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Abstract

Three solid substrates (adlay, black bean, and oat) were used to study their
effect on the mycelial growth of Phellinus linteus during solid-state fermentation
(30°C/20days). The oat was chosen as the most suitable substrate to investigate
the optimal solid- state culturing conditions for production of polysaccharide and
mycelial biomass, and to compare the bioactivity (antibacterial, antioxidant and
antitumor activities ) of hot-water and ethanolic extracts from solid-state culture

and submerged culture by this strain.

Results showed that the optimal factors of solid-state culture were :
incubation temperature of 30°C, water supplementation of 60% (v/w), inoculum
volume of 3ml, fructose at 1% (w/w), yeast extract at 1% (w/w), folic acid at
0.3% (w/w), NaCl at 0.1% (w/w) and initial pH of 6.0. Under this optimized
culturing condition, yields of polysaccharide (61.37 mg/g) and mycelial biomass

(705.30 mg/g ) obtained on the 12th day of incubation increased 1.63 and 1.35
times, respectively, as compared with those (45.48 mg/g and 432.30 mg/g,

respectively ) from basal medium.

Higher molecular weight (4.54x10*Da) and relative p-(1—3)-D-glucan
content (29.09 ug/ml LE) of polysaccharide were observed from
Phellinus-fermented oat, as compared with those from oat substrate and

submerged culture using air lift fermentor.

Both hot-water and ethanolic extracts from oats substrate,
Phellinus-fermented oat and submerged culture 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.

The hot-water extract from Phellinus-fermented oat had the highest DPPH
scavenging effect (ICso=1.23 mg/ml), chelating ability on ferrous ion (IC5o=
5.26 mg/ml) , reducing power (ICs,=1.18m g/ml) and total antioxidant

capacity (ICso=0.89 mg/ml) among all extracts.

All hot-water extracts showed higher anti-tumor activity than ethanolic
extracts, with the hot-water extract from Phellinus-fermented oat possessed the
highest anti-tumor activity. After treated with hot-water extract from
Phellinus-fermented oat (1000pug/ml, 5% CO,/37°C/48hr), viabilities of
lung-cancer cells (A-549), breast-cancer cells (MCF-7) and liver-cancer cells
(HepG2) were 46.29%, 55.75% and 63.33%, respectively, and were

significantly (P <0.05) lower than those of all other extracts.

In conclusion, Phellinus-fermented oat possessed polysaccharide with
higher molecular weight and relative B-(1—3)-D-glucan content than those of
submerged culture and unfermented oat substrate. Extracts from
Phellinus-fermented oat showed better bioactivity than those from submerged
culture. Among the extracts, hot-water extract had higher bioactivity than

ethanolic extracts.
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B8] = % F F2 ¢hEAs 8 o (a) Phellinus igniarius , (b) Phellinus linteus -
Fig.2  The morphology of (a) Phellinus igniarius and (b ) Phellinus linteus.
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Table 1 The amino acid and carbohydrate composition of crude
polysaccharide from Phellinus linteus.

ki S8 (9% wiv)
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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FEER R (R2) -
(2) FralH bmie 45

Han % < (1999) 4 14 % (P linteus) % pE#E 3 &% rogmd) v
4 £ oo RF w4 o Han & 4 (2006) %4548 B16F10
23d ER/maERLS HF (P linteus) et 25 > B RETHFR
B E RGBS TR i 3 BIGF10 2 ¢ & g A IR R R

B}
IR % Bafrd] NCI-H23 % & mPe et £ > *% 14 B16F10 2 ¢

Chen % 4 (2006) ¢ P. linteus ® X B~ g dicn- fpsagimd 4~
hispolon » 4 &+ ;¢ C12H4011 > hispolon #>+ A % & J% KB w?z 7 [C50
% 4.62 ug/mls % k& # = 7] 10 ug/ml pF KB ‘w &= #&E t 67.9%
Caspase-3 &4 4% & 5.47 & » Caspase-3 &_i¢ ‘m% &= hi & 74 5 3=

§ 75 v Caspase-3 ¥ i& {7 - i # hF-¢ B s 2 v * (proteolysis



cascade) ! 4 fm¥e k= - i ¥ ¢ F F et ChffoKim % 4 (2006)
JEP. linteus ¥ & & - &4 + £ 5 73KDas % gl 30 4§ & 4 PPC »
Ha&82d D-F5HBicD-4BBoreS ihpi & 53 P4 o
PPC E fmie F B Mo i AR M ET Biwre > ¥ T ‘w2 & 2% PPC
BF P E w24 NO > Ft » PPC ¥ 4eig NO k471 B16 2 ¢
% 7 i w2 73 1% 0 PPC B it 3 NK fm#e 4+ YAC-1 ‘fm%e chd H it
* ot vbs g5 P linteus ¥ 4 ddi- fE 4+ £ 5 15 kDa 7 PPC2 3% PPC2
i 59 B S A CDYTh 4v CD¥'T %% % i F|Furc % > 0 PPC eh
Pt 2 se 45 B o0 CDUCDY #+% vz ch 3 4 B (Kim

etal., 2004) -



75 5 R (%)

45 T
40 + e Sl S e L T
35 + i e e
30+
W A
@ e
RS
*EXAE

Flz D2&F2kEmpdinesp @@ %ss (3992003

Fig. 3 The result of Phellinus spp. Hot-water extract induced cancer
cells to self-destruction.
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2. oz 1
AP D AfoE Ny - BTEERA MM p Y AeE

FHIARF CPET RN REAMwie A Dy it a4 pF JI*
§ A2 F LR (oxidativestress) o § 1“4 & 3ld= A REA 4 3F 5 o @
Y Aol o~ P R B o~ BRI Y S 7]'%):]'\)?5:‘&)5‘_}}%(%: ) o F]
B dem R Al p ol Rfod by B E A 2 R kehy VRS A
Ay LT A p KA FEAGY BEALF PP T RIFH o L
LSRN E G AR D FFA ] &AL

Song % + (2003)4]* & & (P.linteus) + § % e 70% Fp 5 2~ 4~ ie 7
#r#4] DPPH p ¢ 2 (1,1-diphenyl-2-picrylhydrazyl radicals) ~ #; & i ¥ it
(lipid peroxidation » LPO) % § &+ § it fiZ % (xanthine oxidase) % w3 i* &
%o FREFF I kR 10 2 300 pg/ml BF 0 BAF i bk
% > Shon(2003) % ~ f1* B-#* & § # - I i pe -5 (B-carotene-linoleate
mode)fridadt % & A 4 kA kipl R dF CIE* Jop d Ay i“f FE IR N
37 &5 (P baumii) ? 2 £k 55 £ 4 B 4F AR riEh d A - &
ERNL Y mr;’-“f 4 fefig 451 Park & £ (2001)% 3 Ganoderma lucidum
fr P linteus eng-k 57847 @y 53 5 1 4y 1 % % 7 pF (catalase) s 20 0 i

3 7 U H202 f 4 = H2O v O2 > m E FIRE P g ek o

3. FrFF A

Hur 2 4 (2004) 4 * =2 #5253 F FHEDI" /- & 7 ~ L 7 ffc
KenEBd > F o4 w2 0.069 ~ 0.08% ~ 0.016% % 0.0269% (wiw) % Jk & ¥
FE £ 4§ F 2k /(methicillin-resistant Staphylococcus aureus):ig 7 i
# o B 5% mH & ek & (Minimal inhibitory concentration ; MIC) 12 &
TR & B fr ek BdF (MIC 1 63-125 pg/ml) -
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oo #pd R AM TR A

Table 2 Some clinical diseases in which oxygen free radical are thought
to be involved.

Aging Inflammatory-immune injury
Rheumatoid arthritis
Brain Glomerulonephritis
Parkison's disease Autoimmune disease
Neuwrotoxins Vasculitis
Vitamin E deficiency
Hyperbaric oxygen Kidney
Hypertensive cerevascular injury Metal-mediated nephrotoxicity
Almininm overload Aminoglycoside nephrotoxicity
Allergic encephalomyelitis Antommmune nephritic syndrom
Potentiation of traumatic njury
Lung
Cancer Bronchpulmonary dysplasia
Mineral dust pnevmoconiosis
Eye Hypoxia
Photic retinopathy Cigarette-smoke effect
Ocular haemorrhage Emphysema
Cataratogenesis Adult respiratory distress syndrom
Degenerarve retinal damage (ARDS)
Retmopathy of permatunity Oradant pollutant
Nuiritional deficiencies
Gastro-intestinal tract Thalassaemia and other chronic
NASID-mduced Gl tract lesions anaemias treated with multiple
Oral iron poisoning blood transfusions
Endotoxin liver injury Dietary iron overload
Diabetogenic actions of alloxan Idiopathic haemochromatosis
Halogenated hydrocarbon live injury
FFA-induced pancreatitis Red blood cell
Fancont's anaemia
Iron overload Sickle cell anaemia
Flavism
Ishaemia-reperfusion MMalaria
stroke/myocardial infarction Protoporphyrin photo-oxidation
Organ transplantion
NSAID: non-steroidal anti-inflammatory drug (Aruoma, 1994)
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4. 35 A
R FOARTET Ao Rl e T R R F G EEAE S A AopEaR
SN E v RPEE o AN RB%RY FRVFEL A we DR H B
(3 %:2002)° 7 3 #7 7 45 21 12 P linteus 0 5k %2 b 3 pE(exopolysaccharide
EPS)it A A B FS%  FMEPS % Wit @ Twrwedz m ¥ {7 kAl
RenT fmbe s EF BT > ¥ FRF MBI T = dwbe cnd Bi 4 fde x

EPS {5 ¢ ~ <~ % (Kimetal., 1996) -

5. Fuat

Kim % % (2006)% 3% » % - 4la A F ¥ it f= (heme oxygenase-1, HO-1)
Pl Erimfe #7514 P W F > %73 &3 17 fRE P42 (8 TG Pl
o PEGFRER e N TR AL T BREEPE G F NITY 0 Yook

EEFA B R 4 5P

6. "Fo pEE L Fpiv

Kim % 4 (2001) 4] * »ep ;3 &2k % (streptozotocin)ii » % &> % ¥
Ha i e PR & (streptozotocin-induced diabetic rats){s » £ 4k & & § % pE o
SEBTEASRF IR OBRRRE § R WERRE R Y
Ppehk B R DY M 0 ©F % M X % spe # 4 pF (aspartate
aminotransferase ; AST) z_ &+ o ¢t » Hwang & 4 (2005) 7~ % L& §
(P. baumii) # ¢ 5 pE¥ *% 139 * #kfic# (streptozotocin) 4 2. #% fps &
Y FE R R iR A u s 52.3%7r 30.4% 0 ¥ ¥4 T
"M vepi i 4 e (alanine aminotransferase ; ALT ) 2o i& 10 345 + iF 2 }gk ’

Vard g SPEE G OLAFE 5 MRS E & PG 2 #oak o
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fERHE Wéﬁﬂlﬂﬂ
ul

anuzan | € _—— = mmm 45 AREECa |
sl TR

(:-}EL_':( R T RHEN m

tn] gﬁ
| Cammms i > [ E5E2

wF : BIRAREERT

IL-1~ 1L-2 : RESTEEME 1 2

CTL : SRR REERENR

NK SR8 : (SRERE] 2~3%
AAREEARAT

ADVE : AT REEREA Bl

NKAF : NK E A0

LPS : SR

ADCC : IAMUTHRIRIA BiE

Ble S5 D& IF* 44 o
Fig. 4 The immunity mechanism by Phellinus linteus.
(% A~ »2004)
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(2) #FHLETREEAKE:
HF PURS ] S B A PR ot RR S K BATRE S A

HEE ST ¥ -5.0 S L P

N

2]

iT%

G B4 R IR o

J

‘%

)

BG4 R RIE N IR o B B A e B B 0 R R R
%‘ﬁﬁ”” r/‘/f(:ﬁ;i v igm g B AT

A& B4 H (2 0 2006) - & F FfE
ARARERES SRR AL RATR- HBERF N LIPE R

% ?ﬁﬁ i..EZ:u 2R AIEEDR G TEF G AL L engeg_ (15 02008) o

Ry p 2R BRSOy aF G EHY WA R f E e
ﬂiﬁ@ﬁrﬂ-@o@iﬁépiﬁﬁﬁ%uumﬁﬁ’ FaodgieF A
£32 0 RF LR F AN EFER > A 1B EFE Fptdee §
B RBL RGO R CAATTE S (HEEL R R 1980 &4
PR RS R L B E S5 § TR SR 1003 & LA LF
Fro TERIBEFTE N L EXAFF N R F R R B
AAREZIARIFERS TR RES LR D Sk o d
WHRBTERREF R R3PS A A AR SOR AT DRF S P A

%1998 £ B4t v MR R AP A & 0 52000 £ 3§ REE § SR
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= ErRRIEHA
7 pE#8 (polysaccharides) €.d % #cH M (F 54 > S B %)
R Rt RO I SR I T R N e 2N C S I L
RS R R o ML AR F AT ER LR
Bpct Y By A e 2 2 <8 (F 0 2004) ¢
1. rzp % pE (intracellular polysaccharides) @ & & % o fics 47 4 £ #7 %
e E 2 R
2. 2+ % (extracellular polysaccharides) : i % &% ¥ 3t kw22 ¢k 3%
3. %1 % pE (structure polysaccharides) @ 31 & 7 e 4 48 ch 5 pE
N

(=) 5z s
BTRA 0 Pow o BEAE A B Ak A kRS £ P R
rzk 4o 4F 5 pE(lentinan) ~ H 47 ] % pE(schizophyllan)~ 2 27 % @& (krestin)
£ g i mEAlY o ol ok 2B Ren B-D-F RpES
(B-D-glucan) -
B FF WY 9p- (1-3) -D-glucan. SH UL T & F G
T S R enA 3 R E B (1>3) -D-glucan i A 4& 0 i F L AANER A
W B- (1=>6) -D-glucan > 4Bl T #77r (#f > 2003) o gt ¢k Ji] * X-bF 40 $E b
AT H S PER M B % ® op- (1-3) -D-glucan ¢ 7 & 1 Hde

B2 om0 i H B G Fug s ke & & 7] (k4o £ 5 1999)
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HO CH,OH

1 S ¥
.
co  HONTT e,

CHz0H CH,OH
0 2

OH | ‘—2 H- OH
HO  on HO T,

Bz EFABFEEGOR-(1>6)~ 2 B-(1-3)-D-§ HpE i
Fig. 5 Structure of p-(1—3)-D-glucan with B-(1—6)-branching side
chain. (-k® 4= & > 1999)

Bl X E&SUTHR 22 B-(1>3)-D-§ R dh S -
Fig. 6 The crystal structure of B-(1—3)-D-glucan by X-ray analysis.
(-kZifem &+ 1999)
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(=) PB-D-# Eprsg(B-D-glucan)z. & % &+

SRR Y LT RIT By o A SRS LR me i
I P R v % (Mizuno,1995) » JE @ 4 b Pe e 4 2 -2 i

FHA-B2PF Baes #3227 ¢RI S TSt
@40

A E HAMPLR REY D0 v R A e AT

i

ek 4 A interleukin-1 (IL-1) %15 > @ A X R ehw2 G T 5 50w
e os dwie B IR RS T W SRdnie ~ p AR e (NK) F 23 A0 3
FALEHEY w0 B F EH IL-2 - NK B3 (NKAF)

