZIPREAR T4 4R
Mo A et ERPRCL MBS E 2 2R A Foe N

e iipag e il badet o AR AFER Rt wep £ G2

..xs_
w
B
7
™
bt
o+
3\
(N
Pl
(w
)
Sk
&
kv
/A
52"5)
TH
i
==
|
\}\

MY & ks K

(2) Fla o4 i 5t & BT AR AR RS 5o b s

A A e kB 5 R AT o

(B T4 KF 3 dHM2EFRAES - P IERFUETEA

i -

3
o
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3. F #atwprth

P RRE - B EEE

Wi

RSN e (RT- o) 7 A

(draft tube) #-3 pEff p S ® A IR 5 2§ 2 2 % (airriser) o % F

|

(down-comer) » £ 4v ¥ b ey - 2 32 % (disengagement zone) % &

T1\4

RiEF g (air-inlet) (2 fow - 2001) c e * PRI E I 2 F B RN DTF

gd P T EFAGTF A RRAMEEL DL e b4 R AT

FEDFER T ERY AL L RADFRFT R S

LAF P RF R AR HEEERE e PR 2 BIE AT AP S

FAMAT R o R ALR EFL LA TS R B HFTE
BB AL S FREA A AN AR F AR L2 D

FESE L R Se

(1) T4 Fb s 2T AR BB AR R kS o

(2 BELWFESIEA 2 RHEALRA g REIRFRIET S

TTEREASEAFEEFIRAEFENFILRT

(B) wAMEAAT BLARRS 2 i ME? 22 F > FRI&EZAL il
$Him PR e %

(4) FEHAFTIHIRAAER S F AR FGE AR ¥

W e i o
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@ —— Motor

_— ==
o —— Gas outlet
\(\7/ Culture medium
S::%_?;) ,‘: Impeller
=3IE2
L2 o
= Airinlet
(a)
/_]: Gas outlet
Y Culture medium
t444 L~
XYY
XYY
&f/ Air inlet
(b)
Disengagement zone §<|_'; Gas outlet
o e Culture medium
"\ f“
Alr-riser —_ Y |2
ﬁ - Draft tube
+ * %—— Down-comer
AL
\l—f—iT— Air inlet
- -
(c)

Bl 2 FRIASFEEER @ #ES D) Fi#t () §FFS -
Fig. 5 Different types of fermentors. (a) stirred-tank type. (b) bubble column
type. (c) air-lift type.
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\\\Xr

B

(- )5 Hf

C L

#-35 F#8 (Grifolafrondosa) » d L /4 < § g $472

(Z)R %A

1. Potato dextrose Agar (PDA)

Potato starch
Dextrose
Agar

Water

pH

2. Yeast& Mold Agar (YMA)

Yeast extract
Malt extract
Peptone
Dextrose
Agar

Water

pH

7 RRET (FH-)

49

209

159
1000 mL

5.6

34
39
54
109
209
1000 mL

6.2
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3. A#¥ % L (Basal medium)

Glucose 10 g
Yeast extract 59
MgSOg4 19
KH2PO4 30
Water 1000 mL
pH 5.6

4, AR KA

Sucrose 709
Yeast extract 259
FeSO4 159
KH2PO4 30
Water 1000 mL
pH 6.0
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(ZH)EL &5

1. §4& (lactose) ~ & 7 #& (maltose) -~ B4t = & 4 (sodium dihydrogen
phpsphate) % pp p A 4RS F 450 € 4L o

2. Fifi= & 4% (ammonium dihydrogen phosphate) ~ #xfi& 4¢ (ammonium
sulfate) ~ #4p fé fi= :## (Folin—Ciocalteu reagent) % pip 4 & Merck

A

3. % % # (glucose) ~ & # (sucrose)ptp & r¥r 7 Scharlau = & -

4. % 4% (fructose)~ 3-v *# (peptone)~ = p % B~% (beef extract powder) -
(Potato dextrose broth) ~ ¥ (agar) % ptp & & Himedia = & -

5. fi¥* X P~% (yeastextract) Fp % B BD = & o

6. e PP AAXLELE .

7. 5K &3 7% (corn steep liquor)~ % % #%%= ( glucosamine )-~peroxidase -~
ABTS [ (2,2-Azino-bis(3-ethyibenzo-thiazoline-6-sulfonic acid) ] -~
DPPH (o,a-diphenyn-B- picryl-hydrazyl) ~ = # fip f& (trichloroacetic
acid) ~ ferrozine (3- (2-pyridyl)
-5,6-diphenyl-1,2,4-triazine-4',4"-disulfonic acid sodium salt) ~ Trolox
(6-Hydroxy-2,5,7,8-teteramethylchroman-2-carboxylic acid) ~ EDTA
(ethylenedinitrilo tetraacetic acid disodium salt dehydrate) ~ ;2 & &+ fi&
(gallic acid) ~ & & zx %] (ergothioneine) % ptp % K Sigma- aldrich =
SN

8. MgSOs - 7TH20 (magnesiumsulphate-7-hydrate ) ~ fi= (phenol) ~ Frf&
(sulfuric acid) ~ ##f& = Z 47 (potassium phosphate,Monobasic) ~ @ ¥ i*
40 (sodium hydroxide) ~ i % i+ & (dihydrogen dioxide) - # fi&
(hydrochloric acid) %P A p B it FE % o
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9. § 7 ’x (acetonitrile)~ ¥ i (methanol) % pp % R J. T. Baker 2 @ o
10. ¥4 (folicacid) pp p A frsk &1 £HR50 €40 o

11. 2 % (ethyl ethanol) m-p o &% iF> ¢ &

12.3 % i~ & (hydrogen peroxide) PEA p Afosb &1 EHR30 €44 o

13. L 5 4% (galactose) PiEp 4t K Ferak = & -
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SRR E

1. 88 % 4 ¢ FIRSTEK™ (Model-R1100 ~ Model-RI150 %
Model-TG5) ; TKS (Model-LTI601) - Firstek = & » & -

2. BEBRAES AP RENT 0 2o

3. pH meter : inolab (Model-Level 1) » W.T.W. 2 & » 46 B o

4. 4% % & 3o o Hitachi (Model-himac CR22GII) » p & -

5. % »Tic k49 & 47 & ° Hitachi Chromaster (Model-5110) pump - Hitachi
Chromaster (Model-5430) Diode Array detector » Hitachi Chromaster
(Model-5450) RI detector > p * -

