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SUMMARY

I. Title

Development of mass production method for the prodution of Z7remella

fuciformis and its application

II. Objectives and Significance

The white jelly mushroom. 7. fuciformis is one of approximately 40 fungi
species in the genus 7remella and found mainly in Eastasia. The body of 7.
fuciformis used as a common food and clinically in traditional medicinein
China. This mushroom is also an excellent source of industrial enzymes

Investigation of the active compounds in the fruiting body of 7. fuciformis
todate has been limited. Soluble extracts of 7. fuciformis, however, have been
studied intensively. because of various noted biological effects, such as
enhancing immunefunctions, anti—tumor and hypoglycemic activities.

In this report, we developed artificial cultivation method for the production
of 7. fuciformis fruiting body and media was optimized. Furthemore the
biological activity of extract of 7. fuciformis was elucidated to apply its active

compound to the functional foods..

III Results

1. The stromatal forms of 7. fuciformis and the mycelia of symbiotic fungi were
collected from limb of Quercus sp. In this study, mass production method for
the production of 7. fuciformis using artificial media was optimized and
biological activity of extract of 7. fuciformis was elucidated to produce its
product.

_11_



2. The DNA sequences in the ITS region of the 5.8S ribosomal genes were
analyzed and compared with the gene sequences of 7. fuciformis and its
symbiotic fungi in the EMBL/GenBank database. The sequence of isolated
strain strain KG201 was very similar to that of 7. fuciformis in the
EMBL/GenBank database, with a homology of over 99%. The symbiotic fungi
KG201, also exhibited high homology with Annulohhypoxylon stygium, one of
the symbiotic strains for cultivating 7. fuciformis. Mushroom Complete
Medium(MCM) exhibited the best mycelial growth for 7. fuciformis and its
symbiotic fungi. Optimum culture conditions for the micelial growth were pH 7
at 257C.

3. The optimization of submerged culture conditions for mycelial growth and
exopolysaccharide (EPS) production in an edible mushroom 7remella
fuciformis were studied in shake flasks and bioreactors. The temperature of
28C and pH 8 in the beginning of fermentation in agitated flasks was the
most efficient condition to obtain maximum mycelial biomass and EPS. The
maximum cell mass and EPS production were obtained at a relatively high
agitation speed of 200 rpm and at an aeration rate of 2 vvm. Peptone is most
suitable nitrogen source and optimal C/N ratio is 20.

4. T. fuciformis showed fast mycelial growth on the saw dust of oak and poplar
tree sawdust in seed culture using sawdustand symbiotic fungi growed well
on that of accacia sawdust. Maximal mycelial growth was observed at pH 5.0
and beer waste is one of good supplement for the seed culture. Addition of
calcium carbonate, magnesium sulfate and sucrose increased the growth rates
of 7. fuciformris and its symbiotic fungi. In bottle culture, 1800ml bottle
exhibited more higher B.E value than 850ml bottle, because the former has
large surface area. Mixed culture exhibited high decrease rate of sawdust in
bottle. Oak tree was the most proper tree for the artificial cultivation of 7.
fuciformis on tree and maximul yield was observed when the mushroom grows
on the laid tree.

5. In artificial cultivation of 7. fuciformis in bottle with sawdust medium, 7.
fuciformrs and symbiotic fungi showed fast mycelial growth on corn cob media
followed by oak tree sawdust and cotton seed meal. The optimal temperature
for mycelial growth of 7. fuciformis and synbiotic fungi on corn cob media
was 25C at 55% of moisture.

6. The fruiting body of 7. fuciformis consisted mainly of carbohydrate (11.25%),
followed by protein (1.29%), ashes (1.14%) and fat (0.25%). The mushroom

_12_



contains large amount of palmitic acid (16:0), stearic acid (18:0), oleic acid
(18:1), linoleic acid (18:2). The level of oleic acid was 51.2% and that of
palmitic acid (16:0)”7} was 15.8%. Ten amino acids including glutamine,
tyrosine, serine, glycine, lysine, and alanine were found in protein as major
amino acids. Glucose was the main monosaccharide in this mushroom and
small amount of trehalose was found. The level of total phenolic compounds
were 738.63 ug/g, 2253.97 ug/g, 2599.06 ug/g, 2008.9 ug/g for caffeic acid,
chlorogenic acid, catachin and ferulic acid as standards. The concentration of
flavonoids were determined as 19.38 ug/g for quercetin as a standard.

7. A three—fold experimental design was used to prepare the extracts to
investigate biological activities of 7. fuciformis fruit body. In the first
extraction system freeze dried mushroom powder was extracted with
methanol, and the methanol extract was further extracted using liquid/liquid
partition procedure by hexane chloroform, ethyl acetate, ~N—butanol and
aqueous extraction. In second system (II) the milled powder of 7. fuciformis
was extracted with ether and the residue was further extracted sequentially
with ethylacetate, chloroform, ethanol and water. In the third system (III),
chloroform was used first instead of ether as the initial extraction solvent and
ethylacetate, ether, ethanol and water applied sequentially and in the same
manner.

8. To elucidate possible similar anticancer activities of the 7. fuciformi
mushroom, DLD—1, LOX—-IMVI, LXFL—-529, RKO, SNB—19 and SNU-1 cell
lines the DLD—1 human colon adenocarcinoma cell line was chosen and its
viability was examined in the presence of various extracts of 7. fuciformis.
Hydrophobic components, which were restricted to the hexane, chloroform and
ethyl acetate subfractions exhibited cytotoxic effect on the cancer cell lines
(system I). Some extracts in experimental setting II were cytotoxic to the cell
line and in a dose dependent manner. The viability of the cancer cell line was
shown to be decreased by the addition of ether, ethyl acetate and chloroform
extracts. In experimental setting III, three extracts including chloroform, ethyl
acetate and ether exhibited relative strong dose—dependent cytotoxic effects on
the cancer cell lines.

9. Antioxidative activities including scavenging activity of ABTS radicalcation,
1,1 —diphenyl—2—picrylhydrazyl (DPPH) radical scavenging activity, superoxide
dismutase (SOD) — like activity and inhibition of human LDL oxidation were
tested with methanol extract of white jelly mushroom. Among tested
subfractions of the methanol extracts, the chloroform extract exhibited strong
antioxidant activity. The TEAC value of this subfraction was 7.89 £ 0.08 uM
trolox / mg which are 1.9 times higher than that of the water subfraction.
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This fraction scanvenged also DPPH radicals by 60% and 80% at 1000 and
5000 ppm and the LDL oxidation was inhibited by 40% and 80% at 100 and
1000 ppm with this fraction.

10. After the chloroform subfraction was further partitioned with n—hexane and
aqueous layer, three main peaks in n—hexane layer exhibiting antioxidative
activity were identified as linoleic acid (peak 1), oleic acid (peak 8) and
mixture of five fatty acids (palmitic acid, stearic acid, margaric acid, linoleic
acid and oleic acid, peak 9) by GC—MS analysis.

11. Optimization of extraction conditions of white jelly mushroom, 7. fuciformis
in aqueous ethanol was carried out using response surface methodology
(RSM). The three independent variables were the concentration of ethanol (xi),
time of extraction (xz), and R.P.M.(x3), with each having 3 levels : 1, 0, and+1.
The optimal extraction condition concentration, R.P.M and extraction time for
antioxidant activity were found at about 68.7%, 193.4 Alm and 25.3 hr,
respectively by models. The model predicted a maximum response of 44.4g for
this point and extraction yields observed 43g

12. Extraction conditions of antioxidant activity compounds from white jelly
mushroom was optimized according to the same RSM technology The optimal
extraction condition concentration, R.P.M and extraction time for antioxidant
activity were found at about 79.9%, 112.8 rpm and 61.5 hr, respectively by
models. The model predicted a maximum response of 34.9% for this point and
extraction yields observed 34.2%.

13. Optimum temperature for the hot air drying was between 40 and 50 TC.
When dried musroom was stored with various packing film (PE, PP, and Ny)
for 4 weeks, very lillle changes in colour was observed and there was no
remarkable differences between packing materials. The quality of dried fruiting
body of 7. fuciformis maintained very well. Coliform microorganium could not
be detected on the fruiting body of 7. fuciformis, because the mushroom was
cultivated under aseptic condition. Colour and rigidity of the fresh mushroom
did not changed dring 10 at low temperature (10 C)

14. Model drink containg hot water extract of 7. fuciformis fruit body was
prepared and the effect of the fruit juice on the organoleptic property was
studied. Addition of apple juice(1.4%) and peer juice had an positive effect
significantly on the sensory characteristics of model drink containing hot water
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extract. However the addition of fruit juice at this level did not increased the
organoleptic properties of model drink with ethanol extract.

IV Suggestion of application

1. The technology to produce fruiting body of 7. fuciformis will be transferred
to the agricultural industry

2. The technology will be applice in various industrial fields including foods and
bioindustry.
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> Sterigmata

— Basidiospore

Fig 1-1. Basidia in various stages of development (A)and developing
phragmobasidia of Exidia nucleata in hymenium (B) within
gel of 7. mesenterica (a) dikaryotic probasidium (b) diploid
probasidium (c) metabasidium (d) sterigmata developing (e)

nuclea migration (f)basidiospore borne
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L d5oniadst 3879 £ £ 54
Aol MAS Aot 24, =5 2] AV e et 247
sto] At R AAAE 103 AHF F FHHoR
dte] PDA iAol o]2ste] 25C d27|ellA wjgatalch. x4
wrE AAAE 53] AlFste] EAHeR Ayt E F4A1X F PDA wiA|7}
9= petri—dish F730 AdA7F o g s/ tapingstltt. 8413t vit} <
Ao R 43 st} EAS WA ffoll Eolx|A sfar, FHFoll 375}
A& PDA iAol &7 2542Toll A wjFste] #2 o] &sidirh. =5
FAIE AAR ZEWAAM ofe] 7hA fAZE SARE el Aol
Aats o TSt (Table 2-1).
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Table 2—1. Optimum temperature on growth of Zremella fuciformis

The range of Optimum

Compartment
P growth temp. temp.

Store at 2~3C for several year

Spore 15 ~ 320 22~ 25¢C generally death above 39C

Mycellium 6 ~ 32C 22 ~ 26C No death at 0C, death above 39C

Fruit body 15 ~ 30C 23 ~ 25T
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S &o] AT FEE Aot X}Niﬂ—‘g‘ AAZ 5 39 Wl A A8 F-9
ZFE 0.5cm ol FEY =M HES guo] PDA(Potato dextrose agar) Hi
A Sloll Zo Fokth 25+£2TC &27)o 5 &<t vish & AT dAAE B2
o opestel bt Aol e Eugstel AaA FAH HEE BRI
. SEolWAl APAE sk dAFolAlddt TS PDAM XA v
&to] ITS—5.8S rDNA ME24 L& aF%12m, databases AMste] & A8

5NN TS WA HA s

&AL (KG 103) 7 3 (KG 201) w5 Z1ZF PDA wiA|ol| A 1447t
wjFatlon (25C), 53] d&ol= Add defo] 23 =4S Aoz T
S Fste] ATdem ARSIt dEolm A e, 7o dAREAl 7t
A Aed wjxE Awslazt PDA, MCM, YM, Czapek, MEA, OA, SAS} 2
AE wHEo] Wik dHE Wluskglen wiger=et HA pHE LolR St
(Table 2—2).

l
4 O

Table 2—2. Composition of the used media

Nutritional Medium (g/L)
reagents PDA MCM* YM Czapek MEA OA SA
potato 200
dextrose 20 10 40
sucrose 30
peptone 2.0 5.0 5.0 10
MgS047H20 0.5 5.0
KH2PO4 0.5 1.0
K:HPO4 1.0
malt extract 2.0 3.0 20
yeast extract 3.0
NaNOs; 2.0
KCl 0.5
FeSO4+7H20 0.01
oatmeal 30
agar 20 20 20 20 20 20 20

*MCM(Mushroom Complete Medium), MEA(Malt Extract Agar), PDA(Potato Dextrose
Agar), YM(Yeast Malt), OA(Oatmeal Agar), SA(Sabouraud Agar)

_29_



TAES 93 vl X2 Table 2—2.9] HiX 2 Agsle] AAE wjA S 7] Eujx

2 Adsta, A4 Fes 23S 15C~35CT7HA 5CHA oz Agstint.

ApHE ZA43t7] 918kl pH 4.0~8.0 7k 0.5 (FA 2= 1IN HCI# IN NaOH=

o] g3t pHE %A T MAZ Fu|atglon, 25TColA 1497 wjFst I FALA
o

Ak 71 Eaf A (Aol Aol F T} TS 22 100ml A2 8k~ A
of HF S 19 Aoz FA AA A WslE 2AEI Y. S Ho|HAl+
I TR o] I Auld (25ToA 7Y) RS, potato dextrose
ZUE oA 4TCo] BT 7] ZujA & vl oz X219} F

FAEFY FARES A AHus 89
Czapeks 7|EHIA2 &t glucose & T3
manitol 5 TR 3% F 929 B4 ET2 sucrose 30g7 FUT B ATkl
Astol MAE 2AGRON A7 pHSt LRlN 15U Mgl 7

o

=
A AREE AT Aa0E Adar] sl AwE i
L

o,
o
it
s
[
10,

it

% ammonium tatrate & 7] A9, urea T F7] &
o :=AbF 3% F 9% d4d FEE NaNO; 2.0g3% 4
= zAson Vel gad A Adn SdsA st
Wy ey A49S mAse] C/NHIZF 10, 20, 30, 40, 500] HEF 2H3)
%

A
of FAFe] 5% HAH C/NUIE Awagict

o
a
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3. A¥L

=21 o]

FAHRYE HF

1 Az % Eoaz 0
A4 PDAMA A A AEOWAFES 5 mm
el o] Z]HEu A2 AgE MCMHIA (20 g glucose,
2 g yeast extract, 2 g peptone, 0.5 g MgSO,H:0, 1 g K:HPO,, 0.46 g KH,PO,)
3le] 150 rpm o2 39 ok 28T oA HEYS wgaladr). et
Bestol @star. RE 4GL 3
aufAel HEL 2%7F AE
(KoBioTech, Incheon, Korea)

o] A 3adth. 250 ml A=
250 my F
223(250mD el HEYD 2%(vv)E FEe T u
HbE o 2 A EAT AET-S SRR E T
HAAL ARG BEAAH S AXE 5 L dax
oA 25C= wgsladct. 583 45 Al9sta @
, AEZ2% 200 rpm, HZ AR 8, #lkd 3 Lo|A] AA T}
Z%% 2 EPS(Exopolysaccharide) ¥4
F AES 208 59 12,000x gollA LA EE AT
THTE TAAE BHEste] AlFEE & oA A
it oAdZdEHz2 ofgk wg s
W 2FR2Y e S48
Japan)”7} ©% Aminex
AR

3l
0461 AVL
sl =4
Kyoto, Japan)@ #A]38}o]
1 ., Kyoto
HPX—-42C column(0.78 x 30cm, Bio—rad Laboratories, Hercules, CA, USA)E
T dEES 42 EFsle] 4TdA
/\1__0 ¢} =

=

HPLC(Shimadzu Co
ol #A e
Agsgrt. elae wE

Wx]ske] EPS
3l B o, FsrA v 7 (Olympus Optical Co., Ltd., Tokyo, Japan)©] %2t

r4‘:’*‘,‘51(Sh1madzu Co
] T
T AAuF T AFolmAlte] dHE CCD
7} 2} (Matsushita Communication Industrial Co., Ltd., Yokohama, Japan)Z
] A4 7] (Matrox Electronic System Ltd., Dorval, Quebec, Canada)® ¢

o] ApZolo Z=
A7 HAAE EPSE 10,000rpmol A 205-7F
& ?:.—w

skt

o
=]
I
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& 4
4%S

T =
= m
wAysiet.
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5. EPS(exopolysaccharide) ¥ 54 37}

EPSe] Ex}S MALLS 7txa=zZvntEa#ls] system (Wyatt Technology,
Santa Babara, CA)ollA SEC ZA™(Shodex PROTEIN KW-803, 804, Showa
Denko K.K., Tokyo, Japan) 2= #418}3ltt. EPS A1&S SEC/MALLS Al=¥je
2 B4 0.025mm ZE WH#Ad e (Milex HV type, Millipore Co.,
Bedford, MA)E £3}o] ZHEYL 0.01% sodium azideE &3+ <lilel=H
(ionic strength=0.1, pH 6.1)°] &3Hatqirt. EEFEEEL 0.7ml/mino] 1L
injection volume¥ H%=+ Z+ZF 100ul ¢ 3mg/mle. 2 3}9t). EPSY EXHS

2 =¥ (Jumel et al., 1996)
deolelE Fastgion, oju dn/decE 0.14 ml/g® AA AT 7} EPSo| g
A AAHS Astra 4.72 software (Wyatt Technology)oll o3l 2 A]&}3lt}

oH

AAFA]l dn/dcZk(specific refractive index increment)

4. AZoHR FFAZY AT

1. vjx] 2 wjFZAFHF2E9 3 pH)
Y &o|HAF Y FAFTE PDA wix|o HFsle] 28C 27|04 547t uj
‘ﬂ:ﬁ}oﬂﬁ}. ol £3] FEo|WAl #F+ bacteria® Wl w2 % scratchingshed

wjeksl & Aol 6 mm cork borer® Ho] wojdl dHE HEJoz ALY
o g, A5 ]‘ﬂ S PDA wiA|e] 1043t vjst ths 1 9ol SAAS
AEstar oAl 104 Hoko}"q L3t HEYoE AMGSITh FAIATY A

ARl ZHE A gt HHX1% A E}JJ} Table 2—-2 3} 2 o= WA E =
o

Askel A-g3%

plastic Petrl—dlsh(zﬂ 9cm)ol 25mlA &35} @%—%% A&ttt o] wik A
AlE 2542TC 2 Z4E 27|14 1047 vjE3 F colony? ZAEE ZAFSA
oh FA T AAMY HAREE ?“%‘3}7] & sk H MCM



7} IN NaOHZE o] 83} ulx]2] pHE 4.0~8.0 7}4] 0.5 (tA o2 A3 om

A, AE NG 5L 9o ZAAE AHer Awe] W FUdsA et

2
%0
ki
=2
>,
—
(@21
ru&
o~
=
0%
i)
o
4
~
>,
o=
o
ol
tlo
bR
S
ol
ol
32
kv

Ag Astr] A= o WA Ay g 3A8TS o] &8
T 7Es JNEstefor gt S oA T (KG 103)3 3 (KG
201), 27141 #S EFHTS A HAAuH] 2T HAifo] HAAI T
23 g 5 JESE EFTHS Aeelth
A (KG 103) 3 FAF(KG 201) #5= PDA wj#|oA 26C 327
o Al 1447t vigdte] HFH o2 AFESISIth 53], ol Agd FEH o A

H
A Mow Ay Aste] FEUow A}%am z%z% W FE 717

Nz
& AN At v x| HEste] 25T 7] A 30 HjFste] 124 4
Ue AxsF o g TS FHE7] st 23} 3‘} A E vl st

DA wjXx]el] 25T 3¥&7]
1S PDA HlA] 9

WESA A 1097 gl Eqarel

>>,

- T Akl ow, pHE 4.0~8.0 77}%] 0.5
NaOHE o] &3lo] ZA s ujxo|A] A HA L
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skl C/NHIZ} 10, 20, 30, 40, 500] HE=% zdslo] FAIG] 953 2
C/NH]E A23tqlvh. Kanayama(1984)7F AF&-3F W o]l oJsto] A wiFe A}

S Axse] FAVE 54" 9 3A (whatmann No.2, 274 9cm)Z o
A7l T o2 80+2CE 2AHHE ARV o] Duj7}x] AzAN T =4 A
z¥ 1A FAE ket FAEY ASA] e EE dddSs s A

stol WAWMAF EFHA e FANAL czapek’s WA S AL

3. ABNA AN 2 A5

1.

ki

ASEAZA HAFE 3493

AlAFE 22 MCM e Aol 1243F vjeFete] 250 ml 4H2F flaskel =5Fat
"7E 80 1 20 (V/V)o & E3tst § 70%9 FEg HUbete] ast Abrd ths
MCMoll A v kst dALE Skl ol & 1597 sjdate] 2+ Aeite] 4354
o w ARgEATh. Aol AR A Age ke AEelr] flste] E3u
(Quercus serrata), ©F7FANYWE(Robinia psudo-acacia), °©|E#] EZ¢] (Populus
canadensis), 8 VW5-(Alnus japonica), =YW (Pinus densiflora)= 559 WS

g3

ol

o~

n

ki
g
rth
2
N

Al A AZMA 2R ¥, AR, %, pH A

Aty HA Fytel HEd HAAE Adstazl AAI Ax B4 WrE

wuk FH A 5 42 10%, 20%, 30% (V/V)E] vl&= wighst o8 Rk

°] 65+£2% A =H3qlrh FHlAIE AlFE# (03.0<20.0cm)o] 50 g (7FH]F

0.21)% LdASA F3skar 121°Coll A 3027 ettt o2 vjg] vj L
%

= IS
HELE 3~5¢8 AFsAT. FAHo] AFH AFdHE 25+2C2 249 vk

- T H %
T 59 (Hypoxylon sp.)oll A7MARE Ay W
Zy ot 7

A3 23 & SRS 40-75%7HA 5%3F

-1-|~
o
\\}
(e)
R
=
2
i)
ftfo
fru
J}i
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Ao g zAste] A T4 (3.0x20.0 cm) TAFEES} FAME A Lol & xALEY
. Fuhax o] AL E Adalr] Yete] Ao Awtd Sty HbA s,
FETES BE e 10~-35C7H4 5CHA0= md s 243 & 7 34
o] A Aojet "W E SAsh wwel A4 pHE AAst7] f1ste] TAI
of At By, HUMAE, FESE, 225 Byl wE $ uixe] pHE

i
2
ofi
i
2

zA MRS A4 ¥

FATe] AE 7R WFeE 0-50%(V/V)7HA 10%74 2 &3

T FARES FALEE 2Abel AR HAGFL Awaar. 2

o] kel W H7RgheFel] calcium carbonate, MgSOs, sucrose® ZH2t 0

0% Z7vastal G (V) < sulfite pulpif e LS 10%°] =l &3
F=3te] 599 ethanolZ FHAF LVDE 0.001, 0.01, 0.1

0.2, 1, 5%% Z47} H7ste] Ao A} des i*}ﬁ}‘/’i‘:}.

