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Development of Field Cultivation Technology and

Functional Value of Sarcodon aspratus
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SUMMARY

Project 1. Field Cultivation Technology of Sarcodon aspratus
Sarcodon aspratus is known as the best mushroom in flavor as well
as used as a traditional digestant for meat food in Korea. This fungus is
ectomycorrhizal with oak trees. This study investigated about resources of S,
aspratus, ecology of S. aspratus production of S. aspratus mycorrhizal
seedlings and production site management model. Korea produced this
mushroom by 50 to 60 tons per year. The ecological characteristics of the
below-ground colony of the fungus were investigated. Its habitat was
relatively fertile and moist sites: very often valley with oak trees as main
woody species. The oak species were Quercus mongolica, Q. variabilis, Q.
acutissima and Q. serrata. The base of the fruiting body had a rigid, thick
and dark brown mycelial bundle connected to below-ground white fungal
colony. The shapes of the colonies were oval to irregular or strip with 0.5 to
15 m long, 24 to 108 cm wide and 2 - 33 cm deep. In soil profile the fungal
colonies grew into 30 cm deep mineral soil. The colonies were highly
compacted with soil particles, mycelia and oak’s ectomycorrhizas. The
hardness of the colony soils ranged 2.0 to 5.1 kg/cr, three times as hard as
that of non-colony, and the soil moisture was 157 to 21.1%, by about
2.0-35% lower than that of the non-colony. Ergosterol content in the colony
was 173 pg/g dry soil, almost twenty times as high as that of the
non-colony. Its mycorrhizas were light brown covered with copious white
cottony hyphae. The hyphae were hyaline, smooth but stiff with clamp
connections. The fungal mantle was 10-25um thick and Hartig net developed
into two or three cell layers.
This mushroom has 85 to 90% water and is a habitat for a variety
microorganisms including photosynthetic green bacteria and unreported tubular
rod shape one. We were not able to isolated and culture the pure strain of

the S. aspratus. Thus the mycorrhizal formation was not successful. Inocula
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for growing S. aspratus mycorrhizal seedlings were not developed. The
mushroom tissues, spore slurry and detached mycorrhizal soil colony were not
effective as an inoculum. Only planting seedlings on the intact soil colony in
the mushroom fruiting stand was effective for growing mycorrhizal seedlings.
The process of the initiation and development of the below-ground colony is

waiting for our further studies.

Project 2. Physiologically Active Materials of Sarcodon aspratus

This study was performed to investigate biological substances in Neungi
mushroom (Sarcodon aspratus). In addition the enzymatic characteristics and
its meat tenderizing effect of protease isolated from Neungi mushroom were
discussed. Lastly the optimum production condition of protease from
submerged culture of cak mushroom (Lentinula edodes) and its enzymatic
features were studied.

Neungi mushroom contained Ca, Mg, Zn, Mn, Fe, Cu and Pb, in
particular high Ca and Na. Hot water extracts consisted of 54% of
polysaccharide fraction and 32.6% of protein. In amino acids composition, 14
free amino acids were contained, mainly glutamate, alanine, and arginine. 15
kinds of total amino acids were contained, major component glutamate,
aspartate, serine and threonine were also included.

Concerned to Glycoprotein extraction, 95% FEtOH was the highest
yields, 3.32% glycoprotein. Different EtOH concentration have precipitated
different protein contents. lower EtOH concentration gave high sugar fraction.
Purification of Glycoprotein showed 395% of 300,000 high MW fraction. B-1
fraction from Ion chromatography was fractionated by gel chromatography
BI1B having 700Kda MW was neutral sugars.

The crude protease extracts from Neungi mushroom (Sarcodon
aspratus) fruit body were purified. The specific protease activities were
increased with the increasing purification steps, 2.62 times by desalting, 17
times by CMC column chromatography, 113.8 times by DEAE- Sephadex

14



SUMMARY

A-50 column chromatography, and 7283 times by Sephadex G-75 column
chromatography.

Proteases were identified two different enzymes having different
isoelectric points at pH 4.35 (its recovery 8%) and pH 4.7 (its recovery 3.5%).
Those proteases were purified 3,023 folds and 3,275 folds in terms of specific
activity. These two proteases having different isoelectric points had similar
enzymatic properties. This protease was estimated to be 43 kDa molecular
weights by SDS-PAGE. Gradual reduction of the band intensity was
observed as time proceeded at 65C on the SDS-PAGE and this suggested
that autodigestion occurred.

This protease with optimum pH 4 was almost stable in the pH range
of 4 - 7. Optimal temperature of protease activity was 40 - 50C. and the
protease activity was completely inhibited when the protease held at 70 C for
30 min.

Concerned to protease application, the addition of Neungi mushroom
powder and its protease enhanced water retention values (WRV) of meat.
The WRV of meat was increased 26.8% by protease addition, compared to
13.8% WRV by sugar addition. This WRV increasing derived from the
increase of water soluble fraction in the meat texture by hydrolysis of meat
protein and its tenderizing effect.

Concerned to the meat tenderizing effect, the addition of Neungi
mushroom powder and its protease have decreased of meat hardness and
gave similar tenderizing effect as compared to commercial tenderizer, papain.
The decreasing rates of meat hardness were 51.6% of Neungi mushroom
powder, 585% of Neungi mushroom protease, and 56.3% of commercial
tenderizer, papain. This tenderizing effect of protease attributed to
degradation of muscle fiber protein, such as actin, myosin and connectin etc.
The addition of Neungi mushroom to the other foods resulted in significant
changes in food color, mainly decreasing lightness.

Oak mushroom (Lentinula edodes) was used to investigate the
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optimal condition for the mass production of protease in a submerged culture.
Among several combinations of media, the combination of wheat bran, corn
flour, corn oil and water (WB+CF+CO+W) yielded maximum protease. This
indicated that this combination of ingredients, in spite of not being
particularly protein-rich in comparison to the other media tried, allowed for
good growth of the fungus and maximal protease production. Comparison of
different growth medium liquids indicated that demineralized water afforded
the best growth of the fungus and the highest protease yield. Acetate buffer
and acidified water affected negatively. The protease production peaked
around 72 hr of incubation, and decreased thereafter. The molecular weights
were about 45,000 by Sephadex G-75 chromatography.

The pH optimum for protease activity was 4, while maximal activity
was observed between pH 4 - 6. The optimum temperature of this protease
was 55C, and the enzyme was active over a broad temperature range (30 -
607TC), indicating that this protease would be suitable for a wide range of
applications, such as digestive aids, food industry, beer industry, and tannery

where different pH and temperature are necessary.

Project 3. Aroma Compounds of Sarcodon aspratus and Their
Changes during Drying

Aroma compounds in Neungee(sarcodon aspratus) were extracted by
simutaneous distillation and extraction(SDE), supercritical fluid
extraction(SFE) and headspace method. Flavor compounds obtained by various
extraction methods were analyzed with GC and GC-MS. The funtionality of
flavor compounds were determined by aroma extract dilution analysis(AEDA)
of GC-ofactometry methods. Fifty one flavor compounds were totally
identified in Neungee mushroom. However, the numbers of flavor extracted
SDE, SFE and headspace were 33, 26 and 17 respectively. The major flavor
compounds obtained by SDE, SFE and headspace were 1-octen-3-ol,

1-octen-3-one, 3-octanone, 2-octen-1-ol, 3-octanol, l-octanol  and

16



SUMMARY

benzenealdehyde. As the results of sniffing test, the major flavor compounds
were found to be fresh mushroom flavor, wood flavor, refreshing sweet
flavor, mold flavor, bitter-mushroom and metalic-flavor.

The drying curve of mushrooms was consisted of short constant rate
period and consecutive falling rate part. The drying rate was increased with
increasing drying temperature and air velocity. Considerable changes were
found in aroma composition of mushroom during drying period. Results
showed that mushrooms dried at the temperature of 50C and the air velocity
of 1.5 m/s had the greatest peak area of aroma compound. The aromatic
components of the dried mushrooms were 1-octen-3-one, 1-octen—3-ol,
3-octanone, 1-octanol, 2-octen-1-ol, 3-octanol, 3-octanone, 1-octanol,
2-octen-1-ol, 3-octanol. Mushroom alcohol and aromatic compounds of
mushrooms like 1-octen-3-ol, 1-octanol, 2-octen-1-ol, 3-octanol were reduced,
but aromatic compounds of mushrooms like 1-octen-3-one, 3-octane were
increased during drying period. Also, new unfavorable compounds like butylric
acid, propanoic acid, 3-methyl thiopropanol were formed during drying period.

While the drying was performed at the temperature of 50C and the
air velocity of 1.5 m/s, it appeared that the transformational rate of thickness
is twice of that of the surface. During drying period, the value of the
Strength, the Compression Distance, the Break Down, the Deformation Rate,
the Distortion, the Alleviation Rate, the Softness, and Jelly Strength
decreased, whereas the value of the Hardness, and the Alleviation Time
increased. But the value of the Surrender did not change. It took 10.83
seconds by the stress’s arrival at the maximum at the Neungee but it took
291 seconds at the dried Neungee. During drying periods, the L value and a
value decreased, and the b value increased. The color of the Neungee turned
to black. The rate of rehydration was about 40.5%. After 641 seconds, the
stress was arrived to the maximum and it was recovered about 44.2%. The

rate of the recovery about the rheological characteristics was about 40%.
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Project 4. Development of Packaging Materials for Sarcodon
aspratus

Objectives of the packaging of Sarcodon aspratus are to keep a
mushroom's freshness, to protect qualities until delivery to customer, to
standardize transaction, to ensure convenience of activity of cargo
handling, and to give correct information about commodity. By {fulfilling
those objectives, producer and consumer of Sarcodon aspratus will be
protected, expenditure of distribution will be reduced, and related
industries will be activated further. Recently, regulation of safety of
food additives has been fortified and natural preservatives are
anticipitated for development. Chitosan has been widely used as natural
preservatives by antibiosis effect. Chitosan has anti-bacterial and
anti-fungus effects. Paper was produced for mushroom packaging by
using those effects. In order to be used as packaging material printability
and strength properties during transportation and distribution. Should be
ensured. Structural properties of paper were analyzed by apparent density
and formation, strengths were analyzed by tensile, compression, and burst
strengths measurements. When refining load was low, strengths of paper
were increased. When chitosan was added internally, increasing ratio of
strength was higher with low refining load than high refining load.
Formation was improved by adding chitosan, and when 2% concentration
chitosan was coated on paper the strengths were higher than 1 and 3%.
Drying speed of paper was high as the concentration of chitosan was
high. It was possible to control porosity structure of paper by molecular
weight and concentration of chitosan solution. Chitosan coated paper had
strong antibiosis to E. coli O-157. It has been known that sorbate and
potassium sorbate among various preservatives are generally recongnized
as safe(GRAS) and completely decomposed through fatty acid metabolism
in human body. Presently various kinds of chemicals are used in paper

making process and especially strength additives are used for improving

18



SUMMARY

fibers bonding. Strength additives may behave as not only bonding
improvement agent but also anti—bacterial agent according to functional
groups. Vinyl acetate ethylene copolymer(VAEC), acrylic vinyl
acetate(AVA), and potassium sorbate(PS) were added internally during
paper making process and strength and anti-bacterial effecis were
measured. VAEC and AVA have been used as the strength additives. PS
is well known food additives. When using VAEC, AVA, and PS structural
and strength properties and anti-bacterial effects were confirmed as
positively. When using food preservatives PS, and strength additives
together, paper properties and anti-bacterial effects were increased.

Factors of mushroom's storage periods are COz and Oz production
during breathing and evaporation of moisture by breathing heat. In order
to extend storage periods, the best way is controlling breathing itself.
Charcoal has many internal voids which have good absorption capability.
Packaging paper was produced after adding oak charcoal. Oak is known
as diffuse porous hardwood with many vessel elements. Physical
properties of mushroom and paper properties were measured. Charcoal
was solid material so apparent density of paper was decreased, became
bulkier and increased in air permeability. Voids of charcoal increased gas
adsorption. When adding charcoal, strengths of papers were decreased so
strength additives AVA was used. Amount of dew produced on wrapping
vinyl was reduced and freshness of mushroom was maintained for
prolonged periods.

Results of this research will show paper makers basic aspects of
producing packaging paper of mushroom. Produced packaging paper
should be used for packaging mushroom at packing company around
harvesting site. Paper making technologies for specialty papers will be
distributed to related paper making companies, so practical knowledge will
be shared. Domestic paper makers may apply those technologies to

various specialty papers production which have been imported for years.
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It will. save dollars and even get profits by exporting those items.
Standardization of fruits and vegetables packaging will provide profits to
producers and save transport and customer and distribution fees with fast

and profitable business.
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Ao i A T3 2ol g olEstd EFFF AAe HA TA=AL
%z 485+ MA(modified atmosphere) ¥ 3} 714 ZAZX5 oj&ats] A%
AE HA gasHElE ZAMFE= CAlcontrolled atmosphere) AFHol Sl
CAAZY A AZZHE 2H3rie ASY gasBHE 2H37] 9 &
Zzd FA7F w2 "e3dy] Wi Aust o] =& ¢AL JHA T U3, 9
]l MAAGEE AF A9 2§ EA wet A filmste FAFl 37
Ak A, a7 £ dio] gl ZokelA B A7 I Folth

AR g8 7154 F ARLE AT Boke THA AA vF54 7%
e AogA 7]1F9 XAAC FtAEHA, AFA stx AHA, FE FHA,
A & A, A7 Fol EAA A FEY ATE BES]
qM TEHom AT W AL Wit A k= X, A Tt

A2 Sl U o= FEd AT FEH AYHT QAW FFYe 30
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AR 23A A7e FEY Fol EAAE MEsy MAEYS 2Fste £8
& HAe AAES AR AR n o ANE FAE 4T A
71T oR FEde YA, HERFRE ALY Folo VEAHE 4T
2k o= Ao FpaES 7H gt A=A AHEHE 245 W¢ o
Fateh. ThazAAN T NtAFAA, t2FALE, S A, B2, gt
&, ZFERAA SOl At Aol JojrtuA Kol Fr)E e Ae 0
Aoz AAgd F2 78 A 7tarh dAstE Aol of oA stae
BAee] 45 FHUHER o] Ztxrt god AREY ANEIt F43] Hof
AA o

sol MAe gAZ $E0 80-9%%2 fl§ E& Holth Fio] H=EdHA F
L WA ¥, g, FFel WolAA Huz TRA WEe $EF 85-95%2
FANA T8 FAT TLE A Folop Fuh ol FA FxH 43
°of Bol WolAA %F AEL o83t FRY FEE JARD G Fx=
2 frAsE el Jth ol B 2FE WAl AMFE X Iz F
A#FL LulAAA AGE f7bx] FFE 22 de 88, g FAsts 7]
At o stele AP =Ry A4 AP Fuy, FFe A
AT ARE LT A=F FASVIF A9 o9 g 4TS T
Tol WA AdAe LuAE BB, 5 FASFe N R AR
Bddde 2458 HNFE ¢ YA 2 RHoidh
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00

A 1A 5o dAAM 7= ML

g e 1 Fo], 2 B3, 3 £olats To] v} (Fuli, 1966). A o)
A theFd BiXol Un 2 FAA F23 Aol o A ZHAQH, Sole
FEot FAsta, Folv AuF el FAsGorY Y BAez o} F
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o
rlr
T

ol JdREH Frist do] T3 dlA 43tgre ZTIZHOAE T3}
(g3l9) o] 35 1999; HEL F, 2001) Y= ]

BUgHe fASE RS FIYAA A
£7158 Aiol FaAHUA AN AdHozw SAs F24 A
BAlel 7bA7E 25 9T (Pilz and Molina, 2002). 84 $ejve} o]
A 2u4Fde) el ma, deauR, 2FUR, AU 5o ARy
of Frhsm YomE R Bl FANE Solol 4ol FAY Aol
W woh 2enR, opd AFME 2 Solol AU Sebsty, IR
AR EFUGN Sol@eel AuA SAL N4, % o 24, =y
Sol#E v ¥E, agx ol #29 ¥uUA 5HoA o, Fol
FAMFD FolF HER UG AEsa, So 4uxe B 2dg AA
n7 st
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H 3G a0l SYUE R 2

ol HAHE L 9€ 7 1084 Folrt LA = A7l BAEA A} EY
W Ze FEEH ZASEAT ESY T3 X dHe Aol 2
of o7} BAEIY ANAL FAoT £AFe AA 3cme EYAE AFH )
EX AT So] EAX Y EYFE WEL CS616 EG 2 AA
gkl 2001 8Y FTENH 108 Z7hA gt SR dFEdl Tol LAAY
270 FxolA wol WAAA 3AH, ol wBAA 3N AHAA FAHsa, CRIOX
data logger(Campbell Scientific Inc.)oll A&&A (AR 7, 8, 9, 10).

TEEY] AYEE TH#EAg 73] gl F A EFEEAZA kg/ar
92 EFNATY ol Ed JEnsHE §FFL 7Y 5200009 ¥
He UEstd TREY AFF 5ge BAstY i, ESFEFS sy
7 g
=x

o
od
b

dm

EY AF53 dig @z AT Fol AR o EUU Fold
Brundrette(1996)¢] = Ab el whel e, M2, 75, Hartig¥, TAH
A TE ZABIAY. FolE Y R FHE 7 JPHEE F 0 m FAR
T2 ZEpa 40 400““ Au| Aoz #AFAFAY, A& NICEM FAHA @AY
Ao 500740008 oA #EABIACE FolAAA Y e FEW TEHAsH
FAIFAER B o2 HEE

GISE ol&3td LAAE dolgHoj23stdct. AR E 444t F5
F 9ol MGE(Modular GIS Environment), MicroStation, OracleZ ©}-8-3}
A% Data® AFFAT FAANYE, ELE 2R 5 #Hd FAE 5
o] "lolg ol F713tHth Landsat TM QFHA 3gE ol &3t A& &£/t

AREE AFedrt. FAAFES o8 FAAFELDOTM AFdsd L, -
]7‘]53“”‘?_—‘?-151“ AAE, RS BN T udez AFE AAEE 3
A et By 2 F£AH3H o, GPS(Global Positioning System)E ©]-§-3t4
%‘3]" Ao YXE FAN(FHE F3)sAH.

r

2 A oo

=)

t:l

. ol A

FolFALE w3l Hsld WA e EolE AASNE HHS & et
Aok ol2 93 chitosan® A7t bacteriavi s ¥iX+= PDA(Potato

Dextrose Agar)ell & A Al (Penicillin, Streptomycin, neomycin Solution)& control
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5ol] YTITH V1 U Tl T

A E XFE 57FA] FE9 22 PDAuA o} 0.3%9] Chitosang 57FA ¥ E(10
ul, 50%H, 10040, 500%, 100082 3] A& wjx|e] ol FAF W%Al A3 bacteria
T strakingste] A2 Jufd vk o3F Fol AR zHg Fehhol
MMNH| 2] ¢} PDA wiAlo| A olw& Zjuidatgdnt (A 24, 25). '

2. §ol AFE A

AFYGF LTS FE37) Asted, 4R2AEA IBAE 247 02mg/l
% 03mg/l H7He MAWZ (A 26), AT YU E Pobel F7E B4
AR} SRE FRIAD, AR AAAAE JSen

1) ¥ ZFadus 55 710 v g

LHES gty At 4o dx A AdAHE] AEUE
&3t
AZEE AL EZg 230 Y tween 2022 A HsH,

@ Clean benchWlell Al 70% alcohol® 13 30%7F A%8 3 d#$2 33 A H
=g

@ 2% NaClO(AE2PIYEF)Z 1% 3
o}.