Eviimie 510 513 (MAF) % & fm%s gk hF ld s i a 35 1 v B i
M T e ~ NK dm?e ~ dm e B if 12 F wilim e 2V 2 B 3B AC K 5 B chlm g
Ho RS UFRE AR PG R & 5 1999) 0 14}

IR ST e N Lo
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B-D- i SR &

;' anaphylatoxin
| %:C3a
C3b |

it Cs
il (- C R g =

&AL

3 /H- Bl
(Ientinan)J i (A i

. 1 G AL
amplifier T
helper-Téﬂ]ﬂ@\ R L\J 773 SN
2 o i
@)
S

MERHUR

[ pgous HBRUR

Fig. 7

%3 pE(lentinan 1) F L 9rA 4 chd B F R o
The immunity reaction in host by lentinan. (-k2f4="" & >1999)
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T~ B FAEEAEL §

7 i 3 f% f #2.(solid-state fermentation) £.45 11 * B 3| i ey £ A F
Pldrdide & R LD P 5 AR E R E (- £540%~60%) TR E T 1 &
At 2 B Ap S chR] AR i 9 i W A2 (submerged fermentaion) o % i
FREEAAL R VR EFRAT > &R 90%2 + -k (Mitchel and
Lonsane, 1992) ; :T‘!rli% E%BA T oA b UAF LB T AR
A LR CRAFLR BR8N HP Fhd 20 R 3 R oo ik
A eflr ARFEARATH A RFHLATEARABRFAAT 2L 002

EAN T A B S EERE G AR E e

AEAE ST FRW R LA S - A EBAS DL A g R R ER
T4 £ AR F4% 5 £ & e(Viniegra-Gonzalez et al.,2003 ) o p A i s

*~
R NS S Ll L LGEL VAR TN ST T R

—\u

(=) FRFREHE

FRFHEF R ZPr S PEEAIFERT T ~ 33T mRFY R
FRATEERZ  QEPFTEAF 77 RPH - RaF iy S pgs A
:‘L'}L"ﬁfﬁ A Pt BT FRAARIRTVRIEREZ 1 oot &

1“"

FRAFT T AR REE KRR DL A LBE B S

Jull
=
Pt
-
!

e Y R A= S A L Sy R R S

ﬁs%w@ﬁd’%&ﬁ&ﬁéﬁﬁﬁﬁ@ﬂﬁ’ﬁ%%ﬁﬁa\%@%

B % &% kR ¥R (Viniegra-Gonzalez, 1997) - %% 7 @ AT
e £ SRS 5§ BT f S T R E
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ENRATLAR AP FTEAL o pENREFERE > FI oA A
hREAEARY BT RE M2 SRR FTE AR 2L o d Bt F

P

B P LAREREFREY S22 ERRE2 EAUET R il (R

w

ek 22004) - 2z S FIRFREREFHLEALEE K 2 TG
) {5 % A% cgr 1+ 07 R4k gk (Durand and Chereau, 1998 )
TR E A R i AR oo if sk 8L (Sato and Sudo, 1999 ; Durand,
2003 ; ®qc-£& > 2004)
P s PR OB
1L A PRE Ay RERAF L AMHAENRE ST R
o
2. MoK EBARRERILKAFDEHAF AL G FLHBE LR
B AR ARMY BA RIS RAHEF DA S o
3. mpEE B MoK F ARF R 3 S P mES R
4 AFTERESB AR 2 AT B H BRI BFRETR DE R A

ol 2AAF A B BFEY VT EG RS A

5. ALRFMAATEFLFIMLFZIN 7RI FRFIEINAT 20
HAFHP 25 nF F oM d e A A o FF sl

7. FEASFORE2AYHE - FiFEAfF Ok M VR

FOU 15 R G B e AL B Ae il
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iz FREEEREEEER R
Table 3 Comparative characteristic of solid-state fermentation and submerged
fermentation .

7P Rk i il 1 i

ey R SEALAMBEOBSAL I SBERE L ELHP
¥ripy oo 2apr 2P madTES o ATRR
FEORTERRR  FRAPE Mo RFECHBAF RN
Bw o wHEHWBEAETS B3

KB SR MarRER s FR R KFERR o F I A YT
LA S A& FRREANTT S

ERF S AR FFERREST FF ARk FARTIRAR
RE il § Thdc)

LR e 3 PN MBI U E U UE TR EAEE D
B A P FrRad &3l 234

i E»]L’.%lb eF5 ]ﬂf&a FIE > B &
BB 2R Kﬁ’*iﬂl? K7

d o SRl X2 A RIE 7
BT RPREALT T

GRS )

Wi bt B2 GRS S
R

F 5 S Ecke R L
0 e Bl % %’%ﬁﬁﬁ¥
iy

P b4 B2 BEH 4 F
Froas VYN ERE
E"f’l’:‘;{‘:“z*'fr"’?i—’:
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(=) FRERELFEZ R

4 4 & (biomass) £ _# 7 e 2 4= 2 882 KR ih- 78 Sl B2 P
FRERY DAL T AL AR L RERY DR HAF TS S
Mo AR A G AP MOI E R LA FMAF L LR B
BRFEEHAS G - WM G P RER SR PAS R R
Rt 2 REPE BB AR TR D2 F BRI d 3T
g prAee R * FEATE X223 FH o @R AERY FRESEL
EFHESRIE S G 0 PR E ARG E AEAT

B E
ﬁ%iﬁ’ifﬁﬁﬁ?%%g’%ﬁﬁﬁﬁﬁﬂﬁmﬁplg¥(%ﬁ

gﬁi
Jin

£-2004) - nTHBAEFHEAEESRE >N EFAIL LET

EARRIRE e g AR e k& v i -
(1) Wei ¥+ (1981) fI* X HEP R X AL AR A
( Saccharomyces cerevisiae ) » #-§ B 4c £ T % B R & PR

BE 1T A REER R T A4 YT @I HRE

&"’F‘“ﬂ AJ\JO"D&)‘L Jﬂaﬁﬁﬁ/%)ibt’vx%m7 Fﬁ?l‘,’:a?’??

~

AL R -
#

(2) HFAE AT A AR 0 TR P EE ST A

3
=
Ik

2. LB FMAONHESRRERL ST
)  FFE-F g
43}7' llﬂ&Tﬁfi’xif‘rvi\a\]f’ﬂ-/#%‘;‘%‘gi:i—ﬂﬁﬁ\’rﬂﬁb

-~

FAIF Rl S F g S > ks E AWML 2 F o Sugama



{r Okazaki (1979) %32 % Aspergillus oryzae :E42.7 > §* NaOH %
R ATF ¢ 1 COy 0 £ MF T TR A 2 COp v HIRE &
B2 3 245 ens B % o Narahara (1982) & A i * b= § it g
& F7 &P £ Aspergillus oryzae % F ik & A2Y CO, 4 = F » B %
Bor CO 4 3 F{rplant 2 L F IR %o
(2) e vl FE A 4
g A RARR Y - AR FE R S 2 & hfe ¢k s - Okazaki
F A (1980) & AU K MAEEERE AN TAL kb EFE R RE
WA E G v HM % - Wood (1979) 45 F i35 & %4 (A. bisporus)
“r s ee bk fx (laccase) FEE RS E S TV MREET70R 5 ¥
A AIERZERERBRAADI R EL o
) B RS A
Matcham % 4 (1984) 4 1 Fl i 3 ¥ «hATPZ £+ &2 482 &

ERE R R E (T ﬁ%ﬁg&ﬁ’!«;}.ﬁu% B2t o

SRl ERCE S ES SUER S

Ik

FAMES P 4oDNA~ F-0 FF~ § %2 ¢ L FmE > 2
FIME vt bl - el SHFM b2 R b e
FARE AR R FT S  FAE
D FfrRE T
AT 77 - TEDF0 FoFt e BB T T4 4tk
Carrizalez® % (1981) #7if > fieA $ M endv T 2 A ¥ H L 2 L 3
-

FF - RGN G ARG T RRIETY AL R

RT3 o
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(2)

3)

(4)

Pipe

I Pipadp Rl Z 09 KB R A 0 FlA oL s A e h
¥et:pepsr(DNase) - ¥ 3 g AF 2 ¥ Tz PiHReE > rgadlv it g
P B+ P > DNAS RNAG g R = 2 4 &% g2 ch(Matcham ,1984 ) -

5 % #9% (glucosamine)

Ko FED Fow Bl &2 B0 FARMIERT T AL
A A MR i mie BEY 2 7 BT R 2 RRE AT D
BFFRALES o Bl o WA § IR £ R 7 B E AR
P AME R E (GR,2005) o B % 4 (2006) tjzEEss (Hericium
erinaceus ) AL F fEiEAZY o 4] * Elson-Morgan;2 | T % iz d ¢ F
FHE;E  FREZAWIEZFE 5 Vs ko

% & F@ (ergosterol )

P EFMALFY ARDHABES TS e Y HE R e o
Matcham% 4 (1985) 32 % A. bisporusi . ¢ > £ {7 § § B i=fr &
FRE ARt B e SR FF 0 FAFRY §ERIR{cd 4
FRE AT ORI %o A FREORITD T 0 T B R
1A 47 R(HPLC) e EUVHE RI B w7 Rl 2 H &R THMAME £ -

B RATTHE R E o
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o~ HRE

R
. %% F#
Phellinus linteus HS-050614D-02

D ERERG T AP (SR SR
2. RIFBIrER G A

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

Pseudomonas aeruginosa BCRC 10261
Staphylococcus aureus BCRC 10451

Salmonella typhimurium BCRC 10241

E&‘Ba\ﬂ-’"‘—u]? 'Eﬁwh)‘r_;*”?/};ﬂli‘l}}»fﬁiﬂtd
(Fr% 3 » 5 )

(=) #FZHRwmizix
A-549 (Human lung carcinoma cell) BCRC 60074
MCEF-7 (Human breast adenocarcinoma cell) BCRC 60436
HepG2 (Human hepatoblastoma cell) BCRC 60025

MApIR1EFEAT AL T RESEFALY (37D 0 548)
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i

(=)

-2 B2 EAE By S8 ED L2 F

1. EEHEAA

(1) Potato Dextrose Agar ( PDA)

Potato starch 44
Dextrose 209
Agar 159
Water 1000 ml
pH 5.62

(2) A# % & (Basal medium)

Glucose 109
Peptone 59
KH,PO, 3g
MgSO, - 7H,0 1lg
Water 1000 ml
pH 5.6

FM A %A S ¥ e 18%agar W4 -
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2. wFE A A

Nutrient Agar (NA)

Beef extract 39
Peptone 59
Agar 159
Water 1000 ml
pH 6.8

R A AL L ¥4 1.8%agar @& o

4 R4 = X
3. “tm}??i%%é

(1) 5k (A-549) m® 12 % s (RPMI1640)

Medium component Final conc.
L-glutamate 2mM
Non-essential amino acid 0.1mM
Sodium pyruvate 1mM
Penicillin 1mM
Fetal bovine serum 5%
Sodium bicarbonate 3.7g/L
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Final vol

500ml

(2) 5% (MCF-7) P23z % & (RPMI1640)

Medium component

Sodium pyruvate

Penicillin

Fetal bovine serum

Sodium bicarbonate

Final vol

(3) "% (HepG2) mre 2 % &

Medium component

L-glutamate

Sodium pyruvate

Penicillin

Fetal bovine serum

30

Final conc.

1ImM

1mM

10%

3.7g/L

500ml

(DMEM / high glucose)

Final conc.

2mM

ImM

1 mM

10%



Sodium bicarbonate 3.7g/L

Final vol 500ml

(1) £ %%

1. £ (folic acid) ~ A #& (xylose) -~ #ukx f& (ascorbic acid) ~ %%
% (riboflavin) ~ 2. ¥ ;&7 /% (cornsteep liquor) ~ Peroxidase ~ ABTS
( 2,2-Azino-bis(3-ethyibenzo-thiazoline-6-sulfonic acid ) -~ DPPH
(a,a-diphenyn-B- picryl-hydrazyl ) ~ BHA (butylayed hydroxyanisole )
BHT(butylayed hydroxytoluene )~ a-tocopherol~ = # fis f& (trichloroacetic
acid ) ~ sk ¥ f¥ ( a-amylase ) ~ ¥ "= ( thiamin ) - Ferrozine ( 3-
( 2-pyridyl-5,6-diphenyl-1,2 4-triazine-4',4"-disulfonic acid sodium salt ) ~
EDTA (ethylenedinitrilo tetraacetic acid disodium salt dehydrate ) ~ %} =
" £ & ¥ 7 gE ( p-dimethylaminobenzaldehyde )~ % pE g % & Sigma 2
Ao

2. Frpk4x (ammoniumsulfate ) ~ #4 & = & 4% (ammonium dihydrogen
phosphate ) ~ #' i 4& (ammoniumnitrate ) ~ sk % (urea) ~ Bifs & = 4
(di-sodium hydrogen phospate ) % pp & B Merck = @

3. 9 *fi(peptone) ~ fix* % B~F (yeastextract)~ iF 3k (agar) Zptp
Er & Himedia = @ -

4. MgSO,- 7H,O( magnesiumsulphate-7-hydrate )~ = # i* 48 ( ferric chloride )
MEp P AGAERR g

5. 3“#% (lactose )~ # pz (hydrochloric acid )~ # it 7 4# (ferrous chloride ) ~
#ife = @ 4 (sodium dihydrogen phpsphate )~ # - 4x(sodium chloride ) ~
% 1 4= (potassium chloride ) ~ # it 4F (cacium chloride) %P p p ~ 4k
HERR AL o
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10.
11.

12.

13.

14.

15.
16.
17.

18.

19.

4§ i 47 (potassium ferricyanide ) pp p & 5 L@ HR50 € 44 o

i % i & (hydrogen peroxide) ~ #rfc4#i (ferric sulfate pentahydrate ) ~ e iz
4 (copper sulfate pentahydrate ) FEp p & fosk 5 & 1 450 € 4k o
Trolox ( 6-Hydroxy-2,5,7,8-teteramethylchroman-2-carboxylic Acid ) F& g
% W Aldrich = &

Frefie (sulfuric acid ) ~ Fif& = & 49 (potassium phosphate,Monobasic ) ~
fi= (phenol )~ & ¥ i 4 (sodium hydroxide ) % P p 451 (- g% o
w4 % ampicillin pp 40 & Gerbu = & -

f= ( phenol ) ~ &= f& ( sulfuric acid ) ~ # Bt = & 42 ( potassium
phosphate,Monobasic )~ & % i* 4 (sodium hydroxide ) % ptp o881
L HRE -

z g 99.5%(ethanol ) ~ % #& (fructose) ~ # & # (glucose ) ~ & 7 &
(maltose ) ~ % sk Z #| Aniline blue B p 4¢ B Ferak = & -

¢ % 95%(ethanol ) M-p @ FS § A o

? Az (methanol ) ~ & # (sucrose) ~ ¥ ¥ *= (acetonitrile) ~ Zptp £
& J. T. Baker =~ @ o

¢ fief5 it (acetylacetone ) B p & R Alfa Aesar 2> @ o

# 47% (WMCO 6000-8000) p#p +* 4]p# Orange Scientific = 7

Bifs @ 4 (sodium bicarbonate) pEp p ~ OSAKA = & -

RPMI 1640(#; %) ~ DMEM / high glucose(#; %) ~ #5 & 7% ( fetal
bovine serum) ~ Trypsin—-EDTA ~ L-#x"=f& (L-glutamate) ~ 2t 2
biesk i (non-essential amino acid ) ~ 3 Ak f& 40 ( sodium pyruvate )

Fp % & Gibco o> & -

Pullan £ p p ~ Showa Denko == & -
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PR E

1. 383 % # FIRSTEK™( Model-RI100~Model-RI150 2  Model-TG5 );

6
7
8.
9

TKS (Model-LTI601) - Firstek =~ # » 58 -

FEARAFL ARAPRELD > Lo

pH meter : inolab (Model-Level 1) > WTW.2 & » £ K] -

Ak % i 3o $ HITACHI( Model-himac CR22G T )» p = iR B2 & »

P&

% »Tie R 4 & 47 & © HITACHI (Model- L6000 ) pump - Bischoff RI

Detector ( Model-8110) » UV-VIS Detector ( Model-L-7420) HITACHI

(Model-D2500 ) chromatointegrator # 4~ & * P = KRB =& > p A& o

. R Mefr A Al 3w 18 0 Model-CN 2200 » HSIANGTAI = @ » 5 & -

. &R 52% % - Model-RHD 603 » RISEN = & » 5%

A0k 3% ¥ 0 Model-Freeze dryer FD5N » EYELA =2 » p & o

C kP AF B RE R MGL000S-TL > FRcA AP o S o

10. »gdd 5 Bk 54  Model-VV2000 - Heidolph 2 2 » 4€ B «

11.

