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Abstract

Phellinus linteus is a precious medicinal mushroom. The
exopolysaccharides (EPS) from P. /inteus have been reported to possess
important biological functions including anti-tumor, immuno-stimulating,
hypoglycemic and antioxidative capacities. Accordingly, many kinds of P.
linteus-related EPS products were developed as health foods in the market. A
EPS-producing P. linteus was selected in this research to study the effect of
submerged culturing condition and different types of fermentors on the
production and bioactivity (molecular weight, relative B-(1—3)-D-glucan

content, antimicrobial and antioxidative activities) of EPS by this strain.

Results showed that Phellinus linteus HS-050614D-02 had mycelial
growth rate of 0.76 cm/day on basal medium agar. The factors for optimal
submerged-culturing condition were : incubation temperature of 30°C, fructose
at 1% (w/v), yeast extract at 1% (w/v), corn steep liquor at 0.3% (w/v),
MgSO, at 0.1% (w/v) , initial pH of 5.8 and a C/N ratio (fructose / yeast extract)
of 1.0. Under this optimized culturing condition, maximal production of
mycelial biomass (9.25 g/l) and EPS (1.99 g/l) were reached on the 12th day
and 8th day, respectively, of incubation from shake flask culture and increased

2.69 and 3.44 times, respectively, as compared with those from basal medium .

Among the three types of fermentors, the stirred-tank fermentor showed
the highest specific growth rate (= 0.62 day ™) and specific product yield (Ypix
= 61.51 mg/g). The air lift fermentor showed the highest biomass formation rate

(Qx =0.77 g/l/day) and product formation rate (Qp= 0.39 g/l/day). As for
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biomass yield (Yy) and product yield (Y ), results showed an increasing

tendency of air lift fermentor > air bubble fermentor > stirred-tank fermentor.

Same molecular weight (~3000 Da) was found in EPS from the shake flask
and three different types of fermentors. The EPS from culture of air lift

fermentor had higher content of molecular weight of 2797 Da.

The EPS of P. linteus PL02 demonstrated no antibacterial activities against
the six bacterial strains (Bacillus cereus BCRC 10250, Escherichia coli BCRC
10239, Listeria monocytogene BCRC 14845, Pseudomonas aeruginosa BCRC
10261, Staphylococcus aureus BCRC 10451 and Salmonella typhimurium

BCRC 10241) tested.

Under same concentration (10 g/1), the fermented cultures from air lift
fermentor showed the highest DPPH scavenging effect ( ICso= 5.35 g/1), total
antioxidant capacity (ICso= 2.04 g/l) and reducing power (ICs,= 3.12 g/I)
respectively, among those from shake flask and three different types of
fermentors. The EPS from air bubble and air lift fermentors also had higher

relative B-(1—3)-D-glucan contents of 16.25 and 15.83 pg/ml LE, respectively.

As mentioned above, using air lift fermentor, which has lower shearing
force and better circulating effect as compared with stirred-tank and air bubble
fermentors, could produce higher production of EPS from Phellinus linteus

PL02 with better bioactivity.
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(b)

Bl - %3 Az M2 R o (a) Phellinus igniarius (b) Phellinus linteus °

Fig. 1  The morphology of (a) Phellinus igniarius and (b) Phellinus linteus.
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Table 1 The amino acids and carbohydrates composition of crude
polysaccharide from Phellinus linteus.

F85F 7% (% whv)
Amino acid
Aspartic acid 15.88
Threonine 6.57
Serine 7.84
Glutamic acid 11.73
Glycine 11.61
Alanine 5.17
Cystine 2.55
Valine 5.04
Methionine 2.68
Isoleucine 3.32
Leucine 3.38
Tyrosine 3.23
Phenylalanine 5.49
Histidine 1.59
Lysine 5.29
Arginine 9.63
Carbohydrate
Maltose 8.13
Arabinose 25.05
Xylose 3.86
Mannose 26.45
Galactose 21.45
Glucose 15.04

(Hwang et al., 2003a)
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PR SRR ) 2R R R R F Pk o LI 4 (2004) TR
REFEPRP > PHEAEES Riore (SWAS0) A= » ¥ 0 & F Eop ik
BRAXF > Fphme A= cficB AR S o A E 4 (2002) o] ABHEM T HFoSiso
EEERESF Er AL AERE RUER T 0 SRS F 8T e
Frd) 5 43.09% > $S1s0f By e d] L 46.07% 0 F) M & E fE R (T Aw
BEFY BB

Han% 4 (2006) #-4& » BI6F102 ¢ 2 Benf sk X 840 +a 2> 837 —
R R SR LI EPE G SR L8 Jﬂ‘_ 4GS o BRI & F L
255 60%:E BLAR35% {21 3 1R ER 5% s x ¥ > MR ERE
FRF EPRITE

aﬁ%*%%ﬁ@%ﬁi%ﬁ% adw Sl o HTER 4 E

FoB A RS o 48 W3 § P. linteus+ g %8

hn
+4
I
!
s
N
3
b

“
L73kDas % fEdv 4f £ #PPC> H 1 & £.d D-F 541D e > i
P & 5 X % Rk o PPCac 9 E & 24 75 (L Blm¥e » Thnfe R 2> ¥ ¢
PPCE ¥ f]iF vim?e & 4 NO » F]»* PPCF 4 i# NORATHB16 2 ¢ 2 7 e

km e A fE 0 PPPCiB At F BANK e 3 YAC-1 % chi B iv* (Kimetal.,
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2006) o 8% o P linteus® A A 5 £ 4 15kDathPPC2 5 fE 3v 47 & 4 > %
PPC2is i i s 8 ) CD V' ThrCD *'Tim e & i Pl Fkrc % o p PPCehisiyia
B d e g By nCD'' CD P R fwve eh 3 4 B (Kim et al., 2004c) -
(3) FAFfodiiTgh it (v
FREATRA S B R R YR A - ERIER G 0 < S R T
B G A RARR SRS g 4 o Kim¥ 4 (2004b) $1% HyOpfe
galactosamine (GalN) 3% ¥3%3 |2 > & % 3 P, linteus 7 5548 2. 7 i X B~ 40 i
594 kB R LA R BT o BT EE AL A R A

oo BERHT R R R EA P DEITCEERG -

Bpsfed FR R R 2 N FILAF R FRIFNyhg £ oot
BF TR AR SRR S RS Tk R RO

S ity )2 — (% 5 2002b)
(4) fom ¢ 3 2

Frod B W A SR AR OREPE & 2 502 - o Song® 4 (2003) 4541 o
% i R HF A 17 (choroioallantoic membrane assay, CAM ) # & & 2. ¢
RSP L il pATZ > TR AT FF sl A2
FRT R EFUER ST M FRE- HEFRRELESLEEZESY S
WAk s F A G BT - fATebLE H R A BT o R F endii HR 2 (T
R G T RS S R e R i 2 R (R e f 0 2007)

,‘T\:
>—L
-n\.

11



4= L7 AN % pERY Sarcoma 180 A MR 2 e vk %

Table 2 The inhibitory effect of fifteen kinds of mushroom polysaccharide on
Sarcoma 180 tumor cells.

Daily Do Toel Ral}ldtg% o Anti Ram?ng
e 0 -cancer o
Name of Mushroom (mg//kg/dsz}%) Recovoery Recovery  Effects (%) Anti-canc
Rate(o) " Rage er Effects
Agaricus blazei 10 100 1 100 1
Grifola umbellate 10 90.0 2 98.5 2
Phellinus yucsatensis 30 87.5 3 96.5 3
(Phellinus linteus)
Phellinus igniarius 30 66.7 4 87.5 5
Lenczites betulina 30 57.1 5 70.2 12
Tricholoma matsutake 30 55.5 6 91.3 4
Lentinus edodes 30 54.5 7 80.7 8
Coriolus versicolor 30 50.0 8 77.5 10
Pleurotus ostreatus 30 45.5 9 75.3 11
Elfringia applanata 30 45.5 10 64.9 13
Fomitopsis pinicola 30 333 11 61.2 14
Fomitopsis cytisina 30 30.3 12 44.2 15
Pholiota nameko 30 30.0 13 86.5 6
Flammulina velutipes 30 30.0 14 31.1 7
Ganoderma lucidum 30 20.0 15 77.8 9

(CkTrgz i & - 1999)

12



(5) #uf
Song & 4 (2003) fI* & §F A+ 7 W 170% F 3 Bt it 7 # 4| DPPH
p d A& (1,1-diphenyl-2-picrylhydrazyl radicals )~ #z i i% ¥ * (lipid peroxidation,
LPO) 2 § ket § i* ¥ % (xanthine oxidase) %43 * F% > #FRHF HF 7
WE P-4 kR T102 300 pg/mLpF » 5 B 43 cnfg i »ck o P ¢k Shon¥ 4
(2003) F1* p-#* B § % & - fa B¢ (B-carotene-linoleate model ) f i 1%
FFREAZ FAKPIZIE LIEY frpd Zﬁ,ﬁ-“f et o BEETET (P
baumii) ¥ f§ % -k X B e 80~90% 0z pod L~ iEF - & m,ﬁ’-ﬂf Ffrin
FUBES VU RE LT E T BoACREB SRS FBF AN
% 33.3 mg/100 m14-20.7 mg/100 ml - Park % 4 (2001a) % 3 Ganoderma lucidum
FeP. linteuscrh R 3 Bdr i 43 75 Y fid Y f¥ & f§ 7 (catalase) =i id > L%
7 it BHO 8 3 = HyOfc0, » @ i PP Fog 1 ook o
(6) F 1+
Hur & 4 (2004) #* 2H/ 2 H{ P& F ?}4?%% DR F P
fefr -k enZ B > L 4 %2 0.06 % ~ 0.008 % ~ 0.016 %% 0.026 % (w/w) %
ERBELEHRY § ¥ 8E £% ¢ § F 5/ (methicillin-resistant
Staphylococcus aureus ) s MFr )k & (minimal inhibitory concentration,
MIC) > %% 87 » & 7 fE 5B Froadk f4F (MIC : 63-125 ug/mL) » @ # Fiff
RILRF 8- HIF -
(7) % s 4B 2 ¥ i g 1%
Kim#* % (2001) "iFRK 2% 2 &% 7 (Plinteus) > (7% o 3 222
T BERETER RN R OARE A EL BB &
(streptozotocin-induced diabetic rats ) H # & & ~ B VLT[R 2 4% = fhH b fig e