6. # b 55% ¥ : Model-RHD 603 » RISEN =~ & » 54 -

7. & A1 iR 0 Model-polygerm1000 » MGT = 2 > 5% -

7 —

7 —

8. £ Al BN 2 F e R  MGL1000S-7L > MGT = & » 5% -
9. i BRIk $518 + Model-R-2000V1 - PAMCHOM = & > 46 & °
10. 3% g 3N = F R 5B 52 & 45 ¢ Model-S302R ¢ Firstek = 2 5 28 o
11,7k T 5% & F)#% (T4 - Model-TW 14U » LIAN SHEN = & » 53 o
12,4558 -k 35 48 © TKS (Model-KB-02) » KANSIN 2 2 > 5 % o
13. % 47 % T : Model-AB104 S > METTLER TOLEDO = # » 84 -
14. % % & & 3+ Model-Spectrnic 601 - Thermo Fisher Scientific > % & -
15. & "% 4 ¥7 3048 © SASTMRO.1 (SAS Institute Inc, USA) -
16. T *w g Bl #c 48 - Sigmaplot-scientific Graphing Software Version 2000
(Microsoft Inc, USA) -
17.f% % 4 % » +7 & ELISA reader (3] 5. MRXII microplate reader,

DYNEX, USA)
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= Eé“-%?';’ /2":

—

#45 [A)44 © Grifola frondosa

!

ﬁ*‘l“

|

T3 % A% (PDA > YMA % Basal medium)
FHg2RAE AN RER

FRELFITERAZABEEIRZER
HILH TS A%
AR~ F s B8R - 4 £ 55 2424 pll E

l RlEre ot SRz HuwA R
FETE A A A

!

HALL R Rk
JJ[“;F F‘fﬁ}l\//)?ﬂ ~ /Eﬂ % FeSOq4 ﬁxi /}E B
| mEe s SN FumA R
FE TP ﬂfli‘* % 1% 1%

BN EE (S F e F RS
it re o S AR 2 FpE

l Rlase s AR E A5 R

# fF th AN

|

etk SRR B PR KB L S P
SEFEE R RRT 4R
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(=) Ak

Bap %3 PDA T3 R A 2 BGFFME W HN L R 2 B gINe
PR FATICE (R Tmm) BB AT 75 PDAA G B % A2 FR
# (242 12mm) > > 25C % 2 A& % PDAR & A 0 £ &) » & {4
Ptz b REAG (RERFAR 3 ALY Lem) HE 2 BB 7
B ACHEF 0 20T L F)fA (stock culture) o & = i3 7 E i T E 4

# B R A -

(=) FfaiE i

BT FAN OHP A B S BN BRI AR
PDA T4t > »25CT 41474 SN L uRERL 7
By Brh G FiiE BT - PDA TS A £ 3 25T %

S5 EAFNFTIERFAUMLBFE- T T A E

e ) fAFE A
B S 2 F S R B F 2 T A BB SR I chE LS
* % 100ml e fi s & A2 F Rz d4axg (250ml) ¢ - 2t 30C &
I A (150rpm) 10 = > &R €= 2 /29 5 0.3cm 2 Fiang

I % 8 f) (seed culture) -

(I ARk TRz QT

i&-aulx‘f}g‘fi‘“‘ ’”“I’lg'?fé]?](giéé’t‘/’z)’urs j:%:}l’bﬁfffS/k (20
filzx) > BIEPERF S 104 > “TE SR T LBAR LR - #5610 = &
Fr i (- 23#¥7) “TEZHAR T RER (10%,VV) £ 3 250ml 3 &
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Z h4a¥g (7 100ml jris AR A L) BT L D BRI B ST &

LT L HHHILER ©

B2
&
)
N,
oy
2
IR
F_k
i
hB
i
5
Tk
O
'ﬂ:
s
A
T
|
oF
ki
=
?,ﬁT
M-
(w
)y

(1) T4 % A 1 E% PDASYMA 2 LA 32 % 5 e (7R3 o

2 #%ER 12120~25-30% 35C= fBH R TR o

(=) HFHiF=R

NEERAMELAERARRERLEAAR S A EFE T R
W TR FlS g d o AAERAAR R RE T R -

1 A#ntixe

(1) = Ja + glucose (1.0%)

(2) % Jm  yeast extract (0.5%)
(3) & ¥ B #7 : MgSO4 - 7H20 (0.1%)
(4) &% 7 £ ‘5% (V)

(5) #AEA 30C

(6) BiF % : 150 rpm
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(7) 4=4~pH :5.6
(8) § & & :100ml 3z &> 250ml 5 j#2 = &485g7 o
2. RP A ix

(1) #  m:E* = HE P (glucose ~ fructose ~ galactose) % = f& i

f% (lactose, sucrose, maltose) i& {7 P& » 7 e g395 1% (W) o

2 % B iEY T AT ¥ F R (urea, malt extract, peptone, beaf
extract, yeast extract) £ = fa & #% % / (NH4NOs, NHsH2PO4,

(NHi)SOs) ¥ 8§ e (7ipl5# - 7 4 £395 0.5% (Wiv)

(3) m@ag - E* NaCl, KCI, CaClz, FeSO4, CuSO4, ZnSO4 2 MgSO4
FoBEPRHLERGE FaR s 0.1% WN) -
(4) 2 £ ¥+ ::E* thiamine, riboflavin 2 folicacid = f& 4 & e 4~
fraeiplid > e g5 0.3% (W)
(5) 424> pH : 4.0~8.0
IRk
B K (Orthogonal experimental design) & % #cI szt

2 mRs Y P

WA R AT L EEE LA RF RS FE
KT Em T R AT R 2 6 R AR TR LR H
FIF %A 2h YRR AR PE TG LI ik g -

Boedk o Pid s mARGTER S 2 (GLE 4 2013) -

RBEHHF HIBEEHY 2.(10)-2.(2-2.(4) &% EBEG R
(sucrose) ~ & & (yeast extract) % & % B g (FeSO4) 17 4 sk 7]+ » 1

FrLIEQ)3eF=FF = R TIARE% > Fth = FlF R kR
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bl o B 2@ EARINNREEHG (-2 L2442 )0

BEELUFEZFF 2 2RI ETEE KK 2 K £35 5 2

52 B LR 5 A4S # 4T (0 A S )

BEBFFAKT 122 3 ARSI AT T TELRE ok

Tz K ~Kz Ks

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

A ¢ Ks = (0.20+0.18+0.50) /3 = 0.29

REZIEBA N ZEFFKES BRI &) EFIRL LA L7 H

A 1R =0.29-0.23 = 0.06

voebRoie 7 %R A 45 (variance analysis) » P e E #-F B F)F R T
gAY S e LB LB ALY RS A TN B R AR
K- figF 2 AL ERRI IR -FED G PR 2
BEE TSR RGERE  AA RRIRH P S e AP o R R kRS
FRF ORI AP LS W MR R A B EATE BRI BB
AT PR RREL TP W RPF DR REH (RE A