12.

13.

14,

15.

16.

17.

w N IR MO R 0R 55 & 45 Model-S302R - Firstek 2 & > 5 o
kT3 & B4 (P4 0 Model-TW 14U » LIAN SHEN 2 & » 248 o

% ¥ A4 45 0 HITACHI (Model- UNIVERSAL 32R) » p = R & 2
7P ko

238 -k ig 48 ¢ TKS (Model-KB-02) » KANSIN 2 7 > 5 # o

3% T D Model-AB104 S > A4 REB P > L

Ak kg2t 0 Model-Spectronic 601 » B Rk B P 0 Lo

iz % ¢ % ~ 17 % ELISA reader (MRXII microplate reader ) DYNEX =
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18. % k4 k& g2+ P HITACHI (Model-F-1100 Fluorescence
Spectrophotometer) > p = KRB 0 p & o

19. § %A 474548 © SASTMRO.1 (SAS Institute Inc, USA)

20. % "% W48 - Sigmaplot-scientific Graphing Software Version 2000

( Microsoft Inc, USA ) -
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=~ BB 2

(=) #&iriz

% 3 74 Phellinus linteus PL02

R a—
4+—

F i3 & AR AR AR B R
(2T AREW I A 282 2 AL A) (F BN H)

B 2okt E 3BEHE 4ABA 5§k
EF3 7. ms@ap 84AchepH &

l

%
ra
¥
[e=
@
o}
e
@
o'}
i
A

+—

SHKE I

l

+ £ ~ B-(1—-3)-D-glucan #p ¥t AP EEEFFRA ) A s Pl 2
B E i ,

el
pn
2
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%4 Martin (1964) eh= 2 o #32 £ PDA T £ A 2 & §

FIA S b g B A enT i E (B D Tmm) B AT i

TR
[
)
>
x
=N
-5

¥R o 25CRASTIIFSGHEAR L@
RRA LA REAS (RERBAGFRGL 24 ) B4
Cikis > o7 5 s A48 (stock culture) « & = B 7 5 it 3 £ 47 o+ Jh 3%

"R R o
(2) FmE

%@gmﬁF”m%#éﬁiw’” »&ﬁg?%ié

HAEPDATHEREZALT 0 25CTRBAIANE FUE D R ER

(w,

BB SIS F AL BE T - PDA T AP 45 0 25T

BES X LTI FRFUAL B TR AR

(z) fAFAHR

2

LSCRRRC RS SR RRNELE ] SERCE R P R S LR S TR TR
B o~ 7 50ml Az A k2§ oEz k4aEg (250ml) ¢ oot 30CRTE
% (150rpm) 5 % > R RY €2 E L9 5 lom 2 Fszk o T L

#a 1 (seed culture ) -
(1) RRRFRET

%ﬁfi"" ’"Lrlg'féﬁf](gi" R )0 B R IS (207];/;
) BIREFF L 10§ @ AR TLAFHRER > T AE AL
HEEE L B



(

) FER R ARE

FEEEAT(EC S 28~ # $374)15g »> 225ml & ¢ 5g@ > 1Y

A AR T HE B kiR 2 L E 2 REE YRR E
(121°C/15 A~ 48) - £ &4 4ris o LRFAHEITS P HFALAFTH 1 10cm
& A LR E ARRERBERAI AR AT BER L
BEABIEEREZHPEL 020X BAHPFES IBHELT (B

By & r i) dgd 217§ § 4% (glucosamine) 2 7 & » 4k &

24 (biomass) # € b HF FHLELARSRATE
’ﬂ H 7+ R RB%F ‘}ﬁﬁxii“%lwx« FHenF 3 ¢ 4L

12 & =<#:0-2-4-6-8-10~12-14-16~18-20 % » & 47
HAp 82 pHE2Z R

@QrxER : FALEATE HREHESES > 12 20T 25T ~ 30T
2 35Cw 87 iR R i€ 7R o

() kiZ4® P HAEAFA B4~ 409 ~50% ~60% % 70% (viw)
22 N SR A

@) #=FHE A udg Iml - 3ml o 5ml 2 B FR R 2 BE AT
TR

(5) B ot iEr = 8 ¥ pE (fructose, glucose, mannose ) % = f& BF

& (lactose, maltose, sucrose ) i& {7 | 3% J e 35 1% (wiw) o

6) ¥ i E* =445 ¥8% B (peptone, yeast extract, urea) ¥ =
7f -,ﬁ- ﬁ& % P (NH4N03, NH4H2PO4, (NH4)ZSO4> —Lf- 7]% % /}57 B ,?J

Fooa 395 1% (wiw) o
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(7) £ & F]3 i * cornsteep liqguor (CSL) -thiamine ~ riboflavin ~
ascorbic acid * folic acid # 5 &2 & W&y & (7RI > i £

55 0.3% (wiw) -

(8) & s @7 : 3 * MgSO, ~ NaCl ~ KCI ~ CaCl, ~ FeSO, ~ CuSO, %

ZnSO, % 7 fa & 15 B 8718 (7 P13 - 75 v g 5 0.1% (wiw) o

(9 A4 pH : HFEA T £44opHB 1 45678554
P Azt pH 278 4 0 RS Fa7 Pk pH REY 4 £

ll‘g‘—‘/ﬁ, o

(=) BIFAFTHIER ~WES 2 SRk Pl 2
 * Schoch (1964 ) z_ = j2 & 4e 1 i3 &F o & Bz & 10ml > 1%(w/v)
FEPRSEEARBRFRTABFEN R >R RHEY EF R
(121°C/15 & &) > @82 fris #df B i i8]~ = 5 2 g 3 (W)
> 12 15,000rpm #ree 20 A48 0 BoH b ot B E 2 R (W)Y o
Lo P RS AAE (W) 5 e Fp 2wy A B E BT

(Wz) °
PTE AN e
AiER (%)= (Wi-Wy) /# &£ ]x100
R = (We-Wp) /[ H&EEx (1% f3R/100) ]

Sokdp k= (We W) /H &€
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() B R

#E

1T (2009) AT 5 2 B AR ER (MRS S F e o s
) R EFERR ]?—‘]P linteus e % &1 > U F g'\]?ﬁj-ﬁ%:b—%‘ 2 i % ﬁ

BF sl AL R A b S PR S A R T B K R )

PEASIoRAstA S o Flt > AREHREREY F RS FBREREREET R -
F B g peH (air lift fermentor)
1. B&2ER 30C
2. WEEY A
3. HELER R
4. & A& £ 5% (viv) BRI

:1vvm

o
(=
)
Il

6. 4 4>pH:54

7. iMAE 5L

BA AR

Fructose 109
Yeast extract 109
MgSO, - 7H,0 19
Corn steep liquor 30
Water 1000 ml
pH 5.4
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(1) Frdlfpmee 2 £ a4 Rl

1. 35k etk
A Hg ’%I%m ?z  (A-549) Human lung carcinoma cell
A 5 w2 (MCF-7) Human breast adenocarcinoma cell

A 33 oz (HepG2) Human hepatoblastoma cell

2. lmPe s % B3 N

RHREREAENIVC LT E IS >EFAERFTSPEY c pRLEF
i ¢ B0 B otk A-B49 ~ MCF-7 2 HepG2 2.4 ik - F » &% 37C

Kig ¢ Bsdfgak o 0 TO%IFp 4 sd g I e B r AR IT L o
A B 4e ~ e g2k 20 A-B49-MCF-7 2 HepG2 fm®e R i » 10cmz £ x>
B u R e~ 10ml s g (A-549) fnve 3 & S (RPMIL640)

$ % (MCF-7) fm® 12 % & (RPMI1640) 2 =% (HepG2) ‘m*e 2 % 4
(DMEM / high glucose) » #2 % 5% CO, 2. 37T CIELEE £ "7 B % 1-2
* o Fmre £ 14 A RPF O #23 % % > 2 PBS (phosphate buffer saline)
FRmER B A b nlwre > 4eor 1.5ml 2 trypsin-EDTA #* 5% CO, 2
JTCERL A FR3544 BRI EAr 2 weBix £ 4
BRI AR trypsin-EDTAF B £ RF %2 K3 k> Bz T

BLRI I ATRARIE Y > BEFBRAEE
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3. FE>E

Bz ARG R o Kd p P EREFF wieip > B
v e B L 1x10° cells/ml> B~ 100ul/well % 5% % ~ 96-well plate »
(1x10* cells/well) > *+ 5% CO, 2 37°C{2iE 3 % $932 % 24hr t4 > 4c » 10
Opul/well # F ik B et i (A>3 %A )32 % 5% CO,2 37CHEEE
& 48 48hr - £ 12 MTT ( 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium

bromide) t* ¢ ;£( MTT assay )4 177 F tk Z-¥ > w55 F e & o
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e A -
(-) AEx% &R FH2 25 7 (biomass)ipl z

1. %

wh
‘\1"3

A3 % R 0 R

N

BREALZALBRSEBEE R B I O60CHR? Big #E Bk

RisCFpiEdF (40mesh) > w7 B EHEH &S R °
2. 2 F 7§ (biomass)z €

F=B~ 0.40 F i e &8 A &2 5ml 7296 H,SO,0 ¥ » 125ml = 4 4a5gis >
mRF A4 12 25°C/130 rpm £ & 30min 0 £ 4 54ml RO (k4§ B
»REFEP 121CkfaF & 2hr > £ #-7 F F 4%k f#ik 2 10N £ 0.5N
NaOH # frx pH=7 « L 2§ =t d 2o 7 FER= 8 F

#Fi P 2245 (biomass) 7 £ o

¥ % #Ey=it 4 2 4% Elson-Morgan ;2 (Elson and Morgan, 1933)

14
\\\?{r

T B %4 (2006) 2z 3 jx4cr2ig4F o Elson-Morgan iz # ip| % R 2 §_
h- TR R T E e fRf Ak (acetylacetone ) k{23 R € H-F F AR
2 Hopt b ehg Fhe it o ARk 5ot e N-2 fRiTA b R P
% &% 7 pg ( p-dimethylaminobenzaldehyde ) & f&it e figig ik @ 45 & 2+
Wi d o o uSRE £ B26nm TR G B Ak E o F RS

bRy LARR A kAR g -
RS
Pen iR R Iml R &40 ~ 0.5ml ¢ FRp v 32 AR 0E 4o £ 25min

Agrisde xr Iml o pE 2 05ml = " 5 AF T mBHETRG 0 £ b r
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oml & 5+ R £ 15 B 3 60°C KiE F M Lhr o 1% A % kB 2R iR 2R £ 2
ODspys i > T 4§ F pEr=E & d & (Bl- ) 6 PB4

e
Bikz 78 P EVHEASHITEHET IR R B2 B84 R (HE

(1) 1o i k3% B 35ml ¢ ff b 0 3 50ml 1.2M spt ik

PR REEY S FRERY -

(2) mlrst- " FAF O mE AR P 133g% - T £ AT T EE 55 25ml

ko gz 26mlE BpL R £ Y 0 iz d ARG 0 FOLFRY o

3. ¥ H MRS SR T

PP F 5 H20.197% >0 10ml Z 4k @ o B~ i3 i Sml AR 2 100ml

o (500 pg/ml) # i LL/%/I R ﬁ}%$‘5\'7‘ ek %j& %H**ﬂ—g‘/li’(lo N
20-30-40-50-60 2 70ug/ml)» 7 1173 § § § s Fhg-kiF L %

0O RE I FE R 2RI TR &2 ODsys BT HF F R
L A o
4. FumAsdicER AW

¥R AR FRERA (5%VIV) &3 250ml 5 &= &4a5g (7 50ml
g ar A AL ) 2 30C AT A (150 rpm) 12 = > L R-Fi s &R 1
/ﬁ& (NO 2) 13{*#\2’1% _@'f& ’ T' RO J\/F /7033:/& fo ”]{g: Ei:] /J ’E@l’?af’r

AN @ T
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5. FUMIcEHET 5 BES SUp

FEFRP~3 B £ 8 2 4§02 75448 (0.1-0.2-03-04 2 059)

P~ 0.29 F &tk &4 & 0 4o 20mIRO -k - 35 Vortex-mixer & 72 £

30 #5%¢ » & * pHmeter (inolab Level 1) Bl 2 2 -

(2) HarxiImEHzEZp
1. % prilz 5B

ARG RSB % 190 e > 20ml ROk > B » @ F 4 @ 121C 4 #
thr i > g~ (15000 rpm > 10 min) B~H 7 A H 2 Jods 2 @i § gz b
FiR i g o de o~ Iml ATEEFe B 2 k4 fe (a-amylase, Sigma) i3 % (K
F fF mg/pH6.9 FApL % e ml) 3 e &F-¢ & fRMR 5o A FERE o T
BB Uk L TE R 2A R £ NS H (MWCO 6000-8000) & {735
15 24hr ] & 3 RERTEAT I N > PSR R 2 Btie R R 1 - A

adrgir s Fu s g L

2. SR £ 2R

%% Dubois & %+ (1956) 2z ps#rfz; (phenol-sulfuric acid method)
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TAerrighr o HRIZ L PR FR AR BT SRR o

MRS TS o0 K (T g;gﬁg SHEE S AR E 490nm T &

7B SEREE o

R

(1) B 1ml % g%ggigﬁkfrﬁr%;fg s 4e ~ 0.5ml S%ps A ik & 2.5ml 98%;k
Fifk o R E MR 20 44 -

(2) B> 25C-kip® 10 » 48

(3) RIFIR &2 ODggp B3 45 F ALY R (HRI=Z ) &0 T

WERRY ST EEMERE X (mg/ml) #5457 4

PEHZ B - RIE R U AFE R 82 09(F & 1976) -

SR (mglg) =X x B8 x 09 x (R % pEiR S+

MAEFB 5 % 019 3 10ml Z 45k > Bt g3 5ml #- 2

100ml & * (0.5 mg/ml) e £ 12 gt 3 ik % R = 7 B R R 2 § § 1R
7% (0.01~0.02~0.04~0.06~0.08%2 0.1mg/ml)> & "% 2 7 % B2 %

kiR 20 HRE > LI Bopipii2 Bl TR &% 2 ODygo i8> ¥ (7§

FRAEE S

S4B E A (2001) 2% % o SpEREA T E 0BRSS AT (gel
permeation chromatography, GPC ) ;287 » 47 « B B2 4p 5 3L j= ~ /] 4p
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e T AR 3 A S R ind g BB R Y S g e
A L R S L R RS Ll
FCERBEEN O FREE PR R R e TR S
CERH AFTETE REARFRNK NEF LRI F AT ED
Yok o X fE L W AE R A 452 (gel filtration chromatography ) & 4 5 4