@ EHLEo] 459 AZE WA x4sH

® HA= WPM(Lloyd and Mccown)7] 28] ¢ Z+z} IBAE 0.2mg/l, 0.3mg/15
R =

® WAcl WY Rt KAE BAEZ Agagn WARL5d ol

S
P
N

253 F HAFSFE 43 A

3000Lux A 5000LuxZ = ZHaelA BT FE
@ ADE 718 Aotd #52 Ba 4 - H2 TR N4HAYG
IR RS B
\

A4% 3~5909 WAEo P
ot AEYBAR wolw, olg A
Agax] e EE ol§%oEH 1T ANE T

@ WiAY, A, AFRAE V2L xAlSta BRAR ] N2 5AT}.



H 3G a9 2948 R 2

PZE Ay Il dm 20708 BuEgelEY JERAE 739 ¥ &
2 A2 AQHLE ofH3AA, YA ZEMAY A FHEES A
@ ®uEgelEY JER2 FFEME (NH)HPOs, KHoPOs, MgSOs - TH20,
CaCly - 2H:0, Fe - EDTAE %3 £94& Hrlstdd
@ A3 7 Fo]l A NN EEE Ro 2 MMN(Melin-Norkran’ Medium)
Ao A i FE AE ARSI (F 2).

E 2. MMN A 24 E

A MgSO4| FeCl; |Thiamine| Malt .
w | CaClz | NaCl { KHzPO4 | (NH4)2HPO4 Glucose| Agar | FT
x - THO | (19%) HCl |extract

st

o | 50mg {25mg| 500mg 250mg 150mg | 1.2ml | 0.lmg 3g 10g 15g |1000ml
]

@ MMNu| Ao A #& o .
@ HuEeolES JERAE é%“& NP FxZE WAG 2~3744 7tF
& A2 Zhrtold HFs A

©® WPMuj=| 9] Eldx EFES Hee} vpartx2 A2 7irtoldl dAE H
F3tgrh.

® HEF WAy T g3 3000Lux WA 5000Luxe] FxAoZ wid 164
PR ZARBIa 2612TC Y 2EE FAISHE wlFHoA wigFstAd

@ ANzre] Ao g 7o FAARE AR

F_L
n[o
2
@)}
ojft
o
8
ul

_EL

E 1 2899 24

AE | (NHy)HPO, KHPOs |MgSO4 - 7THXO| CaCl; - 2H0 Fe - EDTA THT
3aF 250mg 680mg 245mg 110mg 19mg 1000m!

3) 5ol HFE WY
SolF 4% AT AAEE QU] Astd HEe) AFAuR, THHF, 47
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5010 YT J1s W Ik TR

U, E3UFY FAE 4THAM FA wolxa AMzlste 7+ £F3E= 207 3}
ol 5708 sFet AT AFAFLAAN ZHT Fold HFILZE Fo
AEA 24, TR €89, ol d EY, a8z uHFTY X st X
2 8 e —ol WA vt AAFE HAZ Zold B2 Aot Fo] &
& EG HFAL it 29 Fo
o HEsdo (A}%l 12). Z+ HFY9L 253 B9+
2 16cm x 25cm R A #E Ao HEsT

T 2 Yol AFEHd 4 FEEE HF A
1 #-g 20000, 20014, 20023 £o] 3k
g dol A Adeeuiet FFAUF F2F 20000 N& gt
Al F1 Tol AAAM SolEd A9 #FHe] e Y 4H %6
2 JF3e (AR 20) Bold 2o FAGRE ARG ¢ FY9S 2001
s} 2002 d =0l 2+zF AAEk g

™
R
=2
>
N
-
i)
e
i,
o
it
W
1
iva)
o
—{ |
o
N
>
=L

(3

5 o{w
rL ru\‘ 4
o 4

, & ALY, Fo] LAl uig s|AEA

o 5 € AAdtd Fo] MAR 3 XA, To] vLAR XHE&

ARANM EGFTFEFS 712 2 AT 2EE 1N FEez A4 24

e 20008 78 FHFH 108 27hR AT EAbel AHER F¥lE CRI0X

data logger(Campbell Scientific Inc.)8 EYFEL CS516 EY &8 AANS, &
T XU E ol &3t

FOIRA BARIE ST AALAL Fol2, F4E, 29 42
WAE el TAHAD, o JAFH HFW SolAAA 4P EFFE

3 dleE AAE N3 Fasat
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H 3 Y AL £3948 % 2

3. 4% 2 nF

7. Sol A4 3o}

1) solvi Ao FAIF B

%9°] (Sarcodon aspratus)= WFEWAE FEBAF (Thelephoraceae) =5

"u A% (Sarcodoml £ SEUTlA of =YW AS Faht HAL
ZE %ol (S aspratus)(AHA. 1), =FEHA (S. imbricatus), =F 2 Aot H]

(S. murrillii), FE=FEHA (S. scabrosus) (AHZ. 2)9] 4Fo] BaHgh &
/‘3]741;‘* CZE 109%F0] A& Aoz At =FEWHASE (Sarcodon) £& H
A A (Hydnaceae)#el HFEHA (Hydwm)& oz 38d AE o
Sarcodon 49 AWHA EAL AAA Rl 2t} V12 FEHAY, EFHA
Tokola, HAL /8 YAY AZoz Fed & Jde GEE g 3t oy
dA EAE de AAFE A R R, EFAM HAPUT, TR FA0
31 E7I7F Be el FAlde A% 9 427447 de A= e

o, S A= Uk
A7IHE SEvE, dE, #3 vId EXde RS XA 8 ATl dist
o ZAEE AAHA

1 FAke] Aol AZAH7 Qlon, £3L Astn FAL S
2. Zolle A& Ao & E71E0] THLLZ Eok5ly, 23 L Sdot
3. Agsdd ¢ o =FEHHAN(S. imbricatus)
3 AUFHd I, % °)(Sarcodon aspratus)
2. 2 XL Ay Zed ol 1 &AL 7180 2t W &2
%}34 Aot '
e gATRFgdoln, 2L AAA F7]19 JIRA Hep A%,

————————— S. leucopus
3. 2L A& oA BNz, AL A @& IATsHo2NAT

_________ S. versipellis



1. #Abe] Aol AFAAT 9l
2. 2R 4AA T We 3 Ao @ Ty madon WM,
_________ S. joeides
2. 2He Bado Wax 9T gzoz Wi
3. ZAL AAA E7)9 JRA =42 wr
4. 7% FARY WEY Ade W% sn - FH=FANAE
scabrosus)

= S. glaucopus
5 E S. martiflavus

2) 59| (Sarcodon aspratus (Berk.) S. Ito )¢l E4

Tole 297 EE Ud REoz zto] FTARIL 719 stERHA F g
AT (28 DA D, A =718 2 E0] 7740cm, =017t 7730cmsE = g3
HAoIt ofd AL €& ZMoy H%stdA Be Z2¥og "n R EWI
T 2710mme] 957 E717F $A9e2 Uglen, 2 oldl: 10mm ZHole ul
Y AL Fol (9 2) 719 NFEdAR Bz, £79 A= FHo
dAEA FL Wol QU EaE ZAoln EU|7F BE tgZAyez AYE
50-65 molth (2™ 3, 4, 5). £719] F7]1E 277cmelth. AAg AR E of ¢
oA F7129A FHAolgtnE ok AuAey T R EF L5
SHE Bdste Z2golAlrl B Aoz A QoA o ARy dga
3}

A2 ALEE
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5olo] YX|AHE) Tle § 7158 HE

¥ 2. 5oy vted A4S a9 3. old Fo] AAAY mAd=
EHE, FAAAER A AR (SEM). zz2 B717F 4. SEM

3) 5ol 4% 2 7%

7} Tl AL

200049 o] HTYNFL 63722 19999 F o] Hlte] of 9B o] Z7}5}
Aok 2y 20019 = 10097 7HEe d2ste d2 FEIA FAELF 29

o

3 71el A gl Es Aol A fusdttn Ik 2002d = E FE 4L,
5 43 XA 2000d 2o £33 Aale] g

X
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H 3P AL 23U L 2

E-4 AA 34 AE5E.

4 & s5e) 43 ERDESES $9
7t A 15,000~25,000 | 15,000~30,000 | 15,000~30,000 | 15,000~ 25,000

2002:4EE TYREX(2] hpo B P PR

60,000
R
e | - r\——/\/———-
X i ' d
1_“
g 8 / ‘ /'-
2 7/ /
- d —— ,\-’
x /
\ ,
‘_“-,
20,000
kaaa&&&&ss&ss&sss&&&&s&&&&&
(O Al LR N L R RS R R R M R R > PN U L S R
,;b" s’”e«)ﬁ‘# LM i i i i P i R s’ FFFS SF&ELHS K

™

7Y 2. 20024 3F S AAAFH SETRAAA Fo| AT

oh) 7t A5 %

£ d7dMe 20028 94xFE AR AF v EFAHYG HUAXF
AR FHRAA QAT A8E vtgoz 20029 10¥827tA9 NHEFEE #4
staith. Ade E-4, 29 23 Zrh SolwAe AHAZH FEAHA ol F
ZFA Aol 7E AR AAAFE 30,0009 - 450009 oo, EFAE = 45,000

- 55,000¢ WEAW AT AHAZAME FAZ ANE FARE BTl
“‘q I olfrE Fol FAY oF 90%7t F#RQQE, of FEe] FHF Fd oF
22%¥ 2°E7] BEI (29 3).
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4) GISA 9% SoldA 9 Ax3}

o
i)
2
2L

7H GISE °] &3 Fo|dAx o=
oAt ol R AR FANTG ABAGH 7FAY FF H3Hate] =AN(Table 1)
T3 Dol Fo = A4, AAL B9, AFEA
A8E GRID(AAE) P oux2 ¥ME F FHENS SoldAgx o
A=g At THENS A8 944 FAXNYEE o839 FAg B
A=E A48 Hx, TOPMODELS DTME o]&ste AFAFEE AAsY
t}.(Figl.)
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H 3 AL 248 ¥ 2

Table 1. 8A AR

FAT R 1 2 3 4 5 6
depy | A%
2y | U "2 s Az | A8ue | 21880
el P
ks 4 SE S NE SW NW NwW
A= 28 ° 33 ° 27 ° 33 ° 36 ° 35 °
= AR 1 =}
Foorw | Am | Am [wEEIEmER |
@5%) | a9y | 2R | auF, | 2uF
1x A alx| 2% GRID & 23 GRID
TIN 44 ™~
GRID® & 1B 58
———- % Al—E =3
GRID &
GRID® &
PNR=DNES — ANEX+E ) | S0l 24X s=2E
GRID®H &

Fig 1. 3 EY 374

FHEAN FYPHAHL  MGEAZENE A4 project®E UE
Microstationol A FAAFEE Bejg dFx<Q FHAFE A=21, Fepd
AAYES MTAS F3A4 TING MA3ti GRIDEZ ¥ MTACNA
E9ol2 GRIDE ®4& 939 ASCOvsg=z ®HFstgrt. ®istd ASCOE
DTM, MTAA AARY, APAFE, AAE, $HEE T35 o]F MGAY
A 2XAGRIDH A AT W8 F 231GRIDY 7158 LA 7, 744 7t
FXTFE AL 7 24709 AgA 258 JEY, JIEXNE 4 294 F2
o me} Fod SF FH EE Aue AU FLE7 dddY

A&z B4 g9t Zo] 471A 9 8]l tidd JtFEAE FH8ki, MGGA
AZEHAE TN Tol7l #AY 5 Ut HH xAE FAHIFA dFAE

2o K
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TO19] YX|TpEl T1E RVl e

7t 829 omAE N FHE Ti9 AL £33 GRIDE 134E 10
Mﬂm%ﬁﬁﬂuﬂ%ﬂiﬁf%%Mg%%,ﬂ%ﬂ*,”%44ﬂﬂﬂ7ﬁﬂﬂ-
THE o}%‘\t} (Table 2) HeAE ABAF>AA>EA>AALY 02 F
A A8E HEdd TFS UF

i A7t %z—é%“—% 5ol 2T steAo] o MERE o5 84 FA

AAste vFe) ga Relsgon e £AAFE BL HFL AR

32
3

=
72 224 53 * 5
o
~5| 5~ ~ ~ ~ o]A}
@A}EO 5]5~15|15~25|25~35|35~45|450]4 1
1 1 2 4 3 1
ol 5 | 85| 8 Ei H O EM | M| SAM 3
1 1 1 3 3 3 1 5
R
Bl zge| =X LIX =
NIRRT RPN T E5 I KXl ol 5
1 2 5
1~2|12~3| 3~4 | 4~5 | 5~6 ~7 |7~8{8~9|9~10{10~11|11~12|120[4}
xgxis ° 7
1 2 5 5 1 1 2 2 2 3 1 1

HEAE Fostd B2 FoldAA d3rde v 2o
© BA=

VAR =

. N
N / O\
20 / \

0-10 11-20 21-30 31-40 41-50 51-61
I-—O—% 1.58 165.68 44.23 31.28 6.84 0.37

Fig 2. BAAIEXE



AA @xe] 75%hac] i X HHNES} WAL RoFa glod AR
28 °¢ %ol 49%<! 37haZ 7t B BEZE BYom, 2 25-35 “Atolo] &£
¥ 26~35 ‘& AIHF A e Reold.

Legend
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2(0-15,455 0] &)
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=3
35
=3
Sw

2(25-35%)

ot 2 @B Holth AARAE FF10-15
45 "ol’hHE RAF Roem JHME BF2(15-25 °), €2 IHLE FF

3(35-45 °), IEAHL TF4(25-35 )& YERE.

@ %+l
B4 M (ha)
Fig 4. o EX

B9 = 1 °115 °182 °183 A do] 04%AE, HA 3hazw &, F, 9o B2
A .o
& o

& AAI glom 272~273 ‘A FL 0.14%, WAE lhaZ AFS 714 3
A% A e Aow $ARNT ATAE FiR BAnde ddes
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Table 4. 504X (55F) #&
Wz 9= HE =] [
001 N 36° 51" 2748” E 128° 03’ 48.8%"
002 N 36° 51" 4152”7 E 128° 03" 36.07”
003 N 36° 51° 49.85” E 128° 03" 50.86”
004 N 36° 517 28277 E 128° 03" 11.88”
005 N 36° 517 2926”7 E 128 03" 14.26”
006 N 36° 51° 31.13" E 128 03" 22217
007 N 36° 51" 4139”7 E 128° 03" 3592”7
008 N 36" 51" 31.36” E 128 03" 37.25”
009 N 36° 51”7 32.10" E 128° 03" 37.24"
010 N 36" 51" 29.42” E 128° 03" 49.91”
011 N 36° 51° 2857”7 E 128° 03" 49.92”
012 N 36° 517 39.04” E 128° 04" 30.25”
013 N 36° 51" 4265” E 128° 04" 27.80”7
g9l o] wAzl HFFALAFE(Table 4)5 B &SR] 4 55
t A0F Hol Fo] AR oERdoe] o= HE Fo] HHAE Yg
RAE B F Uk
Table 4. /X9 Fol AR HFZAAR
x| o ALl of & 2 Al A
2 M = & 27° E 3
M A A °3 = 35° -
2 2 5 M 29° 5
H M1 (g s = = 35° 2 &5
H XM 2 2 = 32° -
M M3 2 M 28° £ 5
M M 5 == 18° £ 3
M ™ 6 L = 36° E &
M M7 B A 35° 2 5
H M 10 s 35° 2 5
M ™11 L= 35° zZ 58
2 222 A 34° 5 8
A F 5 = 40° g 3
qH7 2 M 37° £ 7
=l = M 35° g 5
2 23 M 34° = 8

i

K2
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W) GPSE o] &3 sojAx =ws)
Tolel WAV ZALA Q1Z W)
£ GPSE AAE 7153t +H8H
o} ZALE 98l GPSel 71E&® B
El

Fig 3. GISE o] &3 TolaAx e 94

ok Aol GPSE 18 TolL A FA=AEE HeRe 2

Table 4. €4t AFH 9 GPSE ©] 8% FolLAA Y BAEHRE
W3 dHE HE L "

001 N 36° 52" 0560” E 128" 05’ 04.97”
002 N 36° 52" 0498” E 128° 05" 01.07”
003 N 36° 52" 0514” E 128° 05" 01.05”
004 N 36° 52" 0499” E 128 05 00.90”
005 N 36° 52" 03.36” E 128° 05" 01.86”
006 N 36° 52" 03.05” E 128° 05 03.72”
007 N 36° 52" 01.97” E 128" 05 04.16”
008 N 36° 50" 55.14” E 128° 03" 40.07”
009 N 36° 52" 2810 E 128° 03" 34.56”
010 N 36° 51" 55.87" E 128° 05" 27.28"
011 N 36° 51" 5579 E 128° 05° 27.40”
012 N 36° 51" 55.09” E 128° 05" 29.58”
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q 3 F A 2PUE ¥ 2