2013) -
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(™) 5 ot 5
1. #4553 pEfy (stirred-tank fermentor)
(1) %R 30C
(2 MEET - PHRENFERE
(3) 4= & - 150 rpm
(4) & & £ 5% (VIV) ER TR
(5) i § £ :05vm
(6) 4= 42 pH : 6.0
(7) 4 iERAE (5L
2. F e #pEH, (bubble column fermentor)

(1) %84 130C

(2 &g " &
Q) HEER ' &

(4) & & & 5% (VIV) EE TR
(5) & §#§ & :05vvm
(6) 4= 4~pH : 6.0

(7) 4 feagqs (5L
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3. & F#pkH (air-lift fermentor)

(1) B%ER

(2) H&EE T

(3) ## & -

(4) &% & £

(5) @ § 2

(6) 4= 4= pH:

(7) 4% T84

1 30C

E-D)

E-y

D 5% (VIv) fEER IR

:0.5vwm

6.0

5L
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i :‘:;;'E_L '%ﬁ",i‘%éi%% R TUERD 19\//%5‘\ (N02) 15“3}‘55{* ﬁ/ﬁ& ﬁ

M S N SRE L FARK R 2 S tE o R S M el R0 60°C

i

VoA

BAFCE T L AL E 0 B

(w
i
=
ma
Sy
oy
&
N
| :w
Jrh
&
N
e
A
)
=
&

(=) pH ERl =

i * pH meter (inolab Level 1) = #&ip| =% ik 2. pH & ©

(2 )% * % pEipl 2
1. & ¢k 5 pE2. 5B~
B~ 1.0ml 3 a2 959 FE R & (114, viv) > * 4Cie 7 ok
24h 15 > 3. (15000 rpm > 15 min) B~ 3 %2 b 5 pE2 gk 0 L)
T5%2 FpF e T RF ik 2 Hre R e oy B 60C
v FAT m/ﬁﬁ » TR g%k T L et S PR -
ve b % BERE 2. E
% Dubois & * (1956)2. = £ &2 (phenol-sulfuric acid method)
Hobe AR o R (52 v vk S pEAE A ml 2 BT KRRk
IR R iR P LOml & A 4 ~ 0.5 ml5%ps i3 ik 2 2.5 ml
98%;k ik 0 R L TSR 40 ~ 4B 0 PR &% 2 ODago 31t ¥+ 3
FAEAREY R (Bl ) ST W ERIR Y e b S PR §F AP
FEX(Mo/M) #E X RBRR? 2t M LR R - Bl
EERE S AT TR
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eeh SEERE G R (0) =Xx fFfE R d x 09

3. T E M7 EREY R PIT
MFEFP-F 5 4% 0.1g > 10ml Z 45 k¢ - B~ b3 % Sml fF
3 100ml & * (0.5mg/ml)e g Ut 3R EHHFRS T FIER 2§
54 8% (0.01+0.020.04-0.06-0.08 %2 0.1 mg/ml) » & ® 12 %
FHEMLEHRNTL 9 HRE S LI BARKZR TR SR

ODago & » ¥ (F § § B1RF ¥ & (B =) -

(=) A A 45

B gt 4°CT o 54 ok s (10000 rpm > 30 min) 6 > B-H
R 5l AP GS 0 £ 07 0.2 pm g ik 0 B 10 pl ik i 7 HPLC A 47

A5 R e

447 ¢ 4= : Lichrospher 100 NHz (5 um)+ 250 mm x 4 mm> Merck > 1€ B -

N
A\

FHEA

bk

# B o4 1§ 7% k=70:30(viv)

it # :1.2ml/ min

¥ i : Hitachi Chromaster 5110

i Bl B Hitachi Chromaster 5450 RI detector

£ % 5 B2 retentiontime ) 5 5.39 48> H HPLC 2 A& £ 5

Yot R = e
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(I )% p% 5%z~ 17
7 % 5% (fermentation parameters)
1. B~ S pEA £ (maximal yield of exopolysaccharide, Pmax)
NEEHPFL X2 AL A E (moll) -
2. B+ FsAE2 £ £ (maximal yield of mycelial dry weight, Xmax)
NRAPEL L2 B FHAaMAR (/)
3. v 4 £ (specific growth rate, )
AT B2 2 R A S
u=(InNt—InNo)/ t—to
4. #z ¢k 3 pE4 ik & (product formation rate, Qp)
e p2 et it g oo
Qp==2t %% S pE2 2 F (Pma)/ B FSMAE & 2 K (1)
5 1 7 ¥EA X (specific product yield, Ypx)
SHEEER (9) Famas 2w i@Ed o
Yp/x=tde = % ot S pE2 2 F (Pmax) [ &~ A2 2 (Kmax)
6. % pEA F (product yield, Yps)
P ETRMBEHEE (Q) st IpEz -
Yos=8* %2 ¢t 5 54 2§ (Pmax)/ 3% 42 B HEE  (Sucrose, g)
7. FskA S (dry weight yield, Ys)
P E RN AT (9) L FEEZE -
Yus=% = F5id8 2 & & (Xma) / B i 42 E#E (sucrose, 9)
8. Boxret FpEA & X g (days,t) R ADFEF et IEAE P
RE X
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—

(Rt S a3+ 82 2

\\\?@r

FEE A (2001) 2%k 5EEAA S R rURBE K 1T (el
permeation chromatography, GPC) ;2 :& {74 47« E B2 Ap 2 3L &< | A
ije o T RS R ARG A A S R g d B AT RN SIS
s

RGN TS AT HFEEFILHNE VI A EFS B

>S4
aas}

EREH S YRR e R Rk AT RIS b
M mFTEEE o Rk ED LT ATt
% 0 % fL5 AR A 172 (gel filtration chromatography) = 4~ & # % &

+7:% (size exclusion chromatography) -

Bg it 4°C T 0 g4 o e (10000 rpm » 30 min) s - B
v sl ARG £ 2 0.2 um R B R 0 B 10 ul i 7 A S R A G

2537 0 AT IE R AT

4 47 ¢ L © PolySep-GFC-P 5000 300 x 7.80 mm column » % Phenomenex

AR RN

FHE R 1 457C

2 A R SN

pins # @ 1.2ml/ min

¥ : Hitachi Chromaster 5110

: Hitachi Chromaster 5450 RI detector

=
IR

#% % % : pullulan (» <+ & 6000 ~ 10000 ~ 21700 -~ 48800 ~ 113000 -~

210000~366000 # 805000 Daltons or Da:retention time 4 %] % 8.03-7.913-~

7723 ~7.463 ~7.1~6.737 ~6.313 2 5.88 » 43) & & A4oritBle o
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= )RRk S PR HEER C BRE K E b UG

b A

#ed A R R (NO.2) BT F B F S T
B AR BB ESD U3 RAE - £ 4o r 9506 (114,V) R £353
AT FK 24hr 18 0 A (No.2) 274 5 i RP-1Fdere b 4 pg
2 TR A o L T5% 2 FRAE AR AR iR F AT 0 LA R