ER T F R MR X OMfiig 4 ' (aspartate aminotransferase ; AST ) 2. B o

13



¥ ¢t > Hwang% 4 (2005) 3 4% 5 (P. baumii) #¢ % 5 pEt ¥ % ki 2
% %__V#%fj'\ﬁﬁ Re F? 578+ 7% K7 %4 f+ (alanine
aminotransferase ; ALT) 22 AST2 /&1 o 145+ iE = }ﬁ*% AR F FEL G
Y eE BT TE P2 B

(8) #ua¥ X

Kim % 4 (2004) # #& F FOL 7 FEPF 7 0O T B0 lazah

PR AR P s A e R F 2 F 0 5R AR R o

RAFISHE ~ THF ik Borfr BT g B A2 EY G

Bma ~ X gD (Breene, 1990 ; Sakagami et al., 1991) ° 37 & ka2 3 #F 3R > *§

FPs A S ET FR Aok CARF ALY CBEFELFLCBE
i%ia‘%’.%ﬁﬁsb ’i&%é‘é’ﬁj{ﬁ'ﬁﬁ"}%ﬁ; (ﬂz*fr'FL 2004) —;rﬂ
Mo P ANAISHRARI IO TP RREINEFE D

;/,;ﬁ-.ﬁ_o
LR OB Ui RAh RS > 2 ERR N ENE 2 ARES

o QRGBT IR R R AFER CRBP EPERES A2 -

ﬁ?‘}

2 EAI993 AR F W fuRER L FEY & (1 2008) @ AT
PAY FFIEFOMERESSAED & LG o

d R R g R I Pl e RS RS R B K 0 3

BHE EA LS8 2 SRS A R A ki A o
'g%jg.— -)-}j,;’n‘zﬁév\%;a‘_ﬁ;g”ﬁ 37 G\'I)v Ig =N p.,{i_]gg:-ﬁ rTJ/Eﬁ”" El ’F" o
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A
- > g

EL

YA A

SPEER T SHEBN (FEBm S BE)REaddhirsd iy s
- LPEAE (R R TR hA S BT oo B 1960E KRB 4 3F
SRR TH RS PEME G AUk 0 R A B AR S pEa e 387
2ARR 0 B S PEM L P PG B JHEBRE SR SPEML R

RAEP T EATERPAFREL T AP TREHOT A A

1. 2 p % pE (Intracellular polysaccharides) @ i & 3% fics 4 4 £ 972 it

el

B BRI o
2. B % p& (Structure polysaccharides ) @ i & 2 WP EMA AT
3. 2 ¢ % pE (Extracellular polysaccharides ) i % £_f ¥ >% hm e ¢F IR endp e
$
#E A (1968 ) €% 3t F 4 ( Polyporaceae ) ~ 4 & 3t ) F
( Mucronoporaceae ) ™ % & * iF#p 5+ F 4 -k 3P4 5 4FSarcoma 180 % #>
AR PRSP REF T BRSSP L - AR RR T
4 XD-F F A pEsE  B-D-§ B pE (B-D-glucan) » B 7% 48 1 e
A o {%ﬁd HHAMEE A AP REDIEFTE o F| P o GHE iR
8 5 g%ﬂ%mW@ m%@ﬁﬂéﬂﬁ%’$pﬁ$ﬁi%@mﬁfﬁ

2t (kT 4et &5 1999)

& N P
(-) Pz B
THFEF A SFT S (SR FUHE) A4
G PERE o R AL R R 23R > B¢ 02 B-(1—>3)-D-glucan i reit

BB iz S pEMA T 4R £ B-(1>3)-D-glucan = 340 n F A AANEH A

15



B-(1—>6)-D-glucan » 4Bl = #77n (¥F »2003) oyt SHeh s pEta & KR 3 G ¥
HoRAEIF kB AFE LA RIFE I BRERTMS > TEABREL
FAIREM 2 sk o b F 5 A7 IR B-D-glucan A gaenkE g AN v~ L R S
Eomdesfas AR L 8% ¢ 85 B-D-glucan i# 14 4 3R (Sakagami et
al1989) o« & 1% X-Sf3 5554 47 8 = MBS % - BF L AP B(1>3)-
D-glucan % — = %%+ 33 %% T{iﬁrlﬁl\l AT o 3R A mé—fi&? e B33 P B

T g & 2 F] (PRI L5 1999)

(= ) PB-D-glucanz. & £ =1+

B-D-glucani & izt * {xfp & F 4 B A Wend o 4 R PFrhimg s

-

Moo il AR F BT A AR LR w0 m £5d B-D-glucani® i 1
BEFELEEDE STHT e Bl T miE g AR S i AP AL
Fmre o W R A s i PR ge % (Mizuno, 1995) e

v A 3 5 PElentinan¥t 4 R e gl B % ALIF® L B o lentinansy 3 E B e wm b
& £ T 4 4 interleukin-1 (IL-1) |3 > ¢ & & 3 Fim e # § BT S
oo~ dmie IR RS ET R SRl A NKimfe F S A0 s M4 F A LAEF W
e A 3 B H HIL-2 - NKiE 51+ (NKAF) 2 E iz 75 i 5]+ (MAF)
Firfhwmre g ok B A F L me G P Tw ~ NKinbz ~ fwmfe 205
PE sihnts 8 A EACE M nin 0 Buis AE R LA AR P

B AR CRIFEE - 1999) » P AR FEREeRT T -

16



Bz EFEgEiz (160~ £ B-(1-3)-D-§ Rk % -

Fig. 3 Structure of anti-tumor portion of B-(1—3)-D-glucan with
B-(1—6)-branching side chain. (k¥ " & > 1999)
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Ble X s te] 2 B-(1—>3)-D-F RpEs d B4 -

Fig. 4 The crystal structure of B-(1—3)-D-glucan by X-ray analysis.
(kT g - 1999)
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3D Vi T § o

DR, - B ! o

L‘EL’J & il
' &L 1N

R

T A ipElentinan H{EALALZ AEF o

Fig. 5  The immunity reaction in host by lentinan. (-k#¥ £ "' & » 1999 )
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A

=~ gz &‘E\/#@i‘“

= ’ 2

8 &% g aE Rk 52 % (submerged fermentation ) & = 3t 4 #F v pE B
A > 1948 & d Humfeld 7 L% b 32 % Hvss £ G FUH o P L F

LA AN A T AR seandt 2 F (biomass) &2 % #h (metabolites )

AR 2 E L (1998) Fidnd o A9 QBT A F IR AR
BAMAL - AHP o FRRPTFIRF RIS REFIEY G

(-) FhritzTH

FoEPt - mABEER A T DR B A Uy AR ESRAT A4

Ao FF oy dlpHE ~BER U F E ol (RRYT) # X
FEET O BEMAS TS MBS FERE ORI o GEF G

TR R AR Bk agEd %3{%?%7* ¢ 2 24 3%+ (sporulation) > @ _7
S g FIS P d (Frd ) eniEd @ Ay Faisk (pellets) 07) 85 (3%

2002)

(=) FhkrnroEdamiEgt2432

BAAES A LAR P B RA AR ER S EY Fagas R
20

'Eg’i‘g\'ﬁﬁ?,%‘;%fjxm)i )i __Eif#n R RB q’%ﬁjﬁ'% L S

ERENRRASF L TR N BRSALRE > FABE LIS ¥
P EFEBS R BESAYE (2 2005)-
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¢ FERARE NI P L2 HRFF - g

<+
=
%
e
By
3
"
ER]
ole
ZE}\'
[}

Frdputhsedn @ WEEF EA pHEE FF > 1T 4
AR FEHEREESTAL PR
1~ Bk

BURESFAE A £ 2 £ & F]5 (Kim er al., 2003) > 77 £ 4 & 75k bw e o
RHAS Y A RRZ F R T  BURKEHCE F 4 & i * £ i R
2 b chid & BUR RCE 51AR Sk g ase (B 52001)0 - 4
FrRBT AR RSB CRB - FTHUEIIBEL A A RaRs §
PRAMaE L8 A Bh and & o A R T AR E R
BEAPF A2 TZTOnE o Gl EIBBE SN EE (0 1995)
2 Rapihey § R AMA L 2 pEW e % (Kimetal., 2003b) o
2~ ¥R

FORAMAS A LR F R A RBE LA T TR RS A

AV FRAR AR ERY FEPK L2 gREAMLE S FAREAT Y
HEFRIRHAFFWEREZEBTRAL . D FF Lok L (Wheat
bran) -~ ffc,% “E AR T EB s fE* FBf (yeastextract) ¥ xéﬁ
Ei- LRy pRAGE -3 B3 ASERT ROEHE > 0 S F
B FokfRRZE - LZPHTAEMEANRLDRY >0 @5 RY VR
NI BIRAERAT 0 Tl o v A il £ B FS A K hpkdg 45 R (pH 5~7)
PR A ensE ek (F 0 1996) o mgégug IR IER B R AT

LN I (NH,") it &4 5 242t A eh2 & (Litchfield et al., 1967 ) -
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3~ BRE
S R E AR A A BB RF Rant @ ¥ CON AT o B
L LEERAERDTE  ERPEHAS S LEF  NHAS kR
e 3 Pl o € oA 85 - 4d Lamar Gahg s
AEGEF VL 525 2 F (F0199) 7 AT REESAT Y EBER
52 B AR OME - BEFHORE G 16~24 2 F (3% 5 1998) 0 @ &

RESHY R BRE o B g B

BIEARAEY TR BB ¢ WA hd £ B
S g REG N RS TR FAM 2 R e A o Park® 4 (2001) 4p IR
ET R PR B RATT MV S g R - R

AL PR AFFYDOAPRELEIFA S B R F @

EPRGHIE Y L0 (1) e addp s (2) FEpEE ey
> (3) R Er o (4) BEITMAB FF 5B 9ZnCl ~ CuSO,2

NH, %7 e A2 2 £d 5o @R PIT o ig & Fvkdy Fepd & (F199)

Kang% 4 (1997) %" 3 p /?J‘ 4 KH,PO4 £ CaCL ™ 7 »cdt B & % F 56 %

3Hf

E
#B# @2 B CHMad 2 K% 7502 2 amgsjacBad s- £8

o5 14 & (activator) (3§ »2001) 5 @ % 3% 7% 2% (corn steep liquor)

AEXPP R At R A vMEFAE AR RSO EES 0 AR
T2 L F]F K% o ¥ 3 k2 ag S e 6 E & (non-ionic surfactants ) -
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Hm s ppE o Aot £ e B
6~ ER