T & 1772 (size exclusion chromatography ) -

PSR SR RAEAR AL BERTE AT B
Pife % AC A4 S 3e (10000 rppm > 30 min) 5 0 B~ H ik g A
i £ 02um phciEi 0 B 5ul i F A+ EA T2 A7 0 A

5 15 £ ho T

& 47 ¢ 4 PolySep-SEC-P  300x7.80mm - ( Phenomenex , model 5000 ) -
FHIE R 40C

# B dp 3 A oK

P i# ©0.8ml/ min

& i ¢ Pump (Hitachi , model L-6000)

i B = : Rldetector (Bischoff , model 8110)

% 4~ ik : Chromatointegrator (Hitachi , model D-2500 )

% # & :pullulan (4~ F & 21100 ~ 47100 ~ 107000 ~ 200000 ~ 344000
% 708000 Daltonsor Da: retention time 4 %] 5 11.94-~11.52 ~

10.89 ~ 10.34 ~ 9.70 % 9.03 4 4% ) & W K4 Ble o
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() 7 i B-(1>3)-D-glucan Ap$+ 2 £ Rl

5 pE ¥ 1p-(1—=3)-D-glucan ¥ ] * % £ #| aniline blue & 7 & = 7 & >

% # anilinablue E_* ke dr ok @ m)ﬁfp pE (callose) > m {8 5 8

TH BH 5 B-(1—>3)-D-glucan - »>> i@ EF aniline blue ¥ p-(1—
3)-D-glucan =% - »~ & % - Aniline blue ¥ & % & ¢ = > sirofluor(sodium
4,4’-[carbonylbis-(benezene-4, 1-diyl) bis(imino)] bisbenzene-sulphonate)£2
B-(1—3)-D-glucan % & & » A A & (excitation wavelength ) 395nm -
2z b4 4 £ (emission wavelength ) 495nm & & Bl & + ¢ J1 3 aniline
blue-B-(1—3)-D-glucan & & % ey Sk ¥ > &2 @ 2§ B-(1—3)-D-glucan( 5&

2003) -
R T

1) Pad il SR ERABRAFRREFT LS ITE L

(2) P Iml> 4o~ 0.3N NaOH %% 3 3ml 1438430 2 4872 2 %

DB

(3) © HCl ## pH @3 11.5040.05+ £ 4c » pH1L50 2 0.05M

Na,HPO,-NaOH # % (P Zz 0.5M NaCl) z_% = 10ml -

(4) P~ 1ml ;3% 4 > 0.1ml k& 1mg/ml 2 aniline blue > 2 ¥ 7 &5

JUEHEE 2

(5) M HF XA LLBIEARR o EFEAE S 3950M > il £ 5

495nm -

F %7 1A% S pE(laminarin) A R 5 H R R F ¥ S4BT o
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B-(1—>3)-D-glucan tp ¥+ 2 & = & £ 2 /5 &% % p&+ & (laminarin equivalent ;

LE) #f % 2 B-1,3-D-glucan # 5 # (pg/ml LE) -

() #FrEs 4 2 B

#ﬁmﬁ#ﬂ@iﬁ%@ﬁﬁ%%i%*ﬁbﬁ??%%%ﬁwlF%@

1. At 3P sbh 2y

MRASZFALFESAE AR B I 60CEH T Bic B8 B

P ARBEEREHF (40mesh)» v @ HEFEE S A
2. BB EL AWK

-

FESW B R R (NO.2) @74 § @ik F Fsa
e R FFEREFT SN TERLEFREERSE X o

3. AFEEALATESE &G

BRERFEELEFRMAT  RE R i B ES

BhtscipeEs (J0mesh) 7 B AFREFLESE % o
4 #okE o EESP R
1) #okFm

Be SR RS A405H0Y 0 2 1020 (g/ml) vt B4 ~ RO

R B BRI R R A Z B3 P o S AT S A T B
ik BT TR PR IR R L F - o T A i b

REFALNICE oL M ROKTEI A RIRREZ FRIRHE* o
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@ i

P b iRk s RN & 487557 0 121010 (g/ml)  Bde 2 2
A% > »t 30°C > 150rpm R F 5B~ 24 ] B S dp (ST B 1 FR 0
T 2 A AR e B BB o T A T2 i 40

CREBERFEIG ENeBIEIIFRERFRRAY
(3) F B~ (extractionyield) - &

Z B~F (extractionyield, %) =[%&%+izE (W) /Hk&H 2 E (W) ]

x 100

5. iRl EH
#* Kirby-Bauer ;= (Lim, 1998) o 7 £ #32 % 4% 2 (%8| [
(nutrient broth/37°C/2days ) v+ # i)/ i @ik 323 4 i % nutrient agar
(NA) T4 £ AR > £ #-23 10ul FRRF AT (272055
cm) TREAEE A AL o B~ 37T A 48 P PR o 1 RSP R
RIZF-EREP Blhd G E T (4 BI90m )0 Apterp = 2 (8 1R
3 A B AL (¥ 055 2 a ) T FEg 2 ek < ) o iR FiR
2 e 4 gt 4 ampicillin $r ik B R E 8 S B~ B - )
s 8 5 4p % ampicillin 2 3 EE R (mg/l) -

A 35 e X i
SR
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(<) 42§ 4 2 mw

P () 123 AW AR T AL REFHE AFRSS

na

AT FBip(#ok o ) REEHg a4 it e
1. ‘;3,@'-% a,a-diphenyl-B-picrylhydrazyl p & X (DPPH e ) it 4 & 47

%4 Shimada & % (1992) 2 32 - @4 ¢ P H A p 75 i iR
P AP A Ao ¥ AaRY TR RL K
(hydrogen donor ) 3@;";—% PaEiEE 4 p 4k (peroxyl radical ) - DPPH -
(a,a-diphenyl-B-picrylhydrazyl radical) & - #4& 2 «hp o 2 > 4 H3>0 7 B3
PERILEN S o A517nm T F G gk @ o § Rk E L A
4 pE E'J?‘}%“,lfé d A (3 @Rh) P ESJIHDPPH Y BRia iRz €
EAFEE S oA E M BL7nm 2ok B o Bk (B R 4 5 NA B R i
4 ﬁ 25 o

DPPHe + AH — DPPH:H + A
(violet) (decolorized )
L

(1) B~1ml 7 Ik R 2 $K~ 2 B 5 P4 (Fp)% 2 &2 5.( BHA ~ascorbic
acid 2 o-tocopherol ) :é1? fg3 % (F okl )2 BRA R (HERE)

se » Iml 374 e %] 52 0.008% DPPH © fi5i% i o
(2) RF¥agmEF 30 A4 o Bl %R &2 ODsyy ©
DPPH 7 i%/%% 5 (scavenging effect, %) = (OD contro —OD sampe

/ OD ¢ontrot ) X 100% '}3,5"‘% S é’} B R AR SILE b A @&% °

)

50



B¢ g% HFg it A BHA -~ ascorbic acid %2 o-tocopherol i

NS

El

AR R A~ WG L E 2 DPPH e & sz AR A -
Fa RS B Al FRE %L ICs (% 50% DPPH A d A4

T2BMER) £ o

8 LA A

%% Decker % 4 (1990) 2. = ;% o £ Ha3 chik g ivr S ¥
B E T ehi & TR ’%"ﬁ“si F B RF R (redoxcycle): > &
B+ v oA 2 pd Ao TA@ gy it AR
B¢ R K EE LIPS ety B FHRILL LY
ik ? ok ferrozine £ Fe* 45 & » 4 2 ferrozine- Fe™'s% i & 1 5 4 &

$ 2 F

Fe® + ferrozine — ferrozine- Fe** complex

(violet)

AT L 562 i T f ek ® o F R R RS L 0 R
ferrozine- Fe®" ez & » QI k(¢ ¥ 15 > d o4 7 2| 87HR 54 & T4
FEi 4 o R AT REFA S TS a4 g
g 4 e

ETTE

(1) B 1ml 3 kR 2 #ok ~ o i 5 B4 Fipli 2 38 5 (EDTA) K
N

o A B A~ 3.7ml F Ak ~0.1ml 22 2mM FeCl2 2 0.2ml 2. 5mM

ferrozine -
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(2) REUEZEHEF B20 A4 P20 &% 2 ODsg, o

T4 3+ # & % (Ferrous ion chelating acitivity, %) =[ (OD ¢ontrol -

oD sample) I OD gontror 1x 100%

5§t‘ 114? ﬁté\'i’}?l EDTA IF %%F}g‘g'g_,uﬁ}:g]:;; éiﬁ.iﬁ’
IC5o (& & 50% Fe2+,%;’;t:r ST BGER ) £ 7

BRA AT

%+ Oyaizu( 1986 )z R R A S 7 57 o B (potassium
ferricyanide, KsFe (CN)s ) ¥ "® R L F & @ ( potassium
hexacyanoferrate, K;Fe (CN)g ) 2. 7 48§ 45 3+ (Fe®" ) eie 4 » b To 4%
F ey (FH 3L & F“F A& 2 % & L § ( Prussian

blue, Fe4[Fe(CN)6]3) Y X@;\“ 4o

KsFe (CN)g + sample — K,Fe (CN)g + sample-oxide

3 K4Fe (CN)g+ 4Fe** — Fe,[Fe(CN)gls + 12K*
(blue)

Jé \‘g’{_l “"’1‘—_/ £ 700nm‘f"‘ B BT iR ”}"71}7%\35—'“1»’]{7‘0_@' B
i tksE R R 2w Rk EAF AT RSRERL A 5 o R
A i CARFGLIETRRESF L (peroxide) Zaw 4 0 i

~

EPIFLF 2k E o
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2 5k

(1) B-05ml 7 Ir kR 2 #-k~2 5B FRR 2 &% 5 (BHA -

ascorbic acid 2 a-tocopherol )srn?® fig ;4 ;% & w4 » 2.56ml 2. 0.2M

A4~
iy

Pipe Mg e (pH6.6) % 25ml 2 1% LR 5395 -

(2) RER»S0CKRFEHF K20 4 4d -

(3) P~25ml10%= & fisfae » 2 & % £ 3w (3000 rpm/10 4 4L ) -
(4) 22.5ml 1} iFi% > 4o~ 2.5ml Z45-k2 2.5ml0.1%= & i 48 -
(5) RFHBIREF RIS > PIFIR &2 ODgqp

F =% ¢ 114 & BHA - ascorbic acid % a-tocopherol % 5 it %t
P EZ e ~igs o Bl BB R LR A AR
'ﬁﬁ#ﬁiﬁi'lféﬁ’ BEEEICy (RkEEF 05T 2 BMER ) &

’l']" o

WARF 4R A

=1+ % (reactive oxygen species, ROS) i & & J=22= L p d K ~ 4%
pd RAfriy M3 o bwiv N eann ¥ AW HhERY § A2 FHE
Fooom - LIRBF]F GRS RS Yy MRB CRBSFEES T

P A 4 o FF R g A4 F R4 (oxidative stress) o
REMBARAD R ~ RIREM & L B~ 7 RS RB R
F)oig it H T e ELEF A E R o0 i© R4 (oxidative stress)
A FERELEET £ B o B SISl | P g ot ]
fLig 4 o AF %%+ Miller £ £ (1993) % Arnao % + (1996) 2 -
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i# - Horseradish peroxidase ¢ fi* H,0, 2 ABTS (2,2-Azino-bis

(3-ethyibenzo-thiazoline-6-sulfonic acid ) » J& # ABTS }+ 2. - B &

=+ &

FHE#Ha5% ABTS - "o

peroxidase
H202 + ABTS

2H,0 + ABTS - *

ABTS: "2 Ef8 2 d 2 B3+ pd A > & 734nm ™ £ 5 &

A kiE o 4 rdE IV RITRET SRR ABTS - Tid H e sk g A

WA ET I - SRR B EF R A B2 o
ABTS - *

Bod ZAiT% {5 ODggy T 4% % > Pl 7 54 ABTS - 75

d A2 R ARE P 1 A

TTEE

(1) #-horseradish peroxidase ~ ABTS & H,0,® £353 ¥ A &

2 Bots kB A w5 4dunityml ~ 100uM 2 50uM -

lH

L

(2) *30CTwkr p- |F A FE%I ETHABTS 7

iR E R -
(3) e~ 0.25ml 7 ik k2 ok~ o BRE I

Fiplie 2 R &

(trolox) 2. e iz RREHBIEF BI04 PlTRES

2. ODg734 °

B g v 4 (total antioxidant capacity, % )=[ (OD gntrol = OD sample )
/ OD ¢ontror] x 100%

Fo&v ritrolox 4R E e L= S H 2 ABTSe "p d

AR B el e A fim g B0 Hl R FAB L ICs (47

4] 50% ABTS @ "/ 572 2 B ER ) &% o
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(~) T 8 17 5 K Rk
AEB MTT assay = 2 kPl T &2 #ok 2 ¢ BEB S 32 8
AR BE B | H A i 4 o Rk Bmak(2)12-3 40 F %

LSRR AR AT L IBRER L ®B) e

4
3

ks
wht
‘-Lﬁ

%R T E LA P KAEN25-250 500 2 1000 pg/ml)fa i &Rl o ffs gt &

B S N B km e dm e R Y R hm RE 0 i R o
MTT assay 32 :

MTT assay 2~ &4 Li&* &4 47 w% 1 4 (cell proliferation) ~ % &
(percent of viable cells){rim*z & |+ (cytotoxicity) erim 45 = ;2 o H RI® & | *
MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide)§ ¢ -k:% 1+
FR T ALE s s T AR MY g MTT 2 2 p5 (MTT dehydrogenase )

B E% 4 0 MTT formazan 3 ff teimie @ > B F pde™ R4

ot® AL P

MTT dehydrogenase

MTT MTT formazan
(yellow) (purple)

bex MTT 328 F R 4 ) 58 » & 4c »~ DMSO(dimethyl sulfoxide )
#-formazan i3 o > formazan ik & 590nm 3 B < K E > UL KRR

447 % (ELISAreader) 7 590nm z_ g £ p|H ek & o F ek i+ £
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(1) #=ARRE2 FoewieR  5d 2 R REE wiz ik
P #wre e £ 5 1x10° cells/ml > B~ 100pl/well % i %
iFik &~ 96-well plate * (1x10* cells/well) » +* 5% CO, 2

ITCIE £ % f4318 % 24hr o
2) AR eE Bk well podmie b oFig o F T pLAESG K 2 lm i
F F

(3) »& — well # 4c » 100ul # Fr ik B 2 B4 FRlR (3w
AR ) O BReEEFE LN 5%WCO, 2 ITCEER %

8 48hr -

(4) rpc® g g well b 5 Bedr Bl f8 o4~ 5 4 MTT 30

(5mg/ mIPBS) > % ** 5% CO, 2 37°CI iR % 44 F & dhro
(5) =rf kit > o 100pl PBS #-5% § 20 MTT i3 i i i

(6) +4c »~ 100ul/well 7 DMSO & & 20 » 45 > & % ¢ 2. formazan

A%

B

»