Aol Ayt AT S5 vEd wE d&olmAdel Wik 73, 2
o] 2877}, FHS S| Yete] M A F T Hypoxylon sp.o] EFH|E&

< 100 : 100, 100 : 50, 100 : 25, 100 : 12.5, 100 : 6.22 HEHS ZAto] AL

W ¥ e £Fe zAAC

(@]

EFEAE ol 8 5o FF ¢ AEAH

gl EolmAlde MCM HiA7F Eol8ls A 8(H 4 12 m)ell 30T2] 27
oAA 1597F vjYAI 7] Y3 petri—dish (w9cm)e] MCM HiA|o| H. sp.& 25C<
g7l A 7ATE Bl FEA S cork borer (wbmm)ZE AF3Ee] 15U7F Al§ el

Hj kst sl &E o)Al Qo 1718 FFste] 30CalA 1047F viFAIZ AL 13

ERI0IS A9, o8 HA WTA 159 AR HRe s
[e]

, = 3

250 ml A2 flaskell FFubs- Skt WEEks 80 120 (V/V) RHlE= E9etal
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5d. &M AH|G NZFALE AT(LS7IH A=E)
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1. dEoHA &7 AulE 9

2
L

date] -2zt 7]

R0 2

3

th

o}

Ao Aol AjufH A
A= 649, 790l Aol FrpH

9%

A uj Aol A
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A

ofp
=
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W
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2. A¥E gF AFALE A A& &7 AL

S WAl AREE = 87§71 TFe dgstal o2y A
el HA &al, S FS A9 48 45 §71E ARSsoF @ 7]
= WAL Aufg7leA WA Aufets A5 wAlo]l o)l wmF A Ajuj 7t
o FoAA Hrz wAle] A& Ao AR s FASI7E s
A&l Aufstr] Y= n2xtEd 20E FASTF7] skl &1 A
WS ackskslivh 3, 8719 FRAe = WA AW e #EE
AEE shglom wAo =8 A ojZ o] A w4 @2 FHE MAE 5T
T e il A HV*O ﬂ”—ﬂ]i‘r Pz st = A sl

SERIE 5, 87060 MAFR, B, WA BE, 0,
B5, FH QAR AAS e WA e WA} BAA AL B
BEEYS 2 UHT 24 5 AGES FHOE Adte] 7 wAEE A4z
e st

3. AulE WBARLS 9% B, 28, WAV T
7. fuciformis KG 1032 Ajufoll A wjx]2] H A 3= 93 FA] 59 uﬂx]/}_ul

_4

Y A FelA dwrgom WAAuel wol o5y fa grol wwH AFst
B A TR F s WANRS 9P A4S, va 4 AR

A E WAle aea 2388 via APsieh(Table 2-3). 2%
A A HAARE sugar, 1%, CaSO42H:0, 1.5%,
MgS04-7H50, 0.5% = A3tk o] wixE Alg3te] 3 ZolwAl {70 A
e 9@ wWAA Lol da A7} 5k
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Table 2—3. The comparison of various media on fruiting body of 7.
fuciformis KG 103.

main materials

NO Oak sawdust Corn cob Cotton seed meal
1 77 0 0

2 52 25

3 27 25 25

4 0 77 0

5 52 25

6 25 27 25

7 0 0 77

8 25

9 25 25 27

(1,2,3,4,5,6,7,8,9; + yellow sugar (1%) + CaSO4-2Hz0(1.5%) + MgSO4-7H20(0.5%)

6. ABo|MAZS} FAZY FABARA

1. 3ATY EHEHD 9%

Aol EH[E Edol &gk dAFoln Al WA X adE HEGEH
23} cellophaneS petri—dish(Z7 9cm)oll WFo] A2 t}L o 7}x] Alo]o 7]
¥ 121Co A 1587 A3y, A% cellophanes F-w2oll A MCM Hj#] £
of Za FATES 88Uzt mge § FAdo] &+ cellophanes Hojwll 2ol 2
ol #AE HFF kol dAES A T (Dennis, 1971).

oN

2. Xylanase 84 ZA}

7. fuciformis, 38d L F 455 E3 w3 &4

i kgt 5 #FY] TPEAE el A4 Tmme 7= 7] =] (Table
AT ek 25Col A 1097k ke adnh Mo A Baae 246 9
Ao A2dE NaNOsE 0.2%7F E A 243kl glucose®] 47142

mlo

PDA uj=]ef] 541t

B2

)el
stef 7]
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Hgads vusglon, HA d49s A S8 BAYS malt extract®
0.1%7F SA 314stal NaNOs9| 47kA] dads 242 A7 ol vk o=

pHe| &S xAMet7] fl8tel HA7F 71 500ml flaskell Al 7] 2ujA &
1oomA Wi HFete] Aol &S Uetdle sldds St vieFekar 1o njg e
< 12,000rpmO.2 1531 YAEE et 1 v S 4Coll A 80% ammonium
sulfate® 3}59F 94 (precipitation) 3t & F2(dialysis) 3 AS J&571ZE7](ISE
SUR-QUICK) & freezing dryste] Za = AME38IGITH @ Aol g pHe <
kS =Asl719s) 0.1M McllLvaine buffer® pH 4—87}%], 0.1M Tris—HCI
buffer® pH 8—117}% 243} xylanase FHAS =43t} Xylanase 84 =
A W o 72 Somogyi—Nelson™ (Somogyi. 1952, Nelson. 1964)& AF-&3}3 o}

Table 2—4. Composition of the basal medium for screening

enzyme production

Components Content
KH2PO4 20 g
MgS04-7H=20 0.3 ¢
CaCls 0.3 ¢
Trace elements’ 400 ul
Carbon sources™ 0.1 %
Nitrogen sources” 0.2 %
Distilled water 1 L
pH 6.0

¥ Trace elements : FeSO4-7H20 50mg/ml, ZnSO4-7H20 14mg/ml
MnSO4-4H20 16mg/ml, CoCle 20mg/ml
% Carbon sources : glucose, xylose, sucrose, lactose, malt extract

#+%  Nitrogen sources : NaNOsz, NH4NOs (NH4)2SO,4, yeast extract, polypeptone

_39_



3. Ligninase$} laccase?d] &4 XA}

AAES 913Fe] malt extract agar(2%) BiA| (pH 6.5) A A Eo|HAIF(T)
(H), < (T+H)2 25T A zt7; v sttt Ligninase A4 A&
9] 7]Eujx]= B M)A (Table 2—5)& 7)o EtAYL O EE glucose

© g
OH l:olr
o= By
sy

o
ol
>
4

g HF s%7F 56mMeo] HE=% 74zt date] HUbsila wiA| o] Atw WEkE
w7] 93] buffer 8N =2 10mM trans aconitic acid(T.A.A. pH 4.2)E A}&3}

%t Blended mycelia®] A5 9Jsko] 1000ml 2H7F flaskell BIT i #| o} 2131 ¢
N HlFE FARE] wtAF Bowjkels A 40mlE FATE § 25CelA 154
AX kst FAMAE HHaFE 2~33 AMAHFT F 5%7F homogenizer(Nissei,
AM~—7; Japan)Z & 3}A]#A blended mycelia® AF&3}31Th.

woF Z2Aae FAFS 125m Erlenmeyer flaskel] blended mycelia(HE 20%

)9} detergent®l Tween 20(T.20)& 0.1%, veratryl alcohol (V.A.)S 1mM
2 247 zAdste] Hrbstga, FAol W2 ligninase, laccase &AM
2ol g AEStaAF wjkdS 15, 30, 45, 50, 60, 75m = sFglom ojetE M
T.20 2 V.AE ¥YXx] &3 benzyl alcohol(B.A.)E 6mM=E =43} blended
mycelia (20% F%)¢ #A EFNS 45m =z sfo] ox3Gich. BE AE
SutE o 7 AAslH 3 vje 25C <& 287 (150rpm, 2.5cm diameter cycle)Z

GAA EHAUZ B F NS ol

BE
BE

Agagia M
31 o

Laccase activity 54 (2Fs} @ =w) W aldd 20005 HaA 1~24%
AR ¥ e 90ul( 23.3mM ABTS(2,2—azinobis) 100ul +
glycine buffer (pH 3.0) 100 10ul £ (ZFHRo] 500ul)3sle] THF=
436nmoll A 15% FA o2 28-7F scanning 39 &2 unitE O.DZH/YHSAITH(S)
oz ALksalt.

Ligninase activity =4 (V.A.9] H;0.—dependent AF3}H) HFHE 20019
el FHsko] 1~28 AAET F et 90u+F 7 225u+10mM V.A
40pl+10mM Hz0; 20ul+0.25N Na—tartrate buffer(pH 3.0) 125nu E3%s}o]
310nmell Al 5% 7+A 2= scanning (Kinetics/time) UnitE A4t}

B
i
o
)
N
in

o
=
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Table 2—5. Composition of the basal medium

Medium Component Contents Reknslar
KH2PO4 2.0 g Autocl
MgS0 4-7H,0 05 g aved
B II CaClz 0.1 g
sterilized (NH4). tartrate 0.2 g Filter
Thiamine—HCI 1.0 mg ”
700 XTES 10.0 ml "
Nitriloacetate 10.5¢g
MgS047H20 10.5¢
MHSOmHQO 210g
NaCl 3.5 ¢g
FeS047H30 7.0 g
700XTES CoCly 0.7 g
g};rr;lggt ZnS047H:0 0.7 g
solution) CuS045H20 0.7 g
AIK(SO4)212 0.7 g
H-0 0.7 g
H3B03 07 g
NaMoOy 0.7 g
Distilled water 1000ml

1 FAFO) ANHE AUA 94 FE2A B

SlLolo] AHA FAS st Aol Ailstes AEA FAE FEEA
(Fruiting body inducing substance, FIS)< paper disc W3} v H7l¢e
AHgatel AT FIS B4 Ao v dAMA 9 o HEs dof A3t

gov woelale A T Fuewgi oY odHdE &) FEz 9L
232 At FAA FE2) P B deee e 90T 27 &
Zote] AHEaT oRE, ohES 2o FEagon, o 7 B A%
sl @A W gFol Aeistel AN Py HER R VAL
EREE
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74. F7F 8% dZAEA &4 2dxA 2 A4

1. 5% 5% 74, holocellulose, lignin ¥4
Ay SiHE S50mesh®2 W7 § FES Aoe] 65%%2 AT FRbuiAl
FA

7S Zh7t AEske] 25+2C 2 4% =274 20, 40, 60, 80, 100, 120
0£2Ce AX7E &F (Wy)o] & w7#] AZx35}e] 4
AR AL E=(W1—W2)/ W2x100 202 s o Ex S 048 W

A AGA ] e (g), Wors Al § AFA ] THFTF (9)S HElth

|
Holocellulose 419 A& ZAl= w5 5% 2

= o d =
Z A8t alcohol : benzene= 1 : 2 (V/V)&E Z3g3h "—‘32& gX3F A8 2.5 g&
250 ml AFZ+ flaskel]l ¥ =75 150 mle} o}lAAXANIERH 1 g& H7lste] 80T

FZo A 1A 7FE 3 oS WEES glass filter(1G3) = o] ¥ale] AZ7]oA]
Az & HFS (oAU EFEY). ALk AAAF2(%)=(W3—G)/Wox100 2]
o2 s oem Wy glass filter A (g) + AZF A=9 AAFA (g), G
glass filter T4, Wo : A A A& AAFA(g)E YeEFA I (Seifert, K. 1965).
Lignin #£4¢] AlazxAle 5% % #2408 SIS 22 agow éxﬂ%}ﬂ
alcohol @ benzenes 1 : 2(V/V)2 &3t o,
15.0 mlE 7ksto] Aol A 25 wRksta A 2A13F &<k ThER- A 2T o] Bl
1000ml 4+ZF flaskell AEA o2 H7|al ZFF 560mE H7ste] 34 T25
3%7F WS SAE & WA7|E FHAAA 4AZE Sb EA R o] vk S
glass filter(1G4)& o F3sto] Azx7]oA Az & HEFHSHS hH(Klason lignin -
TAPPI STANDARD T 222 om — 83). Al4F2 Lignin(%) = (W3—G)/W¢x1002] 2

stelow Wi @ glass filter F7A(g) + A5 A= AAFA(g), G : glass
filter F71(g), Wo : A&x A= AAFA(9E WEl

OXE

==
wFu

jud

ko] f-7] wiyol] wE A 4
80 : 20(V/V)e] H &= & 4]o]
o Z=x & 121CoA 6057F a1

g &t7] flste] FuHF 9t
TES 66%2 245t FRhulAE 850 ml
b At HEStal gAY A3 o 2

&

i
[e]

ok ﬂJ[O
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B

i

250 ml Az} flaskel

e

Mo

111 121°Co]

A3

D 20(V/V) HlEZ Z 4lo] 50 g FX

2L 850 ml L8] Ho

i

25

)

0

7O

5}

]

o

(e}
a1

AAA F4E AR &

5

ZHH S A2 30T, 40C, 50T, 60C=

ofp

< AN AE3AT: FAV| >

Wi

<

o= 3 Eo] WA(T. fuciformis KG 103)¢] A A7} AL 9Tt 3E
olMAle] AU E-S Official Method of Analysis (AOAC, 1980)2.%

Beeks 105Cod A

2Z WAL 105ColA A

ol

N

ZEA

550C 3|st= oA A o5 33}

?«
:F_

A2

=

1ol Soxhlet

MIEE

S o = =)
dFE 5435

)

]

Z X

.

133
AFEE ether

S

el

&

ToR

a7

=
=

o

Kjeldahl
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Do
)
N
Z oX
M
M
>

At HAE 25TCoA 10947 A% HA Aol A wjgste] &

AZ3ta —20Ce] ZASAA Ad B4 A 52 ARt A4

5o CHCls : MeOH (1:1) &H4& AHelste] FE3HaL o]

5 el FEEE5S £99aL CHCL ¢ MeOH : water (8:1:

4) &N 7hste] ge by v £8S 49 0.9% KCl §Ho=z A W A FH
& o 2

Ny 2B FERHEA P FEFD ZRELE &

B

FS  Amenta® WRel wEl FIsiglen,  AMiks
BFs;—methanolS AF83}9] methylationdt TF3-9] methyl esters FFEA& WHE
t}& GC(gas chromatography)(Varian, USA)E &4 =Z=A&gct ZAAx3s
A AlY methanolic KOH(6%)E * 2] th& CsHs= unsaponifiable lipidg 3
Z3al Si0; TLCE A" F% F sterols #3k3ith

25 sterolS AC:0 : pyridine (1 : 2)E Ao A 228t Acetylationd} 3+
=]

o EA sl
3. &8 E 4

oAl Eb=3lE 385 Bertrand WHOE SAHEPow, 2 A <
S BFEEAS 9l AxE AREE 70% WEE 22 == A4S AR
U3 hexanes 7}t A& AHES AAS ths AxsSh o] MES HPLCE
A5tk FHlE A 8E 0.45m filter2 o] 33 18 HPLCol| 5ulE 535t
Al e, Sugar Pak AHS AMEete] ©53tES FElsta RIZ detection
=

4. olm| A4t AR 24

Cap tubedl &4 Axd 3

7¥etal willE &Skt 4

o] IHFHT L]

t}. 6N HCl 40 mlE 7}3 & Agl# W
3 1

oF 183+ 3ol

2
ot
Ly
—
a1
>
o~
ox
ki
%
ﬁ‘
rot
ne
>
bt
mlm
N

4v &
1
(«)
@
2
X
=
=
>
tlo
ot
i
>,
.
off
i
_OL
4y ot ¥ = o
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Bal7k olelAwS solth ARzt B sS4t w55
TE °F 40 ml 7}31]
5

stol ot 4%

FU

712 A5
ofr| 1At A4S flste] A= 10 g5 75% l¥E 100 mlE 7hete] $HFGA|
2 80TCeA 153 =3 v o] A4S 2~33] W& FE35H. 4 F=55
2 gste] 75% ClghEE 7hste] 250 mlE %4%% T —20CoA 143 Has)
x

5. ¥ ¥ %E}EL—_OIE S}EFE X

3 Zo|u A (KG 103)9 = #13t Folin—Denis®¥'H< Af

|
2319t} vEere =& ]EOO_H 1 mlel] 3% =F 3 m< H7FsE & Folin &
Ciocalteau’s phenol reagent 1 mlE Y1 5387F 27 C9 shaking batholl A &3%a}
Atk EFS §NE 10% Na,COs & 1 mlg Yol thAl &E33 th & A7t
WA AL F 640 nmel A EFFEAR FFEE SAHNAGY S8E FHEE
caffeic acid, chlorogenic acid, catechin, ferulic acidS ©]g&3to] ZHAH FEFFA

= o]&35te] T H=m FFS At

S Eo)H A (KG 103)9] F Zetr o= S Nieva Moreno %5(2000)¢]
Hell o3 FAstth mgE F5 AREY 2 mlo] & sFte] E ¥
80% o €2 1 mlo] =< & 100 plE F 3] 10% aluminum nitrate 100 pl, 1 w
M potassium acetate 100 pl, 7283 80% oErL 4.7 mlS E33 T 220
403 A g F 415 nmellA FHEE ST olu T ZHR o=

querceting o] &slo] A3 FEI MO R BE s —g}ail;]_'

U?L’
flo 2

\jOl
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94.

1.
3714

gl puw

1__
o =
=% 5

hul

oA F
S22 X5 (CHCly), OHE‘EOWE%IOE(EtOAc),
g gEujEs sk o gk v
A& WA FEH (DA = S
o] 10u]2] ol H 2 (Ether), ol €olAlH o] E(EtOAc), &
il B(H.0) o2 7}8le] 84 oA 7k

=
=

[e)

X
& S ety

il

o

==

T=O°

Alg52 ARSIt Al AR FEHDS (D)eF 2

= =M=y FET

=5
7}

Tremella fuciformis

<1> +<">

F=W

A7 A&5oH A 100 g& 47

=]

}‘ZA
3te] Whatman filter paper No.4 o #A| =2 o] 7gh Th,

9 7H7te] 25% Aw A}

<l>

l 3

32

o

ol 5]

Gl

rlo

Fhete] 24217k ek 4

=

AEAIZ] Iﬂ Ak (hexane),

o=

!

Ether (X 2)

1

MeOH Ext.

l Hexane (X 2)
Hexane Fr.  Aqueous layer
L CHCls (X2)
CHCI3 Fr. Aqueous layer
J EtOAc (X 2)
EtOAc Fr.  Aqueous layer
l N-BuOH (X 2)

N-BuOH Fr.  Final aqueous layer

Ether Fr. T. fuciformis
l EtOAc (X 2)

CHCI3 Fr.

EtOAc Fr. T. fuciformis

l CHCI3 (X 2)
CHCI3 Fr. T. fuciformis
l EtOH (X 2)
EtOH Fr. T. fuciformis
i Water (X 2)

Water Fr. T. fuciformis

Fig. 2—1. Sequential extraction system  for the
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EtOAc Fr.

!

CHCI3 (X 2)

|

T. fuciformis
J EtOAc (X 2)

T. fuciformis
L Ether (X 2)
Ether Fr. T. fuciformis
l EtOH (X 2)
EtOH Fr. T. fuciformis
l Water (X 2)

Water Fr. T. fuciformis

preparation of extracts



104, 4244 78

1. §AE v

DLD-1(A%3h), LOX-IMVI(F%9h), LXFL-529(#})  RKO(HHES),
SNB—19(+¢h), SNU-1($]8h) 9] 6714 A E7} AL 9101, SNB—195 A 9] g 1}
HA AEES] wldS 918 RPMI-1640(Grand Island, NY, USA)el 10% fetal
bovine serum(FBS)Z £338}a sodium bicarbonate, HEPES, P/S(penicillin /
streptomycin) (Grand Island, NY, USA)<S H7}3F v|#x| = 4|39t} SNB—19¢]
v kS 9]3ke] DMEM(Grand Island, NY, USA)el 10% FBSE &3l sodium
bicarbonate, HEPES, P/S& F7tgt wixl& Fwlsiglth. SAlZ2E CO» (5%)
incubatordll Al 37 CZ wjekslglow, wlek = trypsin £HE AlLslo] A ZE B

#steit.

2. MTT assayE ©]&3 AE AFE9 =r7§

4517 HAste] Zzte] GAELE 96 well plated] 10'0=
F3Fal Z+7Ee] sampleS dimethylsulfoxide (DMSO)(Sigma, MO, USA)dl] =9 1
ppm, 10 ppm, 100 ppm, 1000 ppme2 A2}l th. 72A3F W §- wiA| S A~
3} 313—[4,5—dimethylthiazol—2—yl] —2,5—diphenyl—tetrazolium bromide(MTT)(Sigma,
MO, USA)E #7hst & 37C, COy (5%) incubatorelAl 5 hr wieF ¥ 0.01 N
HCl/isopropyl alcohols A 7}8}¢] micro plate reader(Bio—Red, 3550, USA)Z 9]
£ 590 nmol A FFEE SASY. BE A4¥S 3 ukE 3 & Hagew 1
A3E YEAT. ICo= FE=S AeehA &2 Aol vt A 49
T FFEE 50% AR SRR S

A EHe

FEL 79

L o|MA (T, fuciformis KG 103) EtOHFZE 2 HAH AYIHELE]
DPPH radicalel]l w3t 2~A%5=ES Blois WXl & FAHsAT J
0.95~1.00°] DPPH solution? FE=ES E8sto] 37CelA 3083 A
518nmell 4] UV/Vis spectrophotometer(Uvikon 933, Milan, Italy)® 3 =%
gt
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4, a—a—Diphenyl—B—picrylhydrazyl radicals(DPPH)¢] AAEA

S Eo|MAI(T. fuciformis KG 103)¢] DPPH radicalol 3 A27A4% %S Blois
Wl o] FAsT. F¥ = ghol 0.95~1.009 DPPH solution?} F=EE5S
Egtsle] Ao 1083t “J 2%k & 518 nmollA UV/Vis spectrophotometer®
FEEE SANNH, 4 AR FEEY fFE g% AL ARE HUT
shA] 2 txTe FHEE 122 FAA7|=d Had A= 5%l RCsodk
o= YEhATH
5. SOD FAHEA

B ENMA(T. fuciformis KG 103)°] tiet @A A=A Sz &

SA43etaa SOD AR HAMSEATE. Superoxide #HHZH(027) A71EHA
lio 5 (1985)2] HFH o uw}E} xanthine—xanthine oxidase cytochrome C ¢
o7 =A%, =, A% 0.2 ml, 50 mM PBS(phosphate buffered saline) £+&
LM (pH 7.8) 1.2 ml, 1 mM xanthine 0.2 ml ¢} 0.05 mM cytochrome C 0.2 mlZ
=3stsleh. o716l 550 nmelA w9 SFEe WEIE 0.027F HEE 34 g
xanthine oxidase 0.2 mlE& 7}sto] 383+ Fd% WstE F43th old
superoxide anion® AA S ool AHowHE F3F3T)

Superoxide anion scavenging activity = (1-— ﬁgz )><100

o
o % o o

O{

Abc : absorbance of control at 550 nm

Abs : absorbance after sample treatment at 550 nm

6. ABTS radical 2A8A

B Zo|MA (7. fucitormis KG 103)2] ABTS radicalS ©]-&3 &atale F42
ABTS+ - cation decolourisation assay®Hol <&ste] Al&3ET. 7 mM
2,2° —azino—bis(3—ethylbenzthiazoline—6—sulfonic acid®} 2.45 mM potassium
persulfate% HEFT 2 Z3slo] A2 kbAoA 24A17F ¥x|Ele] ABTS - &
HAAAZ 3 734 nmoll A EF = Fko] 0.70(£0.02)°] H A phosphate buffer saline
(PBS, pH 7.4)& ﬂ*—#okﬁv} 84
A FEEE S o, 4
ARE H7FeHA &2 x99 FFEE 1/2

R

Coodt &2 HERR AT

|
% ==

=5 «] ﬂ ﬂ‘r‘:V'L /\745“40
A 7] =dH Q3 A5 &

=2l
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7. Macrophage 843} (Macrophage lysosomal enzyme activity)
6~8 T3] ICR mouse? &7 5% thioglycollate mediume 2.5 ml FA}3H
T 72~96A17F el =% 7 macrophageE 3]53Fe] RPMI 164022 2~ 33]
Far AIEFS 1x10° cell/ml 2 24 8o] 96well plateol] 200 nl# FEF3akc),
37C, 5% CO; incubatoroll 4 2A]7F w38}l macrophage monolayerE
AZ1aL 28 wellell A1=2E F7bste] 24213 v @l 245k macrophge
monolayert RPMI 164022 A&+ & Triton X—100% 7}sle] MEES &35
5t t}h. Lysosomal phosphataseE 7]2<Q p—NPPe WS A7l & microplate
reader(Molecular Devices, USA)E ©]83}4] 405 nmolA F3EE SISt

£
ol

o
A

rlo

oft
ox

8. Mitogen &4 374 (Splenic lymphocyte proligeration)

ICR moused A H|HS AZE3}9] lymphocyteE 53 & HITE AAs L
RPMI 164022 2~33] A& 3slo] MEFS 5x10°cell/nlo] ¥ T2 2A3 T} o
m Adojx AlE FFAL 96 well plateo] 90 ¥ EF34a 10 ule] Al EEY
A7 ko] 37C, 5% COsz incubatorollA 72A1ZF wjgst 2 & A
MTT(RPMI 1640 with 10% FBS) WS &3to] mitogen 243tsS S48
o} ZF wello] MTTEHS HA7Fste] 5A17F vk = A% MTT formazan® <

S microplate readerE ©|-&3}e] 570 nmoll A TFE=ES =AH S

9. Helicobacter pylori Wl¥3} 343 test

Bl 2] == Muller—Hinton calf serum(MHCS)S- *]—%’3} , Helicobacter pylori
TAE Mol HAF § 37C CO2 incubatordl] A 443+ wjFsldtt, 443 vt
H A T oWFolE 9 mle] A g dES 3}04 Al gk 578§ plateol
1.5 mlA BF&1, MHCS WA & pour plantingS 2AA|St{TE 1 3 wjx] &
3] U}2 penicylinder ®=% paper discE <HEUt}. Methanol® Helicobacter
pylorl 38k J3kS dolH 7] & positive control® 200 plS penicylinder B
+ paper discoll FYI}F o™ A8 T fuciformis KG 103 F&=< 30 ul, 50
pl, 100 ul, 200 plA FYP3 2o 112 th53sk 37C CO; incubatorel] 4 F<t
v oFate] agar diffusion method® =4 &9t}
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114, 85 iR FaAgEHERDY & R 4

1. FEAE & 43

o] MAle] gitst B FES A% HAsE st WS EHEA
3} 2™ Design Expert (version 6, Minneapolis, MN, USA) software
entral composite design (CCD) program= ©]-&3le] AgA S HH3S )

ol W< EtOH =4 EtOHO| #ik=, % A 3d &£k Jgal F5 A

lo
_ll-noo]:o

<l

7SS EYHHTE 3 level~3 factor® fractional factorial blocks A3}

L

o}
(Table 2-6). F%F, A3 B4, 2elu 3 o FF& T2 498 F
7 myus 4o WAS BEA/RY R BARNS MG, oF wg
EREAYS ol gote] B3 B 339 BAL ANFORN HH FHEALS
gt

Table 2—6. Fractional factorial block of experimental design

Independent variables

Serial No. Conentration RPM Time
X1(x1) X2(x2) X3(x3)
1 72.5 (0) 50 (=1) 48 (0)
2 72.5 (0) 125 (0) 48 (0)
3 95 (1) 50 (=1) 72 (+1)
4 95 (1) 200 (+1) 24 (—=1)
5 50 (—=1) 125 (0) 48 (0)
6 72.5 (0) 125 (0) 48 (0)
7 50 (=1) 50 (=1) 24 (=1)
8 72.5 (0) 125 (0) 48 (0)
9 72.5 (0) 125 (0) 48 (0)
10 72.5 (0) 200 (+1) 48 (0)
11 95 (1) 125 (0) 48 (0)
12 50 (=1) 200 (+1) 72 (+1)
13 72.5 (0) 125 (0) 24 (=1)
14 72.5 (0) 125 (0) 48 (0)
15 72.5 (0) 125 (0) 72 (+1)
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124, 85 HA FaAHgEHERY & R 29, 34

1L 32 4 &9

A Axd dEopAl AEA 3 ke £ F F F 30 Lo EtOH= %
oA FET F 162 Y FFAT FF Hojx AE WAL EH A BA s
of mgAel g HHS Ao, &l &4 AqdHE AX v 4A
FF3Gth. 1 % EtOH FEE5 €50 59 & 78y B&iEgdos 1
FAY 84 82 YAl n—hexanes o] &35t £ ool 2 EFe
silica gel® A F HPLCE compound 1, 28 #8821, n—hexane HPLCE

compound 3~9% w238 tH(Fig 2—-1).