FEE T E N SRS A 0 B B FRE 2B 25mg/ml & * o

2. BRERLBEBRF UG

W3 A R R R (No2) & 7 § Bk ' Y i
BB RRE: 1 U3 £ ERECETEREFEERSE X -
b 2B = 40755 ¢ > 12 1010 (g/ml) vt B4 » 2 f2 (50%
95% ) » ** 30°C » 150 rpm = iF F B~ 24 | pE{s - #g.s (4427 xg » 10min)
B~ + ,—;L,,i? s BB R AR IR - X o e B S e
2 bt AOCRBRRGFL FREGEFL gk F U REPER2Z L

i =& 3 100 mg/ml & * o

’7? ﬁf/:i' 3?% 4N E‘:B"*Jf” &‘izi '35
Bz A F R R (N0.2) BT F g f;:ﬂ A8
FREMPERFRESRL B L EEL R TEREFERSE A
Wb A Bz 2487557Y > 2 1110 (g/ml) vt Hf4e » RO -k 18 > & 3%
Se PR R P U R A E B 30 BF o A Frdgs (4427 xg 0 10min) {8
Bl iR o L ARATEZ TR AR IR L R B o s A2
Rt AOCRRIERFL TR SR E S Lick o £ 4 RO-KEE 1 100

mg/ml & * o
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(M) 4y v 4 2Rl

A@Pmat () 1-2-3 WH 2wt S R B2 AR

Xy T 8 iS22 wEE R B TR EFLy ta oo

1. DPPH g 4 £ (o,a-diphenyl-p-picrylhydrazyl radical) ipi“,éf i ?
%+ Shimada % % (1992) 2 %2 » @4 @ ¥ F A f (7§ i il
fed ¢ A4 A d Aa D Fenpipe o ¥ Lot fuqé»'aiﬁiﬁf#i;ﬁ
(hydrogen donor) % 7% F Tigs v+ pd & (peroxyl radical) »
¥ &% DPPH- p o hic 4 - R3RRFuF (-4 2 45§ 0 4 <DPPH -
L- BRI A FHBRI MY §ERER 0 L51TIM T R
R B o FRIF RS LIy P o RIT A d A (Be R
R) o SpEEYR & HDPPH P FRiA R EHARF ¢ A "M 517nm 2
Bkl Rk EEME S RAEREZIRF NS g

DPPH- + AH —— DPPH:H + A-
_ (yiplet) (decolorized)
A

Q) ~4ml 7 kA2 F iR ~ o SPE ¢ R RO E S R
AR BT ARAE (FEke) 2R EAR (HBE) 4or Iml

#7 % e % £ 0.008% DPPH ¥ f%.% % o
(2) ﬁ?«,’fi‘jg '/‘E@F},@’?’O ¥ AT Ji/ﬂ‘é\'/& ODsy7 ©

DPPH p & # #* % (scavenging effect, %) =
F

=f

[ (OD control —0D sample) / oD control ] x 100

FEEGR > BERERT LR g
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%Y g YA BHA -~ ascorbic acid % trolox iF 2 &+ ¥+ &2 > F 5%
% 12 1Cso (‘2?"“% 50% DPPH f d ##7% 2 k&) %7 » ICso o iLik iF

AT ] AR E A

Bdny v AR

%% Miller % % (1993)% Arnao % + (1996)z > ;# - Horseradish
peroxidase ¢ i+ H:022 ABTS ¥ iz » @ ABTS 2 - BT F 278 H
A5 ABTS - 7o

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

ABTS - "5 B8 % 54 2 a3 fd 2 > 2tk £ 734nm T 2§ £+
Bk de r g AT HRIER SRR ABTS Tig Hex k@i )& o
T AL - Rk RS B A1 o &2 ABTS -
pd AT 150D TrHEAR S » BT & ‘J’ABTS'J'E']E}E_'\i‘)%‘%E‘E
4 ARGy o g i4 4 ARG o

TTEE

(1) #-horseradish peroxidase ~ ABTS £ H202i% & 553 ¥4 = F 2 &

{8k & & B 5 4.4 unit/ml ~ 100 uM £2 50 uM -

(2) *30CTHWAE - | P> R AL FH I T HABTS - *f o
RF A

(3) 4r > 0.25ml # kR 2R ~ %t SR s 0 B2 FRE B
Fiplie 2 5 (trolox) 22 @R RR L3595 6 F ik 10 4 48 5 B

TR £ F 2. OD73g ©
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% iy it 4 (total antioxidant capacity, %) =
[ (OD control = oD sample) / OD control ] x 100

T rotrolox 5 & HRE S Al EH S EdlE o 7SR B % 2 1Cso
(#r4150% ABTS - +75 57 F 2. k&) %1 »ICs0 ¢ @‘ih‘.ﬁ&rﬁﬁi‘ﬁ e 2PES

O N A
EE T e

3. A E LA+ i 4 R

%% Decker % 4 (1990)2- = ;2 o &£ g+ enikg i iv* 5 f g <
P fiEE tehi R F R jpd § R R A& (redoxcycle) 0 £ h g A
FET oA S pd o FAed g T MR b fEE HALE Y o
Fe* g ¥ £.5 & F2 584 anev 3 14 &) 5 Fe?e ferrozine 18 % (535 2 % ¢ 4

£ 4 562nm K B xRk iB
Fe?* + ferrozine ——— ferrozine- Fe?* complex

(violet)

THEEL FeX I Rl F BRis A 2 L B L, ﬂtbvx%lgﬁlﬁQP

TR RE L4 g e
T oA

(1) B~1ml 7 iR R 2 FaR ~ e SpERE ~ ¢ 52 ARE B2 L
® 5 (EDTA) 4 %4 » 3.7ml #4-k~0.1ml 2 2mM FeCl, 2 0.2

ml z_ 5 mM ferrozine -

2 REsFEEEF R 20 245 0 Pl TR &% 2 ODse ©
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44+ A7 & 5 (ferrous ion chelating acitivity, %) =
([ (OD control - OD sample ) / OD control ] x 100%