B GPSE o14% Solgaxel AYEARE T ES 2T

Table 5. B} 9] GPSE °| &3 FoldAR e ZAA=HE

WHoE 3 xE #E H 3
241 N 35° 26" 446" E 127° 54" 333"
242 N 35° 26" 44.7” E 126" 50" 295"
71 N 36° 39" 44.2” E 127° 57" 358"
732 N 36° 48" 41.2” E 128° 15 584"
ekl N 36° 40" 22.7” E 127" 49" 282"
@ N 36° 52" 06.9” E 128° 19" 44.2”
FH1 N 36° 06" 369”7 E 129° 00" 5767
g2 N 36° 06" 359" E 129° 00" 57.9”
FH3 N 36° 06" 35.7" E 129° 00" 59.6”
B34 N 36° 06" 355" E 129° 00" 59.5”
FH5 N 36° 06" 354" E 129° 01" 00.6”
g6 N 36° 06" 353" E 129° 01" 01.3"
H 7 N 36° 06" 14.9” E 129° 00" 349"
g8 N 36° 06" 15.0” E 129° 00" 34.0"
B9 N 36° 06" 15.1” E 129° 00" 339"
% H10 N 36° 06" 135" E 129° 00" 25.8”
P11 N 36° 06" 152" E 129° 00" 346"

R SEEL

1) sol24 A
Sole gl weh 016m FAAN 27 Suz yAw, AAFezE Yol
15m o489 FAFe2 Wi d4t (29 1. 284 1-125019

Y20 AL 10 an o4 ME "olA SARAT. M2E AF oF 40 el A
Yoz I s ol thie Fe] BSolu BFHAN £ o
27% @
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Fo1of YXIXEl 71 % T e

olf

2

Aol 7Pk RAME AGUE, 37 AR NE FRUT, 2
TAAE FEPURolT 9 A £5 A% BAglol 3
b BT (28 4,5 6). 2P A% N E 2UF

B4k vk sEAgez A4S A, HTF, 42

W

K
4o Mo

o e

ofh fr oM
. o

ol
oX
ol

1
T2 A A9ggle] EABIAR, 718 A2UF, AFUYTE, 3EE,
=HAUT, A=l &4 EExE
EdS vigrt g2 Xog TEgs2 09 M3Ad £3iAw, EA
60cm ©]/delx, F71&EF°] 1-5em, AZo] 20cm, BZo] 30cnol, 4=
| A

H
420] 15 - 23%2 WS @ g el

rr

Mooz o I ofk
o

1
p
E

3) EG FolAl Ao 54

ol AAA Y s F7) %1 m2 A FHZX AoE wEoF 57
A Wolx EYY o] o) FAFE R AZHUTY (AHA 3, 4). d& &
AMR S A7) E E 247108 cm, Z o] 5071500 cm, Z o] 2733 cnE EG ASF
B3 ZAM EX3AT (AFR 6). o] A E T HNIATRAHN (o

1D, ARG =R dov, so|dAl, BEY, FuE #2o] 9dd £A
AT Aot (¥ 3). o] RALE FAbst F2o] EFE A A& ez AW
EE wolEel e Bl nlete 3u) gow, Ege] Axd ZLE 10y &
AT (Table 1). EFFES dFES) Hod EFET 1.7735% wadch
F¥e] FAHY AP HolHoz EAREe 2HRol= FFeEd dEuax
HES ZREG] HFBEFET o 208 Btk 2T Fo] TAE FFH
I e Bl A Eol7kA @t

Tola® 49 318t A AL(Table 2), pHZF 497522 Ao
e pHES 0153 E 23, 4718 T Hoy, Aie g9 ko] =1,
Za@dze 23t vlavls g3 xol 7t gt



H 3 Y AR U 3 2t

Table 1. Properties of the below-ground colonies of Sarcodon aspratus at

Wolak mountain (mean=*1 standard deviation).

Soil hardness Water content Ergosterol content
Colony .
(kg/cr) (%) (ug/g dry soil)
20 7 51
Colony _ 125 - 199 17.3£23
(5.1~ 20.0 in dry colony)
non-colony 07~ 21 142 - 234 09=*0.1

Table 2. Chemical properties of the below-ground colonies of Sarcodon

aspratus (meant1 standard deviation).

Exchangeable cation
organic TN (m.e/100g)

Col
olony matter(%) (g/kg)

K Ca™ Mg*

colony 525+0.18 1.85%0.16 1393%151 055%+0.13 0.37£0.07 0.22£0.01

Wolak non-colony 543+001 2.82+106 10.09+£040 0:37+008 1.29+033 0.24+0.06

colony 493+0.04 348%+1.07 997+383 0642026 0.02£0.03 0.08+0.01

Kiryong non-colony 5.08+0.06 4.01+043 5214004 040%0.02 0.05*003 0.10+0.01

ol ATZ L A #FAeE E<do] "EA dA Jernz (xR 13), #4
N FZE B @Y 7 A #2& ZMojn AA B Rgd WA
goll 7M. Zr #29 F71E 2007240 m, Zol7F 0.5710mmo]
Hels AFHA AT (Y N2 FEFASN 1005 m=E
o9 (2¥ 8). Hatrig B2 AIATANMNEY AFAZZT7A
AA FAEHAG (29 7, 8, 9).

65



SOl AXxEl Tl R T N

S
Y 7 Fol 72 FdW. FAL Y 8 Tolvs Add Fol Ui
o5, 2 de¥ Hartig net. Exz A= SoldAl 9l

aY 9 g8 soludy vFS
Hartig net.

T HMolAnt E&gME FAREYS T, FAIF7IE 2540 m, &
I, Wwste & FRHAA gon, gAY FAE % 1 moZ o

< "ol (I¥ 10). FAd = QA4AH7 F3eA A
Hojglth (AR 5). TAMEo] dgs) gloy I & ey ZrJ) g8 dAE
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M3 Y AN 298 L 23

Ng 2
BAH AL FH=FH X (Sarcodon) &l td #JIIAE1992)e] M3t o
g} shA R SolA Y AP FF;S FAHsE AL oYU

FTolgke F FoE TAE QAAANE FAEStE AA oA
e Heo]l dr}r. Breitenbach$t Kraenzlin(1986)l =%, S
imbricatus(=F49WA), S leucopus, S. versipellis 3F%to] A2
ANy Q3, S scabrosus(FH=FEHA) 7 F& A@2dHHM7T
7712 Z1EHe gtk woldl nEalE AAR 71Ze] gloh

o] FIUWHY ERGFRL v7E EUdBT 1.735% 2. °] olfE §
o] FA FUF Fol 1 AA9 gAFEH FAoR EGFES 2MstL
QA7) dEolgtn A3, a2l FFo] FAle] ¥ AT HojF ez EAsl
E 2HEITEEQ dERAHEL AFEYC] HIAFESETD F 208 Bh=
g olAL F& EFN #FAY Adige] awrgE B7] gEold. solx Fold
Ay R3gm Qe P AFH bR Fed (R 1), o L T
o]Fo] T2 FITFAHY Yadoly AE2x F EFEFIES A X
& =g

5 dol Fndel HFHUR 2000d ==
3 B9 EGFES 199%, vT#Fe EFL 234%2 Z@FY sl o
Atk oo Hlsted 100w FHEoATHE 2001 Fo] T oW

sold

w
N
X
)
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TOIY AXIXREY 2l W T1EE N

A Aol A% Fdolth 200145 Fol A EFFEE I3 HolA, ol

TAA EGN BF 125%, ALANGAL 142%AT AH Fo] FEo
EGPEol MFEREG ¢ 17% 2%k AL SolFBel Fyus: 2
of AAA T FFL AN B Aotk qx S0l FBe) 27| F wpo]

5 =
o2 T3 Fo] WSy pYEdn aelng F3o A

3 2
HAE A5Fl g 2L vl B4F F49 F4¢ SRAFSn 448

i
o
i

ok
1)
ox
o
s
o
N,
Y
o,
4
v
14
)
I
o
mlm
),i “
rok

4 (Dahlberg, 2001), AR & HAA Y2 X
A &, 7IFAE9 Bt A, %, EYFEe
3, AAol He 22T Fo) flE AadA HAss ARFgde AMA
(stochastic) 2do|t}. o] Rdo] AL A9 AEN 2L ago
Z1FHE B2 olyE B #4718, B, MAE 5L O "He
HEFTIH TFo] oYU oMot o) FAHAME old)
TFol 1 AYE $-HIG. o #oF HEL 2FEY F& AR
"“ﬂ Aol g8 HAQM e TA 2o FUE 2
o AL AASBUAA 2 o] AX7E o 2 E4HA,
-?-7(}%_}‘51 A, FAHAF Toltk (Redecker et al., 2001).
T oA RdZE o4 2ol I AFF HidME Bu Add A
Hoz I oA FA el AAAN AAYE F A AxFG] HANE
3 @ (meta-population) 2@ o)t} (Eriksson, 1996). & A ¢ AAIGL Axg o]
AT A&HolHAM FHE o]Fu JPHAAZ B ZAHo] Y7 WY& o
¥ (Jonsson et al., 1999). ol o7l ol# FHee Rdd = FZ
3 Azbg
E

N
-

¢

—

Al

=2

2 oy

olo_{o

i
LD e A
AURIEVIIN (T A -

o Ho lo N off af

2

P
o
O
.SL
X
2
o

Adgdoz Bolx FuFe FASAN U= T4 WAl Solit Uy 2
& ol FRE AZolm, WX FAME HSF Toldh Fol@Te B ol



M3 AN AUUS U 2

th. 5ol FAL W%k

1) bacteria A A: chitosan®] ¥ e|2jo} A A A w7}

# 1. wEgor A W FAA 2 AEN AE 23

FAA | FAA | FAA | FAA Chitosan | Chitosan | Chitosan | Chitosan | Chitosan
Control Control
2mg/L | 4mg/L | 5mg/L | 6mg/L 104 50u) 1004 5000 | 10004
1129 (28 |29 |29 | 2E |29 (g |ved| 29 | 29 | &€

¥ 1, 298 1, 28 2 dA HXEo] FMAdME X5 bacteria’b A5A| R
Chitosanl A= 1008] A3 ¥ XM= bacteria?} A=A &akth
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TO19 YXIMEY J1& R T i

2) ol ALAU weole] £4: FoluA FEW 4

Sol WA AAA EAstE wHzels Hol

(1) gram ¢4

PDA (potato dextrose agar) T+ MMN(Melin-Norkrans’ medium)Z | %%
o FEF FAEAM A& T 37 °CAM W%t PDA EiE MMN 1A
v Rjoll A Ak o] HEge AR £xyb wE 3 F= (white rapid colony,
WR), 4% £x7F =¥ g2 2 (white-slow colony, WS) 3} =24
(green colony,G) 22 FHEHD olE et F& WFol2 w ZA &lo)
zo m@atn okt dm o aH < 3t (%) F3dEv A

%
=
(olympus DM-20)2.2 5 ##3}gic}.

o
~
s =)
o

i)

2 Aol (28 1.2)
719 7+#ole (2¥ 1.3)

a9 11 A X487 (QFF 37C 29 11 B 347 @FF 4L
W a1 G4 WoF 2% 9
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H 3% el 2g X 2

a¥ 12 A 847 (WS) &5 g
37C whF. ad E¥Y 2

Iy 13 3

AAF (WR) &5 A&
W 2 Ay

(2) g
A719 2ol 58 #F (G)& 2& €golzd =gt 4 92 173
71’3 . methylene blue &9 (1%)oZ 183 FE&
T 94& 3 F dv)F (Olypous DM-20)0.2 #2o HEHE
O dAayoly g dNoZ WA dMEHE ¢

ol AE AYoE FAHHAG

2 L

.
2

3
4
M
1o
=
-z
2,
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e o I NP L R s o

(3 A= 9974 (SEM) #9

AR 7 HE RY=E 05~1cr A7IE =g} 25% glutaraldehyde & (in
100mM Q14F 4Z &N pH 7.2~74) A 3~4A12F 12 A g F, 100 mM &
A gFdoz 15~2082  2~33 AT F 1 A B¢ 1% osmium
tetroxide 9 (in 100mM <¢14F &8 pH 7.2~74)AM 23 nHFE& 3k 100
mM QA gFHoz 15~20% ¥ 2~33] AHI}IYG ARE 5102 A
ethanol (30, 50, 60, 70, 80, 90, 95%)= FN EFAF, HFoZ 100%
ethanol2 10~15% ©3 % isoamyl acetate® 3074084 23] X3ty
ethanol& A &3 ¥ A4 Azx3d NEE FHsHAY. AEE F77F 300A7F
H %% gold coating (sputter coater)dte] Az} &n|7 (S-2500C Hitachi, F 5
THAEAE® R BEIAY.

oK

=AFG)Y AR A HAR A F(WR) 42 dm7 A
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H 3 %Y a0 2348 ¥ 20

T (W) Ax @4 A FAF (W) WAEEE Fjarn

) A3rerA EA

(1) catalase % oxidase X+ °=1T

z2 gol=e & =W 33 3% FAEFELE I HEL Hojmgn
X B orREs ?J_r}l B WR ¢} G ¥ 5+ catalase &4, WSE A w
Bol WSxto]  catalase®E E-F3ti gidm AlgH Y #& =T R
oxidase Al9F (1% tetramethyl--phenylenediamine oxalate)S 3+ -2 ®oj
i Ao WstE #EAFY oxidase WS R E #I vp WS, WR ¥
E% oxidase §4& HEHAU

g Ao op
PN M 2 g N

£l

(2) API 20 A 8.
& HBd THTA EE3 F 79 HABZH= (150-20000)F  API KIT (
itS

i)
o
9,
=
)
L,
=2
k)
I
=]
lo
X
L)
o
oo
rlI,
oo
e
o
o
)
2
ox
Y,
tlo
e
ol
(o0
e}
3B
v

3 BEH 44

w4 #F (G FaAAE AeA w3 Aol dedAw He 34 A
g2 ARSI A28 A% LE: ALoyr.  Solui 9w #2388
e MAGN %8 FFG), B4 w2 e R (WR), =20 g
#5 (WS)E ASe 4% $20 2 wat gyith WR #3: PDAY
MMN #j21o]4 2-3 & J=¢ 323 445t 929 27% Imm A=
Ak WS BFRE A% £E7F =9 2-3%F WY

o ¢
=
_OT‘L
£
[l
ot
2
rir
o
b

At A F G S 459 ygol
B3 s #AsAY
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o] Ho} Cyanobactena
=AY A 7r#ow API A A3
Providencia 2 FAEY F9 A d7v Zasd WS dFe ZHo
600nm&] oF w Mg Aol # kel 7t -5 Eolstrt. o]
B Mg obz HiasA o3k vp AFof MFor AtmdEt)

lo
s
td
E

2) 5o A%
Sol A Peld FAoRRY Azpe FAAZE oS oo of
279 Folof 10M&9 ARUNZ el BF T & AATH (2F 1),

Ae B4 EE RATYsgon, Ago] W =M o 62 Folok 22y A
g0l o lemel GG olAE AR WFAG S AAE A Aok @gon,
Q¥ mEUes WA Le 24 wpH o4e FARHL e FEAA

Aebgtt o] TE2uYe] 4% PDACI A Bt MMNelAM o 2w whe] apgtot

F3EZHN L= Al malate, succinate, fumarate 5 H7l= A Fo| A
ol UetiA sttt WAa JLe A FAF BT e o] @AY EAd 4
A7} B3] gFobx] ile] st FRYHATH

a9 1 o] AAA xHoRFEH FALR
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H 3% AN 29U A 232

2. FolHETR A
1) A2 u
AFPUFE 7Y wlSdEr] et WA AEAZ g Ay oL 19
2ok Aele Ae T $A 52 24-D 10mg/Lrt A7kE wAeA 2
ol FAdol AY Fgkon NAUYF F9E 24-D1.0mg/L+NAAO.Img/L+
BAPO.0lmg/LoliA A 2gAdo] AL F=gorw A4ge A$E NAABTE
24-Doll A Ay PAol ¢f Fr}.
O 4=y 22 wg 23
2.4-D 2,4-D 2.4-D NAA NAA NAA
1.0mg/L | 05mg/L | 0.lmg/L 1.0mg/L | 05mg/L | 0.1mg/L
1] 100% 100% 43% 100% 29% 0%
2| 8% 1% 43% 71% 29% 0%
3] 8% 71% 57% 67% 14% 0%
4| 1% 29% 29% 29% 0% 0%
5| 100% 14% 29% 14% 0% 0%
Al 88% 57% 40% 56% 14% 0%
@ A7 A Wit A3
;ﬁéfﬁsﬁi 24-D | 24-D | 24-D | NAA | NAA | NAA
BAPO.0Lmg/L 1.0mg/L | 0.5mg/L | 0.1mg/L | 1.0mg/L| 0.5mg/L | 0.1mg/L
A 86% 48% 329% 46% 15% 2% 2%
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5019} YX|TpEh T1E R 158 N

2) ofobul o}

D ABYT
ARUT S ZHUT BE MSSh WPMEF oo} 84ES vlZEa A g MSHA
uThe WPMHAZE felst @4E @atn ool f58 27 9 et
9 Zgte

MS+BAP1.0mg/ WPM +BAPL.0mg/
L+NAAOQ.05mg/L L-+NAA0.05mg/L
ANy - 10% 20%
FAYF 20% 20%
A 15% 20%

3) AU Z1d #a8d Fold HF

B d7e 2GS )& 84T ARRA Tole 7FAE] Ay
ZIWE 287 ¢4 ettt 2 Ay g aAA Y
7] #5te AFzAEZAQ IBA(indole butyric acid)®] g &3, 4
AMAAZIER, AIZEEE ZASIYE S 1 g 7EZ e ofd AR A
Bl FE solFAE HFETSA ZAAYE ZARIAY £ SolddH &

2% vuE F3t9 5

N

7o ejH 542 Folu gt

[«

7h ey w2

(1) IBAZ 3

AzE ddsed WPM+IBAO.2mg/198F WPM+IBAQ.3mg/19] Z+Zt X443k A}
Z71E 6~109 FHE L3o) AFHgon FIHE Zr= GRE 754 3
A2t A7iEA B E WHG 22 8]$& WPM+IBA0.2mg/1 ¥ X7} 20.4%
£, WPM+IBAO.3mg/1 A= 47%E et IBA+‘O.3mg/l Hj 2 M = A
29 ABe FPstgoy B2 Aydos He Aoy o ARE BEF
5(1987)°] IBAO2mg/1E 718 uix]o]l XA AS487F 60%0l4d e d2&S
B3 A7 §A5d BAY BEo] w2 wzuge g 19 L3 2ok
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Tolo] YXxE Zle R 71 HE

(3) AHA &%

3~5474x Agdd A49E AN, A5 AFHA N HHA=
BHgol AUHoes ok ddT. o Holv ©E XS Eo
WPM+IBAO.2mg/l iAol & 32l 178%, 4¥ol= 194%, 5¥d = 234%
o] W8S BT, WPM+IBAO3mg/ldl e Z+d 3.7%, 52%, 48%¢ &=
S BEd. WPM+IBAO.3mg/l wixelA 2w st A 470 AuA
roka, TR #eElyl WPM+IBAO2mg/lolA &® AHolmn=Z, 549 Az
AFske] wiR o] XA Aol Mg BIEol S Aow YEYH

Omlo

e &

W 8(%)

2712 AR W) N4F F B2HAAE FAE 62, DAL 608
o4 @ ol ;s Zol20dolWel F2W ol Y B FET 5
(1987 A8 271% 7~10955H B2o] Ag=gien ¥2d Fe o
P2 JRe @ Agxst ArEA gege widy Y E¥
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rie
T
)

WPM+IBAQ.3mg/IM| A A= e 23 AJzho] WPM+IBAO.2mg/18] x| o] %]
A3 €718t 209 AE =goun B 309 o]Fd EZHUY.