(7) * ELISAreader i) Z_g £ 590nm 2 vx sk E o35 8 H o 375 F o
MTT assay A 5 fm¥ 7578 5 & N o™
e 55 % (cellviability, %) = (OD sample / OD contro) X 100%

e G A FARM o AT RSP 2 R 2G04 AR o
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(4 ) 33tidr

WEHTEEE M T HEHEE R L (MeantSD) £ 7 > 3B 48 T ALY
SAS xizt 2 Z a8 (SAS, 1996 ) i& 7 % > 4 47 (analysis of variance ) 2 %
P 4 & % & +7 (Duncan’s new multiple range test ) 2_ st3t 4 477% 5 - % % &
T3 ¥ ALB(P<0.05) & & * Student’s t-test k7= Fcp M eh L B |4 o
A F LR p<005 LTl F LR >p>005 B4

__‘[-
LRTHFLE o (7 1993) ¢
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i
<
o=
I%
-:‘:t
T3

- “RBREF ]?‘]~ F&Ztk%ﬁﬁé‘*??fk%

AR P 0L $F3 & F A PLO2(Phellinus linteus) 33 % = 7 F &

[

1.3

WORAEEFREA(ES 22 i)Y B4 L anlin s Fd RITH &
® ¥ § #=(glucosamine) 1 7 B 3 B A & § F iR 4 4 F (biomass) &
FBURIE A AT 2 R akiR s R P R T R R R
TP A AR

B~ LR HRETE

B =
BRAEADE 0-8 X ¥ FAMERERS £ i8R > A £
HT

-

BN HP L E L 2 FECL UM ET AT 123 LB
2.38153mglg - B4 25 2LEeFERAPT2Z 2 Ed R 2Rk R

T 2Ehr%0-14xpF2 &F Eﬁ,ﬂﬁ?'@ﬂ PR L AR AR R X KH

M E 6 % P“&pﬁir%"’:ﬁ& Boig et £ & F ﬁiiéiﬁ‘ﬁ,%%ﬁ”g‘i? ay 12
T E P 5% 2 49411 mglg o
BESpHE 26 > RAFHANEC 2 EZHEFALBAYF pH @
R EEF R AR M e d F BB IR G o g Bad B
z B pH B2 AR (B~
L) CRFIVRGAMAL EADEAL - B WRER S TR{A B
BE)ERERY pHET S (% -2009) @ 2.7 JF,"L PH &% 7 & o7t
H AR g > TR TG FE AR A D A IEART 5B F RARTI A2
K0 RE2 TS RS A p A2 (autolysis) TR
b RE BT R 4 4 (biomass) A € & A 5 # ¥ 2(494.11 mg/g) ~

5 i-%® (38153mg/g) % 2 & % (21044 mglg) » & = b & % g F]E 3L
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—e— Biomass

500 1 —a— pH
- 7.0
400 - [
7~
(@)}
D 300 -
= 60 3
S [ =)
(]
@ >
. T
% 200 - o
m
- 5.0
100 A
0 T T T T T T T T T 4-0

0 2 4 6 8 10 12 14 16 18 20

Incubation time (day)

B~ %% & (Phellinus linteus) »** & = Hit %8P~ (30°C/20 =)
AP HE B pH 2 ®1

Fig. 8 Changes of biomass and final pH during growth of Phellinus linteus
(30 °C /20 days) on solid culture containing adlay.

59



—e— Bjomass
250 - —&— pH

Biomass (mg/qQ)
pH value

0 T T T T T T T T T 40
0 2 4 6 8 10 12 14 16 18 20

Incubation time (day)

B4 &+ # (Phellinus linteus ) »* 2 & F {33 & #F p2¥p & (30°C /20 = )
AP HE B pH 2 # 1

Fig. 9  Changes of biomass and final pH during growth of Phellinus linteus
(30 °C /20 days ) on solid culture containing
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Biomass (mg/qg)

600

—e— Biomass

]%‘]__L

Fig. 10

T T T T T T T T T 40
2 4 6 8 10 12 14 16 18 20

Incubation time (day)

% % ] (Phellinus linteus ) >+ 3 & ¥ fa 32 & # pE & (30 °C /20 = )
AP HE B pH 2 # 1

Changes of biomass and final pH during growth of Phellinus linteus
(30 °C/20days) on solid culture containing oat.
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AT AL R oot t ] s BRI SRS ik
(% >2004)-

BlLt-~tzruidiAYac - 2efrddAasdmyr (020
)FSA R BEMT PR F ORISR 2R 2 #F (F
Lo 2 FSZERRBIEREERA2Z 2B ( =) sty
P ETEFBRIF 2 BAT I AFFAL 25 (BI~~+ ) TR
Fli Bl T R AR A G Bt e WA TR
Wé o FluakA A RN g @ 3Rt T (R 2004) -

BAFDRR AL ERER g‘—ég‘raﬁ_z\ BB AE 2 £ A8k b

SRS A ERFINT AL A AP FUMRE B L LGS
BAF A LAAF I AN A IBZRDF L2 B FPRTFLEAL
frd £z F 72 Lo Rt 22 fark2 24 Faw (B - -

PR AT ook T E AR R ~ WES foso kgt Moo kb 203
Y g F Bk A R TR G 0 IR AL U TR Ak
P REAR KOS R R o R R R P ESR A R AU E AR Y B I PR A
kP R R e SoRdg iR AT RS IR Bk A R BEA TR &
e E 2 o & 7 E2 A (hydroxyl group) 2 § 3§ # R en% /& & (inter-glucose
oxygen atoms) (Holm et al.,1985 ;Tsai et al.,1997) » 2L ¢ & 5 -k Fi%*ﬁ i+ >
Rl = BRI EL R -

Fr L2 APBPFAFTEARFET S ERFHA2TC)S R B R WE
Pesokdp iRk c BRAOWES 8% F L g § o 2535%
9.39%%. % > T A ¥ (P<0.05) 3> &= (23.3%1-9.03%) 2 2 & (14.4%
4 6.63% ) ; ok g &R % (705%) 2235 i= (6.90%) ¥ (P<
005) B2 & (569% ) e FfrE -RARITLZHFLE -

FEIHBR  NEFTLALAFT AR L2 ST A
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Day 20

B+ - %% A (Phellinus linteus ) ** & = #ji 2 % # p¥ ¥ & (30 °C /20
) Z FSREA & A e

Fig. 11 The mycelia growth during growth of Phellinus linteus (30 °C /20
days ) on solid culture containing adaly.
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Day 20

B L = % 3 7 (Phellinus linteus) *+ 2 & H i3 & % p2dr & (30 °C /20
X)) 2 FsA A £ o

Fig. 12 The mycelia growth during growth of Phellinus linteus (30 °C/ 20
days ) on solid culture containing black bean.
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B+ = % 3 ) (Phellinus linteus ) »+ & & H a3 £ ¥ a2 & (30 "C/20
%) 2 FaHA LA

Fig. 13 The mycelia growth during growth of Phellinus linteus (30 °C /20
days ) on solid culture containing oat.
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+

*w B2 Efog F AT 121C 2 Bk o

Table 4 Absorption property of adlay ~ black bean and oat media at 121°C.

Medium
Absorption property Adlay Black bean Oat
Swelling power (%) 9.03+0.04° 6.63+0.07 ¢ 9.39+0.04°
Solubility(%) 23.3+0.57° 14.4+0.14° 25.35+0.07°
Absorption index (%) 6.90+0.02 2 5.69+0.07°" 7.05+0.08°

Each value is expressed as mean = SD (n=3).
Values superscribed by different letters in the row are significantly different
(P<0.05).
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chE R AR L AT L R RR
COESTES ¥

BREALETRML L2 NHF BOE L F]S o bl S REP 2
FEE S E SRS 2 AREA S F L KimE 4 (2001) HFRA
Ff8 (P linteus) Fsidi2 &g £ 8 & & 25~30C 2 ”F » @ § ¥« (2007)
T FRER AR 16-36CT d i 2K o FRPARBRHE e 57 BB A

B (2025302 35C)  HFH 2 RZEAHFET ANLEZ FEW

N

A4 HE-

BE (2T )7 BAEERI 20CHFFI0CHE L 72 S S
BiEpna § > A 4R R 30CHET @5 & F o4 4 (43230 mg/g) & %
pERl (4548 mg/g) 28 > ® 5% (P<005) 3 H 6 Fzkie; &% pH
AR R 30CeEFE (P<005) M3t H v F ke ¥ il R 7 E
S EREAIRS FBHEEREY pH THF M - ARKEFES
(2009) 4 * THr 32 & AE%IF A &5 7 (P linteus) 2 £ 2 B % E A&
e (2009) 1 * = & g dFt R e R B Y i £ 7 F (P linteus)
AERZREARRT L 0CHP - Frge@dmy 1 0CF: &% A%

B o

fd

(Z) g2 AT ka7 2473

KA A Pt B2 AHE REBER TS o mie it 0 £
ARRARY > F AT T AR R N e N Almie N o KR S
B BF R o - SR EFEERY AT kA 7 E A 30-80% E
A3 R Bk > 7 £ R A 40-80%2 B Mk e 7 B AL Aok

(¥ 0 2003) > Flpt ARk e A7 kA 7 £ (40~50~60 % 70%) >
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47 % I8 &R R &% F (Phellinus linteus ) »t & & B ik 2
EPF (B2 122 ) 450~ ImHWz &% pHZ B Y
Table 5 Effect of different incubation temperature on biomass,
polysaccharide and final pH by Phellinus linteus on solid culture
containing oats.

Tempature Biomass (mg/g)  Polysaccharides(mg/g)  Final pH

35C 294.33+4.68° 39.66+1.16" 5.71+0.15°
30°C 432.30+18.73° 45.48+0.74° 4.58+0.15°
25°C 257.17+28.47°" 37.86+0.50" 5.78+0.19°
20°C 253.49+3.12° 29.61+4.12° 6.5620.09

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

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

Incubation time=12 days.
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FHA2FAF Rz EHR T ANLIEZ2 SHHAL Z P

SE(FEA)ET kA ZED 40%HEF L 60%F TR EF A
(480.13mg/g) % % px4d (43.41mglg) A% > * % (P<005) 3> H v F
Brlo LR RA T ERBI T0NF > B2 S FESEMDZER DM
AV RFSHAER R ATy § Ugd Hicn> AR I W
SRR R A kA G AR FATR § N &
7 R BRSO 2 S BH3 0 2004) o FP RS

60%kzEFABARFTHLAT kA ZE -

(Z) bR $REH: 2

PSR- BT HFAL A5m PFF 53 2 $ 7 (533.11mg/g)
% 5 pERE (4534molg) A2 & 0 e 3ml e 4 5(530.17mg/g) 2 pERYE
(4520mg/g) AR X mB ¥ L% > @A v ¥ (P<005) %7 Iml !
AP FE SHEMARE VA RTImM BEFAEE S F M5~

*ARFTAG o 22 B pH G 456-496 2 FF P akF LR o
BEAROMl ez A5 H2 AT RIM 2R > BT E AREHRTR T B
rHFEF VU RBRATABEE AT R AT EEHTF DRFH > R
g%%ﬂﬁ@%ﬁniifﬁh%?ﬁ$9€§’%%?%%ﬁﬁzﬂﬁ

AR CFERRERTUINBEFREFIRLR S ALALRRAE -
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%7 A ok 4e £ 34 F 5 (Phellinus linteus) @ % % 7 & 33
APF (BF12X) AFF -~ M2 B pHZ BE
Table 6 Effect of different water supplementation on biomass,
polysaccharide and final pH by Phellinus linteus on solid culture
containing oats.

Water

supplementation Biomass (mg/g)  Polysaccharides(mg/g) Final pH

40% 258.46+15.75 © 21.89+2.08° 6.18+0.15°
50% 248.34+22.33 ° 24.82+1.36 6.03+0.14 %
60% 480.13+23.60 43.41+0.89° 4.29+0.03°
70% 367.55+28.81° 39.13+1.01° 5.87+0.17°"

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

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

Incubation time=12 days.
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2 = F k42 AR A S F ) (Phellinus linteus ) > #: &t F 5 33
=W (Bx12x) Ufn‘gfﬁ SEME K pH 2 B8

Table 7 Effect of different inoculum volume on biomass, polysaccharide

and final pH by Phellinus linteus on solid culture containing oats.

Inoculum volume  Biomass (mg/g)  Polysaccharides(mg/g) Final pH

Iml 458.05+23.60 ° 35.14+2.19° 4.96+0.41°
3ml 530.17+16.72 2 4520+1.41°2 4.56+0.02°2
5mi 533.11+12.93 2 45.34+0.40°2 4.57+0.06°

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

Each value is expressed as mean £ SD (n=3).
Incubation time=12 days.
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() B if 8 & A4 pH B85 5
A A BB pH G X b o7 AR 22 R ehpH &

U L pHA T RIZ 2 A K o R RAEH 8

bl

- 65757 4
A2 o d BT 53 ahdF e T4 pH B ehd ] FEL - Choi ¥ 4
(2000) £ Kim % 4 (2000) &%= 5 47 914 5 Ferdii 32 % pH @45 5
pH 5~7 o #& & 3#% 12 HCl 2 NaOH #- % 424 pH @3 % % 4.0+50 -
6.0-70-802 xA K pH B2 HRe (pH 56) > 17+ k1 %424 pH
B R AL EE SREHAL ZPE

F%R(F AT oA4pHE6.02 F %2 &8 h2 4 5(536.06mg/g)

AT P RF (P<005) B*HvRskes e ;pH E£50-6.0 2 &

.
4

]

FRBADOIEWNAL > EY v pH E 6.0 % pER (49.42mo/g) A E B

|

BooEp Lz BRI aEFLR > PR e 8 (2009)) AR FE TR E B
(P linteus ) #eig 44> pH & 5 5.8 4p 02 - % (2008) % % (2008) R4
% % F(P.igniarius )¥s ¢t 5 pERE A 2 2 424 pH B4 % 5 pH5.4 £ pHS -
FEEIRDRFIT N ARG B ATR o

& % pH %5 pH 8.0 2% s pH AT EFF>H T mul2 ¢
Hv el pHEY 445 5 48512 F - 75 i F] 5 pHB.0 2 F % 27
SR A R > RS e B EEE > 4r FAsde pH B E A ERE M pH
BB o WU SR kR FLFEHEA pH E 6.0 TR &R R

Z_ 4245 pH E o
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% N A4 pl B (4~8) #4 % ) (Phellinus linteus ) *+ 2 & ** %] f&
BAPE (BA122) 250~ 5pEHE &% pH2 B
Table 8  Effect of Initial pH (4~8) on biomass,polysaccharides and final
pH by Phellinus linteus on solid culture containing oats.

Initial pH Biomass (mg/g)  Polysaccharides(mg/g)  Final pH
4.0 441.87+21.21 ¢ 36.67+1.97° 5.04+0.02°"
5.0 507.39+17.52°" 44.77+2.59%® 4.86+0.07"
6.0 536.06+12.87 49.42+1.90° 4.85+0.06"
7.0 477.92+412.16 ™ 43.92+4.61° 5.07+0.19"
8.0 455.11+14.70 @ 40.88+1.71"™ 5.47+0.16°

Control* 499.63+15.51 " 46.12+1.80%* 4.91+0.34"

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

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

Incubation time=12 days.