2. B4EEY BA H PN 53

oAl A A ] EtOH FE25H ol #3 T kst 243 Al

ot

¥ A4S HA EZES silica gel columno] Z 3 n—hexane : ethyl acetate &
ot SuflE 10 : 0 ~ 0 : 102 ¥&£9 WH3lE F=HA Eg3 5 HPLCE o] &3}

Q2 =

A AR TE. Crom—sil pack ODS preparative column (1.0X25cm)S o] 83}
acetonitrile—water (60:40, v/v) solution= 9 4 ml9 F%02 3} picrate
transfer 3+ compoundE £#39th 83 compoundE THA] Shiseido pack

Cis columne ©]83}od acetonitrile : water (70:30, v/v) solutions %3 1 ml 9

fEow AAsA ﬂzﬂﬂoaxl 459 4eBHS DPPHE ol §3te] Fital
d4s 5400, FAE DS A Al DLD-18 AR&3te] ICss 4
Bsreeh,

134, 3o #+3 R AF=1 &d

ol

1. E5oHAle AxxA F¥

e AWAE 40T, 50C, 60C, 70T =Hor IFHAXAA AA
(ultraScan PRO, hunterLab, USA)E ©¢]83}o] L(lightness), a(redness),
b(yellowness)#t& 7ot WE7F AlY & 20& HA9 dxxo= AAsqth
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2. AZxBA Y HAHEFA A3

HEL low density polyethylene film (°]3F PE, 7 0.05mm) Q&+,
polypropylene film (°]3} PP, 7 0.05mm) ®E, 3L %% (PP+Nylon+PE)
BT 2 ekl 25TCAA AgstHA] AeE SHste] Avdido] 7H =4
dojub= AS HAXFAZ AA st} sl

AR AAZA(BT) FEHS

WAL AFEGehe] 5ToNM 14907 4Gt Ao ALgsHelc,

4. FEoBA Y coliform A
A5 & 4] 2¥]9] peptone waterE 715} homogenizer® 60s & 3}A]7]
. ZHZF 1mlE FH skl 3M petrifilmol platingsle] 37Coll A 24A|7F v Fsle] 2

A0 2 coliformTE A3 T

m&}ﬂ

5. ZoHHe Ax 54

147F AgaA 29 AR AWA S BA7S ol g8t F7 dolA
S ARAE o] g3ty =AY, MEAE BARoR TFEIE AR

don w¥ 374K MWHsle] Azl HHFS &5

X

ot o
>~
op Ho

b3t

il

o
. oy

dgoln el AE 27
A

igol‘ﬂ NS FHsto] AR b2 e YR ES HeA wjx| 7t B
o] ¥EE A2t} 1.5cmX1.5cmX1.5ecmE A ZekA 3EWS FH3Eto] Texture

Analyser model HDIiE o]&3le FHAHsE AFEHE probe= [02.0cm9
stainless steel rod¥ o]y, Auk o] &= 0.5mm/sec, ©l 5 A8 10%2 1133
3, A= force(g)Z FAISFATE 1493 AGeHA 29 HAo = ZA 35S
t}.
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144, FEoIHAR A 4F3}

rdet
4
9,
3
e
(e
o
9,
oo
et
!
m&
o
fu
N
BN
e
M
=2
Re)
et
e
off
b
>

S5L/3) FEELS 1000ppmE =7t A S840 Hbe k(o g F
o] &Ak3ts& 500ppmel A 21.5%, 1000ppmell A 38.4%, 2000ppmoll A 76.0%
H 2000ppme] FZo A AlgHEC] ARNES H 7] 1000ppme HAF %
AAedt) 559 wigtx/d2 Table 2-70 YERH AT

Table 2-7. Composition of model drink for the preparation of 7.
Fuciformis extract

a5 a5 RS o ete o et o gL
24 (%) - . -

FEE -H&E —AlRE FEE -H&E —AlREF
=Zd 16.66 16.66 16.66 1.00 1.00 1.00
45 0.00 1.30 1.40 0.00 1.30 1.40
T4t 0.10 0.10 0.10 0.10 0.10 0.10
T4ANa | 0.10 0.10 0.10 0.10 0.10 0.10
a4 7.00 7.00 7.00 7.00 7.00 7.00
o3 6.00 6.00 6.00 6.00 6.00 6.00
Vit C 0.05 0.05 0.05 0.05 0.05 0.05
AAF 70.09 68.79 68.69 85.75 84.45 84.35
SHA 100.00  100.00  100.00  100.00  100.00  100.00

ez oS s3] fste] 100% At 2 wiss A7

SR v
=3
stel 3 mAskTel B Wmste] WeAskE AAGG B FAA
E

2 I
F7F 2 5 e F AT gl dAAY VseE 7 Al wet E ek
o FAMRES TG AEgeta) ey 2 ekl 257 e tdeR =

AT, ZAFSE A3l SAS programeS A3 ANOVA £41 & O=0.059]

4] Duncan's multiple range testE ©]&3le] 1 A A5
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<Y ZolWA FANAT : JEVH, FAE>

14, dE5ouA T4 widd AL " TR HH3F

p—

d=oluist FHTY #o % 53

Aol AT TAT ANE Astel 7w FH, Aekw A, BAw

Aopat o) opist EaMA A THANA kY HZIMAS FRsGon,
T

o)
ok oAl TS Eelasith 2Yd dE
ol A=

N,
B

52 A A THKG 101, 102, 103, 104 75 A
Zh SR8, HAS). SR ARGl 7 A3k v

& ZAgte] ARG 7242t
121Co A 2087+ 2Fyt3lod —‘?—?”LHOHH 1.‘44@ 4t petri—dish(# 7 9em)el 25

2dE 27104 1043E H

fr

jus)
==
)

X,
ofy
Olr
o
8
O
H
\\)
1
s
H
\\)
s
HU

2. 5o HAFF s H% FAZTY U=

KG 101-104% 103%57} PDA<} MCMuIAol A A 27 o] 14.6 mm/14
days® AN GEO] 7HE Eodth 47HA] 5 K5 PDAwiA| oA AR
Tt b mekem, 1 b2 MEA, YM, Czapek =0t} &A% PDAc]
A 7 3 T AR S WERWlTH(Table 3—1).

3. KG 103, KG 2019 ITS 5.8S rDNA sequencing

wEE ¥ F KG 10379 KG 20193 Al A&t = 43 744
PDAuj Ao A vkt & [TS 5.8S rDNA sequencing 3t A=} <
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s
ol

% Gene Bank Data homology searchE E3to] 7#F5 A3 A
Table 3—1. Mycelial growth and density of 7. fuciformis KG 103 and A.

stygium KG 201 at different media.
(mm/15 days)

Medium
Strains (KG)
PDA MCM YM Czapek MEA
o 11.4 13.4 10.7 9.3 9.3
101(34= ¥2) ++ +++ ++ ++ ++
10.8 11.8 10.9 8.6 9.4
102(A82h)
+++ +++ +++ ++ +++
11.9 141 10.1 9.2 13.1
103(XeF2tH1)
+++ +++ +++ +++ +++
10.5 11.2 9.3 7.7 71
104(X|¢4t2)
+++ +++ +++ ++ +++
201(A9Yx £H) 75 83 68 52 63

PDA : Potato Dextrose Agar, MEA : Malt Extract Agar, MCM : Mushroom Complete
Media, YM : Yeast Extract Media
Mycelial density : +; Poor, ++; Good , +++; Excellent

e dFE EomAAE Tremella fuciformis AF0424099F 99% 9] #7
A dEEE vede Ao gdudh wedE sATE 22 Pes {4
A MEE A e

4. B8 AF (KG 103)9 ITS 5.8S rDNA sequencing

ARE AEZo|M A 5.8s rDNAY ITS FAA MIL vh3 Zom Gene
Bank Data homology search® %3l weEl® #7% AFoIMAAQ Tremella
fuciformis AF042409%} 99% 9] +82F deAda Hehdl= Aoz Sl H A (Fig.
3—1, 3—2).
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TCCGTAGGTGAACCTGCGGAAGGATCATTTGAGATTACACCGGGCCACGA
GGCCCTTCCAAACACCTGTGCACATCGGACCGCGCCCCCGGGCCGGGCCG
CCTTCACACAAACATATGTCAAGAACGTAATGCATCATAACATGAAACAA
CTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAA
TTGCGAAAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACCTTGCGCCTTTTGGTATTCCGAAAGGCATGCCTGTTTGAGTGT
CATGTAGACTCAACCCCCTGGGTTTCTGACCCGGCGGTGTTGGATTTGGG
CCCTGCCTCTCTGGCTGGCCTTAAATGCGTTAGTGGTTTCACGCAGACGT
CGTAAGTTACGCGTCGACTGTGGGCCGCTCACAACCCCCTTTACTTTTGC
ACTCTGGCCTCAAATCAGGTAGGGCTACCCGCTGAACTTAAGCATATC

Fig. 3—1. ITS—5.8S rDNA sequence of KG 103

100 [ Tremella fuciformis AF042409
% 1
Tremella flava AF042411
o 100 [ Tremella cinnabarina AF444430
Tremella globispora AF444432
50 Tremella resupinata AF042421

Cryptococcus paraflavus AY395800

Tremella encephala AF410474

o8 Cryptococcus perniciosus AF472627

100 Cryptococcus aureus AB085802

48 L———————— Cryptococcus laurentii AY31566

0.02

Fig. 3—2. Phylogenetic analysis of ITS—5.8S rDNA sequence of strain
KG103 (1: KG 103).
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5. 3 KG 201¢] ITS 5.8S rDNA sequencing

o H FATS PDAuIA O v ket 4= ITS—5.8S rDNA sequencings 3}
A DS EA8HT o] 1DNAS 32 LS tha3 2™ Gene Bank
Data homology search® &3dlo] E&%E 7= A Zo|HA FAAEA Hypoxylon
sp.(Annulohhypoxylon stygium AJ390406)¢; 5-AAF LA 99% AEAS HoF
© Aoz ¥ A(Fig. 3-3).

CTGAGTTATCAAAAACTCCAACCCTTTGTGACCTACCTATGTTTCCTCCG
GCGTACCGCTTTAGCCTACCCACAGGGCTCCCCTAAGGGGGGGTTCTGCT
GGGGAGGTGCCTGAGTGCTACCCATCCTTCGGGGTACGGTTAGTGCAGTG
AAGGTGCTGACCAAGGCCTCGGCGGCGCCGAGTAGGACCGCTCCAAACTT
AAGCACCTAGTGCATCCAACCCCGCGTTGAACAACTATCGAAAATCTGCT
TTTGCTTTTTTTCTTTACGCTAAAACGTCTTTCCTGGTTGGAATTATTGC
TCGAAATAATAATTTCTTTACCCTGCAGTCGTTTGTTTTCAAGCTACAAT
ATCTGCTCGAAAATTGTTCAAAGCTCTGAGGGGTCTGAATGAATTCATAA
AATTGGCAAAAGCCACCTATAAACTACGGTTCTTAGGGGGTGATCAAACC
AAGGTTTTAAAAACCAAATACGTTAAAACTTTCAACAACGGATCTCTTGG
TTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTG
CAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCATTAGT
ATTCTAGTGGGCATGCCTATTCGAGCGTCATTACAACCCTTAAGCCTTGT
AGCTTAGCGTTGGGAATCTACCCCTCACTGAGGGGTAGTTCCTTAAATTT
AGTGGCGGGGTTATAGCACACTCTAAGCGTAGTAGTTTAACTCGCTTTCA
GGGAGGCTGTAGCTGCTTGCCGTAAAACCCCCTATAACTTATAGT

Fig. 3—3. ITS—5.8S rDNA sequence of symbiotic fungi (KG 201)

S PDABRA| o] w3t <= ITS—5.8S rDNA sequencingg )¢
FAA LS 243 o] rDNAS F424 Ade th&3 221 Gene Bank
Data homology search® &3t EIH A5 SZowA FALY
Annulohhypoxylon stygium AJ390406 3} 42 A4

Aoz FAEAH(Fig. 3—4).

Tod T4
i
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g5 | Annulohypoxylon stygium AJ390409
2

100

o Annulohypoxylon atroroseum AJ390397

Annulohypoxylon annulatum AJ390395
L— Daldinia grandis AF176982

-
=

—— Hypoxylon fuscopurpureum AY945224
3% Hypoxylon multiforme AY616707
| Hypoxylon fragiforme AJ246218
L Hypoxylon papillatum AF201710
Hypoxylon fendleri AJ390400

Hypoxylon truncatum AF201716

100 “— Daldinia loculata AY787695

0.1

Fig. 3—4. Phylogenetic analysis of ITS—5.8S rDNA sequence of
symbiotic Hypoxylon sp. (KG 201).

248, FEovAHF (KG 103)3 FAT KG 2018 uAu|<F

1 $%2F WA A

BAH 7. fuciformis KG 103 FATFE PDA X o] 28C 3L7]o A 547
okl o™ bacteriaE vl X9 scratchingsle] wjFst & o] 6mm
cork borerZ o] WolW AW HEYJ(T)OZ AL, e
H T (KG201)= wi%stal HFdow AR (H). ¥ 7. fuciformis
KG 103& PDA HlA| o] 1097F wjts o8& 1 9o FAAT KG 2018 AEs1



TA] 109 7F i kste] &5kt o] HEHU(T + H)o2 AFE3AtH(Fig. 3-5).
sl Zol A FAFFY FAEAS MCMHEIA oA 14mm/10¥ 2 7} $-
Eiy

G5}
A 0A, SA, Czapekvl A= A ZFssth. Bl&olo] FAH H 3 Eo| FAAF9}
ST TP FT w2 ol Hl] dARAA ] AA ] AR o JA
MCMuj R o] A4 Z+zE 85mn/10¥9 & 7 53931, OA, SA, Czapekv]X| &= A%

3T Quimio(1981)el o3t Eo|W A (Auricularia spp.)< glucose, yeast
extract, kauffmans, potato dextrose, V—8 juice agarE F7}8}9 S ul HAMYA
o] SFatttar skglom, A(1997)l o3t WA (Fomitella fraxinea )it A=
2 MCMujA| oA A A o] 78 A %3 EHo] At B sk vl A A}
of wel HAuA = ARtEE A7 Ao E ASom Ay TAEE &
el et T8 SR A3 vlashd A mlzsiAY ofE FE gk A
e e ATH(Table 3—2).

Table 3—2. Mycelial growth of 7. fuciformis, Hypoxylon sp. and
co—cultured fungi at different media
(mm/10 days)

Culture media

PDA MCM YM Czapek MEA OA SA

T. fuciformis 12P 142 12P 9° 13% 8¢ 8°
H 1 i
TPOXVIOW — gyve g gpbe 78° g3 g1 g1
Sp.
Co—culture 83P 85° goP 79¢ 83b 79° 78°

* Radial growth(mm) of colony after 10 days in 9cm petri—dish and represent the
average of five seperate cultures for each treatment.
* The different letters(a, b, ¢, d) differ significantly(p=0.05) according to Duncun's

multiple range test.
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A) KG 103

B) KG 201

Fig 3—5. Growth of 7. fuciformis KG 103 and its symbiotic strain KG 201

on different agar media.
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2. BEHRFHKG 103)F FAFKG 201)2] 124 vz =
B oA F(KG 103)2] A S 25Co|A 14mm/l4days= 713
lom 35Col 4 a3 15Colst Ao FAGA wAF Aol oA

HEE 5= Ak 2 FAAF(KG 201) A Ho|mAl 7T} FAE 2%

F= silen 20C~30C7HA F3stA Ak As dEd = AJyTh
Huang (1982)9] 7. fuciformis® dAl= 25~26TC 2 HA 2 z5prom

Ao S 23~28Ceal Bag A A AR Ados AU (Table 9,

Fig. 11). T3k 2(1981) 9l 2t Ho|M Al (Auricularia auricuala—Judae)2] A}

A HAH2Es 30CH Badlem Cheng¥ Hou (1975)= 24~307T,

Quimio (1981)x 28TC&tx B3l A o] A Eo|mAlFHT} ZolAlto] 2L

242 e,

ol
ol
o
2
o, of
tlo

%] ol A

Table 3—3. Mycelial growth of 7. fuciformis KG 103 and A. stygium KG

201 on PDA at different temperatures.
(mm/14 days)

Temperature ('C)

Strain
15 20 25 30 35
7. fuciformis
+1 12£2 14%2 11£1 2x1
KG 103
A. stygium
43+£2 75%2 86+4 70x5 34+£2
KG 201

Radial growth(mm) of colony after 14 days in 9 cm petri—dish and represent

the average of five separate cultures for each treatment.
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w

HAEoHAF (KG 103)3 FAA(KG 201)9] 2AwgF A pH
I EoIWMAl T (7. fuciformis KG 103) @5+ pH 5.0°14 14 mm/14 dayso =
Hoje] #ARES YeEtlon, vaA she pHellA 2 Apehe A o] @ v
Atk 183 pH 6.00]3 | A H-E A FAo] 543 oAES #EE 9l
ATH(Table 3—4). T KG 201 #F% oA #59 ui7[x = pH
5.0014 86 mm/14 days®] Hoh TAMEE-S UERATE g oAl
frAFgE pH 4.0~pH 6.0 Ake]e] 2 pH7E Aol Easprhal 4] = At
Chang(1997)0] oA #& pH 5.50 4, &ATE pH 5.0004 AR A ]
71 a5 vtal Badkulel o] fAbek AdE A9l om Chend Hou(1978)
7} B&o] #AM A pHH ¢+ pH 5.2~7.20]4 HAA%E pH 5.2~5.80] 21
wagk A A dAstE Aot HolwAlel A FAMA A= pH
6.5~7.59 °fft & HZA pHE vetdva B uEth(Khan 5, 1991).

Table 3—4. Mycelial growth of 7. fuciformis KG 103 and A. stygium KG

201 on the basal medium at different pH ranges.
(mm/14 days)

pH

Strain

4.0 5.0 5.5 6.0 7.0 8.0 9.0

T. fuciformis
KG 103

132  14%+1 1143 7+1 5+1 3+1 2+1

A. stygium
KG 201

78+4 86x5 843 74+5 46+3 21+£2  13%1

Radial growth(mm) of colony after 14 days in 9 cm petri—dish and represent the

average of five separate cultures for each treatment.
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Fig. 3—6. Growth of 7. fuciformis KG 103 at various temperatures and pHs.

3. AAMF H=H3t

1. &8 ¥AFE (KG 103)F JFAA(KG 201)9 FAA A

g &3

| Zolm A FAEF(T. fuciformis KG 103)E 30ColA 21mg/15Y, T
2 s Zolu At Egtuje & 25ColA Z+2F 330mg /159, 308mg/15Y =
7V 9k 3F T Huang(1982)0] 7. fuciformis® dAb= 5~38TC 2] H oA =}
g HAujeF = 23~28C et g AR A dXatE ARE dgon
35Col a3 15Colal Ao A FAPG] Axda AT
G e AR FAFY SASo|wAFS EFuldEtH Fsadst ol
ARgel wrh X EACH(Table 3-5). Hg 2H(1981)e] ot HolmAl

(Auricularia auricuala—Judae)® T A% FHAE+= 30CE8 2 Hastdon
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Fur} Zolmawel nee el

Table 3—5. Mycelial growth of 7. fuciformis on the basal medium at

different temperatures
(mg/25ml/15 days)

temperature (C)

Strain
15 20 25 30 35
T 5¢ 9° 17 21° 11°
H 101¢ 236° 308* 254" 96°
T+ H 2431 317° 330° 326° 132°

Mycelial density : +; Poor, ++; Good , +++; Excellent
* The different letters(a, b, ¢, d) differ significantly(p=0.05) according to Duncun's

multiple range test.

2. A E =4 pH
S ZolW Al FAIFF( 7. fuciformis KG 103)% pH 5.5°014 27mg/15%Y, &3+
pH 5.5 4] 342mg/15Y, ¥+ pH 5.0914 310mg/15Y 2 AR Fo
atolom Eghto]l I EoMAlyt Yo wjgetzloltt TRt 7 pH
N FARE ] AR FE3FTH(Table 3-6).
o] @AM Ae] pH W= 5.2~7.200 HANE

©]% Chen Hou(1978)7} 25
i 5.2~5.802ka gk A Ao ATk Aol 2y HolH Al pH

6.5~7.57} F Aol (Borromeo, 1967)3L 3Fo] B E oAl HAF= HA ALA] Z o A

FAA Gl $5E 550 Ak,
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Table 3—6. Mycelial growth of 7. fuciformis on the basal medium at

different pH ranges
(mg/25ml/15 days)

pH
Strain
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
T 5! 9% 114 27? 20P 18° 14° 8¢ 3t
H 95%  236° 310 306" 274 257% 172" 96¢ g4h

T+ H 103" 249° 330> 342* 292° 2849 176" 125¢ 95

* The different letters(a, b, ¢, d) differ significantly(p=0.05) according to Duncun's

multiple range test.

3. g2 A
Bo|WA FATF(T. fuciformis KG 103)E 3HdA 2952l maltosed}

lactoseE F7Fek wi Aol FAIFFe] 41~43mg/15¥ = 7Hd FFadlom diES
stk o)t A% o R ARAEEE dextring H7FeE wiA 4] 18mg/159 =
V4 AzEdh £33, F 2352 maltoses H7HEE wfA|e A Zbz}
357mg, 328mg/15Y &2 7} 4353 3L F alcohol®] €<l manitolE 713k uj
Aol A 7+7F 330mg, 307mg/15Y 71 A Z3FtH(Table 3—7). o] Afi= Holn
Aol glucose, fructose, galactose F7} wiA|ol|lA AP A o] 43550
lactose F7F wlA oA 7} A 23t B3 (Bais et al. 1970) 3ha} 3 Eo]
WA I = dabE = Aol

OH
?J]
!
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Table 3—7. The effects of carbon sources on mycelial growth of 7.

fuciformis in liquid culture
(mg/25ml/15 days)

Carbon source
Strain
Ct G XY AR SU 1A MA MAN CE DE
T 0! 28 21 35" 37" 41* 43" 26° 20% 18°
H 0" 3129 317° 310% 320° 324" 328* 307° 327* 320°

T+ H 0% 346° 350° 339° 353" 349° 357% 330" 350° 342°

* Cont: control, GL: glucose, XY: xylose, AR: arabinose, SU: sucrose, LA: lactose,
MA:

maltose, MAN: manitol, CE:: cellulose, DE: dextrin
* The different letters(a, b, ¢, d) differ significantly(p=0.05) according to Duncun's

multiple range test.

4, Aol A
-d%o]‘ﬂ’ﬁ (7. fuciformis KG 103), &g+, 38 EF oligopeptide, amino
acidE FAE o= = HdA AU peptoned #H7F3E wiA|o A Z+Zt 56mg,
367mg, 362mg/15%_‘i/\1 7V dmeidon, dEomAldyd S Ry}
H 5718 24 9¥92 ammonium chlorideE %7} x|l A 28mg, 332mg/15<
FATL GRS LA E AU|A ofn|Ake] AF9l arginineS #H7}E v o
A 326mg/159 = 714 A =33 tH(Table 3-8).

HolMAlAe HA AU peptone?} ammonium nitrate®]™ anmonium
sulphate®] 7Fg A28} thal ®al(Bais et al. 1970)3te] S Ho|HA 2 v =3
BEFolR ot HA AL Aol duke Al E e FE fF7IH AT AL

ot

i_.
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S5} 2 A4E AT A3E dALoR Rty Favt A W
ud fEeda naRR (N 4, 1983)7 9 AZuA R EFFL o
N Az B

alL
Euyole] F718) 24 ¥ ammonium chlorideE Z7F3F v A
3

e 540l 9

Table 3—8. The effects of nitrogen sources on mycelial growth of 7.

fuciformis in liquid culture
(mg/25ml/15 days)

Carbon source

Strain

Cont AT R AC ) PE Aa Tor Ag Gn

T 750 44%  47¢ 28% 31" 56* 50" 46%  40°  39°

H 12°  347° 352" 336° 332 362° 342¢ 3357 326" 330°¢

T + H 14% 349 351° 3320 339° 367* 344° 341% 339° 345°

* Cont: control, AT: ammonium tartrate, UR: urea, AC: ammonium chloride, SO:
sodium nitrate, PE:! peptone, Ala : alanine, Tyr @ tyrosine, Arg @ arginine, Gln :
glutamine.

* The different letters(a, b, ¢, d) differ significantly(p=0.05) according to Duncun's

multiple range test.