2o ol

a9 4 gFUR 2GR TS S5
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WPM | IBA 02(mg/) | 15 |39119 6 |3 20 52 102
“WPM | IBA 02(mg/l) | 10 | 39149 3 4% 12 12 59 39
WPM | IBA 02(mg/) | 10 | 39152 0
WPM | IBA 02(mg/D) | 10 |3€189 0
WPM | IBA 02(mg/D | 15 [39€199 0
WPM | IBA 03(mg/D | 15 |3¥229 0
WPM | IBA 03(mg/l) | 12 39259 1 |42 269

[ O o1
WPM | IBA 02(mg/l) | 20 |3¥262 | 5 fi;”’ 12, 14, 30, 54
WPM | IBA 02(mg/D | 10 | 39299 9 |59 249, 59 30Y

2] Q) 2]
WPM | IBA 0.2(mg/l) 15 | 4929 5 33 12%, 12, 14, 30, 58
WPM | IBA 02(mg/) | 10 [49119 o |59 3%, 289
WPM | IBA 02(mg/) | 15 | 49149 3 |5€ 3 289 62 749
WPM | IBA 02(mg/l) | 20 |4€159 3 |59 3 7, 209
WPM IBA 0.2(mg/1) 20 | 49€18Y 3 59 74, 14, 20¥
WPM | IBA 02(mg/) | 30 | 49229 4 |59 23, 24, 289, 6¥ 4%
WPM | IBA 03(mg/) | 13 |4%€24% 1 |59 219
WPM | IBA 03(mg/) | 25 |49259 1 |59 22
WPM | IBA 02(mg/l) | 20 | 49269 4 |59 39, 28 30, 69 2%
WPM | IBA 02(mg/l) | 25 |49279 6 |59 3,78 11, 12, 129
WPM | IBA 02(mg/) | 23 | 6962 7 ;ﬁglg’“’ 14,15, 15, 15,
WPM | IBA 02(mg/) | 27 |s9109 | 5 |og o203 64
WPM IBA 0.2(mg/1) 15 | 5913¢ 3 59 20, 24, 69 39
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WPM | IBA 03(mg/l) | 21 |59209 1 |69 3¢
WPM IBA 0.2(mg/1) 19 | 5€924¢ 6 64 5 9, 11, 15, 20, 249
WPM | IBA 02(mg/l) | 24 | 59289 5 |62 7, 11, 13, 20, 299

4) F°l AF 48 ¥4
7h sl AEA 23 FF A

SoAAANE FUF FFRA AZRYoY FoF2e 54 e 7



< FA4E Aol (it (AR 13). 47 Z§ Tl =&5d BEEL FH AHAA
< T EARC it #2& FAsHen, O gHEe F2 oo,
A E 2497 AT (AR 18, 19). AR A 228 HEF T 2-3Y Fof
T BEdA HAel Ae WAt wou, FUE 5EEo] AMEIE FE AN
o AdFol e AHA 2A L HEIoEZA 98-S AF A Rite AoE
AzZtdrh, 24 JRAAE FHAAM 298 To2 FTo] FAHANLY, Ad
F2 AH 2 G AF AZANAE olF FIE FAHA T

Tol ALA T EAE Pe ved ALFTE HopA Hiz dotd =

29z EF oAE AFdow Assan 1A o) T4 TS 2
9 GEEY WA AT PFHAo 14 FAE s Y& 2
Foe Y49 Aol YT 24N B2 F ATo BIAGY, UE 4
o3 de BERe RIS TA S FFARE el YN E2
Heirg zAsgon 94 Sol# oy F4L g (4R 16, 17, ol A
99 £¢ FVo2A 4L HA Ra: Aoz 4AhAT

H) vol #& EF AF am

194, 293, 3R 25 Sold4AdA ARG S FBREY FoluE

23 F(AH 12), 2 HOH wold RES A wIsd (AHQ 14) ¥
29 ¥4 A%E ZASRGT of WHAME o7 FHY Fo| F
g 2= F2old EY 22uUst 3494 29v (hd 15). 2
Be ol Folrd EFL oF 259 Fo A& BHo
KB

o2 AMEIAT. o] T HolEFEH TAE

= o RS
Wolllo: AL B2Y 47 A
Sol 2% EY % 4FAo2A 98¢ 1 Zoht Ao 47U

g}) To] LR FIRES A A3
FolEAA g Fo] wFHEY o FFHJAA 20) AE FUF BE (A
21)e] Bl Foldd £og HMlZ WHIWRIRA 22), 7MY Fd F3HEo

87



O]9 YX|Xju} 7]1& QU JxA

i
[e)

o] WL WA HAN E

&t

S

o

=

=

1’'3873& =4}
=

g} 7
2 4

I}

wA e o)
of WAx) 34 A,

o] WAX e P

[+]
1513
=2
-
[¢)

2=

o
&t

1)

NITEECE
= 7 W WL M r <
I T g e Y
Rog X oo = mET
Hmﬂ_ o ﬂ» m KR mO o H sl
- G SN
Eo HT o
T B G o T | R
Mo o Oow F — o | B0 B0 <
B o T ] b o
LY - mo ® w
w R T o M
L TR o o
g0 W o K X g = o g
oo o ¥ T N E IR
o= ome PR G T M_mﬂ w2
ST ES NN R
_— o
o RS e MR e T o Molm T
S A oy = B _ ® R
o omog X7 g & G alic) =
I+ o Bo— W 1= e v
o o Ln_vo s ) JZ.M X % =° gl
o M = h\ W
W og o T o3 = | ™ 7 X
T T o o 2o Rm ey o =
TR e ® oo X
g B o o A s
. KB T IS -
rom o O G S B
o o 4o W T @ O N Gy 50 L
= NTORC o e o = _= | it R
e i wm | F " A
w T M= oF X ¥ o e
L T T S I G °
7 X Mo gL o & e i
il ™ o e X B Jo
w o E O oo B O T° Jo _ -
I P — o ° Jo x
AT M E N B 5 Ao Jjo [



H 3G a7 28 3 2

o AAE W& 3 13 Zoh

E 1. ZAEE

Hg

ZA71ZH

7]13H(2000 - 2002)

ZAEE 2 2001 2002
1[2]ds]e]7]8]olncli T [T T4 Jrofufaq 1] 2] 3] 4] 5] 6] 7] 8] o[111]12

Eook'}ll“ui' [ ] |

AZLT TE— — E—

cﬂ7]$__5 I — ]

7 9 %—

AZo A48 FH]:= CRIOX data logger(Campbell Scientific Inc.)& ©]& 38}
o EGTFEE CS6l5 EGFRAAME &z, AsLEdes A
(Thermocouple)E, W71 &%+ 107 Temperature ProbeZ o] &3ttt FAMA
A ZF7EAE AAslY A&EAHRE FFE ASFSAT

By 2xsld #EI dojge AZFL 20008 78 199 ~ 11€¥ 3¢,
20018 8€¥ 229 ~ 11¥ 219, 20023 6¥ 11¥ ~ 10¥ 31¥9l ZA 3744d &
¢ ASE AAsPen, Y 71ty dolHE Hlwsty] 98t mjdx 8Y 22
d ~ 10€¥ 31Y7HA 9 1,704 Aze) 712& wmstArh. ZAAY R ALsE
20008 2ol €t FEX G (o]F Fxrolgt AW UHAE AR 71715 HX 5o
AEZsG e, 200130 Yot FEAGH SHAG(e]F TG A 2L
g AR AZsQa, 2029 =9E AFE 2T INL(FF)7E FAke &
22 Qe FHEAY 1AL ASE st 4 dedE 71Ed Yie
Y oS3 2o,

—_

&

oft

¥

7h 20008 FEA G FoldAx e B 9 2R}
ZAZ12E2 20000 79 199%E 119 397bA] 2592412k e] 71 ZF otk &AL
o

F F ASFE 707.0mmeol Atk ZAINF dHEVIEL 6 ~ 27T
EXE Hfon JA7]&2 182CHAH
oL AR FAFEYFERIE 102 ~ 309%0lx, HEAA 9 HAELT



2ol 2% AE WA FAHZ

Py
T

%

of XA E

©

-

120 ~ 33.1%=ZH

L

ole} YXIHEp 71 A 715 e
.

EEX

=

[2]

308

olex

290 300

280

260 270
date
HIYYR B

250

240

220 230
Ydx B

210

s Mo o

R ia m X

ot _¢o — o~ TN . V\,.«

< < ESUNCINAR = ; g

I X 4

1] ol - ™~ Y

TR % j o i

fi%e) © X

o N ™. ’

A I ] 7

T oo 0 4 K

S T ).

4 TR SR M - {

g ciNCY ™ oF o ; g

A T KW o= :

S T MT d

T oz amx Y ]

~ ¢! S oo o

i N s T ° = E

) 0 o = .W

— Jo by <\ RO . A

M . oo Wﬂ o of X A {
B X T 3 L

Bl A = N IS o N

w o MW g X Ew LI

— 0 — T - i !

o oIS

Jjo H R oz o z 3
oy ol U m g

a1 T o E LT S ;

) — 31 o oF ] .\.. </
A S ¢ = \ /
T2 T S e

RS Tl 4 ¢

Aw g ow 5% ,

SRS Rz
dl =010 <L HL le u\.\...fA.:\ y g =t

ol o Wwe 5 iy mmw = o K N g

ap Mg oy BT LW soeggegeeey g g e vog g o oo ow

O#U dﬂ _.;0 Wi o O_E g N ures ainisiow Hos ainjesodwa)

ok 1k AR KT S

201

1% 120009 FEAY To] TAAY BF EF



H 3% a9 S9uE o 2t

) 20019 98X E FolRAR Y EYFE E 2=
ZA5e BFEFEL 1940mmAth. ZANFY dHAvILE 14 ~ 23
1T E¥8 Bfon HF7|&L M41THT
SolRAA Y HFESFTEREIE 81 ~ 282%°]3, v YA FFAEIGSFE
BXE 82 ~ 215%=% UYExon dAXY FTEFFEL 168%°| 3L, BT
Ao BAEFFEL 17T8%EHA Fo] HAR EYTEo] 11% B *5e ¢
[e]

o Admst &3S woln Yk FolwAAY FFHFL

o=

H

X
Red
3
o
X,
(o3
o
LY
2
of
flo

-
Shs

Bo°
rr
&)
<o

!

=
)
s
fu
x
2
L

7F AY flARE A A
A Yea gl

o]} Zo] EFFEI XFLT 9 o7} 20008 £l Bt FOE o]FE2E
20019 %) 7257 mi$- AL olfE AR FAZAN ARG Fo] FEol
Ak HoslA Az 2dsizte FAHAA 2 Zolrt &R en, 2002d
Tole T&o] A3 AEH ZAA A ALdHUAH.

20003 £ H]A] Fig. 201 B¢l A2F 20013 88 22¢%H 11€ 3U7tA
2,184 Azt FEAY B, EGFE, AL, d712xe 71ZoH.

th 2001d SE A soldAR ] EF

ZANZFY ZFFFEE 1940mm ok R2AIFY V1L 26 ~ 225TH
BEIS Byon HF7)&L 142ToIdth

Soldt Az o FFEJFTFTREEIE 85 ~ 172%0lx, vjL Az 9 BAEFTE

&
M
¥
ffo
H
&
8

©
BEE 71 ~ 139%2HA Fo] dAA Y EFFEo] 18% A= A UEEh
ol AExe] Aot 2001dx9 FBAY AF Asge dvtd AdRE K
oFa lrh

91



Juvl

01 YxIApEl viE R 01sld o

60

50
40
30
20
c
£ 6 o
E |
o 1 " a B a ] )
ao
2s AN
20 f\ / \ T\“\/\/\\
: & ~AAY =i
¢ NN
2 s -
3 / ~ -/
g e \—\J
3
]
o
25
N s PR AN
o
o 15
2
3
2
L)
g
[
Q
£ s
g
2
o
240 250 260 270 280 290 300 310 320
date
h e o
L "o b i St H X "Hd CRTEEII C 2z

Id" 22001 FEAG ol XY AT EFFE L 2xW)

SolgAR e HAXNFLEEEE 70 ~ 219Ceo| 3, B LA HFAFLE
BEXE 68 ~ 215CTEMN o)z} vt vt A<l w
o Aol 04T ¥ AL ¢ F AW Fig. 39 29 A=+
AFH 119 2149744 2184 Azt FHAY FFE EGFE AL drlex
o] 715 o)t}

2) 20029 FWAY Sol RN EFSE

plo)

<=3}

92



H 3 AN SPUE % 2

ZMNNTFY FFEFE 1,0190mm/hr oAtk ZAIEY Ve 22 ~
268TY E£XE Rgon HA7|LL 182T AT SolRAA Y PFEJFER
T 109 ~ 228%°|1, v o] HFERS = ~ 31.7%% e
won Fo] WAA Y EFFiEe] 52% AE @A Yelvym o
TolUAA ] HAANFXERFEE 94 ~ 226TColx, HlEAAA Y HFARAFLE
EE 86 ~ 222TEAN HF o] dAAY Aol 05T AE A YEY
Itk 2% 49 B AEE 200293 69 1149%H 119 397HA] 4645 A7+

A R, ESS4E AL, Br1LRe s)Zolt

Ao
M of
53]
|
£
~J

uh) 1

Folgk Tol d2] AN v HE AT gtk FrhA] BE 4ol
T 2UF(FoD), FUF(Eo el FAsE FTold

ol T JoAME TFg 7AIAESY BEAA Ao e FFS
nAva AzZbEo 2000859 A9 ol HA F7IQ 1085 s A5 EY
T FFE gol Ba oy, 2001dEE FAT o Qdste] A7k

g3



oI AXIxHEh T1E R TIBE

60

50

40

30

20 —n0

rain

20

18

e AN
/
I

14

12

. A P —;

soil moisture

o N »x O

30

temperature

234 240 250 260 270 280 290 300 310 320

e HEUT] BT e cmm— hrlex




H 3 g +¥UE o

200

50

rain

30

25

20

soil moisture

30

25

20

Vit
7

'y

N

™

N

NN
e

10

temperature

19 4. 2002

WYX

o]

gd

1

=]

]

R4

B2 BFE EFTFE B

Fig

<533}

21

h7|2%

95



(1) A5 ER5e 9
BB AWE ww SolMAe A% 298 095 88l B4} B
Nee] Ee4%, 0%l 47l Be4E WAZE FAVGE QU FolE
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Year 2000 2001 2002
Month AT gear PTF gias BTY psas
(mm) (mm) (mm)
271.0 16 25.0 7 647.5 18
9 275.0 14 785 5 83.0 11
10 30.5 6 109.0 3 39.5 10
Total(8, 9, 10) 576.5 36 2125 20 770.0 39
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) BG4 dr12xe So] 44 =d

ool SolZ@ol Yt AAAN FolMAANTE EFFRY
o ARHez ASAY IHSE 19 103 2o Fol 4
mdo] 498 4 Utk olo] e TEHY ot EFFED
dHoz FuTe FGY, YoEVH FFANR oF, SoluA U7
4, 949 2719 ASHA Aol 92 A7 g,

(D 71548 FUF2IH g5sES Wotol Ade Fol TA

EGU SoldAt Ayl A E AuF Yol R E AT B3
F U7 BYZ B WAl gk o] oA Fge] w7 AdME
o] AA7Ize] FEE AL I Tl EY FEF 7] AR wolob ¥
o g ez AAEE #Ae arieg 2 WA FAF F AA viol2
o] oJste] Hjxoz AAHT (Deacon, 1999). soldl didteis A F3}
SOl Rz BAS F A YA doy, Folo B9 1F Ao B
FEel 42 1500cr - 2000cr® €A ik (NI, 1991). 2 ER GEd w8
ol gl FATHY o] Yu FAMN FALFE To] LAFo] wopd Aot

i

Fol ZAF] FEIAE FAMGHAAM HAL=R A7l
Aofok FolHAE B 4 gIA k. Fole Ao o 97 A= 19T
]

o] AFexr7t Agidez "ot (i, 19D ¢#EA Utk wole Fo
Ht} o] & A7l LAY ARtz 47| AFL2eE 1 B 2 20
- 22Ce 3 Ayzto] €t