*Medium with an initial pH of 5.60.
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(1) i 33 % BhIRABAEEE 3

# i (carbonsource) 5 £ & chficd 2 K S AR AW L2 S
EXTT N E 0 A RAERFMAF 2 RE AWML 255 3 R B
RAERFIT S F 0 BERSBEIRE KRB REAN DFER - @ w3
RBTRAEAR M (BRERBR) > W e PR A RS T e A
g‘fﬁ P S A £ o g R A auL g o F;g%;,/ 40 = 48 % 4% (glucose ~
fructose ~ mannose){r = #& g% (lactose ~ maltose ~ sucrose) & -+ f& 1‘%&;7(,9]‘ 4y
B5 1% WW)R A b E R BRZ HEE R R RS
F2E2 Sptias 2 B

S % (& 4 )BEm o g 4 fructose 2 B F chd F F (522.07 mglg) 2
5 pERE (49.08mg/g) A& Wi ¥ (P<005) 3> H v 95wz $HRl
B pH E 4.81 A ¥ (P<0.05) M3t 8 v mul o = 8 ¥ 459 % 22 B4

W2 iml AR Y B BRI REL HRE  JHRTARTL ER
1

FREKEIEBEA NN T AF HAFESDE BAY B
R hofez T2 LR g 497 o d FREETT v § i omillR

2 BN FSA TR HEHRE ) TR el R ORR G BT A R F AR
e E oo
AEE% 0 fructose 3 &3 H2 L2 L3 I EHERRAL BEEM
(2005) 2 £ (2009) %= 7 %4l o 775 H v 72 A aihaFd -
4o% (2008) 2 & (2011) r# glucose % 5 33 % % ¥ F( P. igniarius )2 & i
R > Hwang % 4 (2003b) 3 & % % F R L HEm (sorbitol) 2 #
T B ERE NI SEAR o RFIV A S R AR (strain) 2 ¥ g
LA SRR EAR 0 AL RAURE ® FE e A Z S R B

W~ $r4) >k (catabolic repression) #r3% (Kimetal., 2003b) -
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%4 Rt % F ) (Phellinus linteus) »t 3 $ > B £ 9 7
(B%12=) 255~ Sz 8% pH2Z S
Table 9  Effect of carbon sources on biomass, polysaccharide and final pH
by Phellinus linteus on solid culture containing oats.

Carbon sources

(1.0%, wiw) Biomass (mg/g)  Polysaccharides(mg/g)  Final pH
Glucose 472.04+11.68™ 37.05+0.74" 5.56+0.08°
Fructose 522.07+12.55 2 49.08+0.60° 4.81+0.01°
Mannose 480.13+10.43° 39.09+0.67°" 5.36+0.11°"
Lactose 461.74+14.70 * 36.25+0.54 5.05+0.11°
Maltose 451.43+7.75% 32.50+1.00° 5.53+0.01°
Sucrose 453.64+13.31% 34.16+0.67 ® 5.24%0.05"
Control * 441.87+18.77° 33.361.34° 5.04+0.10°

Values superscribed by different letters in the same column are significantly

different (P<0.05).

Each value is expressed as mean £ SD (n=3).
Incubation time=12 days.

* Medium without any added carbon sources.
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(+) Bif 12 % § AT

# M (nitrogen source) Eilc & 4~ A AL~ v X P ena & A%
HEASHE RS2 25 24 LB A 3% Wiz B F R
(peptone ~ yeast extract ~ urea) £ = fa & # % /& (NH,NO;z ~ NH,H,PO, -
(NH4),SO,) %> % & (i,”lt g L 1% wiw) % % 7 v RZHRE

*7“?‘}/] dv A P\»"} ,},%‘liﬂ'*"ﬁ ]_’f]i—p{i %ﬁ%ﬁgé_i;\g;_&%&o

‘Enl«

i % (& )BT o 0o yeast extract 2 F &KV ¥k

L4
(494.11 mg/g) e 22 peptone ~ NH4H,PO,4 ~ (NH,),SO0, 2. F 5k 2 5 ¥ P8 2 FF &
MEFHLR e yeastextract 2 F S ke 5 pEeR (49.19mg/g) A EEF
e 22 NHH,PO,~ (NHY),SO, 2. F e R mBg ¥ £ B o 7 v urea 2 Fed
AP HE ImHMIELEFRNE T RN PR RFILATY A4 pH &
#F (pH 8.65) RELAZRBE T 2 {18 % FL &2 Mo

AR yeast extract & F AFAFEL L E L S EMEGF R
2. %% 2tk (2008) % % (2011) sw= 3 B % 4p % - Hwang % 4 (2003a »
2003b) i * % fi#ALR S Mp & A ¢ 4o yeastextract 1T 5 F R ¥
EPEREHF (P baumii) Huz et SmA R - FE P s fi

2 ,@%ﬁffﬁ/] 4v yeastextract iT 5 i 2 £ & § F2- % & o

AREF SRS meche A A AR A S agERER T e
e A RE o ﬂ\;é‘ﬁé%ﬂj‘ 4r NaCl ~ KCI ~ CaCl2 ~ FeSO4 - CuSO4 - ZnSO4
2 MgSO4 % = fé # 18 B4 (i,’]: g G 01% ww) 2 AhAhr E S A2

VR EE L S L B ER R O



-+ ¥ B¥ %3 F (Phellinuslinteus) »# ¢ HER 2P F (33
212 %) 258~ SpEWE % pH2Z B
Table 10  Effect of nitrogen sources on biomass, polysaccharide and final

pH by Phellinus linteus on solid culture containing oats.

Nitrogen sources

(1.0%, wiw) Biomass (mg/g)  Polysaccharides(mg/g)  Final pH
Organic
Peptone 472.0419.37 ® 39.1845.53" 4.53+0.10°"
Yeast extract 494.11+3.12° 49.19+1.28° 4.10+0.56 ¢
Urea 318.98+19.29°¢ 27.15+0.80°¢ 6.37+0.09°2
Inorganic
(NH,),SO0, 455.11+21.78" 39.70+2.08° 4.00+0.01°
NH,H,PO, 472.04+18.73% 43.83+2.56 % 3.58+0.051
NH;NO; 474.25+12.29% 45.86+1.27 3.63+0.07 ¢
Control * 470.93+17.17% 34.59+4.89° 4.62+0.07°

Values superscribed by different letters in the same column are significantly

different (P<0.05).

Each value is expressed as mean £ SD (n=3).
Incubation time=12 days.

* Medium without any added nitrogen sources.
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BE(FL- )T o9 5% 2" NaCl =2 4 1 (563.65mg/g) A & 5 % >
P EE (P<0.05) #*¥@e w2 KCl~CaCl 22 Fabf¥ 4P : @
SpERAE 772 NaCl 2 (5098 mg/g) 5% ° &% (P<0.05) g H v
o R LA @B NaCl 7 §Tos & § 2 £ 2 g 2
BE R @ RETARTL AR A ERE
# ¥ %] NaCl % *73 F oo A+ 85| i
Pptedp R eha s Bag NaCl 2 kR 55 F > RIBR Y BERS S A
BoooF TR e p SRR o A% E % 24k (2006) 117 7 i
FA AR A (Plinteus) # #FRg & 4Rk 0.1%F > JRA
FEVEEBZERHF SFE R Y b ﬁﬁé%ﬁ%‘—ﬂﬁ’]&%c Nacl % %

Bt e A EBR -

AETFF AP A LT OMEF P LY B Bl d
chd £ TS WpESE A fRpEYE IS 1 R (activator)ih k¢ 0 Fpt T g e i
4 $Peig 4 £ (§ 0 2001) - ;é'ﬁé%ﬂ]‘ ¢ corn steep liquor ~ thiamine ( Vit B1)
riboflavin (Vit B2) ~ ascorbic acid (VitC) % folicacid (VitBg) %7 f&4
£ 75+ (U el 5 0.3%> wiw) % %/Tﬁ AETFF 2 HREFENEHE S
FlF s S pEA A2 B

FEE(LLZ)ET 7 e folic acid ‘2.7 # & 2 4 5 (536.06 mg/g)
k¥ (P<0.05) %*H v 9 5% = (ascorbic acid ",f YE: WP SEERA
£ (4207 mg/g) "B ¥F (P<0.05) 3> H v Fkez HRiE - *7F F %
% (thiamine ‘e B g )2 2P EE SEMAESER THRBE S EFES

(2009) % ;% (2011) =% * 7 4v thiamine & & ¢ #rfid % 4 £ 2 &%
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L - £ g4 % [ (Phellinus linteus ) >t # $ > H 53 &
BE (345 122) 255~ M2 &% pHZPE
Table 11 Effect of minerals on biomass, polysaccharide and final pH by
Phellinus linteus on solid culture containing oats.
Mineral Biomass (mg/g)  Polysaccharides(mg/g) Final pH
(0.1%, wiw) gy y gg P

a d

NaCl 56365417 17° 50.98+3.42 4.41+0.02
+ bc + bcd

KCI 539.37+10.93% 44.49+1.74 4.46x0.07
+ b + a

CaCl2 599.43+9 37% 45.15+0.94 4.5910.06
c ab

FeSO4 442 24417 17° 40.87+£0.67 4.55%0.06
c abc

CuSO4 476.45+17 73 40.46+1.67 4.53%£0.03
+ bc + cd

ZnS0O4 517 29+10.93" 43.78+0.87 4.44+0.03
d cd

MgSO4 478.66+12.49° 31.98+1.21 4.43£0.02
* d bed

Control 458.49+18.73° 28.24+1.27 4.48+0.09

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

(P<0.05).

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

Incubation time=12 days..

*Medium without any added minerals.
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HE (A5 122) 255~ M2 &% pHZPE

Table 12 Effect of growth factors on biomass, polysaccharide and final pH
by Phellinus linteus on solid culture containing oats.

Growth factor

(0.3%, wiw) Biomass (mg/g)  Polysaccharides(mg/g) Final pH

Corn steep liquor ~ 484.18+4.68" 32.55+0.66°¢ 4.50+0.06"
Thiamine 419.06+9.37° 24.55+1.81° 5.8620.10°
Riboflavin 494.11+18.73° 36.58+1.14°" 4.50+0.12°
Ascorbic Acid 512.88+7.81% 36.48+0.73" 4.45+0.13°
Folic Acid 536.06+15.61 2 43.02+0.46° 4.47+0.01°
Control* 459.89+10.93° 30.47+0.67 ¢ 4.57+0.09"

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

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

Incubation time=12 days.

*Medium without any added growth factors.
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AP (20 A )2 H R SPHEMAR ORI o HARR A AT L BH T
i i%’ﬁ‘%(i%?m_f:{3oc J\/Téc 60%’4’3—]?:]\1 3m|’4\‘§ppHIB 60’
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Bt i3 Fesd ARSI A  BE 2022438 5
PHESR T 5T 2T A2F T2 IBHAT SRS 61 R
Gaped Bt > P AMAHEER 12 APEETIERE 0 LA KR EF R A
Baf4em EprenT % > P RFIGBAAP DEL T EARE LT 4§
RFM7z= ~ p AR R JI* 22 ) PEATRR o

BAYE pH EEF 2 Fensifsem Tr A8 A4 p g b
P pH EAE2 e T (6-10 % ) R FIV i s AR RURA A G
PRATR G AFSHEAS TR TSRS pH &3 H S F 9d8% (10-20
) T RFLAMECpRARAS - RS TA G BT R A
FApzp FHREEY pHE A -

AR %% 2 4 5 (70530 mglg) 2 % pEdE A £ (61.73 mg/g)¥aF
TR R R E T L AR A AL R (L 4T 43230 mg/g 2 5 pE

14548 mglg> £37)2 1.63% 1358 o pL kA7 1S A % A % &

FHLR AVABHIME T2 SPEMAR  F 53855 AT £ -
B-(1—>3)-D-glucan 4p $+ 7 & ~ #r 4 ~ 4o 1 4 folpin®e 5 i 5)2 AL H

PSR SR A AEEIE 123 PR E B A
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Fig. 14 Changes of biomass, polysaccharide and final pH during growth of
Phellinus linteus (30 °C /20 days ) on solid culture containing oats.
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AEHRFEUHREAFALFEL AT RS AL IATE 22 2
(2009) 2z 4F % - 1% § £ N5 g2, (air lift fermentor) i fi32 % & ¥ F2

Bt il A AR (F A X)L BEERERS BTN, AT
REA S EZAFEAGHD o A3 B a5 B il R AD A 17 R 2 WA0%
BV ERHEFR T - A2 52T EIERES (a-D-F BHE
pullulan) z_ 7% T PR - "Bl 5 7 pEtd (4 3 £ 21100 ~ 47100 ~ 107000 -
200000 ~ 344000 % 708000 Da - retention time 4 %] 5= 11.94~11.52 ~ 10.89 ~
10.34~9.70 2 9.03 » 45) 2 =B ¥ 4R o

SR (1)) oS AT - 23 22 PEBRIBHLFTFER
A B3t 5 11.48min ~ 12.87min 2 13.06min pF & LA & A > L4 S pE A S
PREY ROHBE ) E TRk E A3 £ AN 5 8.96x10° Da~4.54x10" Da
z 7.28x10°Da -

d SRS EMH (M1 ) W #FRFsmAFE (F41-a)
i & A% A 8.96x10° Da (retention time 12.87min) ® 4 £+ A3 5 @
(retention time 5.98 min 2 8.49 min )> & pligd < & F S BT i 5 B KA o
EBAEEREsREFE (BLI-b) AraFhasdrr R A%
(retention time 5.98 §=8.49min) "% » A4 7 3.67x10°Da (retention time
9.69 min) ~ 4.54x10%°Da (retention time 11.48 min) % 7.89x10°Da ( retention
time12.98min) ¥~ + £2 s LE A2 A7 i 5 A AL LR DT K
fRESAFT? AT I LSRR FFREAL AT IHETR oD T
PER 2 £ = 84 ﬂﬁa’ﬂzzf P AAP AW AL I & F 5 pER S
ERER kI ARETI FHIAATRAVRSZ TR T2
Hpros 22 B giphir ks &2 TR @R AT H 4
g i= B 2 A (& 0 2003) -« Jgut L 20 [EE L g
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Table 13 Retention times of pullulan standards with different molecular
weights by gel permeation chromatography.

Molecular weight (Da) Retention time (min) Log M.W."
21100 11.94 4.32
47100 11.52 4.67
107000 10.89 5.03
200000 10.34 5.30
344000 9.70 5.54
708000 9.03 5.85

* Log molecular weight
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Table 14  Estimation of molecular weights of polysaccharides from oat
substrate ~ Phellinus- fermented oat and submerged culture of air lift
fermentor, by gel permeation chromatography.