AR ADERY  BRZERL- BAY LR PTG 0 FLERELY
Bt rtont 2 5F > " ARPEFLLEFE I WL 2 PE & TS
- AR F M B KR R B 5 22-28°C (Eyal, 1991)> & & § F (P
linteus) F5h kg 3 %R & 25~30C2 F (Chi, 1996) -

FGHfc PR ERARRY Vil F A - ROVGEAL T F iy
=0 (51-2001) i * 0 g Rt g RS 28C ARl @ i
Wgre vk S pERA S eE R S 30C -
7~ 4=dspH &

BARZAYpH B4R FRAIFARERZREY 2 R DL L FlF 0 B
TR EROEEOE S F P RRF G AHASF A Aot F it X357
2+ e 58 (Forage et al., 1985 ; Kim et al., 2005 ; Margaritis and Zajic, 1978 ;
Shu and Lung, 2004 ; Wang and McNeil, 1995 ) - Hwang % ¢ (2003b) dp i
W %% 7 (P linteus) Fsi2 & ddedtpH @ 5 pH 5.0 0 @ i #z b 5 pEag 2
e pH A1 5 pH4A0 - 4 § A0M = ek 01 » = pE R an pH 7 11 i

B A e S pERcnA B (Leeetal, 1999) -

AR e S TR iy LR S RFEE B ARSI RE
PERKRBEARY DFF R TG BN ERRDE L Z AL DL S o IR
AEEA R ORE IR E gk o A FREHA AL REE R 2 L F
ki o W NEART Ry § A2 T2 4 (shearstress) » T 7 4 57
SMET B i R FIRE S AR T AR FSHR

AR o] o E ;«ﬂg] (Aspergillus flavus ) % p{:ﬁé if ¥ 4cpt (Metz and Kossen, 1977)
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FRES ERIT AR ST €A RN 0 B i
T g R me g el FAen2 £ 2 & 4 n3 & o Taurhesia % 4

(1994) 45 1 Sclerotium glucanicum 2_ % % F| 58882 5 il 2 € (g &
P 7

4
e

N
S
Il

LR R BT  F F 5 RHF ROTIREE T AL
BB El > s VIUASREZ By o FP o REB AL E
G E L RPFAAY P 95§ £ (dissolved oxygen > DO ) » = € &

I (T FEZ L A2 (A $rend = (Forage et al., 1985 ; Rau et al.,

1992) « 4 4+ 9 5 B 5T

7

—

SEHAF F BiE T FSIR N T
B ME AT A A Rk S EERGEARY o feth S EEM G R AL AR e 4

B BN TG F e LG 5 pEe) A 2 e T R Y (8%
2002) o F F BHG ARG FMLLER LI HFMEL 7 0

B0 TR

e

PR AR RS e PR f e A F R
Fol 8RR 8T AT (DOBAI) § 203 R A 4 0 & e ol
FRAG 0 EMd & o) § v R NS ES EAZLF RPN P
MERATBPH L FER AN RAE > A A DRI KT § R RGE

KA $ &2 (Rauetal, 1992)

(e ) FhEFpEz Rt

CEEIT A P R E R UG LB R 0 AF AR PR 0 L
BB G FABE et FEARRES L £ GO AIR R RS
ARRSETARELS > L3 P EEAE gDy R« B F

1 * gy (fermentor) 32 % 0= A kec 2 @i gpranatah > nE A A



A RfripfIA SO o FENR AL AP T 851 EFRIARY PF
B &5t o
L2 peth 2 47

Py LNy ARV RBESHEEFELS S Z A8 A5 BRI
435 (mechanical stirred-tank type ) ~ § & ;% (air bubble type) ™ 2 § £ ;% (air
lift type) ¥ p%H o 2 312 BaEgEA 4T o

a. IR E R

Pl F AR LR SIS RN B AMER (Rl -a) fHH
AIRE G B F ¥ (air-inlet) 2 B VHIEE F (impellers) 5 #1254 ;ﬁ—d ik
PR R I E F R R AER RY X B R ST
ANFE B4 BREME G (Braver, 1985)c t 1 ¥+ FlL N F RS
T RT oA s S R AR AR LAY A AL R 0
REFERBRETAY REFEF BRA PP RS « N FREERR L
®F e vy T AA B

(1) EFLRFEFETEL DT 74 > HRUuEd > - TRAE DG

s

e

bal
)
\
g
N
T
La
—n
in)
hYs
e
nYs
[k
TN
_
—=h

g
s g o
(2) BHPELLPRBERY FALET  HWRBRATHREEEITE -
(B) BHMEZERFNE S A EHRFLAFDES A o
(4) BSRIEIEEERE A2 APE ) 1 2 AiA -
(5) #FEHS Fogd e § TR g S RES LN
b, F & s R
Foe SR E A b H o d HAEN 251 R 24 (RS- b)

3 - Big ¥ (air-inlet) > HFEE I~ cnF A BE R R DL
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REFRF =40 (X fow > 2001) o o FpEHeanBIF 0 2 LHEE R > &3
RGBSR S R ERAPRPAR S T RN i P
ERERCL S 2 2 A o e N R & R
hAitafet > AHATER Bl e R LA PEEY EY oL B2
- O FENEREREMTA R ET R RN o Ra F e

R Rl RS T

Bty
RS

(1) 22 FekELHARFIApTIEIRE > T g 2R ET

Hhd fend £ oo

5

(2)

SRS R A AR AR AR B bl A4

e

kB 5 R T o

(B) T4 MEIEAFAWELFHHFES > pPINEZF
f& -

c. F B EpE

FESMERE R (B2 -c) 7 A ie BREdJ - B¢ 32§ (daft

v
ﬁ\
K
x
EC:
B
8\/
3
o

tube ) K FEH PN A IR G 3 & 1+ 2 % (air-riser )T *% % (down-comer )
R b pog 2 ihg -k A 3w (disengagement zone ) 2 A FRiE F ¥ (air-inlet)
(Zqow 2 2001) * cHREEJ* B F g NPT F d ¢ 2FF P Iep
T ARG EA A e b R R RINY BRI AR RN AR
POALE RS DFHFTE I AR RO RARERE
EWEw LD 2RI AT 22 FAIMOTERY o A A
LEeFLZ A TS R FAFHATEZ ARARE S BRI D
Pk o FAPYERF AR EE A o FENFREN L BB
(1) %24 i #r0 2 ERY AB AR TRl & 3o

(2) L—f" & i A2 ¢ ¥ B R MiEY T EF FoE EJ-,;E AL R
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e @Iﬁ L% o
() WML g s A
B R T e

bR MA PR E i BT

¥

R A e R S s R TR A |

SEYIGUORSME BEAS > LRI EFFF LB LY 2
i

{U_"IFR ;}L\W ’%ﬁmg?j\/}ﬁ > Flr-r'/,l A 4’7";\ & ﬁ\g‘ﬁé'rﬁ‘?’ r‘{;.fﬁ'-f;i;:,\.&ﬁ’)j\,)gyﬁf_
(Eyal, 1991) 4 gs wlfcit 31 & 8 -

(1) 39 F it Rk

GBI LS EIREFIE AT R @kﬁ’é’f”ﬁgﬁ y by P BB 2 G4 j\/},%l'ﬁ R

«1%“

D FI T R E S RO AL B AR 2 R BRSO S R AR
¢

%

L F0 HRR oo FlHt o A PR AL A S Fd oo

[k
Qt;

i
BB m 4 o d 302F G R 71\,]* ao ﬂﬁ“)}‘i»? MHASHIEL S
* F-9 Feokih o p Humfeld (1948 ) &% & 1) w 32 3§ (Agaricus campestris )

IF SRR A B R B A é#?%ﬁf{@&éﬁ“*t“‘%&ﬁ%ﬁ?}j o X P oGk

—
-

BT F R0k G BASMEA R A MR E RN

=3
T GRF SR R T REERMTE o &S gé‘vj\,)gziﬂziaj X o )
%

;k
P
BooRF AR EA T FEFAE foR TR o PLRE R TR

(2) & &ifs 4 4 KR
G LIFA R A EAAY T AL TR AL R A A ofREE ~ B AE -
fa#g ~ P fa#F (lactones) ~ Fg#g % fh#f (terpenes) ¥ (Gallois et al., 1990) >

B RHA BT FL X AL A kR
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@ —— Motor
= :;:—— Gas outlet
S~ 1l _ Culture medi
i ulture medium
g;‘;_ _E?a : Impeller
SIS
~——— Airinlet
(a)
/,: Gas outlet
= S _
* * + + | Culture medium
A44d
A4
w Air inlet
(b)
Disengagement zone X\;‘I; Gas outlet
Culture medium
Air-riser ~ F +f? ; Draft tube
+ * | Down-comer
AN
gt Air inlet
N
()

Bl 2 RASEFRE R o (a) BRES (b)) FiEt o (c) §F B o

Fig. 6 Different types of fermentors. (a) mechanical stirred-tank type, (b)
air bubble type, (¢) air lift type.
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1. %% B/
dOREF G P (AR o) Rk

Phellinus linteus HS-050614D-02

Phellinus linteus HS-050614D-03

2. il 4 HE

A SRl ERRPITASFTREGZFALY (797 > 0F)

Bacillus cereus BCRC 10250
Escherichia coli BCRC 10239
Listeria monocytogene BCRC 14845

Pseudomonas aeruginosa BCRC 10261
Staphylococcus aureus BCRC 10451

Salmonella typhimurium BCRC 10241
(=) B %A
1. EFB AR
(1) Potato Dextrose Agar ( PDA )

Potato starch 4¢g
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Dextrose

Agar

Water

pH

(2) Yeast& Malt Agar (YMA)

Yeast extract

Malt extract

Peptone

Dextrose

Agar

Water

pH

(3) A # ¥ % & (Basal medium)

Glucose
Peptone
KH,PO,
MgSO, - 7TH,0
Water

pH

31

1000 ml

5.62

1000 ml

6.2

lg
1000 ml

5.6



FR A A AL S Y 4 1.8% agar B & o

(4) 845 & R

Fructose 10 g
Yeast extract 10g
KH,PO, 3g
MgSO, - 7H,0 lg
Corn steep liquor 3g
Water 1000 ml
pH 5.8

2. mER & A

Nutrient Agar (NA )

Beef extract 3g
Peptone Sg
Agar 15¢
Water 1000 ml
pH 6.8

R A AR LG Y 4 1.8% agar W = o
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(