(3) HAAT 2x9 & A& Fad Fo| 4719 A%

HAY7|e B8 2Y Al YA Feth o] A2 477t 88 i =2
712 A7 AA s < 105 o] 3 <] TJMV 3 é}oqokﬂhz} o714 & &%
G 27 st Fole] A$ /M9 FA4E Fold7 AS A

g g gAog Uorzx e 7te FA2=7F 15T o)L ook & x&
gz et ARXH Y2 82 Foldrle 2 FRHE EGXEHYE 712
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A Fe FITAYLS BAT & Ak AAA EHE w4 B AT P
T oohE wmEx 2o BEY HRAFel M4%n JAT. HEQeEA
ALA 24, T4 ¢ele, FREFS AFAAY, @A 78 9o FUT B2
g B3 u, 5o F2L ©A DA PRI AE BT FAHAY
& solAdA 23, X1, AANA PR FREFL ATYo2A THI Y
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Al 273 To] AAAY HAE AT

HARE EHE22A Aoldfrt 43 " 2473 AFoz=
B7HE A glow, olEol JtAE wFHRY ity FFFA, FU2HEY
At & AYriwel A% siHEAM I FRA40) AL FENT k. vlAld
2EgE v FAHEILH TEHAOZRE (Clestine, Mizofirane, T IH Al
Eolv ¥F Zd2d"HEE AFA|71E Eritadenine (Suzuki and Oshima,

g JAAIE BFAQ Lentinan (Chihara, 1970) 5 9 eFE o & A
7te A= deoew, JE #AczRE FHAFHE FFEFH OPFe
AFHE a7 B3, Fulold A FF(Yamamura and Cochrane, 1976)2 el &
gy 34 g d7E IPFHm Ye 5, Y4 AY A& kg vAL

Z

AAEe T AARRAez AAHT vk dE AS 53] 75N EY
TAZ olFE ZuvHozRE FEFAAE Eritadenine AES 2EY A
2AE AFH e #AZ e uFHEH A #ATH sEe]
o] Fo|A AN FAl dE JSD AFALE HEA ) 2HH 9EE 4
HZ YWl =oAUEA 53 golu AFARe] Zutste FAA e
FTF A ZU2EHES AALE e v JIeEdEd BT o] &o
Mzo] FE& Wi gl

AN U= 8oz Fol(3MA, Sarcodon aspratus)e U
TF9 3

+3o Rsh 34T e Aoz FeHol oy AFAMRE YA
AL YT AT B oF MAY AWE AN AFHBA TE
Folol M BEPt QAL At AE=D Ao solwAe U9

W Pol ¢ AxA 53 3F ol AHFE F 952
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FO19] YX|xHE V& R Il i

(Thelephoraceae), :=F 88 A< (Sarcodon) o &3tE @A (Basidiomycetes)©] th.
¥o] 10-20 cmE UZEAH W Zory] 2goli, FERE ;qg 10-20 cmo]™
SHAFE £719 71E7A Aol & Juh EHdE Adn 5
Aol HAZch A/ EEA Ggddy 3z %‘, —1‘5.—7.:_“—‘1‘-% 747'% Az3td
= Iem )
3

st
"
rl

Mol Ed. st e ZHol

6 onZ FEE Uiy #REG @¥olm ¥AE AF 56 umZ oFFE,

zstd A 7P v HETeE AFdAA Tt

Aroldl FFPY B & Aol FAsn d=F R ¥ Uthlee,
A

1988). 5ol AL 2 AFH $7 ygdos A45e & wAoz M=
SRS Y2 A o g AL8H o gtrh(Park, 1991).

=9 HAE(Sarcodom)dl  FIE wAoez I} AP
sAEstF  mAE g% ZAF A(Ryong 5, 19893 Sarcodon

& F&3 Jd H(Tringali &, 1987)0] Yo =
o2e FolHAS WEggR Wi 9 & FEHoR
Fdads }_/\H‘_ Zi(Maruyuma, 1989)c] ojell &= AP Ao gtk
gulld Bldhe 2409 FAH HE9o wal serine, cystein, aspartic,
metallo protease®Z TE3H (Neurath %, 1989) AE o &Ast= AT} A=E
dz BHlgE AR Ys F du AxY EAse 9wd B aae
AA ‘?_}‘1‘1‘7519—] -‘,ﬂ—sﬂ EP‘*““Z‘—J-J A=, EHawd Fu, gz
2] A

4 2E A3t Ax = EHgs
Aoz A 9o (Morihara, 1974) Conidibolus (Srinivasan %, 1983),
Phanerochaete chrysosporium (Dosoretz %, 1990), Thermomyces lanuginosus
(Hasnain 5, 1992), Beauveria bassiana (Bidochka %, 1994; Shimizu%, 1993),
283 Mucor pusillus (Mashalys, 1987) 5 HYA S do7+= F7FY AE9

Gl B gae did A3 1A vt e, o] gld B asr F2
<% (Cole %, 1993; Lopez %, 1992, Dean 5, 1983; Boucian % yol Lt
21 &(Sharma, 1984; Robertsen, 1984)2] 2|9 & Esjate Fo] &Fo} AFE T
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98¢ B Ao A Ytk Y HAM FE
o

53] 24T oA AdAFAMHE e 9wa BIaLE Bacillus
stearothermophilus (Dhandapani %, 1994), Thermoactinomyces {(Tsuchiva %,
1993), Thermus aquaticus (Matsuzawa %5, 1987), Z@l3L Sulfolobus acido-

caldarius (Fusek 5, 1990)¢} Zo] 129 3lAqA AESE T2 TdA

de ol UiFEEAY o3 vlaA EBIHEFAEZE thermopsin (Fusek %5,
1992), aqualysin I, II (Matsuzawa %, 1983), caldolysin (Taguchi %, 1983)%©]
Aot oldF dHF FHEse] d GAA I SEH #ALE Wo

R *§“’€-i‘91 SEALAME o5 ZHX7E o] HrtEa Yvk. @HA
THELE WSS wWEFHAU, staol Fo Ful, TE9 4y A
FE5t9 ﬂliﬂf’% Az, Xﬂﬂr A R EFHFIFEFY AFAEH AA
AHEET , g ors 484, AFAR AEHE § OIS £E2 A1EH
AA & FAA /M ZL 9ol /\}%5] 9]t}

2 Ad7dAe Sol7t EFsn de AT AYBY AHES B
A28 T Hstd AAEHTh okgd FolMAozRH R
protease®] &4 EAL BNz, o] FAe IIASE L AT AN
AzEse] fiXe 9% dud stk wpvez mawel AL
%3 protease 49 AAHA AL FHPIA ST

1LoAS 2 F

b

1999 10€ 4ot F5Y 9459 2 AFA Y EFAEAAN 74
t 5ol (WA, Sarcodon aspratus)E WEAZITHE 4TAA HLAZst] FA
FaT dF B 270 HAAHNA BastHt.

ro

ol
o)
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OS] YXIXRY 7l& H 7I57d e

=

NEE Hddtd FHFEZ ZAHFT 150C9 ovendlld aFo] =
WA AZANFHG.  o]E WFEIMY dm o] Folx 500E25TA
SAIZHESH A A FITE, AFAH R 700C7HA &8 tA 241 ° ARG
o] 3j&o] 10N HCl 10mlE 7}3t3 hot platedl A 1A7H5<¢H S3iA17) 5
A4 M(2%HNO3 + 6% HCDES 7}35ted 100mlE2 33 dA&FEA7]E ALE3tS
FTEEE &5, BERYY FATEREH 73 HAFHe gt AEFY FEE
Ak ZAA Z+7t b2 33(Ca 318nm, Mg 28nm, Fe 238nm, Cu
325nm, Zn 214nm, Mn 279nm, Pb 257nm, Na 589nm)ol A 37 3l ok

i} Fole] guFE5A

A5 E8 T 100g9 TFF 1,000mlE 7}3thS, 80-90ColA 8ALF F&&
g3t o} o] FZ&EE cellulose acetate FX o] Yol 4TeolH FTFF
3,000mlE AlE, 2AFAH}= Z2FHES 751 25 7t FE3ste  10TAA

6000GE 40%7t AAEYF, AT AE WY5AZAA ELAEE AT
polysaccaride fraction<] {?:’%‘% Carney(1986) 2 Cho(1988)% <]
oz AAsg el A5 2mldd anthroneAl & 200mgg T4 E S bmldl

=%, 75% H2S04E 718t 100mlE 8}, glucose ETEAd ol
AANS-S  AZoh BHS3 625nmolAd FHEE A glucosed]
EEFHC ARZEY FEHFHES AHADF3H) Zowd e Folin’s phenol

27433,

]
abuming EFAEZs BE Ao GHIARFS AVHGH

g 22
FA7

A7) FolBEY 5g& 75% ethanol 50mlell ¥ il waterbathol Al
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H 3% A YU R 2

3087t 331%%, ethylether & ZAANTL, SZ2A7A Folu iz 2
st Foln = Aret e BAl 1gdl 6N-HCI 60ml & 7Fét3l 110ColA
20713 AR DFE, 2 5FAA 0.02N HClIE Ao 2 3 A#A Amino Acid
Analyzer(Hitachi, 835)Z #4344}

3. Glycoprotein® & 2 A

24

Algd 10M =Y FFHFTE 7I8t 100CoA 3X¢ 5% F=3 F,
3,000Gol A 2083 dAEIYS}Y o AF5AE AFdsPH of FoH &
AEESVIZ 1029 18F22 FHAU b, 3w #F9]  ethanolE 7}ato]
ATANA 33 B8 ol 30, 50, 70 2 90% ethanol® ethanol ¥=d
AAEY &g HuIdfATh Ad "d HAEE 5000GHA 308t
LAEYstd Fstm ol &A%Y FHRF I ThA] 3,000GAAM 2083

A&

ddEgstd 84 ¢
Ea:

B2 AAFAY. olE FFHF Eo 4N F
ogg FAARANA F )

AL Fstgeh
4. S ol A 9 Protease &4
7}. ZProteasei 9 F&
13t FZAIZ BA 10kgel 0.1Me] Mcllvaine buffer (pH

H
N2 Bastel 482 (15000pm, 0W)FFE, 1 A5
2E24e AYEAIE ALESA o 1/49)

ERLFEY o
§FoR ¥FT v, IRE 089 FAYEFS st wuIRRS
AANAG. FAEE FRFN BFAA visking wbel ol FAE
Pstgon, o/ g sEstel INARZ AEHY

}. ZProteaseE A28 A9 =4

1



s0lo] Y| 1 U Tl e

2AFY 2ELFEN A5d g &ho FAHLE AEE 0IMY
Mcllvaine buffer (pH 4.0)9] %o 1%8&NH o2 3o, Casein-Folin ¥ AHE,
660nmol A} &7 59 o}

t}. Protease 2| A A

APA 10kg o 2HE A2 g4 68HE 35T, st oF 42
FFHSa o] FHFA 082 EFgH FNAdEFES Jistd g4 540,
carboxymethyl cellulose column (pH 3.8)& F3AA old FZAHXZE P&
R o}lx DEAE-Sephadex A-502 A}€3l+ column chromatography (pH 6.2)%
st FAHE YEYE fractiong EUth o] £AS AP
F% A 7131, Sephadex G-752 Ab&, Gel Permeation Chromatography (Column
W73 15 x 90cm, pH 4.0)2 #sgoy, Yoyt 2¥x719% (ampholines
X338 LKB column, pH 35 - 6, 4T, 300V, 48A17H)& &t FAE
st sl

p

.

f

2}. Protease?] %33

Z Protease 2 AAE protease ¢ pH <%, 7|FAwxTel o3t
gdnsE 5 34 5EALS FAEEY. o] §49 B3-S Sodium dodesyl
sulfate -~ polyacylamide gel electrophoresis (SDS-PAGE)T Novex Mini-Gel
Kit & AM&stden 15% T  4-20%2 FE9 AHE o]&3d
Laemmli(1970)% ¥ =gt FPatqct. &57F  Folge wek &49
A7 & YR o= Mk a9 237 AY
PMSF (phenylmethanesulfonyl fluoride) 0.1 pgg& 713 AHE 100 CTolA
b3t TR AgE Eulstdnh dwde] o= Commassie brilliant blue
R-250(Sigma)Z |3t Feldlgn EFE wwaogE phophorylase b(94
kDa), bovine serum albumin(67 kDa), ovalbumin(43 kDa), carbonic
anhydrase(30 kDa), trypsin inhibitor(20.1 kDa), a-lactalbumin(14.4 kDa)
(Pharmacia)& AH8-3t 9t
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5. Proteased @&
7} FA AR

B A% A48 A4AEE Hurle AFA vd shtEuiE
3 =

AR HAN FIE F4u71E AL g on, dsMg9ERE
Hlwstry] 9 2T EA A"ge 5F  SuErutEdA A YA (EF)Y
Aute GMARNEAZA Sigmarte] Papain (4400 unit/g)e T3S

*]’%ﬁ?&q. A8 HAANE 2 proteased 2 FHIE Yste AFA FFE

FAE N 7Y Fol(FM A, Sarcodon aspratus)BAE AX. EHso
20-40 HH el ZV|E FEHE B 9 SolyAozRE E AAE proteaseE
AEEANEZ ALY

. w79 AR L 249 24

Ae HurlE 4ol 15 mm, E 5 mm, F7 2 mm HEEZ ZahA
ol 5%, TolBlAl 9 proteaseEAE 05% 718t 25Tl A

=
=
of
Pd
b
£
i}
N
-4
b
X

= e 595, papain 05%, 1#i Hiarjwg
&3kt Aefrlme FEIFS AOACY HLHAYAN oA 3
TROZEH BeEE SASY

AgA g AsAEE ZA3s7] $18t Rheometer (Sun Rheometer,
Compac-100, Japan)& A}&, Load cell &% 1 kg, A182°] 15mm, ZRZ&E%E 2
mm/sec. 2 531 &4, @S Aisd AxEE F3dd.

Agalgel Az uvXe dKEHRE R7] Y59 Color meter
(Minolta, CM3400, Japan)& AF&3dted Hunter 4 &2 yegygEd),
Y % (Lightness, L), A% (Redness, a), &% (Yellowness, b), JE #oE
AR T

6. Protease? A4S AT A wFx=d3 5454
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TOI1Y YX|TE 71E 1508 L

7b A&

Protease A4S 93 FATozA EaWAF(Lentinula edodes)E
AH-E-3F 3 o,

oA As

HEZ 4 W2 E7F5(Soybean flour, SBF), S+ 7} (Com flour,

CF, 7}AIR1(Casein, C), 2= % (Wheat flour, WF), ¥ 7]-&(Wheat bran, WB) %

F(W)E o] &3} o ZA G o, AL A 2 A =
EEFFIMRFRHT = 10101002 T3 A& A

%4 HA W=

AT L HEE vl HF ko] 27CAM 1627 wiRstn, oS thA
PDAMAIZ &£A 27CoA 749z it oL, wggred F79 948
7bete} g Rol Aiguix|o]l HFse] 27C, pH 409 ZHAA 96x3t
A} (30020rpm) 3.

2}. Protease 9 &4 3 E4

23 Fe 2RAFEN AEd Y FTde A4S AEE 01MY
Mcllvaine buffer (pH 4.0)9 *o 1%8H4 02 39, Casein-Folin ¥& A&,
660nmol A &3}t Protease 1 unit & pH 4, 37ColA Imle] &AL
98 caseineZHE FHE 1 tyrosine °] FIHE Foz FHTh
249 EARE Sephadex G-75 APzl 1u2 =Qaon, B4 pH
2 =R L 2AMEIG . '
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3. 43 @ nF

7t MAo] Frshs 7R

Table 1. Contents of minerals in Neungi mushroom.

Mineral Contents, ppm
Ca 82.5
Mg 104
Zn 3.95
Mn 2.47
Fe 7.08
Cu 1.89
Pb 0.05
Na 26.3

FolMA (WA, Sarcodon aspratus)®] FEFHFL 148% A 21 olEF

BN EE Table 19] vebdutel 2ok A B71Ld Cael 3o
825ppme=A 7HY Ehew, ool Nae2A 263ppm, Mg 104ppm, Fe
7.08ppme] FolR2™, Zn, Mn, Cu® 5ol AR, Pb £ 0.05 ppmeEA
HE 2% dFE AU

. WAl it R 9NA FF
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Table 2. Polysaccarides and protein contents in

hot-wated extracts.

L/ Contents
Polysaccaride fraction 54.0
Total protein 32.6

Table 3. Free and total amono acids in Neungi mushroom.

Amono acids Free, mg/g Total, mg/g
aspartic acid 0.71 155
threonine 0.45 12.6
serine 0.68 15.0
glutamic acid 6.08 21.7
proline - trace
glysine 0.51 10.8
alanine 2.09 9.82
cystine - 2.11
valine 0.71 105
methionine 0.44 0.56
isoleucine 0.61 10.2
leucine 0.79 13.7
tyrosine - 0.08
phenylalanine 0.25 455
lysine 0.71 10.9
arginine 153 6.73
histidine 0.21 4.88

S AZFol FPobu]mal T Folm At ;L =
AA2A,  LIALFEETY oo zME F 1439 obolmo
A& A0, glutamic acid7l 6.08mgo.ZA 7} 2ston alanine I

arginine®] I t©-&oF Wo] Eo] gI%rh.  proline, cystine, tyrosine &

o
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AEHA &g W EHEZTA FHE ol ale 15Fo|Yen, o
7b& ¥ glutamic acid 7} 21.7mgo 24 7} Wek3, aspartic acid, serine,
threonine 5°] I o2 @o] dHxof YAt

2) Glycoprotein® A4
b, & oA 8 2 Ay
dEdzE&e Fxo| @& glycoprotein® 4&E Table 494 HE
ue} ol T 30%Y @ 050g olgled, %yt B Frkgd we o
TEol FUtet E¥IE TE B%RY W 332g02A F&o] FriEte

Asg ey

Table. 4. Yield of crude glycoprotein by ethanol precipitation.

Glycoprotein Ethanol concentration, %
Fraction GP 30 50 70 9%
Yield, g 0.50 1.21 2.15 3.32
A AgH AELz:LY wEo w@WE  total sugar L
FUNAGFL Table 5ol A BE uhel o] 30% ALY IL2 JAARAS o,
T FFol %BiI%E MY Ehow, JEUYIE FEIL Folztd wa
TEFo] A Wopdt Aoz veyow, 05% AULLE WAL
T3 FFol M U HAEZF= glycoproteinol Yo @& TR H o
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Table. 5. Sugar and protein contents of crude glycoprotein.