T LEHE & A EDTA 5 L HRle - #5789 %% % 11 ICs

(# & 50% Fe*" 3+ #7122 B Mk R) 47 o
4. R4 Pl

%+ Oyaizu (1988)2. = 2 » B R 4 Pl T & A 47 S R4 F L 4
(potassium ferricyanide » = fit4 . #) ¥ 2. Fe** B R 5 Fe? 2 Lr4B§ 45 4
S 0 RGBT BETEE Fe (CA M) FRAZEALE
(Prussian blue) » & & 4 EAA £ 700 nm T 5 # < ST E o 3P H e jrk
B2 F Mo VPR ERRNS 208 T RAXELF A TRERRN A
fooBRA adny MARI RS LG RRES 4 (peroxide) z i 4 o
A Sl E o B LIS &

TTEE

(1) ~05ml % FIER2Z PR~ P2 S PERE ~ ¢ iR 2 K E PP o 6
dex 25mlz 0.2M Eife® % ek (pH6.6) 2 2.5 ml 2. 1%ds §

Lﬁm/w 23 o
(2) R &R 50T kisH F 20 448 -

(3) P~ 25l 10%= & fEfik i b 7 s » 4o~ iR £ » & ¥ 4 (3000

rpm > 10 4 4&) o
(4)9‘25m| /F”Q’l"f)‘ZSmlﬁ%J\ﬁ 25m|01%’%|"§»§ﬁ

(5) Bifso4 R & F Juis » IR &% 2 ODroo »
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@Y 114 i & BHA ~ ascorbic acid 2 o-tocopherol ¥ 5 it ¥ P& &

MR R B ICs (kB ) 05 4 F Lk KER) A7 o

(1) Qéﬁgfk‘ﬁﬂ’ e

~F % %% Amin % 4 (2004):2 Folin-Ciocalteu +“ ¢ ;2 jp| 2 % ¢t % p&

»

PRI RS B &4 7 £ > Folin-Ciocalteu 3##| ¥ #i4p fx
(phosphomolybdic acid) 354 BB TV F i SRt &5 a p LR

B (Mo% — Mo%)» 4 &2 §Ed v £ 430 K 765nm ™ F & % =g & >
kAR AT RSREE PG
T & 3
(1) B 0.1ml # % > 4~ 0.75 ml 10% = Folin-Ciocalteau's reagent ;&
g i:‘jg e é\' 5 Av\ﬁ ©
(2) 4v ~ 0.75ml pipaspraie (6%) > R &£323 T E 90 » 4518 >
X 765nm TRkl > Xk a3 EApEE (gallicacid
equivalent) # ;= (mg GAE/100 g extracts) o
Feke 83 s (gallicacid) eiRE e R E R T EAREM LS S

TR R4 R -

(L) & 2 mm 7 Eipl 2

%% Dubost % % (2006) 3 2 o Bemit (= )1~2~3 #l 2 % ¢

2

SEENCEE ARERPE PRI R BS ORI REF AmTL R o
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e

4T

A LR

FHER
# B 4R
#

e

i

e R &

R 0.2um JRMCHE R (S 0 B 10ul i e 7 HPLC A 4% 0 A 4 i 1

: InertSustain 5um C18 (4.6 x 150 mm, GL Sciences) -

N
ar

bk

120 MM Fi 4% o

1 mL/min -

: Hitachi Chromaster 5110

: Hitachi Chromaster 5430 Photo Diode Array detector

: 254 nm o

Fo&Y 1 E & mFHEE B (ergothioneine) iR W K- H 5 4

PPl 7 ARG SRl o

(._L._

R T S R

) st > 1

Wb “g

A7

£ (Mean + SD) # 7 > sk ¥7i8 T4l

1 SAS kit gk (SAS, 1996) &7 % = 4 45 (analysis of variance) %
Z B M8 % &~ 47 (Duncan’s new multiple range test) z_ 33t o 4772 H 3t %

5873 HF4LE (p<0.05) # ¥ @& * Student’ s t-test k=i #icdy ¥ e
ZB1op<00l Pri 7B ¥ LB p<005 P73y ¥ £ 8 >p>0.05
P27 5 F BEFLE (Vo 2010) -
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£~ —,Ea Ff’/\

- TR E A

AR D L EABRGHARY 2 AT FE £ A (PDAYMA 2 Ad
BAA) AP RREEAR (202530 % 35C) TE LML B R 0 ik

TRFHAAKPF TR AR AT I RAER -

(CF)RAFERZRAAVATHAANNLI LERL Y

BEH AL L2 UMM P2 F RE S5 Foor ol 2o iy

=

PIXPEF e (7o deps R iE R - FUML EER C SELIERE
B O R TR EE R ASML 2 I RE ST RE A
FenT g g A4t Pt L0 R 3 A - BREREE

BeiR R 1 22~28°C 2 B E B @ iEind B $ 24 £ (Eyaletal, 1991);

AR AT R AER (20025-30 2 35C) =7 k& A (PDA -

YMA 2 Ad3 4 R) FH A EHAGTAASML L E S 2 5 -

BGFRENZAIFERFA I 23 L3 N F 2 p T 9 L §arapp

FHAY FL A PREAMAFUN BT ERBATERS F > 2 LR

frie o @ i o BRI

o mE (R)-

HEHLIPFRARAY FRFUMILLIBEEANEL 4 £

S R RS R F kS o FdE

i

_'@:f{‘f_"‘fj‘”ﬁl—%{m%w,;m)i* 20C = 30C = Fﬁﬂ*’“ﬁf%?ﬂﬁjﬂﬁ
SREA B TR 4 > N 30 CH AT R AL LTt ARFR
LB BCREFHIMET 2 2L (F-)H- s AFHLD F

A2 PDA I Fita2 L o
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FoaEs RI)HTZ28E2 R0y 0CTFRBLASHEILE L
He X UPDAR A AN 0CHRAEFAT LR ZFUME LD L (64
cm) > B ¥ (p<0.05) #*H v -3 % Kl - Lee % 1 (2004) 45 I H 5 5
BERAERL2DC B AFHRES IR HPRFT N L7 b RRHRG
FE AR -

RPDA 2 5 Bo* AuMEA £ 25 Ra 2 SHIIE%K T o B

\"V

3
MAEPDB & AP 2 LR 7 B SRR A - HILERT TR E

AArEsAREFREE B AER S 30C -
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(b)

B> HAEATTPFIERAALFASAEE, (30C/5 %) -
(@) PDA - (b) YMA - (c) zA#33 = 2 -

Fig. 6 Moycelial growth of G. frondosa on different agar plates (30°C/15days) .
(@) PDA. (b) YMA. (c) Basal medium.
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g];

Fig. 7

FEFATTRERERT AR (15 % /PDA) -

(@) 20C - (b) 25°C - (€)30C - (d)357C -

Mycelial growth of G. frondosa at different incubation temperatures
(15 days/PDA) .