X, At 2a ALEC] shutol™ fumaric acid®] el ofsie] A7+
succinic acidE H7FstRASw) A &So|MA SAIHF(T. fuciformis KG103) 2] A}
RS 68mg/15U 2 7 %538 2™ oxalic acid, propionic acid, acetic acid

A7k WA AR Aol Aglow, EFEH FAFY FAYTS GNAS
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TAeE A ofmAke]l dFQd glutamic acidE H7FSE wi Aol Al ZHZ} 379mg,
376mg/15¥ =2 7} dsstg o E3H#2 oxalic acid, propionic acid, maleic

acid, acetic acidE #H7}3F wiAANA 7 A ZFFFUA FAEL maleic acid,
lactic acid, acetic acidE #7}3F wix oA 7} A %3G cH(Table 3—9). 31&Eo0]
HA, 34, A4 T acetic acidE #H7Fst wjA| oA FARAY O] Az
ANE Y= 54 0] AUt

Table 3—9. The effects of organic acids on mycelial growth of 7.

fuciformis in liquid culture

(mg/25ml/15 days)

Organic acid
Strain

Comt AC CI GLUC Glu LA MA OX PR SU

T 57¢  58% 63™ 64" 60 61" 60 59%  59%°  gg?

H 361° 365% 373" 374 376% 364% 364% 366° 367 369°

T 4+ H 366° 368 376" 374" 379% 370° 368 367 367°¢ 375

*  Cont : control, AC : acetic acid, CI : citric acid , GLUC : glucanic acid , Glu :
glutamic acid, LA : lactic acid , MA : maleic acid

propionic acid , SU : succnic acid

, OX : oxalic acid , PR :

* The different letters(a, b, ¢, d) differ significantly(p=0.05) according to Duncun's

multiple range test.

6. H]EFTl A

B Bo|MA FATF( T, fucitormis KG103), &3t 3] wARIS

2 BT
thiamineS A 7}3F vjA oA Z+ZF 71mg, 382mg, 381mg/15U & 713 AdF 59 o
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HIERR o] FRell ot AN Aol v, Ao TRl ok Apoln
A& 5ol At ofH|ieal thAe] HofdtE G4 HEARAM Fo% o
315 3} pyridoxined coenzyme A2l A<l pantothenic acidE 7} v Aol
A FBolmAl e FAMIAE 66mg/l5UR ARSI EFe] FAHYGLS
pyridoxine¥} HIE}Yl B9 UF<Ql biotines F7FsH vl x| ol A 387mg/15°‘i A
% ¢S YeEITH(Table 3-10). 3479 dAES Hxa4 NAD ¥
NADP¢] #47]9l nicothine amide, riboflavin, flavin nucleotide®] AJ¥&-<1
panthothenic acid, biotins #H7}3F vl Xl A 374~375mg/15YE B WA A X%

O} vitamin F/FIHY Aol AA] Z S}

Table 3—10. The effects of vitamines on mycelial growth of 7.

fuciformis in liquid culture

(mg/25ml/15 days)

Vitamine
Strain
Cort TH BI RI PN IN NI PA
T 634 712 68%° 69 66° 67 69" 66°
H 372° 381 375" 375"  379* 376" 379" 374"

T+ H 376° 382% 378" 379°°¢ 378" 379"¢ 380* 379"

* Cont . control, TH : thiamine.HCI, BI : biotine, RI : riboflavin, PN : pyridoxine, IN
: inositol, NI: nicotine amide, PA : pantothenic acid
* The different letters(a, b, ¢, d) differ significantly(p=0.05) according to Duncun's

multiple range test.

7. C/NH]¢] g3

B H o)W A FAFF(T. fuciformis KG103)2] A7 C/N ratioZ} 2090 A
78mg/15¥ 2 71 4ZE s 5004 66mg/159 =2 AZeAu. T FAF
AL C/N ratioZ} 309 W] 394mg/159 2 7FF 589 109w 376mg/15Y =2
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Aol o FAF d#AMAAL C/N ratio’} 40914 389mg/15¥ F
3o 1004 376mg/15Y 2 A ZF8FHTtH(Table 3—11). S Eo|HAHF-& HALAY
=g]7] witel] B4 LUt E2AS OUR FolslA] &Ze He=E A

&o]
ZhElv bl gAR ] AR S Aw 2 WA 'aa9lo] =2 30~40

ol A }g ol TS FAsTh Songs(1987) FAMAFARE CO/N

Table 3—11. The effects of C/N ratio on mycelial growth of 7.

fuciformis in liquid culture

(mg/25ml/15 days)

ON ratio
Strain
10 20 30 40 50
T 73P 78° 73° 70° 66
H 376¢ 379 381" 389% 384°
T+ H 376° 382¢ 3942 390P 386°

* The different letters(a, b, ¢, d) differ significantly(p=0.05) according to Duncun's

multiple range test.

oo
fo
a
9,
Y

7 2 Hypoxylon sp.9] B34
WA S Wik 994 24 mg/25ml 2 peakE UERNIL 1 o] Fo] AL
4ntet FEE FAS S e W 8L T3] 0.69 pe/ml o
o peaks WERL 1 o] ehntstAl F8k3lth. 0.D(optical density)+=
F 6LdA A FE3] sttt 8L Al peakE o] FiL I o] F= NS
st v (Fig. 3—7(a)). Ypoxylon sp.o] A ML wi 1547b4] A& S7hst
ol 14.6mg/25mlo] S lont wieF 3UAF-E v 11dA7EA] A4t S7F S27)
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w43 F7Fegla 11 ol 4ntst FUFE YERNSIY. Hypoxylon sp.o] T
2 ke vk 11940l 13.28 pg/m =z 71 =% oy 1 o|% HAF A A
S YElith. OD= vk 104 #< 1.3 g =gom I ol% HAa i
At} (Fig. 3—7(b))
5 W _": L )-4:':-—-. '
Z ) i g - :
iy il faf =+ -
:::'. = E‘ -; ¥ ;
: T i 4 i
5 & 14 '
o = E] ¥ i
H ; ¥ :
2 g B LK '
" 2 g If PR B

BEEEE RN N BE: N B2 B T IR SN S I R R TE R R

(&) (b)
Fig. 3—7. Mycelial growth curve of 7. fuciformis and Hypoxylon sp.
44, J5oHA Tar] JF AAuYE A3}

1. ST WjFolA Hx =g 229 dF

EPS A4t 4 AE A% H4en

mlm

2t7] 9le Bl&ol= 25, 28, 31, 34T
oA HBuFE A 34CHT #& RN E 29 A AxFS YA
28Ce} 7]} th2 2Xo A= zbol7t gl oz BAH A H(Fig. 3—8). EPSe
HHsle] &% ko] Aolr WE whAEtH] ekgtth, A EAAGI EPS Astel Hx
pHY G&E xAle7] ko] AxE g Zekaa gl & HAx 22 (5.0
~9.0) 8ol A vl FH ATk, Fig. 3—9 ol A Eukel o] wiFz7]el pHykel ¥ st
of AEZAA Folakrt fdY. & RFAAE Fig. 3—9 & EPS7F pH 8% 99

A o st

o)
rl

o
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Fig. 3—8. Effect of temperature on the cell growth and exopolysaccharide

production in shake flask culture of 7. fuciformis

Fig. 3—9. Effect of pH on the cell growth and exopolysaccharide

production in shake flask culture of 7. fuciformis
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DO

EFgaa iFY HAE AT 27

Al wj o} EPSe] AAkel lolA '] FEE XARSHY] f1ste] of e 7HA
BAYE 20 g /L FEolA A F8ESATh Table 3—12 oA #Enpe} o] A Az
=3} EPS9 %<& 4FL glucose, fructose, sucrose’} EtAGo g AL EHSS o
oAt HAEH wadd FolA Aujze] Ho ANH2 20 g/l =F3a2E

-
g wj Aol A ol 9 EPS AAbE S 27 SFAs I wdo] gl

rf

o

o} H FZALE 77HA A AY = tryptone, soy peptone, meat peptone, yeast
extract™ A2 o2 FFo|o Az £ FFS v HH(Table 3—12). Al
. w9l EPSO HAske AAagozA EYER 2 g/LolAs wolgrh
1A vaste] FrAAdS Ao o v AEAEI EPS Adhs

YEF AT (Table 3—12).

Table 3—12. Effect of carbon and nitrogen sources on cell growth and
exopolysaccharide (EPS)production in shake—flask cultures

of Tremella fuciformis

| Cell dry weight (g/L) | EPS (g/L) | Final pH
Carbon sources
Glucose 6.35+0.22 1.43£0.10 6.29%0.02
Maltose 3.43%0.00 0.94+0.02 6.53%+0.04
Fructose 6.04+0.28 1.43+0.16 6.09£+0.02
Sucrose 5.64+0.24 1.2240.02 6.70%+0.04
Lactose 0.74%0.01 0.34£0.02 7.43%0.01
Mannitol 5.95+0.60 1.224+0.05 6.70+0.02
Sorbitol 3.57%0.30 1.04£0.35 6.79%£0.02
Xylose 4.101+0.95 1.05%0.18 6.00%£0.25
Nitrogen source
Yeast extract 5.77%£0.12 1.21+0.03 5.87£0.22
Tryptone 6.79+0.04 1.50%0.32 5.72%0.18
Polypeptone 2.31+0.05 0.80%0.04 5.90£0.14
Meat peptone 5.81x£0.33 1.40+£0.13 5.80£0.14
Soy peptone 6.35+0.64 1.40%+0.13 5.80%0.14
Ammonium
1.89+0.12 0.32£0.12 4.33%+0.34
sulfate
Ammonium
. 2.08%+0.03 0.39%+0.11 4.60+0.86
nitrate
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* Fermentations were carried out in flasks for 3 days at 28°C with initial pH 8. Values

are mean £S.D. of triple determinations.

3. A% BIAMY dke7|e A" S FF

A ol o elolE o AFEIE £ANA s AEE M ABEED )

Ak, Hoj vl ~(7.03 g/L)¢F EPS A4H(2.00 g/L)-& 200rpmol A Aol Atk
(Fig. 3—10). 50rpm F-&&FZoA =53] &FFA0] W& g2 g 27|25 H
EAEQAE=E A thste] w9l EPSAALY ¢ we &7 nddrt

(Fig. 3—10). Awjxe} EPSO 7F & A2 200rpmel A dojH=d 4H]
(YP/S)® wiAell A EPS &&3 58 45w 2+2 0.25 d7' 3 0.09 g/go]
At

8 r T
—=— 50rpm
,I_ 7 F 5  |={F=200rpm
6) 6 I 400rpm
= = 4 -
o : =<
g 4 r —— 50rpm \(b/ 3
P} 3 r === 200rpm B] P
© 400rpm
1 */
ot o
(6} 1 2 3 4 5 6 7 1 2 3 4 5 6 7 8
Time(d) Time(d)
o5 SOJ
il ( R 2501
L 50" &
% —<O— 50rpm % 20 H —O— 50rpm
15 L = = 200rpm ‘é == 200rpm
400rpm 8 15 | 400rpm
) g
g 10 § 10
2 2 AN R
g 5 r 2 s5¢ E g =
0] 111 0
1 2 3 4 5 6 7 8 e 8 4 5 6 7 8
Time(d) Time(d)

Fig. 3—10. Time profiles of Cell dry weight(g 1Y), EPS production(g 17%),
Residual glucose(g 1Y), and dissolved oxygen during submerged
culture of ZTremella fuciformis m a 5—L stirred—tank reactor at

different agitation speeds.
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EPS A2t Az Agel sk 374 2l
ZE Ak A~ (10.12 g/L)9] =2 F EPS A2H2.32 ¢/L)2 2 vwm &7
fregolA HEHJT AL hHdg
(0.57 1 vvm)2 4935 2 yvvmollA #ZFH A (Fig. 3—11). H2EH
o] Mol A &FAA 0 =
271 AZAHJA 2 vwme] F7] fFEEAT &
Eo7FHA 3] SUFsIGITE &&EA AR o] 50%01de wE B E Feke

2 = 2t} (Fig. 3—11).

2 r

—o— S0rprm
—O— 200rpm
400rpr

10 b —=— o

Cell dry weightig 1-1)
LS I =
EPS(gl-1)
fam QR U VRN 3 I s (]

—

s} 1 2 3 4 5 5] T 1 2 3 4 5 <] T
Time(d? Timel{d>

120
s r|; —=50rpm
— =100 ——z00rpm
T =2 a00rp m
2 g oo |
w [
3 & B0 |
= 5
n
= = 40
= a3
= =
] Z 20
' iiel é
0 — 0 L,,_|_‘.———|_|—|_I—-D—-1j
1 pad 3 4 5 ] 7 1 1 bl 3 4 5 & 7 1
Time(d) Timeld)

Fig. 3—11. Time profiles of cell dry weight, EPS production, residual
glucose, and dissolved oxygen during submerged culture of
Tremella fuciformis in a 5—L stirred—tank reactor at different

aeration rates.
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6. 29It F7FUY AENSTY FHH #F

A ARy 550y HFold A pullulanse B ATFAEA 9§ 4
LA EPS AR FEjAQl At Holskoh A FEA Agte dEelvt
FEolY wolut i RE A aRoE Atk RS YERI )
o @ E A 712 vEbd Al Ee] B Fig. 3-13 o] YEIT v E A )
= oojm A Azl AR AN o] B S A war)i Eet
37HA] Hejd o2 tE e = ovoid, elongated, double yeast forms® & J,{r%_E]
ATt wEE-71¢] 27};(] Pejol] Hg7|Hs 3 7]'
5 AolQlal o]FaEAe] HlTo] MY
elongated yeastiﬂ HgL& W
Elongated yeast®] =x7} olulx F7Fe EPS Abel] 7]443}3A ). elongated
yeasts® NBRHARE7|NA 39%F AR FhH Tme] oo F7]FYPut

710l A= A

Ovoid yeast Elongated yeast Double yeast

Fig. 3—13. Division of cells before fermentation

7. EPSY 4

EPSe] ®Aml~E MALLS Alxgleoz AZ®E SECO <o) ZAEAL
EC/MALLS A 2812 S8A9 &2 53¢ &4 944 £8 £A45 dPdghol
glo] EPSe EA#e dud f8slth 1Y Baet 375 Aure7]oA Aike
EPSE 3] & 24%(1.3X106 and 1.5x106)2 7FAa Aot 28la 24
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Tremella aurantia (1.5%106)¢] A A 25 EaH oA A 74
Aol #AS AERAYt TUFYA AENSVIERH dol EPSe ©dE
(89.12%, 86.48%)2 w4 (10.88%, 13.52%) = 217+ #4591 7] proteoglycan©]
. EPSE 117FA oipmste®  FAHlgl=Y FE O ddid dRE
isoleucine(11.97%, 11.26%), glutamic acid(14.70%, 17.42%), serine(12.14%,
13.38%) %} 37FA] ©v %5 (mannose, xylose, fucose)o|t}. EPS9] 3}st# -Alx} &

ZHAIQL Aol 7}F shearing & el o] A ¥ L vEE7] B Slel o3 ®MA"ATE

AL Fulg dolth,

[o

32

e

5d. &71AH, FA A, 5w =3}

1. E&5ouA A& 1A EFFAAZ

89 T fuciformis KG 103 FA|dFE PDA vjX|of] 26C a-27]oA 14<
FowjFstelon, AGEFHHE g AS 4~8F skl dojd dHEs HEd
TR A8 2e BHow Paw A stvgium KG 2018 wdsie] 459
H= ARgaigich dlojdl A HFY T oF HE SAll SuldE Al

W 77.5%, V17 20%, Aal 1.5%, M 1% HFste] 26TCellA 30 &<
M= & 5 12, 22k 32 Ad AEete] St FHEAY. Eal S

¥ T. fuciformis KG 103 ¢} A. stygium KG 201¢0] A2 & Holx& E31slo

Fig Azshs 2ol FRaAA A ARG HA71E 0§t BuT 4

FARRA dEoMARE el £E Fabel dmskla v
o] 7ME Axsglon Tt I Fwe =9

& AxSA ™ Hypoxylon sp.i= OFMAIU kel 71 F=stal eeuy &
prol 7hd Axsgith. A7bAlRE A 2 WFate] b FEskglth(Table

[e]
3—13). Huang(1986)& ZZo] A X0 2ol LABEAN &9+ 5 79%kg

N
X
o
o2
fol
ol
K
R
e
)
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S E93itta BHaldlgdal, Ting(1987)L T3k AZAS o] &3 plastic bagA sl
A 3 AZA 100 kg, AL 4 kg, FAbuladvlE 0.5 kg, & 100-

120kgs &3k vix 9} =383 A4 50 kg, w3 &5% 50 kg, 271 25 kg,
A1 4 kg, urea 0.4 kg,  100-120 kgS ZFZF 713 wjx = Algstgon =
=12 Fujian AW Gutian Aol A= ¥ Ao ALE3H] & E34 A=A
= AHgEte] W ETE 58 £ YEhdTa sigloy suelAE H3HA
AAS Aol ¥t £ 59 T wE FARE Ade v Juy w5
Hrol 7 ¥Eg A3E yetdida AU s EA s WSl ¢usiith AR
W 84%, B7& 12%, A% 1%, F7FF 1%, AaL 1%, B2t

=
aUE 1%, FESEE 70-75%°]Ath. B Ao A= ascomycetesol] &3
&}

ofN

Hypoxylon sp.9F &
AL A H o X = Adtd oy Sty 9auks ARSIt
YEoMA o] Ao A7t w5 q
7z} 15.9 mm, 16.0 mn/15day® 7V4 4391 AU Ehbo
7V Azl on, dAPEEE ol Futol At o - oFslith 5t
Hko| Al 74 mn/15day® 7FE <Estg o ¥ Z8 Edto A 63.1 m/l15day®E 7}
i

[e]
AzZ7] wel Aol WA ghddh s Sako]l Aol A% 259 5

o

X o

Hop gARA o]l -3k Aol Hypoxylon sp.i= OFFAIUE 54kl A
66.8 m/15day = 7 -3t Q. #UF ol A 48.2m/15day 2 7 A &35}
Aok, wAGo A HIMAEE oML, 5, Hypoxylon sp. B

T4 & 1 Zt7} 16.4 mn, 76.2 mn, 64.8 mn/15day= 7} 5
st ar Mm-S &3 Aol A ZhzE 13.9m, 57.2 mm, 47.2 m/15day 2 7FE A
%35 tH(Table 3—14).

Ly
-

B Holo] Bulyl B o FAUE 317] S8 Hypoxvion sp.9F 3 Eo|W A2
T WA 54 wt=A] dojopsint, dutHom AufE I = FAAAY WA
& By 24T AR S FARE ol&3ith. vl uel AR A
g 59 FR7F o2 HoAle &2t 55, obFkAkel i HH(Khan 5, 1991),
Faeh dMHAE I S 2E5E w9, SolwAle A9 vy w9, ¥
A &), Fhugaite] i sigloy HAFole AR M E
pi=



Table 3—13. Effect of the various supplements to sawdust media on the
mycelial growth and density
(mm/15 days)

Mycelial growth and density

Kinds of

supplements . . ) _
sawdust T. fuciformis Mixed fungi Hyp ggy lon.
Rice bran 14 - 63 ++ 48  ++
Oak wheat pollard 16 - 73 ++ 55  ++
Beer waste 17 - 85 +++ 79 4+++
Bean curd 17 - 75 +++ 70 +++
Rice bran 14 - 60 ++ 55  ++
. wheat pollard 15 - 70 ++ 65 ++
Accacia
Beer waste 16 - 77 +++ 75 +++
Bean curd 16 - 75 ++ 72 ++
Rice bran 14 - 48  ++ 45  ++
wheat pollard 15 - 67 ++ 55 ++
Poplar
Beer waste 18 - 74 +++ 65 +++
Bean curd 17 - 65 +++ 61 +++
Rice bran 14 - 58 4+ 40 ++
wheat pollard 15 - 75 +++ 68 +++
Alder
Beer waste 16 - 75 +++ 43 +++
Bean curd 15 - 63 +++ 43 +++
Rice bran 14 - 57 4+ 48  ++
. wheat pollard 15 - 67 ++ 67 ++
Pine
Beer waste 15 - 70 +++ 70 +4++
Bean curd 15 - 67 +++ 63 +++

* Content of supplements : 20%

* Mycelial density : —; almost nothing ++; good +++; excellent
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Table 3—14. Summary of good sawdust media and supplements on the
mycelial growth
(mm/15 days)

Sawdust and Mycelial growth

supplements T H T+H
Oak 15.9° 61.2 74.0°
Accacia 15.2% 66.8° 70.5"
Poplar 16.0° 56.4°¢ 63.1°
Alder 15.0* 48.2¢ 67.8¢
Pine 14.8° 61.9° 65.3
Rice bran 13.9° 47.2° 57.2°
wheat pollard 15.2° 61.8" 70.1°
Beer waste 16.4° 64.8° 76.2°
Bean curd 16.0% 61.7° 69.0

* The different letters(a, b, ¢, d) differ significantly(p=0.01) according to Duncun's
multiple range test.

= T o T. fuciformis H . Hypoxylon sp. T + H : 7. fuciformis + Hypoxylon sp.

3. iR HA wj¥2E, pH, 8, A7HA #F

AR w7 R A S AFste] 2R A d Ay 25
T2 25.30ColA 17m/159Y, Hypoxylon sp.&= 30TCo|A 113 mm/15day, &%
25ColA 93 mn/15day® AR Aol 7V &3 ekaL, Hypoxyion sp. T2
wjeker AEvh 3 wjgFe o] FAMG ] FEd AES yEhIo 107
ofstel 35C ol delM = AFHA FUth dAIE == 25TA 7HE F3ko
aRg FAY WS Ae derh @45 golA s Aol on HAmomAdS
o= Loy AP EE wfg- wdth(Table 3-15).
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Table 3—15. Effect of temperature to oak sawdust media on the mycelial
growth and density
(mm/15 days)

Temperature('C)

10 15 20 25 30 35
T. 0° 0° 11° 17 17° 0°
fuciformis - - - - - —
Hypoxylon 0° 5 36°¢ 93° 85" 0°
Sp. + + ++ +4++ ++ —
0° 4 42° 102° 113° 0

Co—culture
- + ++ +++ ++ -
* Mycelial density : —; almost nothing +; poor ++; good +++,; excellent

* The different letters(a, b, ¢, d, e) differ significantly(p=0.01) according to Duncun's

multiple range test.

oA ] FRb A A AR pH W 9= 5.0~8.0¢]v pH 5.04 ™
21 m/15day® 7Hg Fsstolon AP EE o] pHoll Ay wi¢- wolkeh &3t
& pH 6.0914 106 mn/15day2 7H $-528k% o FAPEEE pH 5.0-9.0744]
"% s Qkvk. Hypoxylon sp.i= pH W} #AMA = F T A8kl pH
6.00141 100m/15¥8 &2 E3ttell vlsl Hypoxylon sp.= #AYe] it =&
gFo] Ath(Table 3—16).

AEoHAFe] FAREES FW owiA e FEF
mm/15day & FAH o] FE eIl 60~75% = Hl
Aol Azdgrh. Ty FAPLEE o FEFGFAAE vl$- ket gt
3} Hypoxylon sp.%= 40~45%°14 116~119 mm/15day = wAM7ge] Wt 32}
Tl Wobdol wel Aol =Rloy dAMEEE WilE FEEEol
Aers wton FEedo] 60% odd o A=t =2 AFS UElie

Hypoxylon sp.oll B3] &3tato] A Aol Fa sl th(Table 3—17).

o,
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Table 3—16. Effect of pH to oak sawdust media on the mycelial growth

and density
(mm/15 days)
pH
3 4 5 6 7 8 9 10 11
T 7 14¢  21* 18> 17" 17° 13 94 6°
fuciformis — — — — — — — — —
Hypoxylon ~ 74° 85 95" 100° 95" 87° 85 77  62°
Sp. ++ ++ +++ +++ A+ 4+ 4+ 44+
70 88 97"  106* 98> 85 83 70° 65
Co—culture

++ ++ 4+ + A+ A+ 4

* Mycelial density : —; almost nothing ++; good +++,; excellent

* The different letters(a, b, c, d, e, f) differ significantly(p=0.01) according to Duncun's

multiple range test.

* pH adjusted with MclLvaine buffer

Table 3—17. Effect of moisture content to oak sawdust media on the

mycelial growth and density
(mm/15 days)

Moisture content(%)
40 45 50 55 60 65 70 75

T 22° 22¢ 21 21 19 19 19 19
fuciformis - - - - - - - -
Hypoxylon ~ 114° 113® 110" 108" 107" 98 85¢ 74°

Sp. + ++ ++ ++  +++ A+

119°  116® 113™ 110° 109° 101¢  87° 76!
Co—culture
+ ++ ++ ++ 4+ + A+ A+ 44+
* Mycelial density : —; almost nothing +; poor ++; good +++,; excellent

* The different letters(a, b, ¢, d, e) differ significantly(p=0.01) according to Duncun's

multiple range test.

_83_



A REA SRS

o
H =
& Al we AR EeE 24}

WS Ak Bo] Aol Eqkot of
A o) $- oFsldvh. &3, Hypoxylon sp.= W54 10%
Wk o) FAPYE7F whgkon wSEul

v oA = A4S YEhAnh
(Table 3—18).