—_—

) TR &R

. #& (lactose)~ ¥ ¥ # (maltose) ~ AL (hydrochloric acid) ~ # 7

4 (ferrous chloride ) ~ #4f& = & 4 (sodium dihydrogen phosphate ) ~ #
it 4 (sodium chloride )~ % it 47 (potassium chloride ) ~  i* 4F (calcium

chloride) & PEp P A+ EHRN g4+ o

. FAfi= & 4% (ammonium dihydrogen phosphate ) ~ £t fi& 4% (ammonium

sulfate ) ~ #'f&4¢ (ammonium nitrate ) ~ fk % (urea) ~ Ffik & = 4
( di-sodium hydrogen phospate ) % pp 4g B Merck = & -
% #& (fructose) ~ v "#i( peptone ) ~ fi¥# % B~4 (yeast extract) ~ i+
¥4 (agar) pp &R Himedia = & o
W4 (starch soluble) ~ § % #% (glucose) ~ Fifc4% (zinc sulfate

heptahydrate ) B p 1% B Riedel-de Haén 2> @

. 23k &# % (corn steep liquor) ~ A #%& (xylose) ~ #ulfk i e (ascorbic

acid ) ~ ¥g%% (thiamine ) ~ 2% % (riboflavin )~ DPPH ( a,o-diphenyl-f-
picryl-hydrazyl ) ~ BHA (butylated hydroxyanisole ) ~ BHT ( butylated
hydroxytoluene ) ~ a-tocopherol ~ = & firfié (trichloroacetic ) ~ Ferrozine
(3- (2-pyridyl ) -5,6-diphenyl-1,2,4-triazine-4',4"-disulfonic acid sodium
salt) ~ EDTA ( ethylenedinitrilo tetraacetic acid disodium salt dehydrate )
Fpp £ W Sigma = & o
MgSO, - 7H,O (magnesium sulphate-7-hydrate ) ~ = # it 4% (ferric
chloride) BEA P A& § 4 #F dhst €42 o

4§ 1“4 (potassium ferricyanide) PP P A % LR ZE N €40 o

. Trolox (6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid ) P p

% B Aldrich = @ -
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9. % & 4 & Aniline blue P p 4g & Ferak = & o

10.424 2% ampicillin Fp 48 & Gerbu = & -

11.5= (phenol) ~ #ip& (sulfuric acid ) ~ ##f4 = & 47 (potassium phosphate,
monobasic )~ & ¥ - 4 (sodium hydroxide ) S P~ % p B 1 i B 5% -

12.2 f3 (ethylalcohol) REA & B#FF)2 ¢ & o

13. £ @& (folic acid ) ~ #r a4 (ferric sulfate pentahydrate ) ~ #7fi& 4% (copper
sulfate pentahydrate ) PEp P & fok 5 &1 F 450 € Ak o

14. % # (sucrose)~ # 7 *= (acetonitrile ) ~ ® f% (methanol) ¥ p £ K

J. T. Baker =~ # o

SRR E
1. 588 % % : FIRSTEK™ (Model-RI 100 ~ Model-RI 150 2 Model-TG
5) Firstek & & » 5% o
2. 4R TR 3 4 44 L FIRSTEK™ (Model-S302 R) » Firstek 2 &
3. jZE 8 % 48 1 TKS (Model-LTI 601) > KANSIN 2 & » 5 #
4. kTN E )k T4 D Model-TH 420 > s o= @ > 54 o
5. 3 BB RAFSE CModellYTMAL > A+ P RBF > 540

4 .
£

~

B

U%E AR F % Model-HL 340 » HUXLEY 2 7 » 5 o

N o
e

TABEBRAES  Model-YTM 230 » AP REXF > 254

8. % »xit ik 4pk +7 &k ¢ LC Pump (Model- L 6000 ) > Bischoff RI Detector
(Model-8110 ) > Chromato-integrator ( Model-D 2500 )> p = &k B = & >
2

9. A4 % #3148 ! himac (Model-CR22GII ) p > KRB F » p & o
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10. % +F A&~ 8 © Model-CN 2200 » HSIANGTAI = & » 5 & o

11.4 A 3g.< # : Model- MIKRO 20 » HETTICH 2 & > 4t R o

12 % 38 Rk ‘{ﬁ%}ﬁ : Model-VV 2000 - Heidolph = & » g & °

13. 4k 52%# : Model-RHD 603 » RISEN = & » 54 o

14.742 4 32  Model-FD 5N » EYELA =& » p & o

1578 ki # + TKS (Model-KB 02 ) » KANSIN = & » 5% o

16. 8 #% 3% k5 4 : TKS (Model-RCB 411P) » KANSIN 2 7 » 2 4 -

17.%2 47 % T : Model-AB104 S » METTLER TOLEDO = & » 55 & o

18.pH meter : inolab (Model-Level 1) > WT.W.2 & » 48 & -

19.:% b 1 : Model-Rocker440 > £ p RE27 » S -

20,4 2 A1 E 2 F e F R CModel-CMF 5o ig gt @ 0 L8 o

2146 F Al F BB EEH 14 (Model-MG 1000V ) > # 2& (Model-MG
1000S) » PC & #-#c 48 (Model-MGT SPC) » & £ % ( Model-FC 1000)
PR E T S

22.%4 % % B 3+ 1 Model-Spectrnic 601 » MILTON ROY = @ » £ | o

238 kA kKB i Model-F1100> p = KRB > p A o

24. %3+ 2 45 g8 SASTR 9.1 (SAS Institute Inc, USA) -

25.% "% Bl 088 © Sigmaplot-scientific Graphing Software Version 2000

( Microsoft Inc, USA ) -

35



R A
(—) @Bokimse

#ipld ¥ F#E © P linteus PLO2 2 P linteus PLO3

s

T iE 32 % 7L #F% (PDA > YMA % Basal medium )
l TR AERSHYL LR
FEIREAA - BAEREFEBEA 2844
|
AL R
l FHmR S F R A LTS - A0
B~ A RAchs pH B2 BLE
RlE et S EEREZ WA R

’

R LB K i

'

wPE R
(L~ Fet 2§ B

Fitre b SERAE RS R T
43 E %2 B-(1-3)-D-glucan 4p ¥t 2 &

R 1 J2
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%4 Martin (1964) ch= 2 - #3223 PDA T 4 &+ 2 5§ HH
oA IR R FT R (2L Tmm) 2B FAkE T £ T PDA
Aeidhr N 25TRASST A IFHLAGEAG > L G RELIEZ
Frd REFA (REEFAFFRGL 2L ) B3 4CTHEF BT 5pT

# F]7E (stock culture) o # = i # & it 3 & 45 4 ) Bl Fg LFEF L
) Hie

Bpr s BN TR R LB 2 AR B

Ji

(

F_&

*ﬁ%

i*
PDA T4 &Rt 25CTRBAIMLANEL L L URERHL 7B
Bt IR F 5B AT - PDA TR AP Lo 25T E S5 X i

EHNTIERFAMML B Z T AEN .

&3 %

R 1S 2 F A R B FZ T I B P 2 M G RS
72 50ml AA#AR R A2 3 EZ 4a¥g (250ml) P - 2 30CRTR A
(150 rpm) 5% > & R? €A L5 1 om2 F4EE - T LR

(seed culture ) o
(1) FFFr ®{ir
S4B (2002) 2k o MEFR R EBE (SR AR L H R
HH RS (20 /% ) BIEPFR 5 10 40 #r#8 Fsr T S BERER -
HgiE 5 A RTRR (- BN TELBRRERERL (5%V/V)
#3250 mlj k= &4850 (3 50 ml A AR ) T 52 BIEE R

RN S RS R e R
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() THERZ AP

u,é\jm\ PE(EATmMm) xS FAE Tt EauE R A3
a2z te tGMsFHURA  BRIPIZTERRZAY LREBIF

Rleirtefmad NECNE P EFAFNL L PEFZEL (cm) o R

(1) Bl /A& : Phellinus linteus HS-050614D-02 ( f§ £ PL02)
Phellinus linteus HS-050614D-03 ( # #- PL03)
Q) TH 4R " PDA~YMA 2 A % it 7 o
(3) %A 111202530 2 35C e M4 il B it 7Rz o
(=) #HwHLF®

DT AR B R R S R AR RS el
GEE R T T LEE TR S T TS R

1. A#RAEeE (kg e 1999)
(1) Bt M ¢ glucose (1.0% )
() % Jh * peptone (0.5% )
B)rxER 130C
@) BF i % 150 pm
(5) =45 pH : 5.6

©) F & £ :50ml %% 250ml § E2 = &4a5gP o
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(7B AR 8=

T

2. ¥bos

ﬂ\’)—
\'H“\

(1) B ot dE* = 48 ¥ pE (fructose, glucose, xylose) % = f& %
(lactose, maltose, sucrose ) & (7FR3E > R4 £355 1%
|

(w/v)

2) ¥ i E* Zf85 $8% R (peptone, yeast extract, urea) £ =
&4 § B (NHNO;, NHH,PO,, (NH,),S0,) % = #§

|

REFRFE S A4 E®335 0.5% (w/v)

(3) £ £ F]+ : iE * corn steep liquor (CSL) , thiamine, riboflavin, folic
acid % ascorbic acid % 5 f& 4 £ Wag T 7RI 0 F

B35 03% (W)

(4) &35 £ * MgSO, NaCl, KCI, CaCl,, FeSO,4, CuSO4 %2 ZnSOy,

S THAWRAEFRIEF R 5 0.1%(wV)E 0.01%

(w/v)
(5) 424> pH : 4.0~8.0

O) B F v i3 (1)~(2) B% EFEFHz2EdRMAER (1%
fructose ) » fe & AP ¥tk B 2. & § /& (yeast extract)

Fitek g v (C/N) 2 130 2%k ©
(~) % i
1. #0458 %1 (mechanical stirred-tank fermentor )

(Dxr%EAE 30C
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QEELE R 2 P HRENFBE
(3)##:E & ¢ 150 rpm

D4 & B 5% (vv) AFRRFR
B 5 £ :1vvm

(6)4= 4> pH : 5.80
(7)# F48 4% : 3L

2. §i& 4 %, (air bubble fermentor )
(% ER 30C

QEE S &

() B ¢

E:D

W) £ 5% (W) BHR
5 # £ :1lvvm
(6)4= 45 pH : 5.80
(7)# =84 1 3L

3. F BV pEy (air lift fermentor )
(DR HER 30T
QEEE? * &
Q)M & &

@D#E A 2 5% (Vv) BER TR
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S F £ :1lvvm
(6) &= 4~ pH : 5.80

(7)#F e84 - SL

S 8% (2002) 2.3 2 o BFF AR S 2 R (No2) (74 4
g o F Mg AL DS AR e 2 8 o R G RS g MO

€ 0 Hix

.