Ethanol concentration, %

Contents, %
30 50 70 95
Total sugar 95.1 92.8 92.7 70.6
Protein n.d. n.d. n.d. 6.8

* n.d. . not detected

drFE-ddLdzg AL AX ZAE X glycoprotein (GP), °1&
wteted st jon  exchange chromatography 2 gel filtration® ©]&3t4
2AAT B 309 o)y EF (P), o 303 olde nEANES
DEAE-Sephadex A-50 Z3& A8, DEAE-Sephadexo] J&HA &<
£8P} P1S oA 10mM sodium phosphate (pH 7.0)01 = A5 HE
Sepharose 2BE A #3le] 9L BRE(P2) 5 2F9 glycoprotein 8 <2

T e o 5Fd dHdE F G %‘ﬂ’é‘%‘%% Table 69 e}
glycoprotein®] AAFAAANA G Fko] FrHEE RoZ YEWoH
Foulde e A2deE RoE YEy

O

e

Table 6. Sugar and protein contents of each fraction isolated

from fruitbody of Sarcodon aspratus.

Fraction Total sugar, % Protein, % .
GP(CB) 705 0.5
PB) : 814 224
P1(B-1) 84.6 ' 6.8
P2(B-1-B) 90.1 1.1
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Table 7. Carbohydrate composition of various fractions from fruit bodies.

A

He

pich

935 =4

H 3 a9 AU % 2y

Fraction Fucose Galactose Glucose Mannose
GP(CB) 2.21 5.69 825 0.11
P2(B1B) 225 7.42 70.8 n.d.
P3(B2B) 6.7 27.33 20.7 458

* n.d.: not detected.

4 d2Hd AZdHE P29 EAFLS 60woldo R Uentoen, =
glycoprotein (GP)& weod3 o]Z uvlulad3} jon exchange chromatography
o] g3t EEAAF EAHF 307 o]
DEAE-Sephadex A-50 ZH-& AlE, DEAE-Sephadexel J& =X
2EPDHDE 9A 10mM (pH 7009 =9 A%
Sepharose 2BE Ao 33l A& B E(P2), ion exchange chromatography
gel filtrationg ©°]&3ld EAAT EAF 309 ol¥Y EIP)E
DEAE-Sephadex A-50 Z#2 Al4, DEAE-Sephadexel &&H&E HF2(P3)l
et dRdFe 24& 4% ZAIdE Table 7% 2o GP 2 P3°IA
glucose, galactose, mannose, fucose % 4%F2 Zo] HEHJSH, P2AA =

mannose 7} A& A &g}

2 gel filtrationS AERGRR

2§

Yo o e

sodium phosphate
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Table 8. Amino acid composition of protein fraction of each fraction.

Amino acid GP P2 P3
aspartic acid 8.14 8.85 148
glutamic acid 12.0 12.8 20.1
serine 10.8 9.88 10.3
glysine 9.22 9.74 149
histidine 3.77 1.45 2.11
arginine, threonine 6.73 551 572
alanine 12.0 12.8 7.63
proline 7.61 6.81 1.39
tyrosine 3.74 3.81 0.97
valine 751 6.79 511
methionine 2.36 2.33 051
cystine 0.85 n.d. 3.29
isoleucine 455 9.75 2.25
leucine 5.84 5.41 451
phenylalanine 3.21 2.76 1.60
lysine 2.35 1.30 4.38

drFE-dddzes Ao  9steq EF  glycoprotein®] 2z

fractionol] oj3ted olmw2bS EAE A3} Table 894 RiE ulsp 7o)

Z9U {2 GPE glutamate, serine, alanine $¢] L¥EZ AEEHYoH,

P3iZ Yol M= aspartate, glutamate, glycine ©] ¥ EZ &} Qlglch

TH T4 UZHFEA BIYA P2 fraction® A$E glutamate, alanine ©]
o

H 2 o3 TR od, cysteine A9 325z 9kt
3) T olvAl9 Protease ¥4
7}. Protease®] ¥ 2 A A

ALA 6H 2R E 6DA FAGAE AX BAstd Table 99 22
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A3s AJyvh AAIE DYool wil protease? FEFAHL #FAdFHoY
HE4E Ha F7hedd. FadrEe g9uezys u@dgde 2
F7h9 e, CMC  columnx &  178), DEAE- Sephadex A-50
coumnA g2 1138We] &A4F7E Jedth  YolsbM  Sephadex G-75
column A& 728382 F7/HES & & YSdoh

Table 9. Purification of protease in fruit body of Sarcodon aspratus.

Procedure Volume D}‘C?tt:iln p;lc;gézlse ggtelffllftl; Y.i;ld
mi Agso U U/Asxo ?
Homogenates 6,000 210,000 | 88,230 0.42 100
Concentration (35TC) 1,600 195,000 | 87,750 0.45 91
Desalting {0.8 sat. (NH4):SOq4] 145 42,100 | 46,300 1.10 58
CMC column (pH 3.8) 160 3850 27,500 7.14 35
DEAE-Sephadex A-50 column 150 410 19,600 4781 24
Sephadex G-75 (pH 4.0) 85 425 13,000 | 3059 16
EF chromatography a) 10 5.1 6,480 | 1,270.6 8
b) 5 2.2 3,010 | 1,368.2 35
1
N =]
—&— Absorbance
o 12 08
]
;:‘ 10 P\" E
5 ﬁ/c{ \\ 1°°4
g 8 g
B 5
g s <
Z =
S 4
(7}

] 3 5 7 9 Il I3 i5 17 19 21
Eraction No. {20mltube)

Fig. 1. Column chromatography of protease on a
DEAE-Cellulose column.
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5olo] YXiMpHy 7= R IvEd HE

Fig. 1& DEAE-Cellulose column 2o &3} protease?] A4S YEld
A d, @A fractiond] FAL AA EIPIdo) AdH wl$ WL EXE
7F8 2.9, protease@ Al & 120ml 2% 320ml Atolol &A1tz AT

10 |

—O— Protease activity

—&— Absorbance
e 8 0.8
O
-~
: s
I 06 &
=
5 ¢ 62
%‘ g
B =
g 4 0.4 %
3 2
§ <
S
~ 2 0.2

| 3 5 7 9 I 13 ) 17 19 21
Fraction No. (5m£¢uﬁe)

Fig. 2. Column chromatography of protease on Sephadex G-75.

Fig. 2= A7) £g 9L t}A] Sephadex G-75 columnS.Z AAgH
Aoz dwzle] &3 protease?] FAo] wj$- & XA}

SolHAe AP = M3 protease’t SATHANME L7195t
Z+E pHY 0.IM Mcllvaine &5 8 H ol casein ¥ hemoglobin® Z4Zt &3] x]2)
A& 71428 71AFE 1%A T4 AL AAstgen, o 23 A

pH 35 ¥ 2 A pH 7.0% 9 2% 59 protease 7 oS & F AATH

Fig. 32 7124 ¢ 283 proteased] A& 4o)g pHIA =AH3 Ao},
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20
—O— Hewm ug{o bin
—@— Casein
16
o a\
oo
B
=
< 8 \
4
O L A L L L A L L.
o 1 a2 3 4 S 6 7 8 9

PH

Fig. 3. pH - protease activity curves of

fruitbody extracts of Sarcodon aspratus.

Y. ol AlFo] A3l protease

SolHA e FAHAEGAS CMC column, DEAE-Sephadex A-50 column
% Sephadex G-75= AA thg, A pH 35 ¥ 29 proteases Al-&3}d
ampholineg ¥£3%3l= LKB column® 2, pH 35 - 6, 4T, 300V AgzxAo=
BAE 2FANEEE T3S Fig. 4914 B nkst o] pH 435 2 pH
479 SRPS 2YSE protease 7 &L AT ob-&2] Table 994
© et ol FAZAF} olE9 3FEo] TAA 435(a)7F 8%, 4.70(b)o]
5% on, o]E fraction & v]EAL zZ+z} 302068 2 3257vlE A5
]—‘é— FAEL TAMUN O B, 323 540 A FUsd9ch

¢
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10
—8— Protease actvity
9 —o—pH e
—O— Abs orbance
8 e e
osi
B 7 e
"Q\
T S
—
N T T
B o o
2
g 3
2
I
o]

I 3 5 709 1 I IS 17 19 2
Fraction No. (2.5 mitube)

Fig. 4. Isoelectric focusing pattern of protease

in fruitbody extracts of Sarcodon aspratus.

t}. Protease?] &4 3 54

0.8 rceomememmmms ettt h ettt e

°
S

Absorbance, 280mm
(=]
ES

0.2 CF

o Il H b N A ok
0 0.2 0.4 0.6 0.8 I

Enzyme concentration, %

Fig. 5. Effect of enzyme concentration on protease

activity.
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Fig. 5 © pH 409 Mcllvaine ¢FHo = AASA 343 2589

casein 7|8 A& 7t 37CAAM 6087 wrgAIl1 2 FFEE A
Adoltt, o] AYZRE B2 HEJF 05%0lAe] HAE FREY TaAEET}
ek ofysmz g9 FEE 04% olstE e A4 FAHE

A3t

4-20%9 polyacrylamide B2 H7|4%& & AH} ©d

FFHUTH o= 2V ©F ZYUHASE AT F AT =
Z

ojg st EAFE A& A, a7 oF 43 kDadl EAHS 7 )

& 4 9JAt}h.  Polyacrylamide ol Al2E ¢7] Aol A E sample bufferst
Hol 100 ColA FTEsle DA Fie AEgPdez Add) g4 22271
fHol AgAA F 10449 o2 Yedes AL #F & 5 ddded,
B4 E sample bufferd] Hol T8 o a428A4 AdAA PMSF 01 ug &
F7bsted &9 #AE AAE A AR dojuA EA H
Ao ddmute] eyt olg olf2 AGT FAAA AEE

&4 9 sample bufferdl PMSFE 28 AHdAN FH3dod &ulstdn. 249
HYFYE Holys 2% 65 TolA AAE 15-308 Alold Aoz AHAZ
% polyacrylamide A& %3] @iz oo Wz IS B E A 6
ToAAM A3 /‘]7“’] AolAd4E ogid oo Fxrt

.{’1\_ =2 —}I:
AR, o] F T3 o] BLE AVMEHTE H BAYS & F YU
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Fig. 6. pH stability of protease enzyme.

FAEHE LYY TYd FFEAE 2839 pH 2 - 97HA Y
HHANAM proteased] pH 4AAE AT, Fig. 6914 BE upep 2o
How, pH 4 - pH 79 HHAA A

g
(o]

[zl

[¢]

%)

w

¢’]

fr

e

v

AN

=2
X
L)
2
1o
i)
oX,
o ®
fo

245 vEth

Fig. 7 £ 49 HFLxE2 27 939 pH 409 0.IM Mcllvaine
AF LA 30T FAEAHS 10002 31 2EE ZoldA HUBTAHS
AT 1 A, ¥ 69l BeE ukel Zol HAFH 2E7F 40 - 50T
HARon, Hue] FAFL 30Ce ARG 15 - 2 A=A
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300

250

N

Relative protease activity, %

20 30 40 50 60 70
Temperature, C

Fig. 7. Optimum temperature of protease enzyme.

Fig. 8& Protease ¢ 2=¢HAA

e
Protease® caseing 7|EE 39 LLEE HIAANMHEA 1A HES

E2EAE FA%R ANoH, £ H0C 7 AYEA F4E BYARE
Gehhith 50CAME 80% AEe ¥Ao HAHUeH, 60CEZ 2E7}
H7HE 45%, T0CAME A9 FAel YU &g AER nHHAL,

80Tolgell e &Aool &3 dojuziA 8L ¢ 5 AU

)
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Fig. 8. Thermal stability of protease.
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Residual protease activity, %

Stroage time, mm.

Fig. 9. Thermal stability of protease.
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Fig. 9= Z47Zte] x4 1A ol &4E HASHS ° dde
e ZAE ZAelr. IgdA e upsh Zo] 30T # 40TeM=
ZEAY ASHEdE v G B4E BeH, S0TAAE
AR 90% ZHbe € AFAEE vEdz ok old st 60T R

© 108 - 208APgRE FAF A HAEIT AFHUNeH,
0CHZ] BFe 0EAHZ A ZE Tho &40 gl s ¢ & AU

jad

4) Protease? @&

7t 48AY AR ned

43 protease® HIEIEEA ol§ 2 B2F4EES Ygdlod,
3 e ASAY papain F A FYFH E4ES YedY o
proteasex WEZTQ FA 2o v 268%, A8 vl = 138% 9 H
ZANAL. odE 2FY Fre Agasel s wudd s
dojudA F&4 Aol F7tE7] dEYL Ao ddd

Table 10. Water retention capacity of treated beef.

L/ Water retention capacity, %
Control 60.4
Neungi
Mushroom powder 705
Mushroom protease 76.6
Sugar 67.3
Papain 737

129



5O19 YxixgEl TlE R 1% e

Y. 4254

1719 &8 A¥xy o
4El e actin, myosin, connectin =
A Ao AKAE dWNARHEL Loz 1y He AFR3F o]

Z] L=

to 1%
o
i
dz
e
o
s\
1z
lo
b
-4
oX,
i
rir
i}
i
dg
o

RGSs |
TEERA S st ZAdARY FHE AjAReEH TYE RE=YA
A "ok B AP AL SolwA B2l protease? H7b7t Table
HellA Be viepo] ZEE Z2A7le Aoz degen, A#gu e

g MASTY AExR gz
St FAEd ol A"RHENE AT
AEAe TR Rl 2 AztdY. FolvAle Mtz
A3 AEZAAL2EHE SowARw SolB A protease™ 58.5%,
Al#e] A&AQ papaine 56.3%9] S AEDAE e
Takahashi 3 Saito(1979)e] <std  Har]e] HAHF dojys
HIar]EHe] F2U}E BEY A7, 25459 A-band, I-band, Z-line ¥
M-line ol Si=d, ZH4HFe F#3= Z-line?t I-band o HFHAA
doly=d], o]t Z-lined} I-band Alole] ZEAstE= gap filament ZF&
connectinol2} £ $-E BATRHo] Bl =dMf Udss sz,
AfRo=z 3178 @3y dodum Y. Park (1986)< ficine
Ae3tAe wW LA F2 myosine] WA BAEYL, actine B dojubx)
R Busgoen, Chae 2 Pak (1996)2 w7} 343 proteaserk
myosin®] EHE FIANHTTL B3 Ht. Youn € Yang (1974)F papaine
o7 Ayl AKHYAAM o AXAN 2LHFY EHE 2AsPo,
collagen ©]4} ellastin Aol 2&3x gUvtn RudtATt.  old uldd
solHA Y proteases AW ASAQA papainBRtE o EHHOZ  actin,
myosin, connecting HIEF ZUAHF GAlA EBHE AJle Ae=

Aeg,

A5AQ papain F A FUYH AKEH
vt 225%9 4EE
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Table 11. Hardness of treated beef

L1 Hardness (kg)
Control 115
Neungi
Mushroom powder 5.56
Mushroom protease 477
Sugar 891
Papain 5.02

9. A4x 54

Z+ Aol AxE 243 Z#E 9 %(Lightness, L), 3 =(Redness,
a), M =(Yellowness, b), 4E o2 Table 12 o ZAstgrt L e AL
SOl BEZHMNE BEE ZAAZAoY, o)Al proteased A$ 4722
Fold o, A9 2 papain® protease?t FAS HEE Jehdc. AAT o)
G Aede dEx2TFo vatd BE AHYPdA B e RgFIU

BEst AM: 9 FAEIHE I JE Fo]l 0 - 05 ol AU}
A9 =AM, 05 - 158 4% Mxrt JdE Ao 15 - 30014 AR
T & FEY AR 30 - 60 & EAT MAIL 60 - 12 £ iy AT
ARE, 12 o]Feld & Moz Yehlle Rol dwtyolt AE%M] A oI A
FolHAl EE H7bstH 45524 AT MAE BHoAFow protease, DY

2

AN
% papain® 207 - 274 24 FAL & AL AR Az dehud
SolMA Bl A ARNE AT AL Solwle] AL M A
RozA WARAL f8A BARY AZANE  WsA aE A
qrmEoz AztEy,
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Table 12. Color changes in treated beef.

Color
L/

L a b AE
Control 45.1 4.88 16.7 0.0

Neungi
Mushroom pOWder 442 424 152 455
Mushroom protease 47.2 422 135 274
Sugar 46.8 4,01 14.7 2.69

5) Protease? H3A wjg=z=A

Protease ABAFS #9131 FATFozZA TawATF(Lentinula edodes)E
AbE3t R o1, Proteased HH A AL Ty st AaZ1AY 2A,
WGz, drits e HE

7b. w71 A o] EA) o] Protease AXbo] v X &= g3}

HZE WMAZAME F7HF(Soybean flour, SBF), £4-47}%(Corn flour,
CF, 7}Ald(Casein, C), AW ¥ (Wheat flour, WF), ¥7]&(Wheat bran, WB),
718§ (Com oil, CO) H o]2asF(W)E Table 13 & &2 o8 7HA]
ZAH 2 wigdetd 7Y g4do] & 218 A

Wizl o] ZA¥ protease A o glo]AE WB+CF+CO+We] %3F}o)
8 U/gezAM 7FY 2 protease AAAH S HAFE1, WB+CO+WEEo]
70U/g, WB+C+CO+WZ&2 60U/g o84 W& L4715 7 nluns £&
protease AJAHF S YEbATE W SBF+C+WF+CO+W 2 SBF+WB+CO+WE
74z} 3 U/g 2 40 U/ge2A F7H%9 AMEZF protease o] wf ¢

A4
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®E RS & F AU

% Table 13. The effect of medium composition on protease production.

Medium composition Mixing ratio, w/v Protease, U/g biomass
SBF+C+WF+CO™+W | 3%:0.5%:3%:0.003%:H-0 3
SBF+WB+CO"+W 3%:3%:0.003%:H20 40
WB+CF+CO"+W 3%:3%6:0.003%H20 85
WB+C+CO™+W 3%6:0.5%:0.003% H-0 60
WB+CO™+W 0.3%:0.003%:H20 70

Soybean flour: SBF, Corn flour: CF, Casein: C, Wheat flour: WF,
Wheat bran: WB, Demineralized water: W, * CO : corn oil (v/v)

v w7129 Az

Protease A4S 98 v oM =ZA A3 o]2uw34 pH 452
24 Abgol &g E gcetate buffer® AHEE A3} Table 149 Yehd
9} Zo] acetate bufferdl = M3 proteased] A4bo] A Pgtow pH
ZugF7E 80 Ug 9 7FF %2 protease A S JeEdg. o)
o] 2T E pH 452 FAHI}ANS o AL 62 Ulg &2 golath

Table 14. The effect of different liquid media on protease production.