Table 3—18. Effect of beer waste content to oak sawdust media on the

mycelial growth and density
(mm/15 days)

Beer waste content(%)

0 10 20 30 40 50
T 13P 15%® 162 162 172 172
fuciformis _ _ _ _ _ _
Hypoylon 80" 90? 85 85" 78 734
SP. + ++ +++ +++ +++ +++
86" 90? 8g® 88 82° 759
Co—culture
+ ++ +++ +++ +++ +++

= T o T. fuciformis H . Hypoxylon sp. T + H : 7. fuciformis + Hypoxylon sp
* Mycelial density : —; almost nothing +; poor ++; good +++; excellent
* The different letters(a, b, ¢, d) differ significantly(p=0.01) according to Duncun's

multiple range test.
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Huang(1987)2 FRrulAlell calcium carbonates A wiA] FA] 1% (w/w),
Ting(1987)2 HSAE o] &gt wlX|ol| 1.7%(w/w), 7. aurantia®t ascomycetesS!
Stereum hirsutum™}2] EFHIGA] 1%E &3+ AE3te] a7t AT B
gk up 2 Ao AL 7]EH] Aol calcium carbonateE 0.1, 0.2, 1.0, 5.0%% 717}
A7 A3, AT oA T 0.1~5.0% H7HstowA FA gl vls) A GA
AR 7ol 24~25 m/15day® et o dAMd == Aol glddth ey &3t
o] AL 0.2% H7F Al 118 m/15day 2 7Hg FEatiom 5.0% o3 A
7F Aol FA el Bl ARl Ao dAbE EE FA el vle A7t
Aol gAPEETY % Hypoxylon sp.i= 0.2% 74 123m/15694= 7 3%
ool H7E A AR dA Aol AsjEY wAbE = FA el Bls Eobd

o = JATH(Table 3—-19).

=

tlo

Table 3—19. Effect of calcium carbonate content to oak sawdust media
on the mycelial growth and density
(mm/15 days)

Calcium carbonate(%)

0 0.1 0.2 1.0 5.0

b a a a a

T 17 24 25 25 25

fuciformis - - - - -
d c a b c

Hypoxylon 91 101 123 114 98
Sp. ++ +++ ++4+ +++ +++
92% 107* 118° 109® 81"

Co—culture
++ +++ +++ +++ +++
* Mycelial density : —; almost nothing ++; good +++,; excellent

* The different letters(a, b, ¢, d) differ significantly(p=0.05) according to Duncun's

multiple range test.
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Magnesium sulfate 37} &3& +%3st7] 918t 0.1, 0.2, 1.0, 5.0%= 217}
EF Avbe A}, dRoHAT 2 0.1~5% H7HA] 24~25 mm/15day 2 FA €] 17
mm/15dayell Bl&] @A3] FHHAoH FAEEE ol Ao wlg- ks
Aok, E3A4E 0.2% H7F A 102 mm/15day, Hypoxyion sp.= 0.1% A7} A
119 mm/15day® #AMEe] 71 deatglom 1 o] H7F Al HA dAA
of AsH AL HAPE == F-A e s A2l A A Edvk(Table 3—20).

Table 3—20. Effecct of magnesium sulfate content to oak sawdust media

on the mycelial growth and density

(mm/15 days)

Magnesium sulfate (%)

0 0.1 0.2 1.0 5.0
17° 24° 25° 25° 25°
7. fuciformis
91¢ 1192 106° 114° 101°
Hypoxylon sp.
++ +++ +++ +++ +++
92¢ 98¢ 120° 111° 102¢
Co—culture
++ +++ +++ +++ +++
* Mycelial density : —; almost nothing ++; good +++,; excellent

* The different letters(a, b, ¢, d) differ significantly(p=0.01) according to Duncun's

multiple range test.

SucroseE 0.1, 0.2, 1.0, 5.0%% F7leto] AP W=S FARE A3, 9
Lol Al e F-A g vlal Ag] Al 23 ~ 26 mm/15day®E ¥EEFI L FAFEE
= o= AgelMy g gkttt EAS 0.1% H7F Al 119 mm/15day,
Hypoxylon sp.x= 0.1% A7} A] 117 mm/15day= 7} < 0.1% o] #
7F Al AR o] A A e St (Table 3—-21).

fols
$
32
ki
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Effect of sucrose content to oak sawdust media on the

Table 3-21.
mycelial growth and density
(mm/15 days)
Sucrose content(%)
0 0.1 0.2 1.0 5.0
T. 17° 26 26" 23" 23°
fuciformis - - - -
Hypoxylon 91° 117° 116® 110 110°
Sp. ++ +4++ +++ +++ +4++
Co—culture 92¢ 119° 115" 110° 110°
++ +++ +++ +++ +++
* Mycelial density : — almost nothing ++; good +++; excellent

* The different letters(a, b, ¢, d) differ significantly(p=0.01) according to Duncun's

multiple range test.

Table 3—22. Effect of LVD content to oak sawdust media on the

mycelial growth and density
(mm/15 days)

L VD%)
0 0.001 0.01 0.1 0.2 1.0 5.0
T. 17° 20" 242 25° 21° 19" 17¢
fuciformrs - - - - - - -
91¢ 113™ 120% 121 115°°  109° 90¢
Hypoxylon sp.
++ ++ ++ +++ +++ +++ +++
92! 116° 121° 125° 118 110¢ 98°
Co—culture
++ ++ ++ +++ +++ +++ +++
* Mycelial density : —; almost nothing ++; good +++; excellent

* The different letters(a, b, c, d, e, f) differ significantly(p=0.01) according to Duncun's

multiple range test.
* LVD 1is sulfite pulp purified from coniferous
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w3 LVDe H7tadE -8sk7] f1ske] 0.001, 0.01, 0.1, 0.2, 1.0, 2.0, 5.0%

S5 Ao Al A}, A EoHAF 0.01~0.1% H7F Al 24~25 mm/15day,
?ﬁfﬂr Hypoxylon sp.& LVD 0.1% A7} A 2z 125 mm/15day, 121
mm/15day = ARGl 7 E9kal, 0.1% o H7F Al A Aol A A
HYom #APEEE 0.1 ~ 5.0% H7F Aol =%t (Table 3—22).

YEolz= T2 ofd] A YA BHEAT L5+ T2 (mesophilic) o™
Abi= 5~ 38T 9 HHoA AT HA2EE 25 ~ 28C#a B3 (Chend}
Hou, 1978)%F 3} 2 A3 dAsHHh S&om e 3 Mg 44 +
B3tk 6592t Azbsl=d B AR A 40 ~ 50%00A A S weko}

=
AR stol RAFSGo, BT &

(ot

H

ot EE ouad wey A dEst
Be 65%7h 44 FRaPola AZAT, Folu AuEel Sl Hof
of i FE olfi ERA BAAIL 4R BE wAd 2 A%ae s

=)
wAF(feather like mycelium) & Hypoxylon sp.&F 2+ £3tx 7] wjfolefta Z3k
t}.

Huang(1986)°¢] B3l FwAlx FuiAAEs deus &4 53 79Kg, #7%
T 471 19Kg, A3y A 1Kg, A% 1kg, A= Fis H7He w9
AtgaEt 79kg, P17 19kg, ®HAMZ S 1kg, F7HF lkgs @3 wiA|, wgh
Ting(1987)& 3% Ao D7 &S 20 ~ 25% &3+ vjx|o|A] o] 713
ot Husglon B AR FAREA Fuy Fel AR e
S F7bek Hol AR g5ty] wite] ko m A = wlae] AEVE J Qs
Il Azteit

E31K ZHAE o] &3 wix|ol magnesium sulfateE WA F-Al2] °F 0.2%, 7.
aurantia®t Stereum hirsutum™ E B1%A] 1% magnesium sulfateE &%
ARESHH E¥7F dthal Bargh vp 2 A3 A= 0.1% ©]d HIHAl Ao
225 Yed 1 o]FE magnecium®] hexokinase =9 <Al Holgihe} K=
phospotase, glutamin synthase 59 &4W3o] BXxgia2A Q3 AET
Z fA olgfomA HAM o] FXHJvka AZpRtE dEolw Al
Hypoxylon sp.° okt vl okt AL B9 magnesium sulfatee L3¢
et T oS EFFoRA aANEe Hras o] Fokxl Aiekal 74
= %‘#Jﬂr n7Fe] 7] Aol 1%9] sucrose, g ¥ReF H]ZSHAl T Aol 0.1%
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A7k mrE Al =Y Aol doeu e A¥S UehdoRA
sucroses= HIFA| & 221 vhAalo] 1=t

Zadrazil(1982)2 o}t pulpi el Al 2] AAZ il LVDE H7HA
Pleurotus sp. florida®] A S0 S5 d A5 B st} o] AFdA X
S| 3} Hypoxylon sp., 183 1 Z3tgte] ok LVD AA HI/bses
0.1%010 e WA FAEE dA Hda 9= 10

4. TATE o8 Ao FAW ALA g A%

AFoisle] FuF W Al Al &7 AV|sh R WA A A3
T 1800m =719] WolA AwjstglE o 7Hd kot 850m Wl Hlstke]
g2 fasglon] o] 2adgoh Wi S o LF VIRl 28

I el A 70.5 g & 850ml W] 41.2 g ®r} Bho 34

o] 11.5%= 850 ml 9] 17.1% K.t} Yo} 850 ml ¥ L=Fo] | #2851 th(Table
3-23).

Table 3—23. Effect of different bottle volume on yields of 7. fuciformis

Bottle volume Yield BE (%) DCI DPI W (2)
o g

(ml) (g) (day) (day)
850 41.2 17.1 27 37 41.2
1800 70.5 11.5 52 63 70.5

BE : Biological efficiency(flesh mushrooms / dry substrate)>x100 = %
DCI : Day required for colonization after inoculation
DPI : Day required for primordial formation after inoculation

IW : Individiual weight
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Fig. 3—14. Formation of fruiting body of 7. fuciformis in sawdust media

Xiang(1991)ol &18VW 7. aurantiaba®] A¥| &7 & wa Audye
A 2 339 +=H double layerAiuiHbH S wjk A do] 25.30¥°1H 100%
o] A A 7F WA 3L biological efficiency(B.E)7} 75g/100 g, single layer A=}
e wlF A doe] 30-60Y, 10-15%2] A &A, B.E7F 0.2 g/g, Aol
et s o 6-870Le] wiF e 717H 60-80%S] AHAA wHAY, 4.5ke/m' S
BEE Yetiglvha Bt 2 3] 1800 ml B §FR} 850 ml B &=l
BEZF & 22 24 guizo] FjH o wol BEZF okl Ao F4d.
b el FAe] ASe] e FW T AAEe] WstE A Ay 3

] 202 o 0.23%, 120 -0

< ontatgon S 209 Fol 1.9%, 120 ol 17.8%2A 3

s 7H 998 28-S YetN 3L Hypoxylon sp.> 204 $-o 1.4%, 120

A Foll 17.2%=A ¥laA gAsht Eftrel WSk ofF w2 Aot
(Table 3—24).

AR A WiF F lignin 7
o 0.4%, 100-120Y Fol&= 1.9%°]H, T3+ 20Y F l 7. 8%, 1204 —?oﬂ
26.8%, Hypoxylon sp.< 6.9
100 FHEE w9 ehvkel S-S YER It (Table 3— 25)

B>
o
o
>
n g
z
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i
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Table 3—24. Changes of weight loss on oak sawdust by culture of 7.
(Units : %)

fuciformis, Hypoxylon sp. and mixed fungi
Days
20 40 60 80 100 120
T.
0.23 0.57 1.3 1.8 2.3 2.8
fuciformis
Hypoxylon
1.4 3.9 6.6 9.8 13.6 17.2
sp.
Co—culture 1.9 4.5 7.6 10.3 14.5 17.8
Table 3—25. Changes of lignin degradation rate on oak sawdust by
culture of 7. fucifomis, Hypoxylon sp. and mixed fungi
(Units : %)
Days
20 40 60 80 100 120
T.
0.4 0.7 1.1 1.5 1.9 1.9
fuciformis
Hypoxylon
6.9 9.1 12.8 18.0 25.2 25.9
sp.
Co—culture 7.8 9.4 13.7 18.4 26.5 26.8
TA Y] TAF Bl F holocellulose 7ZHAES Ald3 A3 I EZo|mAlF2
04 3o 0.08%, 1208 Fol+= 0.7%, = 209 3o 0.8%, 1204 9
d Fol 0.7%, 1209 F-° 11.6%°]ATH Table 3—26).

2
12%, Hypoxylon sp.< 20



+(1992)°ll ©J8tH Poria cocos® wHF WA AL MlEAl FWEE
609 Foll 9.4%clekaL g Aol vty HAZoluAde 1.3%=4 dA 3]
W Z373 Hypoxylon sp.x= ZZF 7.6%, 6.6% =X P cocosdl| H]&te] vtol &
A8 22 ‘jr% GAtato] Hlslo] :LE]rX] T A oYy aaAd ALY
3 Aol ko] & Ao =2 FAHHET),
2 60 Foll 3.1%%0 P cocosoll BlEtH FHOHA A 1.1%
v 343 Hypoxvion sp.& ZV2 13.7%, 12.8% 24 P. cocos
of Hla} o 48} Bx F& lignin HAES UEhI oY 1o e S9 A E
2 P cocos®ll W3] SEokT).

Table 3—26. Changes of holocellulose degradation rate on oak sawdust

by culture of 7. fuciformis, Hypoxylon sp. and mixed fungi

(Units : %)
Days
20 40 60 80 100 120
7.
0.0 0.1 0.3 0.5 0.7 0.7
fuciformis
Hypoxylon
0.7 2.1 4.8 8.1 11.5 11.6
Sp.
Co—culture 0.8 2.5 5.1 8.3 11.8 12.0

O

Cellulose #ra&2 FAIT EF Y 80d F 7M4 & nld|d oz FAasigrt

'S L}E}Lﬂoiofﬂ S EoHATF 60 Fol 0.3%, =3+t
S 51%, Hypoxylon sp.& 4.8%= &AA 3| & A3S el ot Hypoxylon
T FEolu Aol vE] 16u]Y H& #AAES Yetl o =2M Hypoxylon sp.
2 F4 BHOE A = holocellulose®t lignin®e] 7489 P. cocosol v A
Waste] dAZolm Aol AHAAE Fieshs A
Xé‘?l"jr 019} ol dAFolH ARt vjFatH ARGl A HA e
Tk olyer A AT BAE A oy Hypoxylon sp.& & WEsHH dAE

o = H g
HU 01
eI Jm m}m
o
E
_L
)
B>
b
k
il

5
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2 zebdA A7 A=Y oo Wdk EFS factor(External Fruiting
Stimulus)ol w3t Q47 Agaricus bisporus®l| tate] S A7t Fo] ¢l
(Eger, 1961, 1972). A. bisporus® &% Wikl 23] #AF A A2 A Ao
R o7 283k O ZA streptomycetesi= 223 F 19777} FH3 A o]n],
ascomycetesi= 7T T 6°F7F AR Agelvia gl oA
2 ascomycetes®] AFR1 Hypoxylon. sp.7} HX14 o= 2833t
A=Al d 3 Hypoxylon sp.o] &l ©E 14 SdHH 53 TS Al
T TR AR A3 13 T2 41.2¢/850m ol 22 Tt
39.9 g, 33} FTHE 42.4 g, 4R T 41.4 g, 53} FH 42.6 gol o AEF
AL 17.5-18.5%, vlF AL 27-28Y, o] £22AUFE 35-37Y, /AT

2 39.9-42.4go 27 A 1x5H 53 F2] #o|7F AL A tH(Table 3-27).

Table 3—27. Effect of co—culture spawn of 7. fuciformis and Hypoxylon

sp. in sawdust cultivation

Yield BE DCI DPI W
Co—culture
spawn

(g/850ml) (%) (day) (day) (2)

1st 41.2 18.0 27 37 41.2
2nd 39.9 17.5 27 36 39.9
3rd 42 .4 18.5 27 36 42.4
4th 41.4 18.2 28 35 41.5
5th 42.6 18.5 28 35 42.1

BE : Biological efficiency(flesh mushrooms/ dry substrate)<100 = %
DCI : Day required for colonization after inoculation
DPI : Day required for primordial formation after inoculation

IW : Individiual weight
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Table 3—28. The comparison of yield according to removing method of

inoculation spawn after colonization

Yield BE DCI DPI Iw

Method
(g/850ml) (%) (day) (day) (g)
RI 35.5 15.6 27 46 17.6
NRI 41.5 17.1 27 37 41.2

R I : Removing inoculation spawn after colonization

NRI : No removing inoculation spawn after colonization

BE : Biological efficiency(flesh mushrooms/ dry substrate)><100 = %
DCI : Day required for colonization after inoculation

DPI : Day required for primordial formation after inoculation

IW : Individiual weight
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Table 3—29. Effect of spawn storage period on yield and enzyme

activity of 7. fuciformis

Stor'age Yield BE Enzyme activity
period
(days) (g/850ml) (%) Xylanase(U) Laccase(UX107%)
0 41.2 18.0 0.076 1.25
15 37.5 16.4 0.043 0.94
30 11.1 4.9 0.025 0.64
45 8.2 3.6 0.018 0.24
60 4.0 1.8 0.011 0.15

BE : Biological efficiency(flesh mushrooms/dry substrate)><100 = %

S AG7IZ WE S TAF o] SRE AS FHoR ARES A5
o} 15, 30, 45, 609 Fol T o= AESINS A5 THY i 45 =4
gAY, wF gud A5 FHOoR AR S W TRl 41.2g/850ml .2 7}
& =RkaL, 1569 Foll 37.5 g, 309 Fel= 4.0 go® o) AFEFF FFo] 7
skl o webA] BEE wiYgets 2 %o 18%7HA stk &4 F Aia
B3] &9 xylanase 847 #ad B3 & 49 laccase AL WSR2 5
Zb7F 0.076(U), 1.25(Ux10 )& 7k a1 A 7|zke] Qe ey} F Aol

xylanase®} laccase @Ado] A" oz A Ao AAadA 7 AT Table 3—29).

5. Hypoxylon sp.& ©|-&3% d&o] AdEAu] A ti=F A4l

Aol Ale] AEAE TAMAY v eto] 1~39 Aol A&l 7S
I R(EFS kel Y A7 959 A7l w2y A4S 1~1.5em,
o]:= 1.5~3cm, 7] MG Mg Aol wep dASA st FHe] F= o
A 7o) whet kA= Q9Edo]7F 100eme] . Aol 6emdu) FHG7F 217
7 9 10em w) 3570, 20emd W) 70707} Hoh Q8 Zo]7F 120cme]al A 7 o]
6emd W FHE7 27707 Hm 10emd w457, 20emy @) 9070 7F wr)

SR

i

lo
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Table 3—30. Approximate inoculation numbers of the bed log

Length of Diameter of bed log(cm)
bed
log(cm) 6 8 10 12 5 %
100 21 28 35 42 56 70
120 27 36 45 54 79 90

2

oA o] 28 U7t 63Y, JMAF ] 83.5 g, TF
o)
AR

=
o] 7940 g/m' A 7} E3kor

g =3t (Table 3—31). &g A A % (laying) 71
A=)

SR
B 459 T = ol AdA 2AE A=) Aste] x2S
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HAM S 85-90% Bk FAE =S Sh raising 2

S FZy 4ELE 10Y, oFhA] dELS 22U7 o v Zwolrt HAtH(Table
~ 4597} layings}slS W 7 F5 3R (Table 3—32, 3—33). Raising
z|

5
& o] HilsEs 80-90%%2 =HsS W AMEA Hle] 57dE Y wEte
W g V= 6 ~ TER 7 AATH(Table 3—-34).

Table 3—31. Effect of different wood logs in 7. fuciformis yield

Wood

logs Yield BE Laying Raising IP Iw
(ml) (g/0.1m') (%) (days) (days) (days) (2)
Oak 797 11.6 45 18 - 83.5
Alder 714 10.3 45 14 59 78.1
Poplar 695 10.1 45 10 55 71.4
Accacia 681 9.9 45 22 67 64.3
Pine - - 45 - _

BE : Biological efficiency(flesh mushrooms/ dry substrate) X 100 = %
DPI : Day required for primordial formation after inoculation

IW : Individiual weight
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Table 3—32. Optimum temperature of mycelial development and density

Mycelial development
Mycelial density

temperature(C)
15 ~ 20 +
20 ~ 25 +++
25 ~ 30 ++

Table 3—33. Optimum laying operation period for mycelium density

Laying operation ) ]
Mycelial density

period(days)
15 +
25 ++
35 +++
45 +++
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Table 3—34. Requirement of raising in management and harvesting by

relative humidity

}lfuerﬁgi‘g Apperance :)rlfo(f;;ll:;réi body after Production period
(%) (days) (months)
60~70 75 3~4
70~80 64 4~5
80~90 57 5~6
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ool A gFol wARYA ol # HA g+t Huang(1982)> S50l Al A uf o]
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Alniphyllum fortuner, Plantanas orientalis, Pterocarya, Liquidamber formosana,
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6. AFoHA AH|G ALY A

=
AmolmAel AMALENY wehEP AFREOR Adte] Ao

F37] sl AutAom WA

Hlgel e ddem 4 al E
AmolmAlel g2 frleel W wellet ks AA AAe] 8 9F
e A weel WA 2

celulose, hemicelulose, lignine, pectine, pantotanic acids, lactic acids, alcholes

55 o] &3t} glucose, sacharoses T 52 ZF 2E4 U5 WAy, &4

—
e,
R
2
N
ol
s
ut
=
s
=
ol
8,

2

3 1 o} 3 &o

A A7E Astedls ghaet Ao v 20:10] AFeH, AAA A4S A
(T3 7T, 2001).
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Fig.3—16. Culture of 7. fuciformis in culture bottle

2. #ARY §Y, 2F, BAYY ¥z

T. fuciformis KG 1032 Aafel Qo] wj#] HH3E fste] FAF wjx] A
Ao M= oA At o=z HV‘“H“IM ol AREEIL Qlar, Fho] Hlu A
Adsta gA 79 F&2 Adgsgion B

I
<] d

Az Ay 58 WAy gl 23R E v APsigiy. 5, 2328 O
A 2t

E
;9 _P“‘ B

ga WAs F FARE AW Askel izl el ABolwA AuA A
o] m = gl g A}E Fig. 3—-17 o JehfAn. FI3HI}F 77% Y
0.25 mE 7 & ARE wgom, T B o} WA 1799 W 247
5.3 cm, 4.9 cnZ 2§ S0

3 Azt 2aRE FARE ALEIAS 0 b
[e3Rex)

—_L
1
g5 At Ae 9 & A (Fig. 3-17(a)).
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(c) (d)
Fig. 3—17 . Comparison of main materials (a—c) for the culture of KG 103

and effects of rice bran and wheat bran (b)
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18] UMAE %R DEO R o 2
soy, FAEE ELNS e AL Tk e B+ AATHFig
3=17(c)).

Huang(1986)°l °Jal¥ 2 =Z oAl FatAlxoll 2ol FAREA a1t
79 kg& E3dta R, Ting(1987)L Z314 HAL o] &3 plastic bag
Alets Baol A E34 AZA 100 kg, A3l 4 kg, Al adlE 0.5 kg, & 10
0~120 kgs 3 wjAeF 5344 AA 50 kg, 4l 5% 50 kg, ©971% 25
kg, 2111 4 kg, urea 0.4 kg, & 100~120 kgS Z+ZF H7}3k vjx| & AL&3F3 o
W, 59 Fujian A9 Gutian A FelM = 3 HAS AREsto] 5 H U=
= YE AT Bagk mpe} o] 7R o] Al F wiAld R R

< 4 =
Zan g Ay ol mAAge fuURe ¥ AW A AP

JPH

n 73w A7) L0 ARFTE B N (43.6% @ 47%)3 C3HE(2.45% : 2.48%)
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of Ths wla WA Fig, 3-17(d) 14 o] A% 44U Aol 4507} 1)
Ha el $5% Aoz
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A2 W Flo] wAME A wRion FREERVF HS5S wAMA el guitt
F& FREEAAE gAYl =eA FEg dAE SakE A ol wiA o] o
G T o] &lA Zoto] AATA AxTS #FIT 5 YT Table
3-35 = B 55%°] 4 140 g/bottleo & 71 W& AAFS AZs = At
HE ui A o] S2iE-8keFo] 40~55%004] 21~22 mm/15 day® TAME F o] $5 A
I 60~75%F WA o] WS AS wARYAGe] Axselth F(1998)0] Bl
o A A5k A94E B

Q]

=

Chen¥ Hou(1978)ell olat™ wjx|e] & 12 T4 A5 Ax7F 2Z=A
7] Wil 50%, ASHIAE 55~60%F =2 ZE& ksl o]

oAl ARGl A striaL sttt

Table 3—35. Effect of moisture content to growth fruiting body of 7.
fuciformis KG 103.
( cm / growth )

Moisture content (%)

Strain

40 45 50 55 60 65 70

7. fuciformis

KG 103
5.2 7.4 8.6 9.3 8.9 6.5 2.9
& A. stygium

KG 201
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£71(10) 9, 7] vl &71(50) & Yol SITH 407 719A = =+

2003}, 71 3 (20) 8] Aol 71 A AL 3 (20) 8] 778 (22)& F 5t
| A = 502 wjE3(32)0] FAE ASF &7](30)=E /MY 5
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ol Ale] A5 wiA(50)¢F FF(20) o2 o] BFH- &7](30)0l
A 2 Al HaL, A (50) = g &71(10)9 A A Slo] WAle]l et &
23 FEE5 A FAAZL F Ao A AFEAE gtFo] F77F ol
shal wgk, WAl w7y ¢hde] REEEE, WAS 2ol ASAIA F loen
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Ach WA of AugslE AZMAAN Qo] Hge] BAEAL wFo| F
F e vy oheh ARANE ole] 4 MARES ARRLL T & o
o olol5o AHEORE BT & YR AMBIYN BEEE BT
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Fig. 3—18. Schematic diagram of mushroom bottle.
10 : afure battle 20 : midde a 2:gowh hde30 :msyroam  adiue p40:

inner filter 50 : medium 100 : mushroom culture bottle

Fig = 3-19. Sectional view of mushroom bottle oovering with top cap showing
the growth of 7. fuciformis KG 103.
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Fig. 3—20. Fruiting body growth of 7. fuciformis KG 103 by cotton seed
meal and corn cob(+rice bran(20%)+sugar(1%)+CaS042H,0(1.5%)
+MgS04+7H20(0.5%)).