0C2Z BRI EIEE o 717 Ta‘ﬂa‘r"f,}@ AICE T F S

ogdrywt/l ¥ &% 4T o
(=) pH E2 B =_

i# * pH meter (inolab Level 1) ® #p| = 3 fi¥i% 2 pH &
(Z) % % pEREZ Bl %

1. &b 5 pERE 2 5 P~

e

Y2 EA (1998) 222 > Bk 0.2 ml &2 95%iFpH R & (1
4, V/V) ) B> 4°C3’E_f:r ek 24 h %g s %ﬁ_,g (10000 rpm > 15 mln) E’\/g R
PE2 AR o 0 TS%2 PR RS R e R s R e Rk
BO0CHAa " A g ¥ p - AT L0y T e vk D gl

ek S pERE 2. TR

%% Dubois & * (1956) z s #rfii# (phenol-sulfuric acid method )
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Ao vl B AR o M TR S 2 ek S R4 1 ml 2 B R RTAKT AR
0t R Tml & A 4e » 0.5ml 5% 7% % 2 2.5 ml 98% )k Fifis -
RETEFEE 2044 0 L B 25C ki 10 4480 Pl TR £ 2 ODyg iE
TOLHE FAIREY R (HE- ) o T EERRY e SN Y F
MEAREE X (g #HES R &diRd e 5z £/ FR - plEE

F AR EE 09 (324 0 1976)
et SpERE R (g) =X x R x 09
(z) A~ T

B iRt 4CT 0 0k ok dps (10000 rppm > 30 min) {6 o B~H b
e F AR 0 F 4 02 pmURMEE R 0 B~ 20 pl kiR i 7 HPLC & 45 -

A E T e T

/47 % 4 © Lichrospher 100 NH, (5 um) > 250 mm x 4 mm > 3 € B Merck

FRHEREE

# A F T k=85:15(v/v)

i i# 1 ml/min

H; it * Hitachi model L-6000 pump

i Bl B : Bischoff model 8110 RI detector

## 4 & : Hitachi model D-2500 chromatointegrator

& B 5 X 3E2 retention time ¥ 5 8.12 4 450 H HPLC 2. & 46 & 4o
3

Bl e
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7 % %% (fermentation parameters ) :
l. Bx ¢ 5 pEdE 4 = F (maximal production of exopolysaccharide, P,y )
NRAPFE A2 K et imuad (g
2. B S F 542 2 € (maximal production of mycelial biomass, Xnx )
NRAPFE IR A FHEBMAR (g)-
3.5 % FaH A & dkc (days, t)
TRADTERF FNHEA L L PR o
4.1 4 £ i & (specific growth rate, p)
MBS EH 22 K4 MAS (day')e
u= (InN;—InNp) / (t—ty)
5.7 ¢ S A 4 & 5 (product formation rate, Q)
LTyaE o2t S pEA2 4 2B (gl/day)
Qu=t et 55 A F (Ppy) / 5% F5A4 & X 3 (t)

6. 548 2 = i# & (biomass formation rate, Qy )

\,

TR p 2 Fadz 22 E (g/l/day) e
4

Quedet FHHLL 4 8 (Xpo) / Bt B2 4 % 8 (O
7.0 5 pEA 5 (specific product yield, Y, )
SHEEEE (g) At <t ipmaz £ (mg/g)-
You=5 % 2t S M2 £ 8 (Ppay) / Bt 2 22 (X
8. % pE#8 A2 & (product yield, Y,)
SHEEEBAE (g) nE#iet ipme g (mg/g)-
Yps=3 %2 5 g2 28 (Puy) / 4258 E (fructose, g)

9. F %t A 5 (biomass yield, Yy )
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SH R AR (g) AL HONLE (mgg)-

Yys=3 % Ff2 £ 8 (X)) / 4252 (fructose, g)

(=) spERs &2z

\\\xr

FEE A (2001) 23 F o ST EUBMEE AT (gel
permeation chromatography, GPC) ;2 :& {74 47 - H BH T 4p 2 3“1+ | P F
i B TR EARY B A F Bt igd B AT R AR B i [T
EENNMUFA D AT EFGEMENTVT PN A EFESEA LTS
Bond o F PR fEA PRIk ) A FHF TR SIS FH
FRF R o R ARk NET AT AT E ATk o X flG
B A3E e & 4772 (gel filtration chromatography) = 4 =+ £ 5 &k 472 (size

exclusion chromatography ) °

B EERT 4CT 0 5ok s g (10000 rpm > 30 min) 6 0 B~H b

i A 0 E 02 pmR B 0 P 1S Rk F A S B A G2

A A E AT

A 474 11t HSP gel™ AQ 4.0 6.0 x 150 mm column > 5 Waters 2 # 2 & &- -
FHIER 1 45C

2 IR SN

pins # 0.6 ml/ min

® # * Hitachi model L-6000 pump

i Bl 2 : Bischoff model 8110 RI detector

#& 4 i - Hitachi model D-2500 chromatointegrator
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# 5 ¢ pullulan (&£ 3 & 5900 ~ 11800 ~ 22800 ~ 47300 ~ 112000 -

=

212000 ~ 404000 % 788000 Daltons or Da ° retention time
AWl 5 4.88~4.72~452~422+~381+-~348+~3.18 2 297

ki) B SRR -
(=) #pRRFrEt 2R T

# * Kirby-Bauer i (Lim, 1998 )< 5 L #-33 & 4+ 2 % /B /% (nutrient
broth/37°C/2 days ) ™ ¥ ig]i% i Fik323 4 iF & nutrient agar (NA) T {533
EAN R BT 0 FRERDORGRAT (E/2055cm) TREAR %
Ao B r37CEE MBS PlErARE L) (mm) FaR2
Fr|t 5 # ampicillin #rFk R RE Y R CHRIZ ~H BN ) S E
% 48 %% ampicillin 2 #7 7k & (mg/l) -

(™) B ppikdey 3 2ZRIT

1. a,a-diphenyl-B-picrylhydrazyl (DPPH) p ¢ s (DPPH - ) ‘PF““% fe 3B 2

/7

%+ Shimada & 4 (1992) 2. =% - @4+ ¢ chfg H & p (7§ 1t Tufse
PE AL pd A gy TR ¥ R iy A dEd ik d
(hydrogen doner) * ' 73 i ¥ i 4 f d  (peroxyl radical ) » % 2
% @ % DPPH - k=i it HeniEq it 4 - DPPH - 2. methanol /3% &
517nm ™ F fap e ki > g i BRPESREEEE R I

BT RPNk AR SR A R R ) B AR

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

(1) B2 i BAR P % 0 141520 (gml) »* Glde » 9 fE15 > 5

30CE#F (100 rpm) % B~ 24 hr -

(2) s (4427 xg, 10 min) {63~ ik (

[as}
p
1

b
¥
“a
Ey

)J
&
f--c

PERE A AR (24682 10g/1) " BEEBR o

B) * 1 ml *» FERFREZN XX EE T (BHA - ascorbic acid %
o-tocopherol ) 7% FR 5Bk (FAl) £ B3R ($ERE)

? g 4o~ 1 ml #78 fe 0 0.008% DPPH - 7 33 7% o
(4) RiF¥=3REF 304415 0 BlTIR &2 ODsyy o

DPPH p ¢ Ey}ﬁ-“ﬁ% F (scavenging effect, %) = (OD ontrol

—OD gumple / OD controt ) X 100%

FTHRI G A ERE RS g e

FE P PR Mg it & BHA ~ a-tocopherol 2 ascorbic acid ¥ & &
Rl  '‘qRlL e~ 2Bl 5 #®EE DPPH - F B2 R84 5 o & 4
BosF S drdle » BT @R s % 1 ICsy (% 50% DPPH A d &¥7 3

2B MER ) AT oo
2. i v op

%% Miller & ¢+ (1993) % Arnao % % (1996) 2. 3 ;# - Horseradish
peroxidase ¢ it H,O, 2 ABTS ¥ J&i¢ ABTS } 2 - B¢ F & F#&4A7)

= ABTS - "o
peroxidase
H,0,+ABTS 2H,O+ABTS - *
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ABTS - "3 Ef8 2 FJ 2 B#+ pd A3k 734nm T 2§ &+
Bk b AP AT HRET T BR ABTS R He kB A A
T I - BRI R SR B D AL i o S8 ABTS -7
B JRTE {50 ODyyy ™ 48 5 » RIA 7 $ 54 ABTS - " o 2 itk i

AEsE o pRF 4 AR

R
(1) #-horseradish peroxidase ~ ABTS £ H,0,® £323 T # &K=

{8k B A %W % 4.4 unit/ml ~ 100 uM 2 50 uM -

() *30CT@LE - [P RS EHS RN ABTS - T 4

BF RE A

() Bl iRt FERr ARSI A FER (24682 10g/1)

2_FPR o
(4) e x> 025ml FplRR L35 F 10 A 480 B TR & $ 2 ODqyye

#FiF v 4 (total antioxidant capacity, % ) =[ (OD control = OD sample ) /

OD control :I x 100%

F ok trolox & ¥R o Bl L- 2 He ABTS: 'pd AF
T2 b0 S R B 3 gl B8 B g % 1L ICs (] 50%

ABTS + &2 2 B MER ) &7 o

CE R LS A R

%% Decker & 4 (1990) 2.3 % o & BapF hin g v iv% 2 F £33
* st hd & FE %ﬁd F i BRF R (redox cycle) s > E 4
B+ q v oxihg 2 pd Ao TAEEE L A EEBY
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3¢ s Fetts ¥ A BB RS ety R Fe* * ¥ ferrozine 4 &
P s562nmmz 54 KR -

ferrozine- Fe*™ complex (violet)

Fe?" + ferrozine
AL A AR 562nm B B il 0 RS A S Feli T Rl kil

EL G Bl B ML T RS dF At g e

#

.
Ik .