Sample Retention time (min)  Molecular weight (Da)
Oat substrate 12.87 8.96x10°
Phellinus-fermented oat 11.48 4.54x10*
submerged culture 13.06 7.28x10°
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Fig. 15  Molecular weight chromatograms of polysaccharides from oat
substrate ~ Phellinus- fermented oat and air lift fermentor by gel
permeation chromatography. (a) oat substrate, (b) Phellinus-
fermented oat, (c) air lift fermentor.
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» B-(1—3)-D-glucan 4p %+ 7 & B =_

S pERE Y 1 B-(1—>3)-D-glucan 4 % 5 feid 2 #oaft » B % v
I 4 B 2_ 3 55 %] (host defense potentiator or HDP ) ~ #76 %; (antitumor ) ~
F# X (anti-infective )% ¢ # 3% w (immunostimulator ) % ( Ko and Lin, 2004 ) -
Aniline blue ¥ 3347 % pEdg @ 2. B-(1—=3)4t ¢ ¥ w otk ~ (pH=11.50 p
#z 0.5M NaCl 2 0.05M Na;HPO,-NaOH j37% ) ¢ )= X878 2. 45 & 4 >
T AUV RET (@& 5 395nm» st £ 5 495nm) A2 § ¢ ¥
% o om {508 % 5 pE(Laminarin LE)H %421 & poly f-(1—3)-Glu & 1 4a
B PI%G P H B-(1>6)-Glu st g A X > G T ET S EEACH
ko E G A o7 Y 3 B-(153)-D-glucan 7 € i TR (&
2002) -

LT BT oApEOY S $ AT 5 p5(5.19 ng/ml LE )2 p%i % pE(17.05
pg/ml LE)» &3 # & $pE¢ 28 % (P<0.05) % 3 1 B-(1—3)-D-glucan
¥z E (2909 ug/mlLE) - £ (2009) m #4580 ~ 572 58 2 § BN pE
42 % 5 (P linteus) #7i%% * % g4 @ B-(1—>3)-D-glucan a4+ 3 £
4w % 10.97 pg/ml LE ~ 16.25 pg/ml LE 2 15.83 pg/ml LE » H ¢ § # 5% 4
B o7 e ot 3 pEP B-(1->3)-D-glucan 4p ¥+ 7 £ (15.83 ug/ml LE) &2 &7
%% (17.05ug/mlLE) 4pi7 (£ L1 )o

d PSRV R FFEERZE SN ERTERT AE L B-(1-
3)-D-glucan ez & > @ gd FIRA T £ 2 &% & & F prfoe BT

FEEFRFLAEEN -
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%+ FEEAT R R&E 2
3)-D-glucan 4p ¥ 7 &

Table 15  Relativel B-(1—3)-D-glucan contents in polysaccharides from oat
substrate ~ Phellinus- fermented oat and submerged culture.

FESEpEpRY 5L (1

Cultures Laminarin equivalent (LE) (ug/ml)
Oat substrate 5.19+0.01°
Phellinus-fermented oat 29.09+0.49°
submerged culture 17.050.42°

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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ARG D e AR AP TR T A RS AR A2
1% *% ¥ (reactive oxygen species) f-p d X (freeradicals) » s 554 5 €
g FidEy v iv* (lipid peroxidation) # Rk wie # 1 ¥ % B E
= o ARG - B ARED K i’\:",uﬁﬂlér‘“ﬁi’m,fn%‘r 4ol 2 F R fe
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BN D ADF R AL pd A AL PR FR
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(-) DPPH p ¢ zl_wﬁ‘“/f Ap

iy it ivk Ty ol f @ * DPPH (a,a-diphenyl-B-picrylhydrazyl)
KiERILF Cnid a4 o F15 DPPH A d AT EE Ff AR g2
R AR B E - R T E AT R RIRE i
F 7 1 (Shimadaetal., 1992) -

Fx(R-+ )T 0~ fitk& DPPH p d A e wRER R 25 4
mAE s HY A FREFERXFFBRSLLEIEFAERE 2 mg/ml PFo
DPPH p d é—m?k 4 u v i 7T4.10%3% 68.77% » 2. {84 ¥k B 3 4
M iE AT T % 0 & o7 H DPPH p d A f fet e iR A B o @ Ak
< kR 10 mg/ml pF > > fatk &S DPPH g & A fsb 4 XU RELERE
o(#okEPB) 99.22% - AEiRe (Fok 5 P~) 93.55% ~ & % AF (#okE
P)89.74% & F # & (o fEE 3 )87.39% # & A% (¢ fE 55 )81.81%
Z A ( o g3 B )5221%: H ¢ %“f‘ 4B AFREERLERE
# DPPH f d i 4 4% *0ik & 21.17 pg/ml 2 BHA -~ 20.53 pg/ml 2
ascorbic acid % 17.55 pg/ml 2. a-tocopherol (*fH@-+ ~~= -+ )o

> fatk 5 DPPH g d Jiiip i 4 2 ICs @ (' 509%DPPH # o £+
T2ZBRMER) B% (#12 ) 7 2 F 5528 kFBPH2 ICyH &
1.23mg/ml & % (P<0.05) >3 v F =% &= » & %P 2@ 11 Ascorbic acid
2§ %2 |Cqo 18 9.91x10° mg/ml; 12 ¥ ICsy i d 2w BN 4802 R 2 2 ('

L ~'HR )

FRZLBIERFDRE(FZF )T O RLKFERFFHUEAELZ RS
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% 8.29 mg(2.95/0.3560 )#> % ¥ if 1Cso &7 F ik & » A ¥ (P<0.05)
i€ 50 4 iR 4T ch 3541 mg (9.93/0.2804) % # & & F <h 5401 mg

(5.79/0.1072) -

¥

4
4
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* - Qat substrate (hot water-extract)

* - Qat substrate (ethanol-extract)
——— Phellinus-fermented oat (hot water-extract)
—O—— Phellinus-fermented oat (ethanol-extract)
— -A—  Submerged culture (hot water-extract)
— A —  Submerged culture (ethanol-extract)
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Fig. 16  DPPH scavenging effect of hot-water extracts and ethanolic
extracts from oat substrate, Phellinus-fermented oat and
submerged culture of P. linteus using air lift fermentor.
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Table 16 The 1Csy of DPPH scavenging effect of hot-water extracts and
ethanolic extracts from oat substrate, Phellinus-fermented oat and
submerged culture of P. linteus using air lift fermentor.

Samples ICso (Mg/ml)*
Oat substrate ( hot-water extract ) 5.29+0.03°
Oat substrate ( ethanol-extract ) 5.79+0.15°
Phellinus-fermented oat ( hot-water extract ) 1.23+0.07"
Phellinus-fermented oat (ethanol-extract ) 2.95+0.04 ¢
Submerged culture ( hot-water extract ) 1.62+0.01°
Submerged culture ( ethanol-extract ) 9.93+0.07°
BHA (positive control) 10.24x10°
Ascorbic acid (positive control) 9.91x10°
a-tocopherol (positive control) 17.55x10°

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 minimal concentration required to inhibit 50% activity of DPPH -
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Table 17 Extraction yield of hot-water extracts and ethanolic extracts from
oat substrate , Phellinus-fermented oat and submerged culture of
P. linteus using air lift fermentor.

Extraction (% dry weight, w/w )

Oat substrate Phellinus-fermented oat Submerged

culture
Hot water 17.78+0.15° 60.43+0.20° 54.32+1.01°
Ethanol 10.72+0.47° 35.6+0.53% 28.04+0.81"

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

Each value is expressed as mean £ SD (n=3).
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Table 18 The ICx, value of antioxidant properties of powders from oat substrate,
Phellinus-fermented oat and submerged culture of P.linteus using air lift
fermentor.

ICso value (powder mg/ml)

DPPH scavenging Total antioxidant ~ Chelating ability Reducing power

ability capacity on ferrous ion
Hot water-extract
Oat substrate 29.75+0.15" 29.73+0.15" 37.29+0.67"*  35.94+0.19"
Phellinus-fermented oat 2.05+0.12° 1.47+0.08° 8.71+0.09° 1.95+0.12°
Submerged culture 2.98+0.02° 2.79+0.11° 10.92+0.10° 8.64+0.05°
Ethanol-extract
Oat substrate 54.01+1.36° 34.88+0.97° 58.12+1.71° 35.73+0.75°
Phellinus-fermented oat 8.29+0.10° 3.06+0.09° 28.27+0.21° 8.96+0.13°
Submerged culture 35.41+0.27° 6.32+0.31° 33.74+0.36° 18.46+0.02"

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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1% Yk B 9257 pg/ml 22 EDTA ('fBl= - = Do = fik 54 & T
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ER > B ¥ (P<0.05) M4 A 0 F 010.92 mg (5.93/0.5432) % # &
A 137.20 mg(6.63/0.1778 )45 ko2 FR 5 Bt ¢ ik § # § 5 28.27mg
(10.06/0.3560) #: % ¥ if ICg B 7% chik & » B ¥ (P<0.05) M3
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Mgz # ke d ICyp @ Z kR o AFEHE% ™ E
oML BERLF RSB E LKL TR L 4G
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*

Oat substrate (hot water-extract)

#* - Qat substrate (ethanol-extract)
——— Phellinus-fermented oat (hot water-extract)
—©O0—— Phellinus-fermented oat (ethanol-extract)
— A —  Submerged culture (hot water-extract)
—-A—  Submerged culture (ethanol-extract)

100 A~

Concentration (mg/ml)

REPRAT 2R S f FATRMNFEAEAEKE RIS
ZEE AT S

Ferrous ion chelating ability of hot-water extracts and ethanolic extracts
from oat substrate, Phellinus-fermented oat and submerged culture of
P. linteus using air lift fermentor.
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Table 19  The ICs, of ferrous ion chelating ability of hot-water extracts and
ethanolic extracts from oat substrate, Phellinus-fermented oat and
submerged culture of P. linteus using air lift fermentor.

Samples 1Cs0 (Mg/ml)*
Oat substrate ( hot-water extract ) 6.63+0.11°
Oat substrate ( ethanol-extract ) 6.23+0.18¢
Phellinus-fermented oat ( hot-water extract ) 5.26+0.06 "
Phellinus-fermented oat (ethanol-extract ) 10.06+0.07°
Submerged culture ( hot-water extract ) 5.93+0.05°
Submerged culture ( ethanol-extract ) 9.46+0.10"
EDTA (positive control) 50.03x10™°

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 minimal concentration required to chelate 50% activity of ferrous ion.
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Zﬁgﬁﬂ;@t%j el 2(3%>2002)° & F B 5 & 7 & %74 & B (potassium
ferricyanide ) ¢ 2 Fe*':B h 5 Fe®' 2 T4k § 45487 chic 4 » 2 4R T 4545
L e ier 254 2 4§ & L & (Prussian blue ) » %% £ 700nm £ $. % = %
B0 od A ET700nme kBRI kigRER S K] o Rk EARE L7 SR
B 4 ﬁ*ﬁ °

SR AT A ARSRRS FEER AL E 0 HY &
F RS BAFTHORRA BISER 2 mg/ml pER K i e -2 g 081
oA RARL AR TR L 0 HABRRRI S AR P oW
EFrPHeaB R4 AR 68mg/mipFe k@4 F2-d 085 2 11,19
FHR&SER AR 10 mg/ml B 2 fEtk s B R4 S BB S RF F T
(BokEP) 148~ &3 &% (e fpEP) 139 R FAFT (2 HBIEE)
1.04~ g (B-k5P~) 096 wpkip (e pr32~) 091 2 %% AF (&
KEP)082 HP UL FHFFARFIEFREAEF BB RS pg 0
)k B 38.89 pg/ml 2 ascorbic acid (4Bl =+ = ) = fak TR AR 4 2 ICy
B (kB EF 05 TE2hMER) 2% (£2L) 7 &5 # &4
K E B4 2 ICs & 1.18 mg/ml B8 % (P<0.05) M*H v @ ki o 1 48
s @ 12 Ascorbic acid 2 ICs & Rl % 13.03x10° mg/ml £ i » BHA %
a-tocopherol 2. I1Cgo & 4 %] % 29.15x10° mg/ml % 62.83x10° mg/ml ; 12}
ICsp 72 o ‘sﬂf““‘"&ﬁl“ﬁwz/? 2. ("Bl A~ Bl= L) e
d BT REEIC BT AELER(F L AT £k

P U E R 7 1.95mg (1.18/0.6043) % & T ¥ iE ICy BT
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kB0 B (P<0.05) Mg %k ©7 3 518.64 mg (4.69/0.5432) % 3#
$ A Fn3594mg (6.39/0.1778) # % - e ¥ Y mukF # F 3
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Fig. 18

*

QOat substrate (hot water-extract)

* Oat substrate (ethanol-extract)
—&—— Phellinus-fermented oat (hot water-extract)
—O—— Phellinus-fermented oat (ethanol-extract)
— -4 —  Submerged culture (hot water-extract)
— & —  Submerged culture (ethanol-extract)

1.6 1

OO Zv-\ T T T T
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Concentration (mg/ml)

EFAT TS RSEBMEMERS AR KE o B Y
Bt 2 iR s

Reducing power of hot-water extracts and ethanolic extracts from oat
substrate, Phellinus-fermented oat and submerged culture of P. linteus
using air lift fermentor.
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Table 20 The ICs, of reducing power of hot water extract and ethanolic
extract from oat , Phellinus-fermented oat and submerged
culture of P. linteus using air lift fermentor.

Samples ICs0 (Mg/ml)*
Oat substrate ( hot-water extract ) 6.39+0.03°
Oat substrate ( ethanol-extract ) 3.83+0.08¢
Phellinus-fermented oat ( hot-water extract ) 1.18+0.08"
Phellinus-fermented oat (ethanol-extract ) 3.19+0.05°
Submerged culture ( hot-water extract ) 4.69+0.03°
Submerged culture ( ethanol-extract ) 5.18+0.01°
BHA (positive control) 29.15x10°
Ascorbic acid (positive control) 13.03x10°
a-tocopherol (positive control) 62.83x10°

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 minimal concentration required to reach ODzoo of 0.5.
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Oat substrate (hot water-extract)

% Qat substrate (ethanol-extract)
—o—— Phellinus-fermented oat (hot water-extract)
—O0—— Phellinus-fermented oat (ethanol-extract)
— A —  Submerged culture (hot water-extract)
— -A—  Submerged culture (ethanol-extract)
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Fig. 19 Total antioxidant capacity on ABTS - " of hot-water extracts and ethanolic
extracts from oat substrate, Phellinus-fermented oat and submerged
culture of P. linteus using air lift fermentor.
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Table 21 The ICs of total antioxidant capacity on ABTS - * of hot-water
extracts and ethanolic extracts from oat substrate, Phellinus-
fermented oat and submerged culture of P. linteus using air lift

fermentor.
Samples ICs (Mg/ml)*
Oat substrate ( hot-water extract ) 5.29+0.03°
Oat substrate ( ethanol-extract ) 3.74+0.10°
Phellinus-fermented oat ( hot-water extract ) 0.89+0.05'
Phellinus-fermented oat (ethanol-extract ) 1.09+0.03°
Submerged culture ( hot-water extract ) 1.52+0.06"
Submerged culture ( ethanol-extract ) 1.77+0.08°
Trolox (positive control) 50.12x10°

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 minimal concentration required to inhibit 50% activity of ABTS - ~.
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KA 2RI R RS DR e (ABA9) s X KAy
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ng/ml 2 #$ A F ~ 25 #F 2 FAR L BORFEPAILE o 3R
e TS A u G TLTT% - 46.29%% 60.64% (% - L - )
Blo - 7 ke B RS BE RS ERA A
%0 > Atk R 125~250 pg/ml pF > = fE R S aﬁt\:;%gm e i3S K R e
2R AMFLAR E LRSS I S00ug/ml pFo & F F e e s R
84.35% & % (P<0.05) M 4tpe e 5 # & A% e a3k A 100~1000
pg/ml ¥ U e A S A BTY% Lo R B AMELSD
o # A E b S g R e 2 KRR 7 i - 50k & 1000
ng/ml 2 # 5 AT R FE SR FRRC BEPSAILE 0 R
&% u] G 87.06% -~ 73.29%% 73.55% 0 ¥ Bt Ak B (4o L
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Fig. 20 Cell viability of A-549 cells treated with various concentrations of
hot-water extracts from oat substrate, Phellinus-fermented oat and
submerged culture of P. linteus using air lift fermentor.

Each value is expressed as mean £ SD (n=3).
*Significantly different from control (P<0.05).
**Significantly different from control (P<0.01).
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Fig. 21 Cell viability of A-549 cells treated with various concentrations of
ethanol-extracts from oat substrate, Phellinus-fermented oat and
submerged culture of P. linteus using air lift fermentor.