(@) 20°C. (b) 25°C. (c) 30°C. (d) 35C.

58



%7 TERARRZEAAFAEGATTERAASY B2 15%) F
SR A K2 B

Table. 5  Effect of different incubation temperatures and media on mycelial
growth by G. frondosa on agar plates incubated for 15 days

Mycelial diameter (cm)

Media 20C 25C 30C 35C

PDA 3.3+0.32° 5.2+0.222 6.4+0.40° 1.1+0.178
YAM 3.6+£0.17° 4.1+0.08° 5.0+0.11° 1.1+0.09?
Basal 4.1+0.12° 4,5+0.19° 4.6+0.42° 0.7+0.02°

Values superscribed by different letters in the same column are significantly different (p<0.05).
*Diameter (cm) of mycelial growth on agar plate after 15 days of incubation.
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C HFLR R

AARLFHLARAGEE A FR AL mPRE B4R
AThs pH I~ & 2 S G4k R F) HAFFHILS R (shake flask culture)
P A SRl 2 fe o 5 pEAE (exopolysaccharide) 2 =2 BB it 2 B R A S
REAAR AR FHEFFIEBREHR 2 o mEIA - FREBZIFEL L1
TR AER ”erfl‘ﬁ/%)ii PR AEBRF L 14X o

()RR G R et S S 2 5

BB G e et i i fend & R AT i e £ 2 AT F el s
Ao KRR IBA B GO Mt F R BRI o 1 E o o sg A
B TER BT (ABLAFDELAR)EREE - AF%E %ﬁ;‘f]t*‘c =
#8 8 & (glucose ~ fructose ~ galactose) % = f& 4% (lactose - sucrose ~ maltose)

SN (4R 3 1% wiv) SR SRS Fe I pe 2 B

B (37) MARZG A F TRE M BEL § RF PFSWAE (147
g/lL 2 144¢g/L) Rt evy nEEERG et S A E (1009 mg/L) * &%

(p<0.05) F*»Hv P okl FPrEFIHR BB A AR -

AF % 2 Lin (2011) AURESR SR F AP I ke TR SRR B B
TR FTFSMEAE B TR AF SRR Y Lee & 4 (2004)
ZCUl %4 (2006) A7 BBl FUAEE et S BER A A2 BUR L H H B
P RFIT AR A R (strain) B AU RS R SRR AR > R
A AR € @ Gafimre 2 4 - =0 (P (secondary metabolism) stk Fpge e

#]»x & (catabolic repression) #13iz (Kim et al., 2003)
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—

%7 R HAE 2 AGFFSHE 2 S mHA R 2 B

Table 6

Effect of carbon sources on mycelial dry weight and

exopolysaccharide production by G. frondosa in shake flask culture

Carbon sources

Mycelial dry weight

Exopolysaccharide

(1%, wiv) (g/L) (mg/L) Final pH
Fructose 1.44+0.102 73.1+19.04° 4.79+0.09¢
Galactose 0.78+0.45° 45.9+8.46° 3.63+0.01%
Lactose 1.27+0.382 65.5+9.12P 5.06+0.33°
Sucrose 0.83+0.02° 100.9+6.412 5.72+0.09?
Maltose 1.47+0.052 78.1+9.14° 4.37+0.2d°
Glucose (Control) * 1.35+0.382 80.7+1.50° 4.28+0.46°
No added carbon** 0.59+0.06° 45.2+2.80° 3.90+0.03?

Values superscribed by different letters in the same column are significantly different (p<0.05) .
Each value are expressed as Mean + SD (n=3) .
*Basal medium with 1% (w/v) glucose as the major carbon source.

**Basal medium without glucose.

61



(Z) F REASEHS P SEHE 22 PF

FRHANHE S S AF AR F e AR RE G T
# % /& (yeast extract ~ urea ~ malt extract ~ peptone ~ beaf extract) £ = & &
B F B (NHiNOs*NHsHzPOs» (NHa) 2SOs) % ~ 485 it (4 £ 5 0.5%:
W) R EHAEG e  SpE S B
#% (%) ¥ yeastextract =¥ M EF & F hF A £ (1.63
g/lL) % "z ¢t S pER AR (60.6 mg/L) ® ¥ Bg ¥ (p<0.05) F > H v FEkw o
%% 7 REoT yeastextract BARFT E - F AMAME et S pEMA L 2 T %
B iTA B L §E > 4 o1 yeastextract #3t HiGF A £ GRS R L o
o e PR REL FAUME RS EHEA R TRE (p<0.05)

J\%’ ;\/9\—6‘:35/}’%(‘9 94’5[_,?]}\,?'—]\: ”biﬂﬁ\g‘ﬁj)—?(?ﬁ;gdﬁ?'lf%
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Effect of nitrogen sources on mycelial dry weight and

Table 7

—

7

-~

L 8%
TH

exopolysaccharide production by G. frondosa in shake flask culture

Nitrogen sources Myvf/ililar: tdry Exopolysaccharide Final oM
(0.5%, wiv) (g/gl_) (mg/L) P

Organic

Urea 0.06+0.02° 30.5+6.77° 6.30£0.342
Malt extract 0.94+0.22° 28.9+12.34% 3.54+0.28°
Peptone 0.65+0.17%¢ 30.8+10.92° 4.91+0.09°
Beaf extract 0.66+0.19 17.9+0.56% 4.74+0.12°
Yeast extract (Control) * 1.63+£0.562 60.6+7.43% 3.63+£0.17¢
Inorganic

NH;NO; 0.39+0.10%° 9.5+1.79¢ 2.98+0.05¢
NH;H,PO, 0.72+0.06° 7.1+1.81¢ 2.83+0.06°
(NHy,) 2SO, 0.87+0.08° 14.1+1.18¢ 2.99+0.02¢
No added nitrogen** 0.30+0.70° 15.3+2.40¢ 3.71+0.15¢

Values superscribed by different letters in the same column are significantly different

(p<0.05) .

Each value are expressed as Mean £ SD (n=3) .
*Basal medium with 0.5% (w/v) yeast extract as the major nitrogen source.

**Basal medium without peptone.
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Table 8  Effect of minerals on mycelial dry weight and exopolysaccharide
production by G. frondosa in shake flask culture

Minerals Myvlei;l]tdry Exopolysaccharide Final pH
(0.1%, wiv) (/L) (mg/L)

NaCl 1.67+0.20%° 28.3+3.861 3.88+0.66"
KCI 2.46+1.42° 23.2+3.71¢ 3.90+0.31%¢
CaCl, 1.97+0.23° 96.1+5.05° 4.31+0.21%
FeSO, 4.75+0.61° 109.1+1.682 3.60£0.06°
CuSO4 1.55+0.59% 101.5+9.11% 3.79+0.05
ZnS0Oq 0.39+0.05° 68.0+4.31° 4.60+0.03?
MgSQO, (Control) * 2.80+1.28° 77.5+10.86° 3.83+0.39"
No added mineral**  1.77+0.15" 21.2+5.82¢ 3.99+0.21%¢

Values superscribed by different letters in the same column are significantly different (p<0.05)
Each value are expressed as Mean + SD (n=3) .