-

(1) Pl iddchtsz SRt Amils 3 FER (2:4-6-8% 10g1)
2_&F Bl o

(2) B~ 1ml &ipli% & B4 » 3. 7ml Z4-k~0.1 ml 2. 2mM FeCl2 2 0.2
ml 2. 5 mM ferrozine °

(3) /E'é\'f;_?—./ KF}@ZO/}%’,PJ /£€/’§Q0D562
43+ 3 & it 4 (Ferrous ion chelating acitivity, % ) =[ (OD ool

v

-0OD sample) / OD control]>< 100%

DY L& LA EDTA 5 & ¥R e » R L % H g Fe2*
BB R e R Ao AR S B e TR R SR % 1 ICs

(# & 50% Fe? TR T E 2 B ER ) & o

4. B4 Rl E

% Oyaizu (1986) 2. > ;2 » B R # I & 74 &%+ & B (potassium

\\\?{r

ferricyanide) * 2. F&* B B % Fe 2. 4B § & a3 chi 4 > M 48§ &3
B Fe' F A 4 % & 3§ (Prussianblue) ¥ & L F &t £ 700 nm

i
FERARTE S A efekBEl Mo ViR sR R4 2585
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v

ARk EGF AT RSR RS 5% BRA dy PEARY BRI E G

]

X

(

FiEF i3 (peroxide) z it # » i&m EP4g 2 »c%k o

=R

(1) Bl gscBis2 Fprpb ARl 2 FER (2:46-8% 10g/1)

2_FPRR e

(2) B~ 0.5ml FRlEA w4~ 25ml 2 02 M s B e (pH 6.6)

2 25mlz 1%#4 iR E393 -
(3) R ERS0OC ki thF 520 » 4 -

(4) P25ml10%= & fipfase » R &3 > @& * 4 (3000 rpm > 10 »

K

&

(5) P~25ml .t FiR o 4er 25ml F4-K 2 25ml0.1%= & 48 -
(6) RFI=IREF il > BlEIR &2 ODggp ©

F %7 113 1 BHA -~ ascorbic acid % a-tocopherol 1% 3 it ¥ P&
ﬁ’w@34—~w343@é%3%&41%ﬁﬁﬁ°%ﬁﬁ%%é
Frdlie > Bor @i s % i ICs) (R @EEF 0.5 7 2 5 MER) £

o
(1) B-(1—3)-D-glucan 4p ¥ 7 & 2 iR T

5 pE ¥ i B-(1-3)-D-glucan ¥ | * ¥ & 4 #| aniline blue i& 7 $ %
» % ¥ aniline blue ¥_* kg Rl{Ed 22 ¢ m)ﬁ £1 % pE (callose ) @ 14 &
FTHE B4 5 B-(1—-3)-D-glucan » »* L& @ #FF aniline blue ¥t B-(1—

3)-D-glucan 1% — & %  Aniline blue ¥ & 4 #| ® &2 4 sirofluor(sodium
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4,4’-[carbonylbis-(benezene-4, 1-diyl) bis(imino)] bisbenzene-sulphonate)
B-(1—3)-D-glucan % & & » g A & (excitation wavelength ) 395 nm ~
2z itid £ (emission wavelength )495 nm ¥ £ Bl3# + ¢ ) 3R aniline blue-p-(1
—3)-D-glucan & & 4 ey L > 2@ T B-(1—-3)-D-glucan( 5& » 2003 ) -
W
(1) #gppirgd f RpHBEr - By -
(2) B’\j%i{‘ﬁ?& Iml> 4~ 0.3NNaOH 7% 2 3ml {6430 ~ 45 2 =
>BfE
(3) ™ HCl# # pH &3 11.50£0.05> & 4 » pH 11.50 2. 0.05 M
Na,HPO,-NaOH % =% (p 2 0.5MNaCl) 2.2 % 10ml »
(4) P~1ml;3 %4 > 0.1 ml k& 1 mg/ml 2 aniline blue > & % &3]
6% 2P o
(5) mFEALERERIFFEGFHRP FFAE S 395mm o s E 5 495 nm o
F %P 125 % 5 pF (laminarin) 3 &8 5 > HEEEF & Ricrt B =
Lo > B-(1-3)-D-glucan /p¥ 7z £ 5% £ 2 3 % % pr 4 £ (laminarin
equivalent ; LE) #7% 2. B-1,3-D-glucan # 5 # (pg/mlLE) -
(+) s 4
R TIE AL SAS B3t B KM (SAS, 1996) & (7% 447

(analysis of variance ) # # £ 4 % ¥ 4 47 ( Duncan’s new multiple range test )

ZRF a2 R ER LT EF AL (P<0.05) (b2 1993) -
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S S R
- EEREARE

AP P h i IEHA AR F AR AT FR AL (PDA - YMA 2
AARAA) 22 FEAR (20252302 35C) T2 F{utisd L@ 5o ik

-~

THIRRPFTR Y DA B A ABHEEIBEARR -

() BRARERZ I FRAAHE T ARUHE 22 P

WML fend BB ANBE e F RO G B gl s G
R e F o e d P R R TG A TR AR A B
FEFRE T EHMANL E > T A LSS 7 b cd Foeond £
FREF AL - SRR A FOE A B 22-28C 2 BV R RE e
L@ 5 A ¥ (Eyal, 1991); @ % & 4 (2007) %= § # 0% F i 16~36
Crandk - &AFHUe BT FRARR (20225-30% 35C) &= 48
%A (PDA ~YMAZ A#HBEA) FHAIHR I ARSI LES
2R
AR E FRAT T ER AR LA LY L T LRk
AR RIAE R R ARDESTE IR ERE B vk 5 3 oo PLO2 e [F]
AAEFST AT ER AR ERY & (R ) 2 B RG R  @ R
POCBER S K UL DF SRS B R IRART R AR 0 AN RRLBE
PLO3 chpa s = A A AR Y 25 ¢ (B~ ) HRAEZFGZ 9§ &%
$OPBLY B RAT Y S BRRG R INA DRSS R AIFR S 0 A

o BE R ]‘%]ﬁjﬁ&/:‘ :7‘ '41 ‘g:

F_*
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B - %23 FAPLO2* 7% I T2 & A2 FSEE (30C/10 % ) o
(a) YMA > (b) PDA > (c) A#HIE A A -

Fig. 7  Mycelial growth of P. linteus PLO2 on different agar plates (30°C/10 days).
(a) YMA, (b) PDA, (c) basal medium agar.
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(a) (b)

B~ %3 FAPLO3 * 7 b T2 & A2 FSE B (30C/10 % ) o
(a) YMA > (b) PDA > (c) A#3 % A& -

Fig.8  Mycelial growth of P. linteus PLO3 on different agar plates (30°C/10 days).
(a) YMA, (b) PDA, (c) basal medium agar.
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(c) (

(b)
d)

B4 %% FPLO2% PLO3* 25C 2% 35CRABATZFHSTR (8% 9% )
(a) PLO2 ( basal medium agar/ 25°C ) > (b) PL02 ( basal medium agar/ 35°C ) »
(c¢) PLO3 (PDA/25°C ) (d) PLO3 (PDA/35C ) -
Fig.9 Moycelial growth of P. linteus PL02 and P. linteus PLO3 at 25°C and 35°C
(incubation time = 9 days ) .
(a) PL02 (basal medium agar/ 25°C ) , (b) PL02 ( basal medium agar/ 35C ) ,
(c¢) PLO3 (PDA/25C ), (d) PLO3 (PDA/35C) .
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Table 3  Effect of different incubation temperatures and media on mycelial growth
by Plinteus PL0O2 on agar plates incubated for 10 days.
Incubation temperature (C)
Media 20 25 30 35
YMA 2.5+0.7* 2.9+0.5% 5.4+0.7° 4.7£1.3"%
PDA 1.3£0.3¢ 2.440.2°% 5.3£1.5° 3.9+0.6
Basal 1.8+0.3 " 4.2+1.1% 7.6+0.3" 5.8+0.3°

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

*Diameter (cm) of mycelial growth on agar plate.
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Table 4 Effect of different incubation temperatures and media on mycelial growth
by Plinteus PL0O3 on agar plates incubated for 10 days.
Incubation temperature (C)
Media 20 25 30 35
YMA 0.10.1%' 0.8+0.3" 1.4+0.2¢ 2.320.2°
PDA 2.6£0.3°¢ 5.4+£0.2° 7.0£0.1° 5.4+0.2°
Basal 0.9£0.1" 1.540.2¢ 3.3£0.4¢ 3.9+0.1°

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

*Diameter (cm) of mycelial growth on agar plate.
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Table 5 Effect of different incubation temperatures and media on mycelial growth
rate by Phellinus spp. on agar plates incubated for 10 days.

Growth rate* (cm/day)

Media
2 O, 2 O, ) O,

YMA 0C 5C 30C 35C
PLO2 0.25 0.29 0.54 0.47
PLO3 0.01 0.08 0.14 0.23
PDA

PLO2 0.13 0.24 0.53 0.39
PLO3 0.26 0.53 0.70 0.51
Basal

PLO2 0.18 0.42 0.76 0.58
PLO3 0.09 0.15 0.33 0.39

*Growth rate = (max. diameter of mycelial growth / 10 days ).

59



8 7 —— 20 x
X
— & — 5% y,
7 /
——%— 30 o * A

Diameter of mycelial growth (cm)
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WL A REASADEHE S FPLO2 A E AL H2 £
Fig. 10 Mycelial growth by P. linteus PLO2 on basal medium plate during
incubation at different temperatures.

60



NEE RS

ARHD NGFEFLARBBEE (WA~ 5 R 2 LF]F > mp Ry
B&AzdspH B2 BLF 0 % ¥ % § F P linteus PLO2 7 345133 % (shake flask
culture ) FF 75448 % %2 *b 5 pERE (exopolysaccharide) 2 =2 F258 ; #Ag a7 *

ZBEAAREAABRAA KPEF IR 2F%H 2 O BAFTF 8% o

(=) BB S F FPLO2 %2 #F 4 pERg 4 = 2 L

2]
BRhiGHIEFELEDRR e AR R T W e 2 FEH #& (glucose
fructose ~ xylose) % = f&## (lactose ~ maltose ~ sucrose) % = fAAEHE (i,"]t du

5 1% wiv) i ¥ $Hh § FPLO2 %o vt S pEad A2

B SEWAR OIS S REE G BB et S EHAE (0.69g1)
PHFE (P<0.05) B His Fskie ¥ohorg Folez FIME e § pEgy
ARFHF (P<005) 307 Frrepihie - Vg% 77 @ R : S
A sk ime £ & K A G RURECE G e RUR B P B R AR e S
pER N § -

b ks E b2 AR G SREMAR A S RN e (f
xylose (.7 ) o @ Fde kB2 3 & Ak d i pH & (pH 6.04) 7 5 91 F % o
P2 B R R F1 SRR FPLO2 § BAE T SRy H A s hE

ELHBR > N EAT Y BT L AUREE T A A 2 I IR o

61



%7 PUR IR % 2 & F FPLO2 [tz e vt S A £ 2 B
Table 6 Effect of carbon sources on mycelial biomass and exopolysaccharide

production by P. linteus PL02 in shake flask culture.