74, AEou Nt sAT TABAEH

1. 3L v EZ 9F
MCM BiA] 9ol cellophanes Zil FAFS HEFste] 1047F w3t

cellophanee AWl 7. fuciformisE =, vi&s A3} 7. fuciformis &5

o

HU

kel AL 8.2mn/109 o] cellophane & 3 AL 9.8m/10€ =4 19.5%9]
a7 AAY. o] HX g FAFo] BHleheE ashEde 293 A=

i
+ T 3 T Bl oM AFa

)h

3fas F xylanased}

i=1
5

ol
ol
=
rlo
e

XY
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21 A4 % ligninase®} laccase® S FAHI A, T, fuciformisE
G wfFet ¢ xylanaset® 0.562(U)olut 873 35 vldatd 2.424(U) 2A
4.3 JAZEAo] ZFU8IR o™ ligninasex 7. fuciformis Y5 %A
0.135(U) ol &% w2l 1.374(U)Z 10.2¥1 Z7F, laccase® 0.061(U)7F &%
H Al 0.871(U) = 14381t 5748kl th(Table 3—36). 25w UAl 7. fuciformis®]
2, Hdad BaEs Aol I EdE =feEAM I 3 gyt
YEhdthal $43kal xylanase®} ligninase, laccaseol] tigh @42 Ao tfs)A
oS ZAE A5 AESoF & Al et O oasH AEE o
ghoh. Egk FRbuiA o] oAy Wi wjge oS JEekH dAM ol
Ao o] FolXA] gF& W B Fo|HAl i FATS TE WY S HEed

FAAe] AAS Esl0] A 975 AT,

Table 3—36. Promotion rate of mycelial growth of 7. fuciformis by the

Hypoxylon.sp.
Mycelial Promotion Enzyme activity (U)
Treatment growth rate
(mm/10days) (%) XY LI LA
0.562 0.135 0.061
T 8.2 -
2.424 1.374 0.087
T+H 9.8 19.5
43~~" 0 (10.3) (14.3)
* XY ! xylanase LI : ligninase LA : laccase

% 7. fuciformis was inoculated after removal the cultivated #. sp.
on the cellophane medium
xx% () is multiple of increase

2. Xylanase AAtel v|X& @AY G

S EolMAl T, T, T3 FOo=ZHE] EB|FE extracellular xylanase]
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3ol

Hir
rlo

xS MAaslr] e @AYo =4 glucose, xylose, sucrose,

i

lactose, malt extractE Z+ZF 0.1%% #7138 xylanase activityE =33 23}
=oAL o] B9 xyloseE H7Fetele wf 0.564(U) = 7Hd 9k ™ maltose,
glucose, lactose, sucrose <ol FAAIY Ao A% xyloseE:
HA7belhl s W 1.947, 2.465(U)ZA control& EE thE Ant HA3

=9)t}(Fig. 3—21).

.,)
s =8 B B

-
=

Laccase schivity (IR0

Fig. 3—21. Time course of lacase production by 7. fuciformis

3. AU I

ARl R [ R

it

BAYe 0.1% xyloseE® #H7F3F & NaNOs,

rlo

NH.NO; (NH4)2SO4, veast extract, polypeptoneZE ZtzZ} 0.2%2% H7}slo
xylanase activityE 743 A3, FHoIHALY FAAS F7EA S3E
potassium nitrate(KNO3) 7} #ixlolA  zZ+zF 0.425, 1.862(U), &g

ammoniun sulfate((NH,)2SO0,) 3 7F wiZ] el A 2.145(U) 2 7} = (Fig. 3—22).
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wylanase activity{l)

control(h) (NHA) 2304 KMO3 peptone WHANDZ
Mitragen sources

Fig. 3—22. Effect of nitrogen sources of xylanase production

4. A% vA< pH R =29 9%

BAYo® xylose 0.1%9F AAYo

e

I Eo|HAF I FATS potassium
nitrate, &3+ ammonium sulfate® ZZ} 0.2%% FH7Fgk 7]Euj=]o] 8d3t
Hj et A vl xylanase productiong FAFSH A3 FEolH A2 HiF 7TUA,
;o =¥ 5dAe HuxE YEbith. Xylanase €4
7} 2.424, 1.738, 0.562(U) = =kaL, )
, e A, B Eolu Al Fom Fdth
Xylanase &4+ Fig. 3—23 oA W= upe} o] f&o|32 pH 7oA 0.575
(U), 73 E¢dS pH 6914 1.601, 1.656 (U)o 7P AJiko] ol
Holom, E3qt, S, AEold Fo7 AP ETt okt
2% 7F xylanase®] Aol mA = @3S AT SFolie] A9 45T
AT EFA] BF 40CoAA 7P wden anyg =AY WS W 553
ol A th(Fig. 3—-24).

’

—_
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Evlahase activity(ll)

Fig.

FEvlanase activity()

o o o o
L e Y N = 1 B o R S I O s B ] (sl
T T T T

3—23. Effect of pH on the xylanase production

—_— = =

20 25 an ] a0 50 55 60 £5
Temperature

Fig. 3—24. Effect of temperature on the xylanase production
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5. Ligninase®} laccase AAtdl] v|X]= HF:ZHe &3

Ligninase @4 AZo] 60m du] 3 Zo|WAF& 1.53(Ux107%), ZATEL
10.51(Ux107%), &L 13.05(Ux10 ) 2A 71 S L7} F9kon HFeol
60ml o)A wl FAErE BT ol o) Benz. 7Mool AlY Wkow 15,
30, 45ml £o 2 EOkTH(2® 27). WA ek a4 ST s A2
pellet =717} @ebA]7] wZo] thH(Reid
s, 1985). Laccase @AE= AFoiwilgel A9 30ml FHIS A
or] 1wl ¥AY He u FYEs} golHuh.
FATY Egte] A 45m HEFNA 2z 7.14, 8.51(UX10 HE 7

Faskolth(Fig. 3—-25).
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§ . =
z! n — = & —
Ze =T = = N= =
E = = NS = =
" I -
& N= = = = =
&3 \E %E %E %E \E
E = = = = =
- — N= = X= =
= = = = =
; S — |||||§§ |||II§§ ||||§§ |||||§: ....§§

EBenz. 15 20 45 =10} 75
Inocula amounts(mid

Fig. 3—25. Effect of different inocula amount in lignase and laccase

production
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6. Bl%Z A9 wE ligninase, laccase 4
SN ligninase$} laccase FAS A A 7]7] 913 w2 AS HES ut

ligninase &gdo] 7Hd %8 Age d&HolWAd, T, F

o
n
=
S
B

D,

extract) + YE(yeast extract) + TW(tween 20) + VA(veratryl alcohol)
A el A 2z 1.35, 11.52, 13.74(UxX10" )& 7P %5389 2™ ME + YE +
TW + BA A2+, ME + YE + VA o2 ZA4%=7F =9k (Fig. 3-26).
Laccase A ELE 3lZo|WHA o, T, =3+ 2% ME + YE + TW + VA
ATl A ZHzE 0.61, 7.41, 8.71(Ux107") = 74 %58+ ©H ligninase &4 =9}
2 AFgS ek

Lizninase activity{=104)
oo

ME+YE+V4A ME+YE+TW+EBA ME+YE+TH+¥4
Cnlture nedinm

Fig. 3—26. Effect of culture medium containing different detergents

7. MFLTY I

3 2o WA 9] ligninase$} laccase] T2 vk 6 Aol 7}z 1.34(UX107%),
0.61(Ux107), FBw 494l 22 11.51(Ux1079), 6.72(Ux107%), EFHE 4%
Aol zbz} 13.72(Ux107%), 7.41(Ux10") & 7H4 =9k},
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Fig. 3—27. Time course of lignase and laccase production

8. Hypoxylon sp.7} A4tst= AAA A #
Amolo] A4A 4ol BelFfE F= AES BAN] sl FATL 79
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Table 3—37. Optimal harvesting time of fruiting body in 7. fuciformis

Type Harvesting time

Ear— shaped structures Completely open
Colour From transparent to white
Outside part of fruiting body Soften and droop

33t AAAE 471R WpHo R AFAZ AT 48A7F BoF 3 A

A Azko]l JAS FAste] 7 Egom thEo] 30TAA 417

0 ZF 60CoA 4A17F Bt AFXAZ A% 2 Ao AMzto)
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AgAs wo] Fdol EREA Holew o 47k Mz WRlew Hxd

Table 3—38. Drying and storing process of 7. fuciformis fruiting body

Drying process Drying process Colour of Air Dry weight
temperature('C) time(hours)  fruiting body flow rate(%)
30—60 4—4 white strong 8
80 8 redish yellow strong 8
Room 72 yellow white - 8

Sun drying 48 white - 8
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dol AdAZE T Sl= A5S 2Ol Hypoxyion sp.E WEldhs
HAZF A8 el MAsa JE WEOR T viridae 9 6714 HFol9t
1%9 Psedomonas sp. A=, L& T v, HAI, SAHHHF7}
WA AT Table 3—39). o5 #F@olFo sl ssol AAAA st

o] A NZA-S FgAom WA 7|aL WA THEY] pEhnAdS Hojmy A
3= Yelo] ATk Olive(1958)0l 981H  Sphaeriaceous®t Phemeceous

rlo

2ol WA Edo Y gakS Fry] wFo| ‘Nakaiomyces'#i ©]E0]
ofFThaL stglom wAlgY § e AAAE Ty F v ofls WE

71 carrier 982 3t=4l Lentinus edodes‘t Auricularia auricula—judae

AufAlol = w527t Walgo] A rkar B sl

Table 3—39. Diseases and pests occurrence during -cultivating of 7.

fuciformis
Diseases Pests
Trichoderma viridae, Streptomyces sp. ants
Aspergillus sp., Penicillium sp. 1
. y
Saccharomyces sp., Rizopus sp.
beetle

Monilia sp., Pseudomonas sp.

Fig. 3—28. Contamination of Tricoderma and Saccharomyces
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8. AZMAY HEFH SYRY

1 I 24

HAw AN A T, fuciformis KG 103«] TARA B ApAA o] AW A S
HEE B mek £2, F 9w, F AW, ¥R, F IFOE S5l
A3, HBolMAl AuAe] QRS AOAC W (19800 we A3,

Lot
il

2 HkA] R cH
Table 3—40 oA Yebd Ax" 5 38 Zol Zx8 24 7283 g
sheke 7hzb 85.87, 1.14, 1.29, 0.25, 0.2, 11.25%= YEsth 74 A&
q

-2 'eeskEo]l ApAsiglon dwd Aol YEL AR oAM= Ald

lo

Table 3—40. Chemical compositions of 7. fuciformis KG 103.

Composition ( % )

Items
Fruit body

Moisture 85.87
Ash 1.14
Crude protein 1.29
Crude fat 0.25
Crude fiber 0.20
Carbohydrate 11.25
Total 100
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2. A4 A& 4

3 F-o] M A2 palmitic acid (16:0), stearic acid (18:0)9} £33} 2] 92FS1 oleic
acid (18:1), linoleic acid (18:2)F W& Fwstal Utk AWAk T oleic acid®]
ghegFo]l 51.2% %= 7H¢ %9kom palmitic acid (16:0)7} 15.8% = YERTH(Table
3—41). AZoHAe FfE Ad Agiole sterol AEQ HIEN D HAF-A
(ergosterol) 7} 82.78% = t&F 3F=o] AFS & F AUATH(Table 3-42).

Z(1998)L 3 Eo|u Ao = palmitic acid’} 16.7%, oleic acid’} 52%, —1&] il
linoleic acid7} 26.8% #H¥ = oz BH3GTh Oleic acid?] o]
ozl AWAk F g E=gerw HlElYl Do AR ergosterolo] 88.06%

al T

sl drkn wEskRom, of Avst FAE AdE BHY & AU

= 3L O

Table 3—41. Fatty acids composition of 7. fuciformis KG 103.

T. fuciformis KG 103

Fatty acids
Fruiting body(%)

14:2
16:0 15.8
16:1
17:0
17:1
18:0 3.2
18:1 51.2
18:2 25.4
18:3
Others
Total amount of FA 3.9(¢g/mg)

% - from total lipid
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Table 3—42. Sterols composition of 7. fuciformis KG 103.

T. fuciformis KG 103

Sterols
Fruiting body(%)
4a—Methylfecosterol 0.21
4.4—-Dimethylfecosterol 0.21
Episterol 7.02
Ergosterol 82.78
Ergostaterraenol 2.42
Eburicol 0.56
Ergosta—7.22—dien—3[0l 3.22
Fecosterol 1.24
Lanosterol 0.1
Other sterols 0.3
Total amount of sterols 1.94(¢g/mg)

% : from total sterols

o] g AVIAE FAst7] Yote] ofnAal 2AS ZAFSIAATE of
| glutamic acid’} 15.68%% 7} =& =S JERSIoH,
tyrosine, serine, glycine, lysine, alanine®] ¥-3o] Z}z} 12.56, 10.03, 9.76, 8.98,

8.50% YElWTE H 5= olu =42l lysine, arginine®] 8.98%, 1.49% = ZA|o}n] =

AT F 10%013 S ekl e AoR FAHAOH, o AEIFARE T
sk Holg fdEh, 1e8]3 Glutamic acide] g&Fo] =2 A2 &0 WAl 1t
of et Fag AAtolw, AEstHor IEolHAe]l AUl U= Fag
S7doltH(Table 3—43). (1998) %= FAMSE A3E ®astglon, gl&oln =
aspartic acid, glycine, alanine, threonine, arginine % serines 2 o}v| =477}

O otk s
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Table 3—43. Amino acids composition of 7. fuciformis KG 103.

Amino acids Contents(mg/100 g) Composition(%)
Aspartic acid 15.47 2.96
Threonine 44.31 8.49
Serine 52.37 10.03
Glutamic acid 81.86 15.68
Glycine 50.99 9.76
Alanine 44.38 8.50
Valine 33.04 6.33
Leucine 14.20 2.72
Tyrosine 65.59 12.56
Lysine 46.88 8.98
Arginine 7.80 1.49
Total 522.18 100.00

4. THT &4

I EovAl L Hypoxylon sp.o

- sugar alditol acetate -F-E=A|3}A]
GC® EAsla HPLC®E 80% wl&+e

< A
& 553 U elution buffer®
o BA% A3 F2ld & 652 galactose®t glucose, 583 fructose, ©]F
72l trehaloseE sl U= HO= YERWTH(Table 3—44). Sl oHAl =}
Aol = galactosed] ko] =& Ao =Z e OW, trehalose’} 7FF #e 3

< YERHSIT

ol

—
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Table 3—44. Contents of sugars” of 7. fuciformis and Hypoxylon sp.

T. fuciformis
Sugar ;
Fruit body
Galactose 22.5
Glucose 33.6
Fructose 1.2
Trehalose 42.6
Total sugars (ug/mg) 8.7
* Percent(%) of total sugar
D
=
- =
£
&
ﬂB
S

IR e—te—xatic>rxra ftarsxace—{ rxanixs_}
Fig. 3—29. Chromatography of free sugars of fruit bodies of

fuciformis extracted with 80% aqueous EtOH.

Letters assignments: A, trehalose; B, fructose; C, glucose; D, galactose
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3t A3} Tablel73}
Ay e
=

(e}
A=

712 AR EALS phutyl ester FEAE GCE EA

2@ 1059 7140 BARAE. ol

b

Zo] formic acidE M|
Aol w14 B4 Adel fARStaL 53] Hypoxyion sp.e
st S HATH(Table 3—45).

Table 3—45. Organic acid compositions of ZTremella fuciformis and

Hypoxylon sp.

T. fuciformis
Organic acid Hypoxylon sp.
Fruit body
Formic acid 0.7 4.2
Acetic acid 3.4 12.6
Lactic acid 1.5 33.7
Nitric acid 22.2 35.1
Succinic acid 2.7 71.5
Fumaric acid 235.2 193.2
Ascorbic acid 39.3 833.1
a—Keto glutaric acid 0.8 64.2
Proglutamic acid 0.3 1028.3
Citric acid 0.4 1028.3

6. HlE L ZErol= =k B4

T. fuciformis KG 1039 F d#H& TFS F38t7] fste] caffeic acid,
RTEARE FFS ALts

chlorogenic acid, catechin L8] ferulic acid®] 47}1# =4

At} Caffeic acid, chlorogenic acid, catachin®} ferulic acid® AAA] EF¥H= &

F2 Z+Z} 738.63 ugl/g, 2253.97 ug/g, 2599.06 ng/g, 2008.90 ug/g &2 YERS

Awmstgze] ol =& Aor FAHHA(Table 3-46). HA=3tE2] Fol
%

o Al 5 FRA Fastth 53 Fas e By

M
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flo

A &3 EdA el Rz FEoimAle ditslalgo] =& Ao R oS5 o
(Carlo 5, 1999). g4tetdAd S YelUl= 7238 A2l flavonoid 3]
F2 querceting ATEZAR AFESY S54390S W 19.38 ug/g o2 &

.

s

R

=

o

Table 3—46. The contents of total phenol and flavonoids 7. fuciformis

KG 103 according to phenolic standards.

(ng/g)
Total Phenol Flavonoids
Strain

Caffeic  Chloroge Catechin Ferulic Quercetin

acid —nic acid acid (mg/g)

T.fuciformis
738.63 2253.97 2599.06 2008.90 17.38
KG 103

94. FEoIHAY F2 AIBA

>

b5

Of
-

oAl AYAAHS SAHS] st o3 ol 37HA] WHES
ATH(Table 3—47). WX I o= HAA 122 A=k o
},

Wi
r

[SI—)

=
B&ol oy YRe ASHoR Aol Fkshe gl dstel %
t}. A3 =E hexane, chloroform, ethyl acetate, butanol L

Y EATG. AE AxZF oF 6 B(w/w)ell sldst= AEF
_]

ol Adew, EaHor FE A oFZe AR

e
il

o

AR
< TuY FF 50%7F FrEol Adew =5

g
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[1¢} NleM = e

il
1B
3
Hel
s
i)
=
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=
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Table 3—47. Total dried extracts of 7. fuciformis KG 103 by various

solvents.
I i I
Solvents  Yield(%) Solvents  Yield(%) Solvents Yield(%)
Hexane 0.46 Ether 0.39 Chloroform  0.17
Chloroform  0.05 vl 010 Syl 021
Ethyl acetate  0.06 Chloroform 0.04 Ether 0.13
N—buthanol 3.17 Ethanol 0.57 Ethanol 1.61
Water 2.69 Water 18.70 Water 23.80

2. oA FEEY HAEEA

Table 3-48 2 FE=WH Io4 v 359 DLD-1, LOX-IMVI,
LXFL—529, RKO, SNB—19 and SNU-1 cell linesd o3t AlZ =A< 71%3519
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i

t}. Hexane, chloroform, ethyl acetate E&L2 BE ZALSE A EFo djdlo]
AlE =4S YER e 1G5 #t<> 500 ppm ©]st= Wt FEH T4
L B3Eo st SNU-1 AMEF7} 40 ppme= 7} Wzkdgdon,
LOX-=IMVI AEFE hexane® chloroform #&o] 1Cs #< Z+2F 60 ppm, 71
ppme YWERTH(Table 3—49). 78} #92 AlE5dS e #] eF%kt}. Table

=

3-49 & Y FUW 1A U2 850 AlEsdes Yl e As
& vk aEla FEUN 1 valste] ether F+EEC] B AEso] ts
A AEELS el e B3ed AESAe] e AR ¥

=2
M
)
@
=
=
o
o
9]
@
o
—t+
@
o)
=
o
=
o
=
o
=
8

<]

=&oll ot 5ol As HAew ICs # Z2F 175 ppm, 800 ppm L
al 850 ppmeoldth. FEWR MM F=UW 1o A vA F8vi=
chloroformS ethert)2l AF-&-3}¢lth.(Table 3
ether L2 2 FZFHOH o] A FEFEES EE HEE dote 548
EfUIlth. 53] RKO AEF7F 352 Agd 49 Az A we A

5 Hetllen ICs a2 Al 7HA FF=ol diste] 242} 200 ppm, 40 ppm L
gar 36 ppmelArt. o Al ZFHA WRe sl FEE FEEEY
dose—dependent A& A3E Fig. 22—-397}4 YErAL. WA FY gatgdage
7HA el 9ot F2 yeded 2% A WA 152 vdReolH oA
152 polyphenol &2 flavonoid & ©oJth. arExIEe] skebd WAl U g

Pilat %(2003), Lavia 5(2006) So] Hustgon thdiFel vz Haly
=

—50) = chloroform, ethyl acetate,

lentinan, krestin, schizophyllan ©] Schizophyllum commune 2.
(Fukushima, 1989) &4 3tk 3 Jong¥ Donovick(1898)e]  &4HA]
polysaccharide—protein &3&tA|ol] thaled B2 3} T}, Polyphenols ¥ flavonoids
% el yedes slew BuEglen (Carlo w., 1999) 1 w7k Fo]
Pomilio 5 (1994)¢l 2] 3}o] BH&] A},

%%C‘]‘ﬂ/}@ﬂ/ﬂ polysaccharide A% &A & (Ukai 5, 1972)°] His
o o, A4 AL MESAY =do] By v gloy, & A3 A

T4 ggE Sl AseolM AHT GHAEEYE B 55 & o A%l

T

)
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Table 3—48. ICso Values of fractions from experimental setting I to

various cancer cell lines.

ICs0 (ppm)
Subfractions
pp-1 W% MU Rko sNB-19 SNU-1
Hexane 400 60 360 440 460 450
Chloroform 450 71 500 120 100 480
Ethyl acetate 500 600 550 440 750 600
N—Dbuthanol - - - - - -
Water - - - - - -

Table 3—49. ICsy Values of fractions from experimental setting II to

various cancer cell lines.

ICso (ppm)
Subfractions
LOX LXFL
DLD-1 —IMVI _599 RKO SNB—-19 SNU-1
Ether 175 490 810 400 395 490

Ethyl acetate 800 — — — _ _
Chloroform 850 — — — — _
Ethanol — — — — — _

Water - - - - - -
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Table 3—50. ICsp Values of fractions from experimental setting III to

various cancer cell lines.

ICso (ppm)
Subfractions
pp-1 % ML Rko sNB-19 sNU-1
Chloroform 400 490 190 200 350 420
Ethyl acetate 450 400 320 40 420 60
Ether 450 260 220 36 460 210
Ethanol - - - - - -
Water - - - - - -

Aoz Foola A, A Fo= AREHO] gtou
AL BausA drh adre 2 Aol I

SPAEEH AT AZou A T ALl 4§ S shfolt,

Table 3—51. The extraction yields, total phenolic and flavonoid contents of various

subfraction in system I from fruit bodies of 7. fuciformis.