Each value is expressed as mean = SD (n=3).
*Significantly different from control (P<0.05).
**Significantly different from control (P<0.01).

115



[

s
[

BEERT -2 R of BB FHRZAKEC
A5 P~4 (ER 5 1000 pg/ml) 5% ’gf]ifﬁ'pm 2 (A-549)
FEF2ZRE

Table 22 Cell viability of A-549 cells treated with hot-water extracts
and ethanol-extracts ( 1000ug/ml) from oat substrate ,
Phellinus-fermented and submerged culture of P. linteus
using air lift fermentor.

Sample Cell viability (%)
Oat substrate ( hot-water extract ) 71.77+1.35°
Oat substrate ( ethanol-extract ) 87.06+4.64°"
Phellinus-fermented oat ( hot-water extract ) 46.29+2.94°
Phellinus-fermented oat (ethanol-extract ) 73.29+1.21°
Submerged culture ( hot-water extract ) 60.64+4.29°
Submerged culture ( ethanol-extract ) 73.55+3.81°
Control * 100.0+5.64°

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

* Medium without any added sample.
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Fig. 22  Inhibitory effect of hot-water extracts (1000 pg/ml » 5% CO,/37°C/48hr) from
Phellinus-fermented oat on growth of A-549 cells. (a) normal A-549 cells > (b)
treated A-549 cells. s =100pm
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FRERZBORED S ARILES 0 RE P e S F A G 5 72.22% -
55.75%% 67.27% (% - += )~
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64.46%% 70.06% > * F 3 AR FEE e (A L= )o
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Fig. 23 cell viability of MCF-7 cells treated with various concentrations of
hot-water extracts from oat substrate, Phellinus-fermented oat and
submerged culture of P. linteus using air lift fermentor.

Each value is expressed as mean £ SD (n=3).
*Significantly different from control (P<0.05).
**Significantly different from control (P<0.01).
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Fig. 24 Cell viability of MCF-7 cells treated with various concentrations of
ethanol-extracts from oat substrate, Phellinus-fermented oat and
submerged culture of P. linteus using air lift fermentor.

Each value is expressed as mean £ SD (n=3).
*Significantly different from control (P<0.05).
**Significantly different from control (P<0.01).
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Table 23 Cell viability of MCF-7 cells treated with hot-water extracts
and ethanol-extracts ( 1000ug/ml) from oat substrate ,
Phellinus-fermented and submerged culture of P. linteus
using air lift fermentor.

Jui

e
Iy

Sample Cell viability (%)
Oat substrate ( hot-water extract ) 72.22+3.52°¢
Oat substrate ( ethanol-extract ) 87.09+4.83"
Phellinus-fermented oat ( hot-water extract ) 55.75+2.84°
Phellinus-fermented oat (ethanol-extract ) 64.46+3.39°
Submerged culture ( hot-water extract ) 67.27+3.66°
Submerged culture ( ethanol-extract ) 70.06+3.40°¢
Control * 100.0+6.27°

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

* Medium without any added sample.
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Fig. 25

(b)

P mre (MCF-7) 54§ # % # k¥ P4 g2 (1000 pg/ml » 5% CO,/37°C
°(a) & ¥ MCF-7 'w* tk » (b) &JZté MCF-7

/48hr) 15 2 Frd|mre 4 £ F25

fmPe $k o w1 =100pm
Inhibitory effect of hot-water extracts (1000 ug/ml » 5% CO,/37°C/48hr ) from
Phellinus-fermented oat on growth of MCF-7 cells. (a) normal MCF-7 cells > (b)

treatedMCF-7 cells. .« = 100um
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M 4P s M BRI B 3 500 ug/ml pF > e 3 EF L T % KT 72.65%
DA F (P<00l) M $pRle 3 AFEFRRIEARSERMNNG #
% % 1000 pg/ml P » fmve 355 4 7 B ¥ 13 (P<0.05) e o SER
1000 pg/ml 22 # $ R H ~ & F # & 2 FRr 0k P A s » @57+
T fm e 135 % A b 5 83.94% ~ 63.33%% 83.53% (£ = +tw )o

Bl L -1 e 3 EF P EEFRSCBEERSIRRB Acq
oo R R 125~250 pg/ml B oo = itk SR 3 E S B HRE
PRBEEFALARFEARKES 2500 pg/mlpF oo & F E e w3 ESFT
i3 82.37% B (P<005) M3t 4f P2 » & 1 B kA 1000 pg/ml

\_\;"

EOR (S 0 B imie 35 KT M T4.63% 5 B b AR o8 pRiR etk BRI
Jk B 1000 pg/ml P > B fmre 3 it v g i G 85% 0 o Ar & F AT B
i ¢ fp 5 B e e te cho b A o 5k & 1000 pg/ml 2 @ % 2L R
HZRHE 2 PRI MBI RILEL > RETFRDEGTES AN
86.31% -~ 74.63%% 85.05% > %+ & -kFEB e (£- L )o

2w g R et s AR RIGER R 1000 pg/ml 2 # &
AT SR 2 8RFRZAKIre BEPPRILE - B o 3EF 1A
¥ H FHRE B 63.33%% ¥ (P<0.05) i<t A o Bl LA
PR Sk R 1000 pg/ml 2o & o FACRE RS T (B LA
~(b)) BB P B EBE (Bl L+ ~-(Q) 2 #7558 (2011)

E* MTT 2 RIRABAEFEEEE & & (P oigniarius) £k 3B~ 3 54 w72
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Feng o § vk & 1000 pg/ml 2 fk &AL FE I R 0 08 S S

Tk

ny
52.4% f kP ERES LRIV R RTFLFMES B TR % 4 (2006)
T MTT 2% F 3 25 Fi# s 2 # (PISPS) 3 k w* (HepG2) %
EE L A44.61%% #mE £ (2007) #H* MTT £ Rl %S F % ¢ 54 (PIEP)
Wit fpme (MCF-7) His 3 4 48.99% » % k¥ s i * £k ¥ B & §
3 e063.33% % F o daBT A RTFIE AFHRATR Y R EE RS G T

SRR RTEIR

el gk (=1~ 1w ) Ba o Z RS OER LTSI
R RS . & Rt R UREE b B Rt i R
Tz chprdlic 4 B> H R M R e 2 IR e e 2 m R 5
Fa w5 46.29% ~ 55.75%% 63.33% ; d gt % v @ ae ) BLE A £ B
% A (P linteus) »“ 2 7k # 57 4 2 { 7 LdrdlRimre 4 £ chit B o

+ (1998) = Fdp 4§ pER A £ 4 3.0x10° Da 2 b ¥ i B F ds L2 fE

Bl > AP EATRIE A E B T2 SEMASE L L 454x10°Da F

/

LRI NS Y el o SN i Bl eI I N1 A R U B A i U
bl4e= f#E (triterpene ) ~ 38 & 2 (agglutinin) ~ % & 4 ‘& (dietary fiber) %
(Wasser and Weis, 1999 ) » F]pt 7 it B 5 f SpERg Il Hiw FE R &R
PEF RGBT DT LB RERRAFERT AL AT
4 hispolon (f=#g 474 4= ) ~ genistein % - 3 # 3 45 1 d & 5 ] (P. linteus)
®oarn a3 ahhispolons ¥ 3% 4 28 & A o KB % 0% = (Chen et al., 2006 ) -
genistein & X § L3t fa st ¢ o 3T E KT & 44 er A 3 dt (Kang et al.,
2003) - @ genistein f iR imre (HepG2) ¢ ¢ iy Cde2 jppeesfd » %
R kP G2/IM ehie % i 1 Fr )R w P2 4 E x4 »2( Chang et al., 2004 ) -

W3 MR B LR B o N g e i AR
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Chk R ORH BB LA E AEEE > R R 0 e K & e R o e
WD EGRA PR T o T T E KB ATAET AR I A PR R
& (biological response modifiers ) &1 Sy 04 i+ 5 jo i » & gtk B
M fm 4 A Bme o d - BT 5T > ST S PR E
P EE R A RBR KRR TATARS SRR LB TR B
vE T R & s MR ehiE s (B0 2000 ) ©
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1 125 pg/ml
B 250 pg/ml
120 - 1500 pg/ml
B 1000 pg/ml
100 ~ T T
T
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©
O 4
20 A
O . L | | | | | | | | | |

Oat substrate Phellinus-fermented oat  Submerged culture

Bl- Lt ZPRERFEAT - RF#¢{cf BASBEFRRIALE
B 43 s e (HepG2) %% & 2 B2 58

Fig. 26 Cell viability of HepG2 cells treated with various concentrations of
hot-water extracts from oat substrate, Phellinus-fermented oat and
submerged culture of P. linteus using air lift fermentor.

Each value is expressed as mean + SD (n=3).
*Significantly different from control (P<0.05).
**Significantly different from control (P<0.01).
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1 125 pg/ml
B 250 pg/ml
120 - 1500 pg/ml
B 1000 pg/ml
100 - 1
M * T I *
i T
~ 80 A *
S
2
S 60-
8
>
©
O 40
20 -
0 | | | | | | | | | | | | |

Oat substrate Phellinus-fermented oat  Submerged culture

Mot FREREFAT - HF RS IF RNREREERL e BE
Bgr § iR e (HepG2) # i 5 2 B30

Fig. 27 Cell viability of HepG2 cells treated with various concentrations of
ethanol-extracts from oat substrate, Phellinus-fermented oat and
submerged culture of P. linteus using air lift fermentor.

Each value is expressed as mean £ SD (n=3).
*Significantly different from control (P<0.05).
**Significantly different from control (P<0.01).
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Fote  BRIAT R EFIrF AP ENEmrLE kR
e 5 P~3 (JER 5 1000 ug/ml) ¥ @ (HepG2)
FEFLEE

Table 24 Cell viability of HepG2 cells treated with hot-water extracts
and ethanol-extracts ( 1000pg/ml ) from oat substrate ,
Phellinus-fermented and submerged culture of P. linteus

using air lift fermentor.

Sample Cell viability (%)
Oat substrate ( hot-water extract ) 83.94+3.57°"
Oat substrate ( ethanol-extract ) 86.31+2.01°
Phellinus-fermented oat ( hot-water extract ) 63.33+1.72 ¢
Phellinus-fermented oat (ethanol-extract ) 74.63+3.16 ¢
Submerged culture ( hot-water extract ) 83.53+2.39"
Submerged culture ( ethanol-extract ) 85.05+3.38"
Control * 100.0£5.20°

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

* Medium without any added sample.
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(b)

g e (HepG2 ) & & & #4-k 37 B~ 4 g2 (1000 pg/ml> 5% CO,/37°C /48hr)

E]: £ X
{82 frdlmre 2 £ F3a5-(a) i ¥ HepG2 m®e k> (b) &2 4 HepG2 fm¥e & o
s =100pum
Fig. 28  Inhibitory effect of hot-water extracts (1000 pg/ml » 5% CO,/37°C/48hr) from

Phellinus-fermented oat on growth of HepG2 cells. (a) normal HepG2 cells » (b)

treated HepG2 cells. w =100um
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Appendix Fig.1  Glucosamine standard curve of Elson-Morgan method.
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Appendix Fig.2  Standard curve of mycelial dry weight corresponding to
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Appendix Fig.3  Glucose standard curve by phenol-sulfuric acid method.
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Appendix Fig. 12  Standard curve of DPPH - scavenging effect by hot-water
extracts from oat substrate.
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Appendix Fig. 13  Standard curve of DPPH - scavenging effect by ethanolic
extracts from oat substrate.
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Appendix Fig. 14 Standard curve of DPPH - scavenging effect by hot-water
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Appendix Fig. 15 Standard curve of DPPH - scavenging effect by ethanolic
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Appendix Fig. 16 Standard curve of DPPH - scavenging effect by hot-water
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Appendix Fig. 17 Standard curve of DPPH - scavenging effect by ethanolic
extracts from submerged culture powder.
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Appendix Fig. 18 Standard curve of DPPH - scavenging effect by BHA.

165



100 -

y = 4.6313x + 4.0993 .
R*=0.9912

S
3
T
(@)
c
i)
o
0p]

0 ’ T T T 1

0 5 10 15 20

Ascorbic acid conc. (ug/ml)
R 4 Ascorbic acid 2. DPPH p d g;%",ért 4RI AR o

Appendix Fig. 19  Standard curve of DPPH - scavenging effect by
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Appendix Fig. 21 Standard curve of chelating ability on ferrous ion
by hot-water extracts from oat substrate.
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Appendix Fig. 22  Standard curve of chelating ability on ferrous ion
by ethanolic extracts from oat substrate.
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Appendix Fig. 23 Standard curve of chelating ability on ferrous ion
by hot-water extracts from Phellinus-fermented oat.
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Appendix Fig. 24  Standard curve of chelating ability on ferrous ion
by ethanolic extracts from Phellinus-fermented oat.
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Appendix Fig. 25  Standard curve of chelating ability on ferrous ion
by hot-water extracts from submerged culture powder.
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Appendix Fig. 26 Standard curve of chelating ability on ferrous ion
by ethanolic extracts from submerged culture powder.
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Appendix Fig. 27  Standard curve of metal chelating ability by EDTA.
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Appendix Fig. 28  Standard curve of reducing power by hot-water extracts
from oat substrate.
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Appendix Fig. 29  Standard curve of reducing power by ethanolic extracts
from oat substrate.
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Appendix Fig. 30 Standard curve of reducing power by hot-water extract
from Phellinus-fermented oat.
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Appendix Fig. 31  Standard curve of reducing power by ethanolic extracts
from Phellinus-fermented oat.
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Appendix Fig. 32

Standard curve of reducing power by hot-water extracts

from submerged culture powder.
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Appendix Fig. 33 Standard curve of reducing power by ethanolic extracts

from f submerged culture powder.
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Appendix Fig. 34  Standard curve of reducing power by BHA.
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Appendix Fig. 35  Standard curve of reducing power by a-tocopherol.

182



1.0 1

y =0.0379x + 0.0062
R?=0.9987

Reducing power (OD.,)

00 T T T T
0 5 10 15 20 25
Ascorbic acid conc. (ug/ml)
R Ascorbic acid z_ Bk 4 £ % d 4 o

Appendix Fig. 36 Standard curve of reducing power by ascorbic acid.
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Appendix Fig. 37

Standard curve of total antioxidant capacity by
hot-water extracts from oat substrate.
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Appendix Fig. 38  Standard curve of total antioxidant capacity by
ethanolic extracts from oat substrate.
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Appendix Fig. 39  Standard curve of total antioxidant capacity by
hot-water extracts from Phellinus-fermented oat.
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Appendix Fig. 40

Standard curve of total antioxidant capacity by
ethanolic extracts from Phellinus-fermented oat.
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Appendix Fig. 41  Standard curve of total antioxidant capacity by
hot-water extracts from submerged culture powder.

188



60 -

y =29.58x - 2.3844 °
R*=0.9912
/O\ 50 N
S
P
g 40 -
o
(4v]
o
S 30 -
=
X
o
€ 20
©
IS
(@]
= 10
0 . T T T
0.0 0.5 1.0 15 2.0
Concentration(mg/ml)
e L= BREERK AL BEBS 2 RPF L4 REY o

Appendix Fig. 42  Standard curve of total antioxidant capacity by
ethanolic extracts from submerged culture powder.
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Appendix Fig. 43  Standard curve of total antioxidant capacity by Trolox.
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