*Basal medium with 0.1% (w/v) MgSOs as the major mineral.

**Basal medium without MgSOea.
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Table 9  Effect of growth factors on mycelial dry weight and

exopolysaccharide production by G. frondosa in shake flask culture

Growth factors Myvf/ili;ll tdry Exopolysaccharide Final pH
0.3%, w/v mg/L
( ) (L) (mg/L)
Thiamine 2.52+0.42° 87.5+9.33? 4.20+0.06"
Riboflavin 5.67+0.70? 78.6+7.37% 3.91+0.40°
Folic acid 6.46+0.24° 72.4%£2.03° 4.03+0.32°
Control* 1.16+0.28°¢ 90.0£9.40? 4.99+0.19?

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

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

* Basal medium without any added growth factor.
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sucrose (1%,w/v) ~ yeast extract (0.5%, w/v) ~ FeSOs (0.1%, wiv) % 32 % 4245
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Table 10 Effect of initial pH (4~8) on mycelial dry weight and
exopolysaccharide production by G. frondosa in shake flask culture
Initial pH Mycelial(g;j/rl_y)weight Exopol()r/;,;l;f?aride Final pH
4.0 2.35+0.07¢ 41.1+5.79° 3.51+0.01°
5.0 1.89+0.09¢ 54.9+4.172 3.64+0.18°
6.0 3.39+0.08° 53.2+1.58°% 3.52+0.03°
7.0 0.87+0.16¢ 41.3+6.67" 5.07+1.282
8.0 0.82+0.22¢ 51.2+2.85% 5.08+0.982
Control* 2.54+0.82° 51.9+6.38% 3.50+0.04°

Values superscribed by different letters in the same column are significantly different

(p<0.05) .

Each value are expressed as Mean + SD (n=3) .
*Basal medium with an initial pH of 5.6
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Table 11  Experimental factors and their levels for orthogonal layout L9 (3°)

Factors
A B C
Sucrose (%) Yeast extract (%) FeSO4 %)
1 5.0% 1.5% 0.15%
Levels| 2 6.0% 2.0% 0.175%
3 7.0% 2.5% 0.20%
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Table 12 Mycelial dry weight and exopolysaccharide production from
orthogonal experiment

Factors A B C dl:/;yvf/zlizr:t Exopolysaccharide
Trials Sucrose Yeast extract  FeSOs @/L) (mg/L)
1 1 1 1 3.19+0.01 376.06+0.02
2 1 2 2 3.19+0.01 463.15+0.01
3 1 3 3 3.40£0.01 601.74+0.12
4 2 1 2 3.91+0.02 350.52+0.03
5 2 2 3 4.18+0.02 491.43+0.13
6 2 3 1 3.11+0.01 673.13+£0.02
7 3 1 3 4.43+0.01 556.89+0.05
8 3 2 1 3.48+0.03 661.72+0.03
9 3 3 2 3.93+0.17 642.78+0.11
Exopolysaccharide
K1 480.31 427.82 570.30
K2 505.03 538.77 485.48
Ks 620.46 639.22 550.02
R* 140.15 211.39 20.29
Mycelial dry weight
K1 3.26 3.84 3.26
k> 3.73 3.62 3.67
k3 3.95 3.48 4.00
r* 0.69 0.36 0.33

Experiments were carried out for 15 days at 30°C with initial pH 6.0 .
Kx = the average yield of mycelia or exopolysaccharide in three experiment at Xi.

*R = Kmax - Kmin

*r = Kmax - Kmin
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Table 13  Analysis of variance of the orthogonal experiment for exopolysaccharide

production
Variance source Sum O.f square Degree of Mean square sli:grnait;i?:aa:ge
deviation (SS) freedom (df ) (MS) level
Sucrose 33577.296 2 16788.648 5.987
Yeast extract 3645700.818 2 881900.273 314.470*
FeSO4 11770.826 2 5885.414 2.099
error 5608.803 2 2804.402
total 2696657.745 8

*Fratio > Fo.05=19.0
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Fig. 8 Changes of exopolysaccharide, mycelial dry weight, pH and residual
sugar by G. frondosa during incubation in shake flask culture.
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Changes of exopolysaccharide, mycelial dry weight, pH and residual
sugar by G. frondosa during incubation in stirred-tank fermentor.
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Changes of exopolysaccharide, mycelial dry weight, pH and residual
sugar by G. frondosa during incubation in bubble column fermentor.
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Fig.11  Changes of exopolysaccharide, mycelial dry weight, pH and residual
sugar by G. frondosa during incubation in air-lift fermentor.

81

Residual sugar (g/L)



tw SEGFHTZANEEER A @S el RN
fEHE) T & 558 pr 5% (fermentation parameters) 2t i d 3= fE g pEH
2 BB FGHEE R IENARAE YA AR A K (B4 ~ B
- ) BEATE TRk - ket SR AL 2R A X TS HER
ooz BN SIEAR YT A KB R o TN Z B e 0 S
AEBFUH L A BFE Pk (L)

F% Fre) B f B PRENFILF LEF B2 55 o0k 0 5 b
RS A L > TG BB ant 4 L@ F (u=0.16day") ; H =i gt
SR (0.12day?) 2§ ¢ N AR (0.04day™l) o #AER 2§ OB A
Wy LF 2EFEd SRR TA L AT 4 TR B R @
SESHEAERIER S SRR RLS L Fltd R SR
2 Hi o

b SEES R K (Qp) 2%k o M F B (Q=88
mg/L/day) H =% 5 #+;% (Qp= 62 mg/L/day) % F iz 3% (Qp=53 mg/L/day)
HEE o B0 MENEREY (BL) A3 AL NRAS - gE (-
FoBL) FeR R FRNERN R I IRy - 3% (%
SAZEAT O EL2E L) B R SEARRA L FES
(1060.61mg/L) ~ #4=3% (749.79 mg/L) % # iz ;% (741.47 mg/L) =2 pE#Y, -

BTt BABREet ImAS Y B o pki o

A% (vield) #pzsdc? (£ w) v SPEAS (Yo) M F &332
HAS (Yo 193 mg/l) 8 > H = 248855 (Y= 155 mg/l) 2 7 #5¢
(Ypn=120 mg/L) 3 5ty - e e BFi0sf prabie (B1--) v R F e sV B %