Liquid Protease, U/g biomass
Demineralized water (pH 6.5) 80
Acidified demineralized water (pH 4.5) 62
Acetate buffer (0.1 M, pH 4.5) -

o W7 4%

w717k wE  protease AL Table 1594 HE  upelgo]
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HEAZEe] A we TR ew, 724 wWFe=2 90 U/gel AHdiatel
@3, I olF HA PaIe AFoE et 843 W= 8 U,
96A12ko] HEA 60 U/ge2 1 Aol AU

Table 15. The effect of culture period on protease production.

Culture period, hr Protease, U/g biomass
48 50
60 65
72 90
34 85
96 60

@. Protease ¢ 54

Lentinula edodesE ©°)-&34 AA+E proteased] #A#F2 ¢ 45000
ojlon], EA5HE ol pH & 2x9 ZANA A ZF= Fig. 10 #
Fig. 119 Yelyitt. Fig. 102 Aolgk pHollA 2] proteased @4& EAHS 27
A pHe 4994 Jergow, Hdie] E4L& pH 4 - 6 A U
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Fig. 10. Protease activity of Lentinula edodes.

(O-0O: Protease activity was determined by reacting casein
at different pH at 37C for 15 min.
@®-@®: The enzyme was incubated at different pH at 37°C for 1 hr.

The reaction products were determined and plotted against respective pH.

Fig. 11 & proteased 2Z<¢AAE ZAE AAZA HILEE 55

TAA Yetom, 30 - 60 9 HE 2o HBFS ¢ F YA o

e 238 AR, H4EFFY, 4FAx2YE 2 EFFE T 29 ogw £
AR E AT}
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Fig. 11. Stability of protease of Lentinula edodes.

O-0: Protease activity was determined by reacting casein
at different temperature at pH 4.0 for 15 min.
@®-@®: The thermal stability was determined by incubating the enzyme
at different temperatures for 1 hr. The reaction products were measured

and plotted against respective temperature.
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2 dFdME Syt E¥stn e 4 "IN AHES B4,
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protease®] &4 7
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Azugel slAE @Pe Lad savh  vhAGon wAFY AANFL

S
T ¢ protease £29 ANAAH 24 FHIA F4rh

oM A (Sarcodon  aspratus)®]  F71AE R opmmAle]  zAS
EAstd=nl, FolH AL Ca, Mg, Zn, Mn, Fe, Cu € PhE #f3lgon, 53

o] ®o] FFH AU

AR T2 R F oS BN A, 1439 Faotrcate] AEHY
glutamate, alanine, arginine %°] ¥yt Foluxae  15Fo|go
glutamate”} 7} ®t3L, aspartate, serine, threonine §°] 1 th2oj¢th.
95% EtOH & 9st9 332%9 8= Glycoproteing Ao,
FZo AH&3stE EtOH® S wat 39 3teko] Aolst glycoproteing 4L 4
UANE=H, EtOHF =7 R &45 39 Fako] =9tu),
A A, BAFg 309 o] F o] 395%4 HiE
TEA iS4 £ U2, °o]F lon chromatography 2 B 3te A&
B-1& gel chromatography® ¥ 3% B1B7} 4% 700KdaBd k9 FAHUZGH=
YAt 3H FAH dFFEAM 289 P2 fraction®] A$E glutamate, alanine
ol Hlz¥ g FFHRow, cysteinee A9 A ggirh
TolHALZREY FEF A X9 protease TAE AATAoW, HA S
ol wel  proteases] MEAHL  HAFtsgh HAEEF 9
E2x vg84 L 2629 F718t9 o8, CMC columnX @2 179, DEAE-
Sephadex A-50 columnAz& 1138u]e] A ZF/ME et YolrbA
Sephadex G-75 column HFZ 728382 Z712S ¢ F U
Polyacrylamide A=Z H7|4&& 3 Az ddu w8 7bd ¢ 43 kDa9
EAZFE ZE d¥ldyds ¢ 4 ddd.  Polyacrylamide Ao &84
AefA PMSF 0.1 pg & A7F2 o] &4e AMEHSS 7 §4298 ¢ 4

AN

odl

Glycoprotein &

]

P
h .
€}
=

ol
°

3
Qe

A pH 35 #22f FelwAe HA protease®] ZH 7]
23 pH 435 ¥ pH 479 533 & €28k protease 7} &S FAstgen,
AAAR o592 g0l TAHAA 435(a)7t 8%, 4.70(b)°] 35%H o, o=
fraction o ¥|&4LE Ztzt 3025d) 2 3257#2 A5 o]lE FASL
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TAAT O B, 543 EA0] A9 FYsA

o] protease® pH 494 HAHe XL HPew pH 4 - pH 79
HYd A <tAg 848 yebdd o] proteased HAH 2%7F 40 - 50T
Hagey, i 4z 30T 2ART 15 - 2 sl =HTh  Protease 9
2EARES ZAE AF, 40T 7R 0% 7k E4A8HE FAS 2
Ao, =7k 40C 7 AUEA 23 FHALE HERUAT. 50TAAM =
80% AHX Aol HFAHNeW, 60CTE 27t 7t 45%, 70CAHA=
Ae EAdo] YetA &g HAE=2Z nna g, 80T ddAs &40 43
g gA €& ¢ 5 A dodsd AP ZArG A, 30T 2
QOTAXE A 1A EAHAME vl AT FAHE By, 50TAM =
TETAER 0% o SHAGES, 60C 2 70CoAME 108 - 20FAHRE
A% Ao A AFHJLH, 0CHE] A5 0EAHZ AY
BEE &4 EAo] flolHE ¢

2o
z
X
M
md

Fi} protease® H7FEIEZA
s =& BFEE deleul, oMY protease® F-A 2ol nls) 26.8%,
Ao w3 138% 9 BEE T o#d nay Frbe dSEI
ofgte] dldol R doAUdBA F&4 i) FUHY] AEY A=
word

ol

o] 3 3 AP A3 2u7Y HEE
Aoz velgoen A#AHT e A5A papain F A T
EHAE HAZT FolwiAY 2 A% BERREFHE SoHARZO
51.6%, Tol¥A protease 585%, Al#e ASAQ papaine 56.3%9 E&
A=A E YEHY. 2 olFE2ME FolvAle protease’} actin, myosin,
connecting HIE¥ ZYAF IHEE ARz EIHE AV HELER
o 3=220=0 o
SolHARY HI AF9 ME® [(FE(Lightness, L), 44 =(Redness,
a), IS (Yellowness, b), 4E ] o mAE 9FS AR A3} FolwAl
ELAE 958 ZaAAoY, FolWA proteased] F$ 4722 Eolal o,
A% 9 papain® protease®}t FAIE WEE JEIWY.  HAE9 FAL 9
Age dzFd Hslg ZE AN Be #e& RAgFUY. JE#
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AolA  HowA BT Hulstd 45524 A MAE BAFIOH,
protease, A ¥ 2 papaing 207 - 274 24 AAL £ Y& AxY AAR
el FolwA Edo] g AE AFAT AL TolHAle] AT Aid
71dste AozA WAL 28Al BAlEY] YARE WA e AA Y
MAidFo g AYztArd.

Protease 249 tFAPAS $3 FAF2L2ZA FaWA T (Lentinula
edodes)& AHE3t9 2, Proteased HAAWLL =71 FHII  Hsto
a7 del 24, gz, I ss ZES A7, A9 24E protease
Aol JoAME FIE+SFFItF+E T 7IE (WB+CF+CO+W) ZF 0] 85
U/ge 24 7FE =& protease AAAE S BAFU, FrF9 AWExde
protease Aol w - FE& A& & 5 AU Protease S g wj
W) A Z A acetate bufferdllA = & protease?] A4to] x| ¢ktonl pH 659
olmgrt 80 U/g 9 7F4 %2 protease A4S Ve o]
ol 2uPFE pH 452 ZAHIIYS o ABAAEL 62 Ug 2= Yopath
W F71ze] @WE protease AL wiFAIZEe] ZAitge] me FrheiA L,
T2A7 wiFe® 90 U/gel Hulgtol 23td i, 1 olF FA #Zidte F¥oR
velgttd.  Sephadex G-75 chromatography & ZA3 ExFE oF 45000
ol t.

o

>m

Lentinula edodesE ©]£3t A9 proteased] EAEAS 4old pH
2 259 zAJAM FARE A3 H3FH pHE 404 Jebgod, Hue AL
pH 4 - 6 Y] ATt proteased] LTAA L FAF AAZA JFF2E+

2,

5 Cold velyren 30 ~ 60 9 We 2ol dATS ¢+ AoA
E4r 238 AA, AFFY, d4FAZY € EFEFHE dg o]§d
o o

3l 2 A4zgd,

ol

4

L
o
%]
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Bho] B3 =EE A Folr7] & AAolh wEh M B AFAME FoluA

eSS ZAEY 7xAEE2 #4357 98 simultaneous
distillation and extraction(SDE), supercritical fliud extraction(SFE), headspace
T FEUHeS 2g3%d GCY GC/MS, GC/olfactometry® AEDA(aroma
extract dilution analysis)¥ 2.2 7|4 E 3} EXE AT, Solujsle &
AFEH 284 AxE A TN AH Azxzxa € AzxdAFTo F
7148 ¥stet BEWsE A AT

2. A5 20y

1 As
2 Agd AHEE FolMAE 99 3R E 109 Z2&AFol dofatdl A AFH
S Ao2 -70C freezerdl A Y& Ba3tgrh

2) 293
B woluAe dxd¥el AEE FAe AFEE Fig 19 ved 23

A2 8 FEIHATY T EFAAE ol &Y 229 T, A
=
-1

Lickens and Nickerson type simultaneous steam
distillation-extraction(SDE)"? X2 i}&3dte] AgstoA 22840 A=
150 g /T 600 mLE 1 L S5 & Z5t2349 ¥, 50 mL diethyl ether®

FEE Toaze Y& F 3 B FEEAAT G de FEALe By
i YEFOoZ 43 3 AF%E7(rotary evaporator) = 30CE #A81HA
TES T A27bAG AN 1 mL7bA Al sk
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— H AL I
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1. Temperature and air velocity controller, 2. Motor and fan, 3. Heater, 4. Humidifier, 5.

Humidity and air velocity measuring instrument, 6. Sample tray.

Fig. 1. Schematic diagram of experimental apparatus for the drying test.

Y. SFE &
Jasco Abe] 2}FE FAE ALLIAY. FEFAE oliEtEA FYH(Model
830-81 B.P.R), 7} (Model PU-980), %% 7](Model: CO-965 column)& T4
HyeH, HAgHL 350 kg/or, FEE71E 10 mLE A3t on mcote] #
A e AEES AIESAT. oliddgats IATE Ro|E JFAE AMREHA

4 AREE FE74 ¥e ¥ %%9—53— 40CTE BRZNA 3, FE4HLS 250 kg/
arZ FAANHLH, o4t HdrE 2 mL/min o &2 FFAATG AFALE
ol &% Zol7] 934y collectoroﬂ diethyl ether® %o} TRFAeH AE 15
g5 FF vesseld Yol 5A1F F &840

Y. Headspaced%
ANege AE ANE 5 g2 AEE ¥ headspace autosampler(Varian Genesis
Headspace)E Al&3t3th. Plate temperature® 80CE 391, sample

equilibrium time< 30 min, mixing time< 1 min, loop size 1 mL, loop
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equilibrium time< 0.1 min, injection time< 0.5 min, sample loop temperature

4) F71E £4

7F. GC 2 GC/MSEH
GC¥ Varian star 3400 CXE& o] &332 AHL Restek-Stabilwax DA(30
T

mx053 mm)E A& Pa, LELEE 50CHA 587 $A3 T Bd 3C=

220C7HA AsARen o xdAN 2087 #A39d HEV]IE  flame
ionization detector® AH&3t FHUTY ¥EE 230C, HE79 =€ 250C
2 ¥t GC-MSE Hewlett Packard AF¢] GCD G1800BS A}%ﬁ}%zfﬂ 44
2 HP-FFAP(30 mx0.25 mm), SE&5+E 50CoA 587 §X3 & B9y 3T
!

2 280C7A 45 A A Carrier gass A4S AM439x, 389 5
GC-MSZ 92 mass spectrum= Wiley 275L Data base® 7&’*—‘,‘0}04 %é
o IR FHS GC-MSE ol &3tnon, §FHL GCY peak aread] %
Al ¥2 et GC/MSZEF#9} GC/sniffing test 3FEQ A HA =
sigma aldrich A}2% 8 T3 n-alkane® (Cs~Cx)olA A2 retention indexZ

Wzt Fahsio

. GC/sniffing test

GC/olfactometry®¥¥ 5 AEDAY®'g o] g3 x, BE 4 =1L GC2A
I YstA 4t SDE ¢ SFE 2 F&3% 35 1 mLE 5% 3 diethyl
etherZ 3uj+¥ DAF o=z 3N AA ofFd HAZL ZAHA @&
sniffing test® ZP3}tA T, headspace A= GAFLZ FHee= ASFS 1/34
9 UrtEA obF HAE ZAHA A & 9 71A YAt ol o gy
AR W7t wixgo e g IAAMu4E 2 &7 E Y flavor dilution(FD)
factorztil &}, z}zte] Wyo s F&3 F& %l’“ 2 gAstn 7zt 3
A ¥ sniffingste] BA Y ZE 7] JEL FD factor2 e,
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Az AR F FE2E BEIY 94T 522 AR e AEI Soue
0.IM phosphate buffer(pH 7.4)2 ZAH 4% glutaraldehyde® A}-&3dte] H 1A
F Y 43 ANA overnight Al71 FU buffer® ZAE 1% osmium
tetroxide(0OsO4) & A& A&sted = AR 49 14 Fos g8
¢l 0.IM phosphate buffer(pH 7.4)& At&3td 7} 2087 T WA A& st
o]l 30%, 50%, 60%, 70%, 80%, 90%, 95%, 100%7+# ethanol ¥ % A% <
o2 7} 1084 243 9, propylene oxideZ 2084 29 &340 1 ¥ 31,
I:1, 1:39 propylene oxide : Epon mixtureg «xb2 02 30E% Tojrzl F

Epon mixture?te 2 60% *Evl3ldd. %2& Epon mixture® 03t Epon

o
ol

blocks Z®HE#A 7] (Reichert supermova ultramicrotome, Leica Co. Made in
Republic of Austria)2 50~60m¢ F7 =2 Zud A3l Methylene Blue2 ¢
8te]  Automatic  Photomicrographic system(Model Olympus PMI10SP
Photomicrographic system, Made in Japan)©.Z2 A% & FTZHIE PAstz
AR E G S AASAT .S 20002 2-3PEon, 200mx200me] A ALz
el B39 A7 58 FARAT

N Ax AY F A= 54

Ax e AxA(Model COLOR OUEST 1II, Hunter Associates Laboratory.
INC, Made in USA)E °]&3}l9 L(ightness), a(redness), b(yellowness)at-& 7+
7t 33 o] WHE ZA3to] ojfe AL ojgdtd Ax A FolWAH MEA
(AEab)E& YElUATH

AEab=V A L*+ Ja*+ Ab*
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8) dx AR F EAR =4
Zt ARE FAYE 108 Ad9sed Fx g 2vel(Fudoh Rheo-meter,

Model RT-3010D, RHEOTECH Co. Made in Japan)® EA4& 2R354tk A=
o] FUHEL YoM o948 olgd¥(adapter) & o] &3td AEF L TAHIE 23
o BEAY, AE 2 dEAY, AFAYE, AY 8 Ay, £ g3l 9T g
42 BAAANE, dede 4 AE, 94 o3 FAF A AARE AY, ¥
HoAE 34 58 FEHez =AY, Ax Az W& Strength,

Compression Distance, Break Down, Deformation Rate, Hardness, Surrender,
Distortion, Alleviation Time, Alleviation Rate, Softness, Jelly Strength%s ¢ %
4 B4 AAYANL FAYR ol Axoluise A9BHY} mmaT,

d FA 27L& Chat speed= 50mm/min®] 1, load range: bkgio 2 A A3}

AZToHA L FFHF 308 FAo2 AR T AW FHd Eo J= 8
< AAT F FAE SAHIAH. old ELE&L Ao 8 FA AT
54 7o FEFANE JeEhidd E4LE AxdA Fo B4 SAYES F
UsHA A 33g

3. A% 2 n2
1D FE9Ydd g2 /AR B4

SDE, SFE, headspace W o2 & & GC/MSE AAsA 71479 &
S Table 19} YetHAh SDEE #2331 GC/MSE o)l &3td A3 A %

olHA Y] FAEL 33/oln B EE B A 670, HEFH 671, &F 7
AEF 571, ddstel=F 270, 7le} 7702 eyt 8 HAE = FHRS
AulHe] dEHYG AF, 0F L AEFoIH o] F l-octen-3-ol (24.84%),

1-octen-3-one (16.85%), benzeneacetaldehyde (8.63%), 3-octanone (7.72%),
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l-octanol (4.89%), 2-octen-1-ol (2.83%), 3-octanol(251%)5 0] & HWABE
HeEtH AT solwiAlel AR F o] ¥A veEhd l-octen-3-ol ol
A oty e ALuAdAE Bo] FRHe] dE Ao ragaad®
Uk AguAe F2 WA YRR dHA JdE C FFEEL Fo
HAAME Fa i 480 A8 FAHUTh SDEFEE0A ALY 3%
€ % furfural ¥ furfuryl alcohol 7R FEI AN ZHwrgo] o3 A
d" Aoe2 FAHM, butylated hydroxy toluene(BHT)E w2 AZE = glo