Chlorogenic acid Quercetin eq.
Solvents Yield (%) £ d
eq. (ng/mg) (ng/mg)

Hexane 0.46 £ 0.07 39.07 £ 2.90 3.86 £ 0.95

Chloroform  0.05 %+ 0.0065 66.31 + 8.46 7.12 £ 0.88

Ethyl 0.06 £ 0.071 25.61 + 4.70 4.06 £ 0.32
acetate

N—-buthanol 3.17 £ 0.21 8.97 + 0.82 2.43 £ 0.16

Water 2.69 £ 0.35 2.97 £ 0.93 1.43 £ 0.57
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102, gFovA FE&9 FAsaA

1. DPPH radical 2A% ¥

I Eo\WMA (Tremella fuciformis)® DPPH(1,1—diphenyl—2—picrylhydrazyl)
radicalel gt &2AF=HS Bloise(1958) Wil <olal 4ttt F3% ghol
0.95~1.00°] DPPH solution®} FE&=ES Este] A2oA 1083+ WA 5
518nmell Al UV/Vis spectrophotometer® 3 E2 ZA3lG o 7z A&
o] 78 iz 2AZHS AEE HUMSHA &2 Uz
A7l ek AR F%E9 RCsgk o= eIt Fig. 3—3
RN B U B G e P
4 HAtt. 53] chloroform #89 &4do] 7M w2 Z o2 Yewt. o &9
< DPPH radica= 1000 ppm¥} 5000ppmolA 272 60%%F 80% A~AS = AR
Yebgth o2 2388 1000 ppmell A 20%K T @ A 58S JERAT

Mau et al. (2004) & S/NRHA( Termitomyces Ibuminosus), 7+o] e} AW
X (Grifola frondosa) 3 =X WA (Morchella esculenta) ©] 10 mg/ml &XolA
7¥7} 78.8%, 79.4% and 94.1% ¢ DPPHAA FHe] dthal Hisgith

!
)
N
e
i
o
>
e
g
T
iie]
o,
tlo
i
o
=
rr
Y,

80 80
—&— Chloroform
- Hoare —O— Ethyl acetate
—O— Chloroform v Ether
@] 7 Hniatde 60| —v— Ethand
v —&— Water

—— Water

Electron Donating Ability(%)
Electron Donating Ability(%)

; 10 100 1000 concentration(ppm)
concentration(ppm)
ECTER B e
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- Bher
—0- By adidte
~¥— CHadiam
-7 BOH
& Ve

Electron Donating Ability(%)

corceriatoige)
(C) F=%4 I

Figure. 3—30. DPPH radical scavanging activity of extracts from 7.

fuciformis

g]al o] FEoldtol A FHBAS A7FA WAl F b ek @zt
]H_ 2107 ® a3l vl Huang (2000) & StE R U)ol X (Antrodia camphorata)
I A Ale] FARA o] W 'S FEFEo] 5 mg/mlolA 77 97.1%9F 98.8% 9]

DPPH radicals &7 49L& Xd Aoz w3

olr

=
=]

o

33t} Tsai (2002)+ found that
the methanolic extracts from mycelia of W E% 0| (Agrocybe cylindracea) and
AAWMA  (Ganoderma tsugae) WELE FE=E°] 10 mg/ml H=ol4 91.4%%
95.6%°] DPPH radicals 22715 9& Wellidithar Bashglet, of AtollA Hle

HCE Img/mle XA 93% A4S YeEtllew, a—tocopherol, BHA BHT

= 86—90%9) %‘*H% A Ao g BAEATE BHAS a—tocopherol& £& 34t
A2 deiA YA AAZ DPPH radicals A7 %oy ggeo] we Ao
2 Yehgon, AAZ o5 AFNA mg 59 FEE A th

o] AFellA] B Eo|MA FEEC] HoFE DPPH radicalh 59 o WA
of FEET HlWA HWA Ee oz yeigton, o= IXo|wAle {84

o
e

sh I aL2ollAq A FEHs Az 28 S 2349 A
o]
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2. SOD FAHEA L ABTS radical 4&A &

Fig. 3=31 oA Hol= 3 Po] FEWH o o Axw FEE=E5
Superoxide #HZH(-0,7) AAEAH P ABTS radicald7 48 YeEUA &
ok dRbH o WA FEEES sEs we] vEa domRE(Lee T
2005, Chi 5 2005, Cheung 5 2003). DPPH #t]Z 2AEA AF A} npztr}
Az dAEE A &5 FEUY 12 Axd FFEES SODEY 9 ABTS

radical 2A S vebd o2 FZ5H Y (Table 3—52)

oX

rlo

32

f

(A) SOD &4 (B) ABTS &4
150 100
I 100ppm —e— Ether
=1 1000ppm —O— Ethyl acetate
801 —y— Chloroform
107 —v— Ethanol
= = —=— Water
B £ 60
= 2
Z 501 g
8 2 4w
Q [=2]
= 0 g
T 0 = - >
8 It 8§
’ ’ /.%
-50 1 [ »* & —x
20 . . .
1 10 100 1000

-100

Vit.C BHT  Hexane CHCI3 EAA N-buOH Water .
Concentration(ppm)

Fig. 3—31. SOD activity and ABTS radical scavanging activity of

extracts from 7. fuciformis.

Table 3—52. The scavenging activity of ABTS"' radical cation of various
extracts from fruit bodies of 7. fuciformis. (system I)

TEAC (trolox equivalent

Solvents antioxidant capacity)
(uM trolox / mg of sample)
Hexane 5.07 £ 0.49
Chloroform 7.89 £ 0.08
Ethyl acetate 6.54 + 0.36
N-buthanol 3.47 £ 0.85
Water 1.10 = 1.41
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ABTS " A2A%#E & ABTSE potassium persulfate® A% Abslslo] ghaly]=
AEE SHse AEEA TEAC g2 3t A SXoinAl mus +
ZE9 #3174 =138 = chloroform 80| & TEAC #E Uehygion,
of £ uE F8A wgsol Hlske oF 2] & A4S UEUHAT o 2
HREE dRolHA Wes FEHE0 £ 8 A iR ditstd Edo]
274 EEAELE A5 F v

o] HA FEE SOD &4 (-0, —scavening ability)oll FTHHE &ikst
2 Tadashi 5 (2003)°l] ¢Jste] HiEglov &4 fFaEdol digh iAol

3

U Fx HE AAQ7A] o] Foj X YA &t} Superoxide radicalS A EAE
of wjg- Falg Rew dHA Jom, EX ¢ HEL WA LT AFA
olth(Halliwell & Gutteridge, 1999). A=38H4 A|~Blo A o] EZo ofs) LAY}t
E P ELL superoxide dismutase (SOD)o| &&te] A A = 4 Jom, o] g
oF frAgE ZA4E 7 EEE ik Aol Fest AT kol
t}h.(Chung et al. 2005). & o|HA F5E 2] superoxide radical ~A &4 9] Fig.
3—31 o BojF1 Qt}. Pyrogallol& superoxideE A st=d o] AL =4 A%
AbstEw, olw) SOD wkgef FFejgith, 122 = pyrogallol®] A-s4FsE= SOD
U SOD—FAEA &= o] &6t A ¥t} L—ascorbic acids A&
SOD fAHEAS yeRiA Y, th2 4EskAll BHTE pyrogallol®] A&
g LAl FEEY] A5 £AH FEEEETFIE SODFAMAE S Y

EMW & okt

3. LDL At3}eiA] &4

LDL At -& 5w sle]l 938k 3 Fo] shbolth(Steinberg 1989). TF%
3 WA S LDL 4bs}#Ae] ##® TBARS A4l @4 E°] human LDLS
e ® 5 uM CuSO4s Abstatg o] JfAAlZ SA =L Qlth

Sl FolmAl FEE2 LDL AFshA s &4 o] Fig. 3—32¢] YEhaL dt. W
of fste] FEZFH +8 F chloroform FE&E°] 7 Zgk LDL Atstd A &4 &
wo] Fith o] E8.e 100, 1000 ppmol A 717 40%5F 80%<] A BAL LhEr

WO, ethyl acetateFEFE2] 49 1,000 ppmoll A °F 60.2%°] &5 #3353
o 71Ef 852 1000 ppmoll A 40%0]ste] &S Ho FAT.

—
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120

—@— Hexane subfraction
—O— Chloroform subfraction
100 4 —y— Ethyl acetate subfraction
—&— N-buthanol subfraction
—i— Water subfraction

—{— Caffeic acid

80 -

60

40 -

LDL oxidation inhibition (%)

20 A

1 10 100 1000

Concentration (ppm)

Fig. 3—32. Inhibition of human LDL oxidation of extracts from fruit

bodies of 7. fuciformis.

Cheung 5(2003)2 rat®] > dEEo] thslk 29 peroxidation A aH=
&AL (Lentinusedodes)® =R G A (Volvariella volvacea)oll A 2331 0.
H, o] HAFEEELS 0.297 and 0.109 mg/ml ¢ 1C50%S YERAATE Lo%
(2005)< LDL 43tz <13l TBARS A4 o] for the ethyl acetate fraction from
Agrocybeaegerita®t caffeic acid’} 0.5mg/mle] HX=ol A 22t 3.09+ 0.383} 2.69
+ 0.16.0]2a Bkt

4. 5ol A F2EY HY LA
Aol AR FEWH LI MM e F5E52 Fig. 3-33¢] UE}
W AHE ol meksl W e S YERY I oY positive control® T &7 Y
- Aolx] A @A o] YEUAE & Ao R UERTH
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. ppm
7222 10ppm W 1ppm

B 100ppm - L
1000ppm :ggsgm

05
04 EEE 1000ppm

ABS (590nm)
°
©

Control(-) Control(+) control (-) control(+) ~ Ether

Fig. 3—33. Marcrophage activating activity (A) and Mitigen activating

activity (B) of extracts from 7. fuciformis 103

5. S Eo|WA  FEES  Helicobacter pylordl ¥ F44
T. fuciformis KG 103 FZF=2 22 diethyl etherFEENA #HZH S
S 5%3}°] methanolo] =9 pHE 5.75%
A F 4 Fot wiSE Helicobacter pylori

o gk A A3 0.1%2 N,N,N' N'—Tetramethyl—p—phenylene diamine &

o 10 mZ Wsoz XA AafdS BEeATH(Fig. 3—34).

H
3
o
o
o
o
_O|L
32
at
s
=)
A
oy
i

Table 3—53. Inhibition of 7. fuciformis KG 103 extracts on the growth
of Helicobacter pylori.

solvents
Extracts

methanol ethanol ether chloroform

ID N N 25mm=3 N

N ! not detected
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Methanol

e ll0

(a) (b)

Fig. 3—34. Inhibition zones of 7. fuciformis KG 103 extracts by
Helicobacter pylori (30 ul, 50 ul, 100 ul, 200 ul).

Positive control@ AF&% methanolol = A A7 Ao ¢80 &9l H
Qar, Tf—eo ol Wl Aafjg I7]9 M2 Wol Tremella fuciformis FE5%
of el Helicobacter pylori ¢ 7o) W1ztalth= A& & + AUTH

Table 3—54. Inhibition of 7. fuciformis KG 103 ethanol extracts by
Helicobacter pylori.

ethanol extracts
Extracts

30ul 50ul 1001l 200ul

ID 10mm=1 10mm=2 13mm=2 13mm=3
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114, 850 A Fraddd=dY dF F2210 3}

1. &5 A FEAE EtOH F2 fractional factorial block

Design Expert (version 6, Minneapolis, MN, USA) software =2 2] Central
composite design (CCD) program= ©]83} 3 level—4 factor® Al F=
FE SEUTE Sto] 2AMSE A3 Table 3—559 £
EtOH &% 72.5%, = A 3AEE 125 rpm, F& AlZF 24A 34 F&
2.0122 go. 2 HsS YelWa, EtOH 5% 95%, & A 3|44 % 50 rpm,
= ARE 7273 M F=ETE 0.1453 go = a‘ﬂi%—% B9 th(Table 3-55).

>

i
=
2

7. fuciformis KG 103)2] EtOH F&EoM FEHFS F7HA17]7]
of EtOH®] §%, & Al 3Jd &= a9 335 ARF 58 SHPds=E A
i FEFS FEUTE AAst gFI 78S AT A9 modeld Y =

0.3522X; + 0.08425X, — 0.49135X; — 0.98981X;” + 0.098241X,"
0.024041X5" — 0.66923X:X> — 0.25973X:X5 + 0.068475X:Xs2 AUt th53] 7| &
A Al e EAkEA o] Aabs Table 259 2

A AoAE (P>0.05)00 slolx = & A7 o]k e HAAZE #93hs vE
Wom QoA AL modeldd ot vH--EH WS Aldsle], Fig. 3—35 9
22 A¥E A EtOHE 8.7%, = A ¥ HEE 193.4 rpm 1L
FEAZF 25.3 At w2 ‘)rE}M-Jq FE=FE AHIHA(T. fuciformis KG 103)
1 kg& EtOH FF Al 44.8 gol} o dglom 29l A3} oF 43 g9 F53& o

- 135 -



Table 3—55. Effect of extract condition on dependent variable.

Independent variables

Dependent variables

Serial No.
Concentration RPM Time Yield (g)
X1(x1) Xa(x2) X3(x3) Y

1 72.5 (0) 50 (=1) 48 (0) 1.5108
2 72.5 (0) 125 (0) 48 (0) 1.9072
3 95 (1) 50 (=1) 72 (+1) 0.1453
4 95 (1) 200 (+1) 24 (-1) 0.4775
5 50 (=1) 125 (0) 48 (0) 0.8592
6 72.5 (0) 125 (0) 48 (0) 1.8888
7 50 (=1) 50 (=1) 24 (=1) 0.6309
8 72.5 (0) 125 (0) 48 (0) 1.5301
9 72.5 (0) 125 (0) 48 (0) 1.4456
10 72.5 (0) 200 (+1) 48 (0) 1.6793
11 95 (1) 125 (0) 48 (0) 0.1548
12 50 (=1) 200 (+1) 72 (+1) 1.6746
13 72.5 (0) 125 (0) 24 (=1) 2.0122
14 72.5 (0) 125 (0) 48 (0) 1.3291
15 72.5 (0) 125 (0) 72 (+1) 1.0295
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Table 3—56. ANOVA table for extract yield in terms of coded values of

variables.

Sum of squares DF Mean squares F—value
Model 5.2369 9 0.5819 8.9311
X 0.2481 1 0.2481 3.8079
Y 0.0142 1 0.0142 0.2179
Z 0.4829 1 0.4829 7.4112
X2 2.5623 1 2.5623 39.3290
Y2 0.0252 1 0.0252 0.3874
72 0.0015 1 0.0015 0.0232
XY 0.5971 1 0.5971 9.1655
XZ 0.0899 1 0.0899 1.3805
YZ 0.0063 1 0.0063 0.0959

R? 0.94

a) Surface
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Prediction2.244 |

B | 0.67]
_ [0.99]
1.97
_
1.97
"logo9
\ \
.0 61.3 72.5

50

83.8 95.0

b) contour

Fig. 3—35. Surface (a) and contour (b) plots of extract yield versus

extract concentrations.

3. B Eo] WA PAs}BAYEA EtOH & fractional factorial block
Design Expert (version 6, Minneapolis, MN, USA) software =22 Central
composite design (CCD) program<= ©]83}o] 3 level—4 factor® A 3e] 34k
RS FHEUFE sl AR Z3k= Table 3-573% Zvh. EtOH k=
72.5%, & A FAEHE 125 rpm, FE A 4843kl DPPHE o] &3t &
AatEAd S FAME A3 EDA 40.1%% 7MY ¥ A4S YEow, EtOH &
95%, +=& Al 3dEE 200 rpm, FF AZF 2421334 EDA 17.7%= 74
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Table 3—57. Effect of extract condition on dependent variable.

Independent variables ?/Z?‘?:b(}:t
Serial No. Concentratio
RPM Time EDA %
n

X1(x1) Xa(x3) X3(x3) Y
1 72.5 (0) 50 (=1) 48 (0) 32.2
2 72.5 (0) 125 (0) 48 (0) 40.1
3 95 (1) 50 (=1) 72 (+1) 30.9
4 95 (1) 200 (+1) 24 (1) 17.7
5 50 (—1) 125 (0) 48 (0) 25.6
6 72.5 (0) 125 (0) 48 (0) 32.7
7 50 (=1) 50 (=1) 24 (-1) 21.5
8 72.5 (0) 125 (0) 48 (0) 33.7
9 72.5 (0) 125 (0) 48 (0) 31.5
10 72.5 (0) 200 (+1) 48 (0) 30.4
11 95 (1) 125 (0) 48 (0) 30.6
12 50 (—1) 200 (+1) 72 (+1) 21.7
13 72.5 (0) 125 (0) 24 (-1) 32.3
14 72.5 (0) 125 (0) 48 (0) 31.0
15 72.5 (0) 125 (0) 72 (+1) 34.1
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4. FA3EY 71 =209 JHs)
=W A (T, fuciformis KG 103)2] EtOH FZFolA 213844 S F71HA17]

7] §1ste] EtOHY ¥, F =

A7A3tal EDA%E TE5HTE A5ty 537l S ¢33 43 model? Y

= 34.12157 + 2.5X; — 0.9X, + 0.9X; — 6.42353X,” — 3.22353X,” — 1.32353X5” —

2.45X:Xz + 2.35X1X3 + 1.15XoXsE AATh TrF 3] 7]24] dAol thgh 4kt A 9

A¥}= Table 3—583} #t}.

= N A S ada F=E AR

Table 3—58. ANOVA table for the extract yield of antioxidant activity

in terms of coded values of variables.

Sum of squares DF Mean squares F—value
Model 409.5453 9 409.5453 4.0857
X 12.50 1 12.50 1.1223
Y 1.62 1 1.62 0.1454
Z 1.62 1 1.62 0.1454
X? 107.9153 1 107.9153 9.6892
Y? 27.1768 1 27.1768 2.4401
A 4.5814 1 4.5814 0.4113
XY 8.0033 1 8.0033 0.7185
XZ 7.3633 1 7.3633 0.6611
YZ 1.7633 1 1.7633 0.1583
R? 0.88
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Fig. 3—36. Surface (a) and contour (b) plots of extract yield of antioxidant
activity versus extract concentrations.
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Design Expert (version 6, Minneapolis, MN, USA) software =4 ¢] Central
composite design (CCD) program= ©]83}9] 3 level—4 factor® A A5} & ¥
E IS FHEHESE oo AP e O deFe caffeic acidE ©]-8314]
% 39t (Table 3—59). EtOH &% 72.5%, % A S A&% 125 rpm, FF A
48A17rell A1 DPPHE o] &3to] F #l= s AR A3 20.33 pg/go = 714
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Table 3—59. Effect of extract condition on dependent variable.

Dependent
Independent variables variables

Serial No. Concentration RPM Time gk?:ri)loiut:/t:;

X1(x1) Xa(x2) X3(x3) Y

1 72.5 (0) 50 (1) 48 (0) 18.22
2 72.5 (0) 125 (0) 48 (0) 20.33
3 95 (1) 50 (1) 72 (+1) 11.70
4 95 (1) 200 (+1) 24 (1) 11.26
) 50 (=1) 125 (0) 48 (0) 17.17
6 72.5 (0) 125 (0) 48 (0) 14.39
7 50 (1) 50 (1) 24 (-1) 14.10
8 72.5 (0) 125 (0) 48 (0) 15.80
9 72.5 (0) 125 (0) 48 (0) 14.70
10 72.5 (0) 200 (+1) 48 (0) 14.56
11 95 (1) 125 (0) 48 (0) 14.23
12 50 (=1) 200 (+1) 72 (+1) 12.06
13 72.5 (0) 125 (0) 24 (-1) 14.90
14 72.5 (0) 125 (0) 48 (0) 13.20
15 72.5 (0) 125 (0) 72 (+1) 14.65
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Table 3—60. ANOVA table for concentration of total phenol in terms of

coded values of variables.

Sum of squares DF Mean squares F—value
Model 57.51959 9 6.391066 1.297342
X 4.3218 1 4.3218 0.877296
Y 16.64645 1 16.64645 3.379114
Z 0.03125 1 0.03125 0.006344
X 4.891968 1 4.891968 0.993036
Y? 0.372418 1 0.372418 0.075598
A 13.74706 1 13.74706 2.790559
XY 0.100833 1 0.100833 0.020468
XZ 6.8403 1 6.8403 1.388534
YZ 0.598533 1 0.598533 0.121498
R? 0.75
i

a) Surface
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b) contour

Fig. 3—37. Surface (a) and contour (b) plots of concentration of total

phenol versus extract concentrations.

7. EtOH F2d| A& &%, 33424, FH=HF o8 2A

S AN FEE kst @gzte dHAdS EARE AaE Table
3-617 7S BA Azrt nglon R*zlo] 0.1964% FZ7) &Aks} 3
e mg W Aom yeiyth dakst @49 FAEE 11
S A% A3} Table 3-629 & 237 Yebsten] R*gho] 0.62732
¥} gaksl G o] Aol s E=A YERRh

aglal & HEdEte] FauAE 2AE7I9lE] SAS systems o] &3kl A
A

bt
e
e
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Significance test table of extract yield and antioxidant

Table 3—61.
activity.
Sum of Mean
Source DF F—value Pr>F
squares squares
Model 1 1.09274 1.09274 3.18 0.0980
Error 13 4.46992 0.34384
Corrected
Total 14 5.556266
R 0.1964

Table 3—62. Significance test table of antioxidant activity and total

phenol concentration.

Sum of Mean
Source DF F—value Pr>F
squares squares
Model 1 43.31504 43.31504 14.5 0.0022
Error 13 38.83593 2.98738
Corrected
14 2.1
Total 82.15097
R 0.6273
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124, 5N FEASAHEZY dFAT 2 £, BA

o
e
iz]

=
oA A 3 kgS 30 Lo EtOHZ &3 7 &itsl gy &ebA

= € 29 (20 g E7H8 298 (8
g)o 2 UFrk E 718 B3I L silica gel columno] Z I n—hexaned} ethyl
acetate ZL M-S o] 8 column chromatographyS 2 Alste] 67]¢] H& o7 1}
TR YiE B8 27 HPLCY Cis column & ©]8 ACN : water (0.01%
phosphoric acid) = 70 : 309 Zdo 2 E#H Fig. 3—39,,40,41 ¥ & A7
Ao Wl peak?l compound 1, 2, 3 &<¢l&gict Er18 £35S AA] HPLC
9] Cis column < ©o]&3}o] Fig. 3—45 ¢ L chromatograms dPow o=

23] compound 6, 7, 8, 181 9& A5t

Tremella fuciformis

extracted
with EtOH
EtOH fr. (1) Precipitates
suspended with
water
Water soluble fr. (2) Water insoluble fr. (3)
partitioned  with
n-hexane
Water fr. (4) n-hexane fr. (5)
Silica gel C.C. n—hexane : EtOAc HPLC
(10:0 ~ 0:10)
Com. 6, 7,
8,9

Fig. 3—38. Diagram of extraction and isolation of compound 1~9 from
dried fruit body of 7. fuciformis KG 103.
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Fig. 3—39. HPLC chromatogram of 100% n—hexane fraction (fr.1).
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Fig. 3—40. HPLC chromatogram of 80% n—hexane and 20% ethyl acetate

fraction (fr.2).
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Fig. 3—42.

Wird=s

HPLC chromatogram of 60% n—hexane and 40% ethyl acetate

fraction (fr.3).

Chromatogram

200 —

molts

Minutes

[ = S PP

HPLC chromatogram of 40% n—hexane and 60% ethyl acetate

fraction (fr.4).
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Fig. 3—43. HPLC chromatogram of 20% n—hexane and 80% ethyl acetate
fraction (fr.5).
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Fig. 3—44. HPLC chromatogram of 100% ethyl acetate fraction (fr.6).
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2 A3y o]g3gt DPPHO hydrazyl> dA YA7F B<HsE Aejo] lox
2 HJA FRYAE Wolsolw A4S 7HAI Qo] ks - wkEEte]
SRS WolEdowHn A HAGES Av BES ol &5t dEo|HAl A
Aol grtsl FAS FASFAL activity guided fractionation W el wel 1 &
4 AES FAstaA dxHol Ao Al A Ae] EtOH fr.(1), water

soluble fr.(2), water insoluble fr.(3), water fr.(4) 18] 3l n—hexane fr.(5) ° o
g kst &4 AEE DPPHel tidh dAg 5oz SHGT ditd o= o
A FEEES & AEE S Bl "detdda RuHQ oM (Lee &, 2005, Chi &,
2005., Cheung 5, 2003) 3 &Fo|MAl A2 EtOH FE=EAA= EDA%7} ¢F
76%% Yelorm 7 XS n—hexane fr.(55%) 3 water soluble fr.(51%)2] <=
o2 gkalEd S B Y(Table 3—63, Fig. 3—46).

flo
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Table 3—63. The radical scavenging effects of extracts and fractions
from dried fruit body of 7. fuciformis KG 103.

Sample
EDA % Ascorbic EtOH Water Water Water fr n—hexane
acid extract soluble fr. 1insoluble fr. ater 1r. fr.

5 69.8+0.3 - - - - -

10 95.3£0.1 - - - - -

50 97.5£0.2 4.5%+1.5 3.0%0.2 3.0£1.3 4.4£0.3 6.6£0.6

100 97.6£0.1 6.2£0.04 5.0%£0.6 4.4%+0.5 5.2x1.4  7.8+0.2

500 - 21.5+£0.3 8.5%0.04 10.9+0.3 13.4%0.5 12.0%0.7
1000 - 38.4+0.9 15.7+0.5 15.5+0.6 15.1£0.1 15.4%3.2
2000

- 76.0+£0.2 51.0+£0.2 17.4+£0.6 23.0£0.2 55.0+0.2
(ppm)

80

—&— EtOH ex.
—O— Water soluble fr.
—w— Water insoluble fr.

—v— Water fr.
60 1 —m— n-hexane fr.

EDA %

T T T T
0 500 1000 1500 2000

Concentration (ppm)

Fig. 3—46. The radical scavenging effects of extracts from dried fruit
body of 7. fuciformis KG 103.
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3. 2843 AEEA

B Eo|MAI(T. fuciformis KG 103) EtOH FEE& AAs7MAA 42 23 &
o] &tAlE Z4E& DLD-1 cell lines ©]§sto] AMGE A3} Fig. 3—-47¢F 22
AHRE YeEWTE. EtOH fr.& A% S22 water soluble, insoluble fr. 1@l
n—hexane fr.olA A2 #& AL B3l WHA water fr.olAE Fuldo=z
o gAS ®Wth EtOH fr., water soluble, insoluble fr. Z1#]3 n—hexane fr.
9] ICs502 Z+7F 68 ppm, 67 ppm, 63 ppm L@ I 48.8 ppml 2 YEIRLO T,
water fr.9] ICs02 1000 ppmO. & H|3 2 YA eyt

et

N

Sl &o]M Aol A polysaccharide A1'%&9] &ekd &4 (Ukai &, 1972)°] XHil¥
Aol oy, A ALY AxsA o] Bad nf glew, & A3 Ay
A sgEEe] A sxolA v AEE dAEsHS HEide & A3l
o}

100 +

—— EtOH fr.

—O— water soluble fr.
—w— water insoluble fr.
—v— water fr.

80 4 —&— n-hexane fr.