Carbon sources

Mycelial dry weight Exopolysaccharide

(1.0%, W/v) (2/1) (e/l) Final pH
Fructose 3.17+0.08 ° 0.69+0.06° 6.0440.03 ¢
Xylose 1.74+0.04 " 0.47+0.04 ¢ 6.20+0.01 ¢
Lactose 1.64+0.21° 0.62+0.03 *° 6.46+0.08°
Maltose 1.59+0.03 " 0.54+0.04 > 6.49+0.06 "
Sucrose 1.21£0.07°¢ 0.46+0.05° 6.61+0.05°
Glucose (Control) * 3.44+0.31° 0.58+0.06° 6.05+0.04 ¢
No carbon sources** 0.61+0.04 ¢ 0.33+0.02 ¢ 4.89+0.02°

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

*Basal medium with 1% (w/v) glucose as the major carbon source.

**Basal medium without glucose.
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Table 7 Effect of nitrogen sources on mycelial biomass and exopolysaccharide

production by P. linteus PL02 in shake flask culture.

Nitrogen sources

Mycelial dry weight

Exopolysaccharide

(0.5%, W/v) (/1) (2/l) Final pH

Organic

Yeast extract 4.1240.28 * 0.62+0.07* 5.7510.03 ¢
Urea 0.8310.22°¢ 0.22+0.02°¢ 8.6010.01°
Peptone(Control)* 3.6740.11° 0.51£0.06 " 5.9940.04 ¢
Inorganic

NH,NO; 0.93+0.10° 0.2940.05 3.63+0.20°
(NH,),SOy, 0.97+0.14°¢ 0.25+0.07°€ 3.57+0.08
NH,H,PO, 1.02+0.14° 0.25+0.03 3.7040.05 ©
No nitrogen sources** 0.68+0.06 ¢ 0.23+0.02°¢ 6.62+0.03 "

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

*Basal medium with 0.5% (w/v) peptone as the major nitrogen source.

**Basal medium without peptone.
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Table 8 Effect of growth factors on mycelial biomass and exopolysaccharide
production by P. linteus PL02 in shake flask culture.

Growth factor ~ Mycelial dry weight Exopolysaccharide

(0.3%, W/v) (2/1) (/) Final pH
Corn Steep Liquor 7.11+0.35° 0.58+0.09° 5.59+0.02°¢
Thiamine 2.34+0.13° 0.28+0.02 ¢ 4.90+0.01 ¢
Riboflavin 6.30+1.04° 0.4740.05° 5.76+0.13°
Folic Acid 6.94:0.08 ° 0.52+0.02° 5.14+0.05 ¢
Ascorbic Acid 1.75+0.07 ¢ 0.37+0.01° 3.41+0.02°
Control* 4.46+0.39° 0.46+0.04° 5.89+0.08°

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

*Medium without any added growth factor.
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Table 9 Effect of minerals on mycelial biomass and exopolysaccharide

production by P. linteus PL02 in shake flask culture.

Mycelial dry weight

Exopolysaccharide

Mineral* (@) (/) Final pH

NaCl 3.79+0.23 0.47+0.03 *¢ 6.07+0.01°

KCl 3.76+0.10 * 0.51+0.02 *° 6.04+0.06°

CaCl, 1.85+0.26 0.41+0.07 © 5.85+0.03°

FeSO, 3.61+0.17 * 0.47+0.03 ™ 5.37+0.10°
CuSOy 2.91+0.22° 0.47+0.07 > 5.54+0.05 ¢
ZnSO, 2.58+0.12° 0.49+0.01 *® 5.71+0.06°
MgSO, (Control) ** 3.8740.02 ° 0.554+0.01° 5.81+0.07°
No added mineral*** 3.62+0.27 ° 0.41+0.04°¢ 6.02+0.01°

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

*A dded at 0.1% (w/v) for MgSO, ~ NaCl ~ KCI ~ CaCl, ; 0.01% (w/v) for FeSO, ~ CuSOy4 ~ ZnSOy,

**Basal medium with 0.1% (w/v) MgSO, as the major mineral.
***Basal medium without MgSO,
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Table 10  Effect of initial pH (4~8) on mycelial biomass and exopolysaccharide
production by P. linteus PLO02 in shake flask culture. ( peptone as the

nitrogen source )

Mycelial dry weight Exopolysaccharide

Initial pH (@) (@) Final pH
4.0 2.67+0.41° 0.42+0.02° 4.67+0.08
5.0 2.54+0.27° 0.44+0.04° 5.72+0.02°
6.0 4.01+0.51° 0.42+0.03° 6.16+0.05 ¢
7.0 4.52+0.80° 0.45+0.02° 6.79+0.02°
8.0 5.16+0.99° 0.44+0.02° 6.99+0.06 °

Control* 4.08+0.28° 0.37+0.01° 6.02+0.02 ¢

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

*Basal medium with an initial pH of 5.60.
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Table 11  Effect of initial pH (4~8) on mycelial biomass and exopolysaccharide
production by P. linteus PLO2 in shake flask culture. ( yeast extract as the

nitrogen source )

Mycelial dry weight Exopolysaccharide

Initial pH (@) (@) Final pH
4.0 3.30+0.77° 0.76+0.07° 4.48+0.08
5.0 3.46+0.76° 0.91+0.01° 5.08+0.11°
6.0 5.63+0.68° 0.86+0.05 6.02+0.03 °
7.0 5.51+0.43° 0.80+0.04 > 6.77+0.03 °
8.0 4.95+0.18° 0.76+0.03 ¢ 7.15+0.02°

Control* 5. 48+0.64° 0.874+0.01°° 5.70+0.03 ¢

Values superscribed by different letters in the same column are significantly different (P<0.05).
*medium composition : 1% (w/v) glucose, 0.5% (w/v) yeast extract, 0.3% (w/v) KH,PO4 0.1%
(w/v) MgSOy4 * 7H,0 and initial pH of 5.60.
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Table 12  Effect of initial pH (5~6) on mycelial biomass and exopolysaccharide
production by P. linteus PLO2 in shake flask culture. ( yeast extract as the
nitrogen source )

Mycelial dry weight Exopolysaccharide

Initial pH (@) (@) Final pH
5.00 4.174+0.44° 0.91+0.04° 5.28+0.14¢
5.20 4.44+0.55"¢ 0.74+0.03 ° 5.28+0.09¢
5.40 4.68+0.32 ™ 0.91+0.07° 5.51+0.04°¢
5.80 5.2140.36® 1.00+0.04* 5.77+0.03°
6.00 5.44+0.54° 0.86+0.13™ 5.96+0.02°

Control* 4.664+0.24 ™ 0.89:+0.03° 5.68+0.06°

Values superscribed by different letters in the same column are significantly different (P<0.05).
*medium component : 1% (w/v) glucose, 0.5% (w/v) yeast extract, 0.3% (w/v) KH2POu4, 0.1%
(w/v) MgSOy4 * 7H,0 and initial pH of 5.60.
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Table 13  Effect of C/N ratio on mycelial biomass and exopolysaccharide
production by P. linteus PL02 in shake flask culture.

C/N ratio* Mycelial dry weight Exopolysaccharide

Final pH
(W) (&) (&) b

30 0.8840.11° 0.5240.04 ¢ 4.9710.01°¢
25 1.0840.16° 0.4710.06 ¢ 5.0110.01°¢
20 1.2740.14° 0.7410.09 ¢ 5.0510.01°¢
15 1.24+0.02° 0.82+0.04 < 5.1610.09 ¢
10 0.92+0.02° 0.8510.03 % 5.1510.03 ¢
5 1.4710.20° 0.95+0.05 ¢ 5.3110.04°¢
2 5.76+1.132 1.23+0.02° 5.7610.06°
1 5.6611.68° 1.7810.16° 6.0210.03°

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

*C/N = fructose / yeast extract (w/w).
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Changes of exopolysaccharide, mycelial biomass, pH and residual
sugar by P. linteus PL02 during incubation in shake flake culture.
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P. linteus PLO2 during incubation in air bubble fermentor.
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Appearance of mycelial pellets formed by P. linteus PL02 from three
types of fermentors. (a) stirred-tank type, (b) air bubble type, (¢)
air lift type.
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ZLtw & F FPLO2 NIRRT R EFRERE S ALK
Table 14 Fermentation parameters of shake flask culture and different batch cultures of

fermentors by P. linteus PL02.

a b c
Pmax Xmax W

d f h i
Q p Qxe Yp/x Yp/ sg Yx/ s tl

Cultures
g/l g/l day

g/l/day mg/g day

Shake flask

1.99 9.25 0.40
culture

Stired-tank 343 e

fermentor
Airbubble o0 355 (43
fermentor
Air lift 272 539 0.59
fermentor

0.17 0.77 21.51 1994 9250 12

030 049 6151 21.10 3430 7

023 044 50.70 35.64 59.66 8

0.38 0.77 5046 3826 6589 7

a : maximal production of exopolysaccharide
¢ : specific growth rate

e : biomass formation rate= Xax / t

g : product yield =P, / fructose, g

1 : days to reach maximal biomass production

b : maximal production of biomass

d : product formation rate= P, / t

f : specific product yield= Ppax / Ximax
h : biomass yield=X,.x / fructose, g
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SPEMASE FRUMAS S MY ST TG BN >F @ S ES TR
2 ARE L REEA T UG REATERBAN & F Ao ook Br 2
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WE ek M FEN - P AT EATRES IR RV AR
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Ex (BL ) FRe a7 b2 Fard bFTHRF 546~562 482 4 %
FoPRAEAS VR IELSFERESR (HEBIL) BETRELSF R
# B 5 2736~3878 Da o & i re S pEREA 5 B <) SRR E K 4702 R
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A SPEME LTSS AR AR N AR Fh gl
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Bohug L E 5 2 3.0x10°Da s b B R L s Fusa vt (£ 1998)

% (2008) # 7 d4p 1% R B (P linteus) F5iH8 % g g2 5 pE A =+ &

L 2RA %3 2x10%°Da - B (2008) v & 5 7 (P.igniarius) 57 3535 2 4 it
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Table 15 Retention times of pullulan standards with different molecular
weights by gel permeation chromatography.

Molecular weight (Da) Retention time (min) Log M.W."