WAERRIAF > 522 IR Fet IBARRTREAFRAL S

=
E-)

BAENEEE S AR KRS B P AMAR BN F e

82



FERA BT AR F IMASFENORT] A IASF (Yos) 2
SHAEF (Yus) 30T i3 L& RFIV i 2 Z AE AR
AMDI A R EH Aen TR Y AL T AR (Rl o)
o BTGP FAZ B (1R 2008) 0 HRAEFE P F G EL -
TR EREsERE > FESEBN T PR AEPm)E F
AEXmed s M AERESF (Wt L SEF (Q) FEZEMNY
BooBA T 4 2 REIR Aotk 2§ BN E N R R RS HM R
e KRR S F SR 2 re b SRR o PRt S R g BN Y -
FAEFE (B AR) ELe IR RRRE Y W%

83



2te  BEGEHENFFEEREFIER LK
Table 14 Fermentation parameters of different batch cultures of fermentors by
11G. frondosa

Pmax® Xmaxb Hc de Yp/xe Yp/sf Y /s th
Culture

mg/L g/L day! mg/L/day mg/g mg/g a/g day

Stirred-tank

749.79  4.85 0.12 62 155 68 0.44 12
fermentor
Bubble column
- - 74147 385  0.04 53 193 32 017 2
fermentor
Air-lift
1060.61 8.84 0.16 88 120 76 0.63 8
fermentor
a : maximal yield of exopolysaccharide b : maximal yield of dry weight
c : specific growth rate d : product formation rate= Pmax / t
e : specific product yield= Pmax / Xmax . product yield =Pmax /sucrose, g
g : dry weight yield=Xmax / sucrose , g h : days to reach maximal exopolysaccharide

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

N

Molecular weight (Da) Retention time (min) Log M.W."
6000 8.730 3.78
10000 8.413 4.00
21700 8.023 4.34
47300 7.463 4.67
113000 7.100 5.05
210000 6.737 5.32
366000 6.313 5.56
805000 5.880 5.91

* Log molecular weight
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Table 16  Estimation of molecular weights of exopolysaccharides from four

different cultures by gel permeation chromatography

Retention time

Cultures Day*

Molecular weight

(min) (Da)
Shake flask 6 8.621 7.28 x103
Stirred-tank fermentor 12 8.618 7.32 x10°
Bubble column fermentor 2 8.654 7.06 x10°
Air-lift fermentor 8 8.625 7.36 x103

*Day of maximal exopolysaccharide production
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Fig.12 DPPH - scavenging effect of exopolysaccharide and extracts from culture
of G. frondosa using air-lift fermentor
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Table 17 The ICso of DPPH - scavenging effect of exopolysaccharide and extracts
from culture of G. frondosa using air-lift fermentor

Samples ICs0(mg/mL)*
EPS 0.38+0.01°
EtOH-95% 0.39+0.01°
EtOH-50% 0.97+£0.142
HW 0.39+0.01°
BHA (control) 0.23+£0.01°¢
Vit-C (control) 0.33+0.01c?
Trolox (control) 0.03+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) .

*The minimal concentration required to inhibit 50% activity of DPPH -
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Total antioxidant capacity (%)
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Fig. 13  Total antioxidant capacity on ABTS - * of exopolysaccharide and extracts
from culture of G. frondosa using air-lift fermentor.
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Table 18 The IC50 of total antioxidant capacity on ABTS - * of exopolysaccharide
and extracts from culture of G. frondosa using air-lift fermentor

Samples ICs0(mg/mL)*
EPS 1.70+0.172
EtOH-95% 1.69+0.152
EtOH-50% 1.63+0.49?
HW 0.97+0.01°
BHA (control) 0.89+0.01°
Vit-C (control) 0.96+0.01°
Trolox (control) 0.93+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) .

*The minimal concentration required to inhibit 50% activity of ABTS « *.
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Chelating ability (%)
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Fig. 14  Chelating ability on ferrous ion of exopolysaccharide and extracts from
culture of G. frondosa using air-lift fermentor
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Table 19 The ICso of of Chelating ability on ferrous ion of exopolysaccharide and
extracts from culture of G. frondosa using air-lift fermentor

Samples ICs0(mg/mL)*
EPS 6.35+0.272
EtOH-95% 1.30+1.30°
EtOH-50% 0.76+0.06°
HW 266.09+57.21
EDTA (control) 0.22+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) .
* The minimal concentration required to chelate 50% of ferrous ion.
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Fig. 15 Reducing power of exopolysaccharide and extracts from culture of G.
frondosa using air-lift fermentor
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Table 20 The 1Cso of Reducing power of exopolysaccharide and extracts from

culture of G. frondosa using air-lift fermentor

Samples ICs0(mg/mL)
EPS 7.56+0.82°

EtOH-95% 11.01+2.80°
EtOH-50% 18.52+0.792
HW 9.86+0.23P
Vit-C (control) 0.24£0.01°
BHA (control) 0.26+£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) .
* The minimal concentration required to reach OD7o0 of 0.5.
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Table 21 Comparision of antioxidant ability on exopolysaccharide and extracts of
culture of G. frondosa

Antioxidant assays Antioxidant ability
DPPH - scavenging ability EPS > (EtOH-95% = HW) > EtOH-50%
Total antioxidant capacity HW > EtOH-50% > EtOH-95% > EPS
Fe?* chelating ability EtOH-50% > EtOH-95% > EPS > HW
Reducing power EPS > HW > EtOH-95% > EtOH-50%
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Table 23 Total phenol contents in exopolysaccharide and extracts of culture from

G. frondosa.
Samoles Total phenol content
P (mg GAE/100 g extract)*
EPS 0.85+0.07°
EtOH-95% 0.48+0.02°
EtOH-50% 0.50£0.03°
HW 1.12+0.112

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 23 Ergothioneine in exopolysaccharide and extracts of culture from G.

frondosa.
Samples Erg?;?;f; ine
EPS 72.81+2.68%
EtOH-95% 15.98+2.16¢
EtOH-50% 29.05+2.32°
HW 48.73+1.08°

Values superscribed by different letters in the same column are significantly different
(p<0.05) .
Each value is expressed as mean = SD (n=3) .
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Table 24 Correlation between functional components and antioxidant assays

DPPH - . :
Antioxidant : jl'ot_a | Fe2* chelating Reducing
scavenging antioxidant -
assays . . ability power
ability capacity
Total phenol 0.5082 0.7635 -0.8425 0.5914
Ergothioneine 0.3579 0.1171 -0.2087 0.5965
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