60

Net growth as % of control

40 -

20

0.0 0.5 1.0 1.5 2.0 25 3.0 35

Concentration (log,,ppm)

Fig. 3—47. Cytotoxicity of extracts from fruit body of 7. fuciformis KG
103 against DLD—1 cell line.
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4. B4EE AA

=M A (7. fuciformis KG 103) AH4dA|¢] EtOH FE25E dojxl #3F
T gatsl B FIAE FAHS B BHES HPLCE o83t AAR 4
% Com. 1, 8, 9 o2 dd&de AAHNES FAsAtH(Fig. 3-48).

Crom—sil pack ODS preparative column (1.0X25cm)&  ©] &35}
acetonitrile—water (0.01% phosphoric acid) & 60:40 (v/v) 222 £ 4ml9

o7 dto] 12 AAE AAEdH. 12 £dE AR 2dE2 = 3
peak = T':‘:L]QX] il S Wol AAstaL e 2HEH Zol HAEHAY 2
A 12} 2] & thA] Shiseido pack C18 columng o]
(0.01% phosphoric acid) (70:30, v/v) solutione ¥ 1mle] #5202 A A 5l
9 peakZ GAT F AATH Tsai 5ol 93] AEo|MA FEHEo| ditsl &
de Bawolx up 9lon} ofA 1 &S H]l 245 A 2 7x 549

BalE u @ el gl

3} acetonitrile—water

100 — =000 —

so —] 1000 —]

o ot Phase
mivats

b)

100 —

zooo —

=0 —

% hobile Phase
mats

Minutes
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Fig. 3—48. HPLC chromatogram of purified compound
a) fraction 1, b) fraction 8, c) fraction 9

AL AAE=A

S| oM Al (7. fuciformis KG 103) EtOH FEEZ5E @Y peak® £, A
o] 7 compound 1, 8 1283 9¢] SrAZ A LD—1 cell line& o] &3}
o] A8tk compound 8°] IC50 84 ppme= Al 248 T 7P w2 24 U
bl o™, compound 1 B3F ICso 310 ppmzE RFE&F oA A4S Hch 18
v oAl =4 7hed dAksE @A o] 7HE H3kd compound 9 = FAIE A

78] vEtbA kgt (Fig. 3—49).

o
o,

ot

A =]

4

n ftlo
o

m&

AEEAGL FAEd S SHste 7120t WA Fe ddEde F7HA
aFo] ot F2 yehdEd 2% A dHAAE gdRFoly T oA a1FS
T+

polyphenol =& flavonoidfolt}. aEXFEEe] okl WAl t}
(2003)°] Basti o thdFel vl E3-A4 9] lentinan, krestin, schizophyllan
So|  Schizophyllum commune® ¥ (Fukushima, 1989) <&x 9t}
Polyphenols ¥ flavonoidsE% &Aool YehvE ZAoe=w HuEoerm (Carlo
S, 1999) 1 "7k Fe] (Pomilio &, 1994)¢l ©]ate] B3zl wl Ut
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Fig. 3—49. Cytotoxicity of compound 1, 8, and 9 from 7. fuciformis KG
103 against DLD—1 cell line.

6. ZAHAY SHEEY FIst &4

Water fr.o] & 7H84 £de=2iH £l Com. 13 £7H8 o=y
B % A4 Com. 8, 99 I3t &4 DPPHE olgate] zAe Az
Table 3-64 ¢ Fig. 3-50 <2 uepgteh Al 7b4¢ &4 F 2000 ppmolA]

o
°
re
4
o
il
i)

I 24e B =25l AA 3 72 w49 Baus vRg etk (Lee

2005, Chi 5, 2005, Cheung &, 2003). Tsai 5, (2003)°l] 93l B = ozl 2l &Kol
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A FEE9 .0, —scavenging abilityel]l #HEFH 33 Ay v)=d Ay

Table 3—64. The radical scavenging effects of compound 1, 8 and 9
from 7. fuciformis KG 103.

EDA %
Sample 5 10 50 100 500 1000 2000

(ppm)

Ascorbic acid 79.8£0.3 90.3£0.1 935%0.2 95.6%0.1 - - -

Com. 1 - - 6.0£0.1 10.7£0.1 272402 52105 70.8%+0.2
Com. 8 - - 7.2£0.2 11.0+£0.1 33.1£04 68.8+0.3 87.2%+0.2
Com. 9 - - 3.6%£0.5 10.0+0.3 11.0£0.5 12.3+0.1  23.0%+0.3

EDA %

0 500 1000 1500 2000

Concentration (ppm)

Fig. 3—50. Antioxidant activity of compound 1, 8 and 9 from 7.
fuciformis KG 103.
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Fig. 3—51. Gas chromatographic—mass spectrometric analysis of compound 1.
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Fig. 3—52 . Gas chromatographic—mass spectrometric analysis of compound 8
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spectras ¥+EA3F Hugk 23 (Fig. 3—-51, 52, 53) 3= 13 2= 244
linoleic acid®} oleic acid® &AHATE (99.9%0| 4] &) 3H, 33gE 3&

il

I 57) Akl EgER FlEAR e,
palmitic acid, stearic acid, margaric acid, linoleic acid and oleic acid¥ o= Z
9 A7F &Q1E A

o)Al A o] A Al B EolHA2 palmitic acid (16:0), stearic
acid (18:0)¢} &3} A4kl oleic acid (18:1), linoleic acid (18:2)E thef
shalal Ad Tk A WA F oleic acide] o] 51.2% = 7 ¥9k2 ™ palmitic
acid (16:0)7} 15.8% % uEFRTH(Table 3-65). (1998)°] <AFolA =

3l Ho) WAl o= palmitic acid”} 16.7%, oleic acid’} 52%, ¥ 3L linoleic acid”}

GC—MS spectra data bases 71

4 2 kst AT E Este] Slio] WAl Fa e = ol
ookt XS #od 4 9J%loerm, 53| linoleic acid7} SA4bsiEd H
= ]
= =

& AT

Table 3—65. Identification of purified peaks.

Fraction Compound
1 linoleic acid
8 oleic acid

palmitic acid
stearic acid
9 margaric acid
linoleic acid

oleic acid
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134, AFo|mAY AY =1

1. 5o WA AxZxA ¥

dETS o] 8ot Hdx3 AHoHA S AMEE MAAE o83t FA435a
1 A3+ Table 3—66 3 #t}.

Zy Ao A F Al Apol= HolA Zkor) 70C o] Fo &= Liko] #3h+]
o] Az AHgsk &7t oyt #HFH AT Lae 60C7HA = A W3HA
o) le)

Fokom, A2l 40-50C7F Azl A3Hg
g 2A Apol7h flglen, WAHo s

° PN
AEs & F Ak

oF 5= glolet. Zh Aol A agtt

= ¢
AN AFoAe] Fdo] &

o T g

Table 3—66. Changes in L—, a— and b—value during drying by Heat.

L%t agk bt
40C 80.07+0.79 3.71£0.41 23.45+0.62
50C 81.62%+0.75 3.563%+0.37 23.19£0.23
60T 80.01£0.49 3.41%£0.24 22.42%+0.02
70C 76.96+2.03 3.77+£1.22 23.28%+1.60

2. AzMH Y HAAXZA 44

AZMAS PE, PP, Ny 374 Z4Ale]l 23 24% 5 Aed 457 A4s
WAl Ao Wale BTt Figs—54 o et AAY mE 2l A A
wo Was feHeS ¢ S Uon, T4 e 2 Aot oS wAs
Arh. AZolMAL Ax F Ao Wl W Hol FEA] v e &
FoAgen, A ue JFol Ao ARG A wFAE HAste] A1
3= Ao] npEAsiota Bk 9T
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Fig. 3—54. Changes in L—(a), a—(b) and b—(c) values of dried 7.
fuciformis during preservation in various packing materials.

PE : Polyethylene, PP : Polypropylene, Ny : Nylon plus PP and PE
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Fig. 3—55. Changes in L—, a— and b— values of 7. fuciformis fruiting

body.
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B Eo|FHES o] 4d SR Wi S FAE] &l 100% AHE, wlE
S 7b7} 1-29% Aol A7tslel BeAAE St olw HEWATEE U
T2 ALgstl o 1 A7E Table 3—67 o WERUITH
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Table 3—67. Sensory quality of model drink prepared with the water
extract of 7. fuciformis.

fiiii 3 A o NEE
ARE "7 4.340.9°Y 3.441.4° 4.841.4° 4.241.2°
& A7t 3.6+1.4° 4.2+1.6° 4,441 .4 3.8+1.5°
I}= w)AG s} 3.840.8% 3.841.3° 3.7+1.1° 3.7+1.3°

YMean separation in columns by Duncan's multple range test.
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Table 3—68. Sensory quality of model drink prepared with the ethanol

9JtH(Table 3—68).

2 5
extract of 7. fuciformis.
NeESFEE
(1000ppm) g A5k ook kA=
A7t
ARE H7F 3.8+0.9%V 4.0%£1.2° 4.741.1° 3.8+1.2°
W& A7t 3.5%1.0° 3.6+1.3° 4.341.1° 3.5+1.6°
= v A7} 4.0+£0.9° 3.8+1.2% 4.3+1.1°% 4.2+1.3%
UMean separation in columns by Duncan's multple range test.
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1. Eun Jae Cho, Hye Jin Hwang, Sang Woo Kim, Jung Young Oh, Yu Mi
Baek, Jang Won Choi, Song Hwan Bae and Jong Won Yun. 2007.
Hypoglycemic effects of exopolysaccharides produced by mycelial cultures
of two different mushrooms 7remella fuciformrs and Phellinus baumii in ob
/ ob mice. Applied Microbiology and Biotechnology. 75, 1257—1265

DS ol A WA AatE = Al LTS RIF B ] el =go] .

2. Qiong Wu, Cheng Zheng, Zheng—Xiang Ning and Bao Yang. 2007.
Modification of Low Molecular Weight Polysaccharides from Z7remella
Fuciformis and Their Antioxidant Activity in Vitro. International Journal of
Molecular Sciences, 8, 670—679

A=ouAle AT R FEA Fiksh B A
3. Eun Jae Cho, Jung Young Oh, Hyun You Chang, Jong Won Yun. 2006.

Production of exopolysaccharides by submerged mycelial culture of a

mushroom Tremella fuciformrss. Journal of Biotechnology, 127,129—140
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Sl o] WAl R Al Ale] b/ Aol
4. Peter C. K. Cheung. 1996. The hypocholesterolemic effect of two edible
mushrooms: Auricularia auricula (tree—ear) and Tremella fuciformis (white
jelly—leaf) in hypercholesterolemic ratsl. Nutrition Research, 16, 1721—-1725
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5. Qipin Gao, Rolf Seljelid, Huiqun Chen, Reizhi Jiang. 1996. Characterisation

of acidic heteroglycans from Tremella fuciformis Berk with cytokine
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. P Liu, X Gao, W Xu, Z Zhou, X Shen. 2005. Antioxidation activities of
polysaccharides extracted from Tremella fuciformis Berk. Chinese journal of

biochemical pharmaceutics.
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. Lin, Z.B., and Cui, J.Y. 2000. Effect of Tremella polysaccharide on immune
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1. A7 o3 B&o| WA (Tremella fuciformis) AHAA &) FRAEEA 2 4t
318 AT, Al 723 FFAFHEI] &3], 2005.06.17

Cytotoxicity of Extracts from White Jelly Mushroom, Tremella
Fucifornis against Human Carcinoma Cell Lines

Kyung-Ai, Kim*, Hyuk-H Song and Chan Lee Dept. of Food Science
and  Technology, Chung-Ang  University, Hyun-You Chang Dept.  of
Mustroom  Science, Korea National College. Sung-Woo Choi  and
Jeong-Weon Yoon Dept. of Bioengineering and Genetic Engineering,
Callege of Natwral Science, The University of Suwon

Cytotoxic effect of the extracts from Tremella fuciformiswas evaluated on
DLD-1, LOX-IMVI, LXFL-529, RKQO, SNB-19 and SNU-1 human carcinoma
cell lines in dose-dependent manner. In experimental setting 1, methanol
extract from this mushroom was fractionated sequentially by hexane,
chloroform, ethyl acetate and A-butancl. Hexane, chloroform and ethyl
acetate subfractions exhibited cytots effect on all tested cell lines and
LOX-IMVI cell line was most sensitive to the treatment of these extracts
with ICs values of 60, 71 and 600 ppm, respectively. When the fruiting body
of Tremella fuciformiswas ed sequentially with cther, ethyl acetate,
chloroform and ethanol perimental setting 1), ether extract exerted maost
potent cytotoxicity against ed cell lines. Other extracts had noefTect on the
cell viability. IT the first extraction solvent was chloroform instead of ether
(Expi ental setting 111), exposure of tested cell lines to chloroform, ethyl
acetate and ether extracts led to undergoing of the cell viability. This finding
related to cytotoxicity of extracts give support to understand biological
function of this mushroom.

2. A7, £33, 385, 449, o|F Cytotoxicity of extracts from white jelly
mushroom, 7Zremella fuciformis against human carcinoma cell lines. A 733}

54 E98H3] 5+ d)3].2006.06.16
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Antioxidant Activity of Various Extracts from White Jelly
Mushroom, Tremella Fuciformis

Kyung-Ai, Kim*, Hee-Scok Lee and Chan Lee® Dept. of Food Science and
Technology, Chung-Ang University, Hyun-You Chang Dept. of Mushroom
Science,  Korea Nation  algricultural  Coflege, Sung-Woo  Choi and
Jeong-Weon Yoon Dept. of Bioenginecring and Genetic  Engineering,
College of Natural Science, The University of Swwon

Tremella fuciformis were collected from dead Quercus limbs at Haenam,
Jeonnam province in 2003 and cultured in artificial media with FHypoxpion
sp., a svmbiotic fungi. Various exiracts were prepared from this cultured
mushreom according to three experimental settings and their antioxidant
properties were examined. Antioxidant Activity of extracts from Tremella
fuciformis was evaluated by scavenging activity of
2,2"-arinobis-(3-¢thylbenzothiazoline-6-sulfonic acid) radical cation (AB‘E‘S"},
LI-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity and
superoxide dismutase(SOD)-like activity. Among the extracts, the chloroform
extract from in experimental setting I showed the most potent radical
scavenging activity in each assay. showing 36% of DPPH radical scavenging
activity at 1000 ppm and 35.7% of ABTS" scavenging activity at 1000ppm.
Total phenolic content were estimated in methanel extract by using caffeic
acid(0.74 mg/g), chlorogenic acid(2,25 mg/e), catechin(2.6 mgfg) and ferulic
acid(2.01 mg/g) as standards. Correlations of phenolic content in ecach
extracts with antioxidant activity will be discussed in this study.

3. AR, 03X, FA, 499, o] Antioxidant Activity of Various Extracts

from White Jelly Mushroom, 7remella fuciformis. A 732} §+=+2)& 3} 513] 3§
£ 13).2006.06.16

P10-264
Cylotoxic Effect ol Extracts from Tremela fuciformis on
DLD-1 Human Colon Adenocarcinoma Cell Line

Kyung-Ai Kim™ and Chan Lee
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4. F7 N, o]k, Cytotoxic Effect of Extracts from ZTremella fuciformison DLD—1
Human Colon Adenocarcinoma Cell Line. 2006 International Symposium and
Annual Meeting of the Korean Society of Food science and Nutrition. 2006.10.20
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inhibitory effect of Jremel/a fuciformis extracts against [ipid

P-13
peroxidat fon and their free radical-scavenging activity

Hee-Ssok Lee”, Kyung-Eun Lee, Jin-Ho Jung and Chan Lee
Dept. of Food Sciance and Techrology, Chung=Ang University, Ansung, 456-755 Korea

Tremelia fuciformis were collected from dead (bercus |imbs at Haenem, Jeoanam
province in 2003 and cultured in artificial media with Hwexplon sp., a symbiotic
fungi. Various extracts were prepared from this cultured mughroom according o three
exper imental seftings and their antioxidant properties were examined. Antioxidant
activity of extracts from freme/fa fuciformis was evaluated by scavenging activity of
2.2 “azimibis—(3-othylbenzothiaznl ine-B-sulfenic  acid) radical cation  (ABTS'),
1, 1-dipheny|-2-picrylhydrazyl (DPPH) radical scavenging activity and superoxioe
disnutase{S00)-like activity. Among the extracts, the chloroform extract from in
exper imental setting | showed the most potent radical scavenging activity in each
assay, showing 56% of OFPH radical scavenping activity at 1,000 pom and 35.7% of ABTS'
scavenging activity at 1,000 ppa. Total phenolic content were estimated in various
extract by using caffeic acid, chlorogenic acid, catechin, and ferulic acid as
standards, Correlations of phenollc content In each extracts with antiexidant activity

will be discussed in this study.
5. o34, o|3&, ARNZ, o] Inhibitory Effect od ZTremella fuciformis
Extracts against Lipid Peroxidation and their Free
Radical—scavenging Actvity. 2007 ¥=v|A18}3]. 2007.06.13

6. 20073 QAR BEEA| PA}
12} €49 49, 2007.9.4
Fral G (H AR, 5ol HAX WA 3] ) Bt (F3L, 5], F&HoIHA)

2721F UFE A AEFA 20073 12€21(F)~22(8)
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Production of exopolysaccharides by submerged mycelial
culture of a mushroom Tremella fuciformis
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Ahbstract

The optimization of submenged colture conditicns for myeelial growih and exopolysaccharide {EPS) production in an edible
mushroom Treeells furdiorems wos studied in shake Aosks and bioraciors. The temperature of 28 *C and pH 8 inthe beginming
of fermentation in agitated fasks was the mest efficient condition to oblain maximom mycelial biomass and EPE. The optimal
mediurm constinents wepe as follws (gL~ Yz ghizose 200 trypione 2, KHZPOy 06, Ko HPOy 1 and MgS0y. TH0 0.5, The fun.
gus was adlivaled under @rics agilation and aeration conditions in a 5 L sticred-tank bioreactor. The maximom cef] mass and
EFE producion were chrained al a relaviwe Iy high agitmation speed of 200 1pm and at an aeration rate of 2 vem. The Hoe behavior
of the fermentation broth was Newtonian and the magimum apparent viscosity (35 o) was observed ot o highly aerated condi-
tien £ 2 vem). The EFS prodoctivity in an airlift eactor =vas higher than that in the stirred-ank reactor. The morphological study
rewaled thatthe fungus groes inmainly three differem veast-like forms: ovoid. elongaied, and double yeast forms The high pop-
ulatiom of the elongated yeast bas a very close relationship to high EPS production. The EPS were protein-bound polysiccharides
comsisted of mainly mannose. xylose, and fucase. The molecular weights of EPS weps deterrmined 1o be (1,3-1.5) » 105,

@ 2006 Elevier BV, All rights reserved.

Evvwonds: Exopolysaccharide; Mophology and teolog y; Mushooom: Sibmengsd cultace: Tremeiia ool

L. Introduction

The mictobial exopolysaccharides (EPS) are a class
of high value biopolymers with a wide vadety of indus-
trial applications {Locjestenijn et al. 1999 Levander

® Corpsponding author Tel.: +82 52 350 6556,
fax: +E2 53 B30 G50
E-mal! gadrenn: fwyunddoe puac.kr (LW Y.

D1 RE- 18555 - pew froal maller © 2008 Ekevier BV AN fights reszreed.

Bl 0.0 S ol 2006 06 012

and Rédsteom. 2001 1 In paricular, maay kinds of BPS
have been produced from submenged cul ires of mush-
mems of enttomopathogenic fungi (Bae et al, 2000,
2001; Park et al, 2001; Kim et al., 2002a.b, 2003%;
Hwang et al.. 2003,

Tremella fuciformis, belonging to the order of the
Tremellales and the family of the Tremellaceae, s
teen appreciated as an edible mushmoom. It alo tos
been used for medicinal purposes due to e divese

- 180 -



8. SCI

Food Sct. Busectnt, Fol 15 a6, pn 859 - 005 G

o _
== gH

Food Science
ai Biotechnology

o
T i Ko ey e e v el | by

Cytotoxic Effects of Extracts from Tremella fuciformis Strain FB001 on
the Human Colon Adenocarcinoma Cell Line DLD-1

KyungeAl Kim, Hyan-Yoa Chang’, Susg-Wes Chot, Jeong-Weon Yoor®, and Chas Lee®
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Absract  Uviomcsdic of fecs of exiret Sum Tremedls fuffooes sesin FROGL wire codusied on the THLO1 imxm oolen
ailirnreinera ool ling sl the oo of polyphenic conpoiesds in the extracts wee anajvael, Heoag, chiotodom, ad
wily| et wehitactions deperisenia] astting D esbalsiied cyinione effoes o the homim ool adenocarcinoma DLT-b el
e 'n|||| 15 virbeis o 350, HHL, aned 450 i, Mm.u.h When T _ll\r'!:l'i.l.m\ s cuiracied qum"!r with ez, edfiy]

sl Cchiorodoen, aad ethano] {erpermental sening 117, tie efer oo d A parlent ey witdy e B vailos
u.l‘ TN ity Bobtiwad by eyl moctate and clikorodinm I'inmu 11 the fies extraction sobven was d1|.|1rr'.-Ewe el of aher
Cexpernmeist semng B, exposiee af the ool line 1o cldoroboom, eyl sceene, and edier exiracts i 000 o led o cell

deseh, High h-ck:;‘g‘rurﬂ:m commpeinis wens espnaeed for all ly
l Intodin et gives il g ¥ ol

P Tha thiz
[LIEET

bz emtrante, which exhibited ovoiesie effisss, We
e understaidivg o e Dicdogy nd wtility of #6 panicilar

HKuvwardds; exlrmtion mothls, whitg jelly mistroom, Tremedly fwifinme, coedoginy

Introductizn

Ihe white ey mishroon, Premelly Selcomi of the
Lamily Tremetlavers, class Mymenompoenes and disision
Berrihumpota |1-9) 18 o al a:q:p'r\cmlm.nl'f b fimg
specks in the geres Tremelly and fmmd mainky in East
wsin The hody of T fic (s is used a5 0 commen Sod
ol clinially b wadionsl mdicine in China, This
meghmoom 43 alsn m oocellenl source of  indusiial
erwymes such as bez-D-mamnosidase and bess-N-aceny|-o-
hewrmminicas: {51

Ivvestigaton of the sciive compounds o the Gusing
By of T fciemiv o dale has boen Bmited Sulubde
miracts of T fucformis, however, have boen studicd
intensively, (61 because of varous mted hidnﬂjqul effects
such as cobaneing imemune functioes (7)1 sti=purar {25,
md Ipoglyeamic acuvities (9. The pohsacharide
fraction of the saluble exsracts has heen used Sinfeally in
Ching for cater pathents andegomg eabment with
chetirrherapaeiee agenls o rdotliongry W enhance malive
immue fundtiom (71 inchulimg  cyokine-stimuolating
nctivity {10, LL). Further, supsrooide-scavenging ability
was reported Broo schdblke exumct of T iy,
hivwever, the native conapomens remaie wknewn {123

Polyscckarides in e solubbe gomc of e nweshnomn
repreae e st promisimg active anlicancer agent { 13-
165}, Polypiencls and flavineikk howeyer, in peclinsinary
chemical cxamingtion of non-pelar selvenl éxmacts of
mhshrooms, were pegandod as e prinsry  scbive
vampanerts: {17, 18} Several of these compounds hne
been meperied S possess and-mmeor activity (17, The

"_I!Larrm il Tel: BZ-A0-A700 0005, Pan: 32-31 -6 0-faet
E=reail - ez g kT
Reveived huly 26, Ty arceptal Sqsanber 14, 2006

main inechanism af e inhibitien by the favwonoids &
poarly smudisd, however, one ke eode wioukd ssem
e a decnzase in the ghcolstic scivity tenigh nbabitcn
af the plasms memboe (N K -ATPase (18],

Fecently, polenl chemogmeventive ppenis for codon amid
shomiacly canosr ware repomad Fom dhifake mushrooins,
Lomtbiur poks amd 8 wild mosbeeeen m Kone,
Fofvozeifae motipfer (199204 Tn wvestipate § possible
aticapger propety of the T fcifemily musheoom, we
have exammed the oviolewic offects of hydrophobic
entracls on ol collured of the DLD-1 human colon
mcleicarcinoma cell bing. In this report, we indicate th
mmieng severnl fractions, cyteeoicilty 1o the fest cells could
b ddemopsmated and in o dose dependent manner, Thes:
vmioge  effects were evaluated - acconding o the
sxdraction peoceduszs with relition 1 the corser of s
exiracts pherol o peeens.

Minterials and Methods

Mnterlals  Dulhercn’s misdifiad Pagle’s medium (IEM ),
REME-16H1 madiom, pendeilloe md - sreptonmcin wine
froen €iiboa Lyl (Grend Island WY, U5A),
M (304, ity itbriare- 2yl - 2 5 clipieny| tetrarelives
hn:l:rruh'l trypin imbideor fivm smyhean, fistal bovine senim
AFRS), dimethyl suffoodde (DIMSOH were obtalned fiom
Sigma Co. (51, Louls, MO, USA) and all other resgenss
sl olvents for extmction were of analytical gmde.

Idemtificaibm of T frcifvmis  The stromaial foms ol 7
focrformiy and ke mycelin of  Hypoodor sp were
collecred from limh of Chwencws sp, within: Hicoam,
leommam province 0 the sumenes, 2005, The [IMA
seiquences in the Intems Transceibed Spacer (TTS) negan
of i 5.55 ribosomal genes weore aralyzed and compared

fRY
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