5900 5.13 3.77
11800 4.96 4.07
22800 4.74 4.36
47300 4.38 4.67
112000 3.96 5.05
212000 3.62 5.33
404000 3.26 5.61
788000 3.01 5.90

* Log molecular weight
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Table 16 Estimation of molecular weights of exopolysaccharides from four
different fermented cultures of P. /inteus PL02 by gel permeation

chromatography.
Cultures Retention time (min) Molecular weight (Da)
Shake flask 5.46 3878
Stirred-tank fermentor 5.62 2736
Air bubble fermentor 5.62 2736

Air lift fermentor 5.61 2797
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Fig. 16  Molecular weight chromatograms of exopolysaccharides from P. linteus
PLO02 in shake flask and three different types of fermentors by gel
permeation chromatography. ( a ) shake flask, (b ) stirred-tank type, (¢ )
air bubble type, (d) air lift type.
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FIELRLABP LG FrdleEd £ & ELT AR R A OEY > B
4o Chaetomium cochliodes # * cochlinol ~ Gliocladium virens & * gliovirn ~
Mpyrothecium yverrucaria A # verrucarin % Penicillium vermiculatum # *
vermistatin & (% 2 fr4c 3 > 1990) ©

ARSI GRS 2 R P AR e 0 S RS
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AR QA B ~ R AT o BERT A HPAA N AL 2
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B (2005) v & 5 @& (P.igniarius) 2. 3% ik ~ F58 ~ + F {cFWR
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AR e Sd AR AR AP T A TR AR A2 B
§ *% ¥ (reactive oxygen species ) fep d & (free radicals ) s %54~ 7 € i& = *3
W3 i fe* (lipid peroxidation) ¥ im?e H 3 BF et 0= o A 4§
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(=) DPPH i 4 ghif % it 4 it

DPPH p d ¥ &< 4y i H 14 ie2 & 7+ @ 4R i“f? A= - R
Ao Fpt A R PIE Y H2 3 Y& (Shimada et al., 1992) o

B (R2-) BEre SR BESF L0 d higicd PR
2 a A F o FER L 10gI P IS A F e N RN §OR A
w2 pod Rl 4 A u5 73.65 785 58.8 2 88.0% > ¢ rt RN
et 25 % > 2 DPPH p o fls'}%’-“,ff i 4 0% ¥R AR 13.22 mg/l 2. a-tocopherol
(Bl # ) o vt dw B AR 7 B 554 DPPH f J 2 g i 4 2 1Cso (i
"% 50%DPPH p o A #rF 2 SRR ) ZHR G BN FRRTTLIEAR
(5.35¢/1) %% (P<0.05) ™ (£ -+ =) o & ¥p e AL a-tocopherol
E B2 1Cso (7.31x107 g/l) 5 14 ICso L d ML W 7 P} 32 Bl 22 (B
L ~R )

B (2008) 44Nt 5 & 2 R /) (P igniarius) #7188 iRk 2 7 fF
o ik R 10/ PFE§ 84.29%2 DPPH f o kit 4 - 2 (2008) 3
g5 (P linteus) 3P4 4 DPPH f d #if'4it ¢+ (SEs) = 98.1pg/ml
B (2005) 2§ 7 (P.igniarius) + 5 8 ~ BB £ FOH S R 5
SMFCRF PR R 5 33.3 mg/ml BF gl ik DPPH B gl 4 o

BAFHRZEIRPLZRAFITNGHABRIPELIFES 2 AR o

93



100 1

80 -

Scavenging effect (%)

g]._l.;

Fig. 17

—o——  Shake flask

— —A —  Air bubble A
— —%——  Stirred-tank - -
e ——  Airlift e A

2 4 6 8 10

Concerntration (g/1)

AR S Z 57 b2 P B F B PLO2 4 ik 7 i ¥ B

z_ DPPH p d f}._x‘}%% pe ? oo

Scavenging effect of methanolic extract from P. /inteus PL02 on

DPPH radicals using shake flask and three different types of fermentors.

94



B RS T RS E R S R PLO2 B AR T R
¥ DPPH p d i&i‘j‘a""f e 22 ICs

Table 17 The ICs, of scavenging effect of methanolic extract from P,
linteus PLO2 on DPPH radicals using shake flask and three

different types of fermentors.

Samples ICso(g/D*
Shake flask 6.660.04°
Stirred-tank fermentor 8.13+0.02°
Air bubble fermentor 5.96+0.15°
Air lift fermentor 5.35+0.04 ¢
BHA (positive control) 1.58x107
Ascorbic acid (positive control) 1.63x107
a-tocopherol (positive control) 7.31x107

Values superscribed by different letters in the same column are significantly different (P<0.05).
* The minimal concentration required to inhibit 50% activity of DPPH - .
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iR

i ABTS - "Hh g+ i d fhic 4 2 ICso 5 1.52 (g/l) = & (2008) 47
#R Y R EA &SR G Vs DPPH pod A rr a4 2

T,

ABTS - "2.4i 4 - 2 AFH%ESIRZRFIV N S HEF B LER2 57

fo R o

96



——&——  Shake flask

— —& —  Air bubble
— —%— —  Stirred-tank
100 7 ———%—— Airlift

Total antioxidant capacity (%)

0 T T !

0 2 4 6 8 10

Concerntration (g/1)
B+~ ERRRE AT FASEEN RS FPLO2 & fRik 2 iy 14 o

Fig. 18  Total antioxidant capacity on ABTS - * from fermented cultures of P
linteus PLO2 using shake flask and three different types of fermentors.
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Table 18 The ICs, of total antioxidant capactity on ABTS - " radicals from
fermented cultures of P. linteus PLO2 using shake flask and three
different types of fermentors.

Samples ICso(g/1)*
Shake flask 6.08+0.06°
Stirred-tank fermentor 2.90+0.07°
Air bubble fermentor 2.34+0.07°
Air lift fermentor 2.04+0.08 ¢
Trolox (positive control) 4.93x107

Values superscribed by different letters in the same column are significantly different (P<0.05).
* The minimal concentration required to inhibit 50% activity of ABTS - .
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Fig. 19  Chelating ability on ferrous ion from fermented cultures of P. linteus
PLO02 using shake flask and three different types of fermentors.
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Table 19 The ICs, of chelating ability on ferrous ion from fermented cultures of P
linteus PL0O2 using shake flask and three different types of fermentors.

Samples ICso(g/D*
Shake flask 3.50+0.06 ¢
Stirred-tank fermentor 6.82+0.11°
Air bubble fermentor 8.44+0.07*°
Air lift fermentor 4.41+0.05°
EDTA (positive control) 3.89x107

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

* The minimal concentration required to chelate 50% activity of ferrous ion.
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Reducing power of fermented cultures from P. linteus PL02 using shake
flask and three different types of fermentors.
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Table 20 The ICs, of reducing power of fermented cultures from P. linteus PL0O2
using shake flask and three different types of fermentors.

Samples ICso(g/D*
Shake flask 3.7740.01*
Stirred-tank fermentor 3.91+0.01*
Air bubble fermentor 4.26+0.02°
Air lift fermentor 3.1240.01°
BHA (positive control) 3.60x107
Ascorbic acid (positive control) 7.83x107
a-tocopherol (positive control) 5.42x107

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

* The minimal concentration required to reach OD7y of 0.5.
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Table 21  Relative B-(1—3)-D-glucan contents in exopolysaccharides from

different kinds of fermented cultures.

Cultures Laminarin equivalent (LE) (ug/ml)
Shake flask 11.18+1.90"
Stirred-tank fermentor 10.97+0.05"
Air bubble fermentor 16.25+0.08*
Air lift fermentor 15.83+0.38*

Values superscribed by different letters in the same column are significantly different (P<0.05).
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Appendix Fig. 10  Standard curve of DPPH - scavenging effect by methanolic
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Appendix Fig. 11 Standard curve of DPPH - scavenging effect by methanolic
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Appendix Fig. 13  Standard curve of DPPH - scavenging effect by methanolic
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Standard curve of DPPH - scavenging effect by
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141



100 - y=0.073x + 0.056
R?=0.953

Total antioxidant capacity (%)

0 . T T T T 1
0 2 4 6 8 10
Concerntration (g/1)
B BB AR LRy L4 R A

Appendix Fig. 17  Standard curve of total antioxidant capacity by
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Appendix Fig. 19  Standard curve of total antioxidant capacity

by fermented culture from air bubble fermentor.
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Appendix Fig. 20  Standard curve of total antioxidant capacity

by fermented culture from air lift fermentor.
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Appendix Fig. 21 Standard curve of total antioxidant capacity by Trolox.
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Appendix Fig. 22  Standard curve of chelating ability on ferrous
ion by fermented culture from shake flask.
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Appendix Fig. 23  Standard curve of chelating ability on ferrous
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Appendix Fig. 24  Standard curve of chelating ability on ferrous
ion by fermented culture from air bubble fermentor.
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Appendix Fig. 25  Standard curve of chelating ability on ferrous
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Appendix Fig. 28

Standard curve of Reducing power by fermented culture
from stirred-tank fermentor.

153



1.0 ~

0.8 -

0.6 -

0.4 -

Reducing power (OD 700)

0.2

y =0.0383x + 0.3369
R*=0.9977

0.0

Appendix Fig. 29

2 4 6 8 10 12

Concerntration (g/1)
Foe S EmEmR L B R R S

Standard curve of Reducing power by fermented culture
from air bubble fermentor.

154



1.0 - y =0.0494x + 0.346
R*=0.999
-
<
5,
=
o
a,
en
=
Q
=
ks
a4
0.2 1
00 T T T T T 1
0 2 4 6 8 10 12
Concerntration (g/1)
R = FRASEEERrZ B RS R &

Appendix Fig. 30 Standard curve of Reducing power by fermented culture
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155



—
~
]

y =0.0128x + 0.0388
R?=10.9979 )
1.2 4
D“ 1.0
<)
D 0.8 -
2
@)
(o]
.%0 0.6 - .
3
ho
k> 0.4 .
0.2
00 , T T T T T 1
0 10 20 40 60 80 100
BHA conc. (mg/l)
Rz - BHA z_ B 4 {£#& & 2 -

Appendix Fig. 31  Standard curve of reducing power by BHA.
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Appendix Fig. 32 Standard curve of reducing power by ascorbic acid.
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Appendix Fig. 33 Standard curve of reducing power by a-tocopherol.
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Estimation of specific growth rate (i) from growth curve
of exoponential phase of P. /inteus PL02 in shake flask.
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Appendix Fig. 36 Estimation of specific growth rate (i) from growth curve
of exoponential phase of P. linteus PL02 in stirred-tank

fermentor.
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Appendix Fig. 37 Estimation of specific growth rate (i) from growth curve
of exoponential phase of P. /inteus PL02 in air bubble

fermentor.
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Appendix Fig. 38  Estimation of specific growth rate (i) from growth curve
of exoponential phase of P. /inteus PL02 in air lift fermentor.
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