EvlE A& diethyl etherdl M € Ao Algso] &7 YR £3A]7)
A AP SFE $%3ke] GO/MSE A4S A SoluAe #7142 267

o BFEE vegod, A4E 3TE F AL 12, ¢2FE TR, AEFRE 3
A, 718 HE Y o) F B3 o WAHE AXsn JdE RS
benzeneacetic acid(17.52%), 1-octen—3-0l(14.28%), pentadecanoic acid(5.36%),

1-octanol(4.14%), 2-methyl-propanoic acid(3.77%)°] 1 th. Headspace®Z & A
= F 170 g Ec] EAEHAJEE, 2 F AL K, EEF 4K, AEF 27,
718 87z dehgen, 1 F e dHuE AASdn dE A
1-octen-3-one(54.52%), ally iso thlocyanate(lo 68%), 1-octen-3-0l1(4.65%)
ATh olst o] FE:uylo] we} A FoAE WAHIL 27} g2 ‘415}
Som ol FEuWW 549 2ol 46&%1 AztEg®,

2) GC sniffingol] 9|¢ F&E9 Fr1EN Zx

solvAlY FrIEAS AR Y& sniffing test & AY ZZhe] FEE
M BAE BEE ¥ 542 Table 29 2tk AEDA®H A FD factor7}
T FEES FVISA At RS YEE 7R FEEHA FFoZ
FD factor7} & 3122 RI 1479, 1481, 1486 & w2 Aso|HAUE Uell=
unknown3}E ot 1 o] AWMANE YEHE 1-octen-3-one(RI 1296),
I-octen-3-ol(RI 1442), EUWE uYEHE 1-octanol(RI 1525)F A 3H3HE oA
F7154 0 ZeA Jehgt. ook FD factors Z %A T Table 10149} 2
of Yetd oz 7tx] Fr14EE] SolWAe FNEAL o]F1 YUh
FYMHE JEHHE 3-octanol, 2% EWE YelhE 2-octenal 59 Cs EEH

4

o
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%71& YEtHE benzeneacetaldehyde, &4 W& Yehl& L-linalool, X
YEt & 3-hydroxy-2-butanone, A&3 @ E Yelll= 2-decanone,
Ed3 3719 E Yeh = 3-methyl thiopropanol, A1&3 $FHE Jehy
propanoic acid F°] FTolHAY FIEAL olF: tt SDERE F&% F
AEDAZ el A3 Rl @& FD factor: Fig. 29149 2ol SDEF%

Al FD factor7} & AL RIZ} 14769 w9} 1486¢ @2 4 Aso] B4
YEHHSIT o] AEES U Asti g7t del GC/MSE FAHHA
FRA G HBD solwAe] FE WE F2F ARY Rolw 4D Fig.
3+ SDEFZE9 GC chromatogramZ 32 et TN & F %9
FD factor$} peak area% 9l %fﬂol dz2A Ydeiged, o 3 gk
FE7F dAGA FES € F A F A ¢ FFEL Yo FHolr
FD factor& YElJo] o] 540 TR?} d3g v Fig. 4% Fig. 5
SFEF& &4 9 RIol w& sniffing test®} GC peak area %E z+zt el
02, FgE HAEAA} FAFo] & sniffing testell o3 FAA 3 E 0]
GC/MSE= AAHA &t 238 Yehidoh =8 GC/MSH o8 AA4" 3
FE Fod ¥ F7Igez A GC/olfactometry Ao Yelx e EE
= Qo Fig 48 B Fouale )@ Be HES Fz GCHANR

Yetton, 53 RI 1476 o w9} 14814 o 7] &Ao] A ey o
SDEFZ&E9 AEDAZ & fAlste, o] A¥ES v £3td FD factor7t & 3
$E F, @40l F3 FAHELS dEE GC/MSE FAHHA skl Fig. 69
Fig. 72 Headspaceol| A 2] RIo] w}& sniffing test®t GC peak area %& 27t
el At Headspace GC/olfactometrydl A= @AIF o2 Hales A8 o] 3
S W FAHE FU] ARl AgHeg Fd FUEHS vEUdE Aoz T
T ed, ZF FVELAL GCHMRAA dgiER ZAHUG o ZL& FD
factor2t= SFEF&E¥ SDEFEEA ZXd Frth o Z3tA Jebso. o
Aol Ao AP F2&udd wal 39 profile 2z 2 A JERt oL, A
SOoIMAWE UeEE RIU4B6)E 37HA 294 ZFAA =4 vevde 53
< B TN 5535 F7|E5AHL C FFEES v FE GC/MSE H
9" o2l HAEEF AEDAY O R A vF JEEo A4F FL3td Uerd
oA Aow AztAT

Lo

e o & b fff AN Lo

A
Lo

S
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Table 1. Volatile compounds of Sarcodon aspratus with three different

extracting conditions.

RI Compounds Peak area(%) 0d9r '
SDE SFE Headspace  description

1163 2-methyl-2-pentenal — — 0.20 grassy

1254 3-octanone 772 — -

1280 3-hydroxy-2-butanone 110 0.37 — mild cheese

1296 1-octen-3-one 1685 — 5452 fungus

1360 allyl-iso-thiocyanate — (042 1068 pungent sauce

1391 3-octanol 251 0.69 0.21  bitter herb

1418 2-octenal - — 0.29 green leafy

1442 1-octen-3-ol 2484 1428 465 fungus-like

1452 furfural 205 — 0.15  almond-like

1468 2-decanone 037 048 0.21  orange-like

1506 propanoic acid — 027 0.18  sour mike

1514 L-linalool — 058 — woody

1525 1-octanol 489 4.14 — mild herb

1534 2-methyl-propanoic acid — 377 —

1550 3-methyl-2-cyclohexen-1-ol 046 — —

1572 3-hydroxy-2-methyl-pentanal 050 — 2.38

1583 2-octen-1-ol 283 196 —

1594 butyric acid — 027 — rancid butter-like

1606 benzeneacetaldehyde 363 1.49 — refreshing sweet

1632 furfuryl alcohol 0.27 0.27 042  burmnt odor

1643 3-thiophenecarboxaldehyde 0.23 0.32

1680 3-methyl thiopropanol — 027 0.27  unpleasantmeat like

1686 2-propionylthiazole 023 — 0.36

1709 undecenal 046 — — dry floral

1757 pentacosane - — 0.42

1767 2,4~decadienal” . 009 — — fresh citrusy

1770 25-diformylthiophene 032 — 0.36

1912 2-hydroxy-5-methyl-benzoic acid 023 — 0.35

2012 octanoic acid — 053 — sweet like
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Table. 1 Continued

q 3% A YU A 21

RI Compounds Peak area(%) od.or.
SE SE Beadpace description
2045 hexadecane 0.14 — —
055 2,6—d1(t-butyl)~4—hydrox3'7— 037 042 .
4-methyl-2,5-cyclohexadien-1-one
2080 tnbutyl ester phosohoric acid 123 — —
2121 nonanoic acid — 02 — mildly nut like
2145 heptadecane 0.9 — —
2245 octacosane 0.18 — —
2251 3-(methylthio)-propanoic acid — 403 —
2332 1-tetradecanol — — —
2343 heneicosane 0.18 — —
2385 benzoic acid — 0.90 —
2395 indole 0.23 — —
2434 dodecanoic acid 032 026 —
2442  1-octadecene — 026 —
2497 benzeneacetic acid — 1752 —
2508 teracosane 0.14 — —
2523 1-heptadecanol — — —
2529 N-(2-phenylethyl)-acetamide 046 212 —
0508 2~-methyl-3-(methoxycarbonyl)- —  3xm -
456,7,~tetrahydrobenzofuran
2646 pentatriacontane 0.14 — —
2658 tetradecanoic acid 087 1A —
2752 hexatriacetane 0.23 — —
2767 pentadecanoic acid 027 536 —
Total 51 7941 6566 7598

SDE: simultaneous distillation and extraction

SFE: supercritical fluid extraction

RI: retention index
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Table 2. Potent odorants (FD factor = 9) in S. aspratus

RI? Compounds odor b FD factor
description SDE SFE Headspace

1296 1-octen—3-one fungus 9 9 9
1323 unknown mild mushroom — 9 9
1360 ally thiocarbonimide pungent sauce 27 — 9
1372 unknown almond-like 27 9 9
1442 1-octen-3-ol fungus-like 9 9 27
1468 2-decanone orange-like 9 9 —
1476  unknown mushroom-like 243 81 9
1481 unknown woody 27 243 27
1486 unknown mushroom 729 81 27
1498 unknown mild herb 27 81 9
1506 propanoic acid sour milk — 27 —
1525 1-octanol mild herb 9 9 9
1583 2-octen-1-ol mushroom 9 — 9
1632 furfuryl alcohol burnt odor 9 —
1709 undecenal dry floral — 9 —
1718 unknown rose — 27 —
1724 unknown rotted mushroom-like — 9 —
1733 unknown rubber,burnt odor — 9 —
1767 2,4-decadienal fresh citrusy 9 — —
1798 unknown mushroom 9 — —
2183 unknown almond-like — 27 —

a: Retention index on Restek-Stabilwax DA column
bt Odor description as signed during AEDA
SDE: simultaneous distillation and extraction

SFE: supercritical fluid extraction
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Fig 2. Results of sniffing test of flavor compounds in S.aspratus extracted by

SDE.
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Fig 3. Results of gas chromatogram of flavor compounds in S.aspratus

extracted by SDE.
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Fig 4. Results of sniffing test of flavor compounds in S.aspratus extracted

by SFE.
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Fig 5. Results of gas chromatogram of flavor compounds in S.aspratus
extracted by SFE.
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Fig 6. Results of sniffing test of flavor compounds in S.aspratus extracted

by headspace.
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Fig 7. Results of gas chromatogram of flavor compounds in S.aspratus

extracted by headspace.

3 Ax 2= A4F

Az F505 m/s, 1.0 m/s, 15 m/s)dl ©wa 258 30T, 50C 2 70CE
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Fig. 8. Moisture content vs. drying time for S.aspratus
at the air velocity of 0.5 m/s.

-—307¢C

Moisture content (d.b.)
O ~— N W A N

0 2 4 6 8 10 i2 14 16
Drying time{hr}

Fig. 9. Moisture content vs. drying time for S.aspratus
at the air velocity of 1.0 m/s.
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Fig. 10. Moisture content vs. drying time for S.aspratus
at the air velocity of 1.5 m/s.
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Fig. 11. Drying rate vs. drying time for S.aspratus
at the air velocity of 0.5 m/s.
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Fig. 12. Drying rate vs. drying time for S.aspratus
at the air velocity of 1.0 m/s.
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Fig. 13. Drying rate vs. drying time for S.aspratus
at the air velocity of 1.5 m/s.
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Table 3. Changes in major volatile compounds of Neungee(Sarcodon

aspratus) by drying temp.

_ 30T 50T 70T
RI Compounds Peak Peak Peak Peak Peak Peak
area area area area area area
(%) (%) (%)
1254 3-octanone 4363 427 11570 875 7090 1.25
1280 3-hydroxy-2-butanone - — 1294 098 1621 097
1296 1-octen-3-one 14663 14.35 31513 23.83 56852 34.01
1391 3-octanol — — 1077 081 384 0723
1418 2-octenal — — 158 011 702 042
1442 1-octen-3-ol 15082 14.76 17976 13.59 11504 6.88
1452 furfural — - —  — 2926 175
1468 2-decanone 153 015 549 041 702 042
1506 propanoic acid 1757 172 1177 08 — —
1525 1-octanol 510 05 1016 076 — —
1550 3-methyl-2-cyclohexen-1-ol - — 2591 1% — —
1572 3-hydroxy-2~methyl-pentanal 684 067 6295 476 819 049
1583 2-octen—1-ol 674 066 191 0.14 1220 0.73
1594 butyric acid 1798 1.76 1511 063 1438 0.86
1606 benzeneacetaldehyde 19241 1883 5901 6.46 8745 5.23
1632 furfuryl alcohol 4628 453 2980 225 1621 0.97
1643 3-thiophenecarboxaldehyde 2166 2.12 2977 212 2543 1.2
1680 3-methy! thiopropanol 594 538 877 067 276 021
1686 2-propionylthiazole — — 1143 086 819 049
1709 undecenal 510 050 1178 0.86 702 042
1767 2,4-decadienal — — 692 089 200 012
1912 2-hydroxy-5-methyl-benzoic acid »7T 03% — — -  —
2012 octanoic acid 633 062 — — — -
2245 octacosane 184 018 1143 086 1117 067
2251 3-(methylthio)-propanoic acid — — — — 1621 115
2343 heneicosane — — 1202 090 1601 095
2385 benzoic acid 776 076 1146 098 2857 1.7
Total 27 72.11 74.42 61.12
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Fig. 14. Moisture content vs. drying time for S.aspratus

at the temperature of 30°7C.
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Fig. 15. Moisture content vs. drying time for S.aspratus
at the temperature of 50C.
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Fig. 16. Moisture content vs. drying time for S.aspratus

Fig.

at the temperature of 70C.
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17. Drying rate vs. drying time for S.aspratus
at the temperature of 30C.
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18. Drying rate vs. drying time for S.aspratus
at the temperature of 507C.
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Table 4. Changes in major volatile compounds of Neungee(Sarcodon
aspratus) by drying air velocity.
0.5 m/s 1.0 m/s 1.5 m/s
RI Compounds Peak Peak Peak Peak Peak Peak
area area area area area area
(%) (%) (%)
1254 3-octanone 9689 927 9491 827 11570 875
1280 3-hydroxy-2-butanone — — — — 1294 098
1296 1-octen-3-one 24406 2335 27683 24.12 31513 23.83
1391 3-octanol — ~— 1411 123 1077 081
1418 2-octenal — — 516 045 158 Q.11
1442 1-octen-3-ol 11246 10.76 14874 1296 17976 1359
1452 furfural — — — — — —
1468 2-decanone 156 015 275 024 549 041
1506 propanoic acid 752 072 5% 052 1177 085
1525 1-octanol 522 05 527 046 1016 0.76
1550 3-methyl-2-cyclohexen-1-ol — — 619 054 2591 195
1572 3-hydroxy-2-methyl-pentanal 3104 297 2708 236 6295 4.76
1583 2-octen~1-ol 167 016 596 052 191 0.14
1594 butyric acid 1839 176 1021 089 1511 063
1606 benzeneacetaldehyde 7138 6.83 7402 6.45 5901 6.46
1632 furfuryl alcohol 1599 153 1411 123 2980 225
1643 3-thiophenecarboxaldehyde 2215 212 3925 342 2977 212
1680 3-methyl thiopropanol 397 038 665 058 877 067
1686 2-propionylthiazole — — 413 036 1143 0386
1709 undecenal 1567 150 1813 158 1178 0.86
1767 2,4-decadienal —_ — 1136 099 692 0.89
1912 2-hydroxy-5-methyl-benzoic acid 365 035 309 0.27 — —
2012 octanoic acid 648 062 — — — -
2245 octacosane 1233 1.18 1537 134 1143 0.86
2251 3-(methylthio)-propanoic acid - - = - = =
2343 heneicosane — — 1101 096 1202 0.90
2385 benzoic acid 1839 1.76 2111 184 1146 0.98
Total 27 65.91 71.58 74.42
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Table 5. Changes in major volatile compounds of Neungee(Sarcodon aspratus)
by drying time

3 hr 6 hr 9 hr
Peak Peak Peak Peak Peak Peak
RI Compounds
area area area area area area
(%) (%) (%)
1254  3-octanone 66750 652 14065 624 11570 875
1280 3-hydroxy-2-butanone 11451 112 3091 137 1294 098
1296 1-octen-3-one 215758 21.10 47031 2087 31513 2383
1391  3-octanol 1513 073 109%5 048 1077 081
1418 2-octenal 2517 024 2763 027 158 0.11
1442  1-octen-3-ol 249114 2436 46664 2071 17976 1359
1452  furfural — — — — — —
1468 2-decanone 1279 0.12 817 0.32 549 041
1506  propanoic acid 2259 0.22 1522 067 1177 0.85
1525 1-octanol 23302 227 2650 117 1016 0.76
1550  3-methyl-2-cyclohexen-1-ol 1351 013 1145 051 2591 1.95
1572  3-hydroxy-2-methyl-pentanal 1279 0.12 10141 45 6295 4.76
1583 2-octen-1-ol 6264 0.61 967 0.43 191 0.14
1594 butyric acid 1679 016 2889 128 1511 063
1606 benzeneacetaldehyde 47056 460 118% 527 5901 6.46
1632  furfuryl alcohol 3497 034 4411 195 2980 225
1643  3-thiophenecarboxaldehyde 7467 073 1983 088 2977 212
1680 3-methyl thiopropanol 9037 0.88 1203  0.53 877 0.67
1686  2-propionylthiazole 34547 337 1841 081 1143 086
1709 undecenal 5866 057 1548 068 1178 086
1767 2,4-decadienal 16415 16 1862  0.82 692 0.89
1770 2 5-diformylthiophene 1362 0.13 — — — —
1912 2-hydroxy-5-methyl-benzoic acid 1523 0.23 — — - —
2245 octacosane — — 2104 093 1143 0.86
2332  1-tetradecanol - — - — 1202 090
2343  heneicosane 4556 044 1045 048 1146 098
2385 benzoic acid 3775 0.36 — — — —
Total 27 70.59 71.17 74.42
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Table 7. Changes in organization during drying period.

A 2 (mm) Zo](mm)

7} (mm)

9.25
7.63
6.88
0.67
498
3.28
3.00
2.75
2.70
2.55
2.52
2.52
0.728

20.82

27.40
26.98
25.40

23.57

25.18

30
60
90

23.23

20.93
19.43
17.77
16.93

15.18

22.37
21.50
19.95
19.27
18.32
18.08
18.04
18.04
0.342

120
150
180
210
240
270
300

330

15.23
15.02

15.01

15.00

0.419

o
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Table 8. Changes in color during drying period.

TE L - a b Eab

A5 o] 15.93 1.26 1.04 16.01
1N Az 15.45 1.08 0.89 15651
2A1ZF AZ 15.61 1.16 1.07 15.69
3AIZF AZ 15.34 1.10 1.04 1541
4N Az 15.50 1.06 1.08 15.57
S5A1ZF Az 1378 0.51 057 13.80
5A1ZF A F3HF 15.60 1.60 1.27 15.73

ol AxHAY F EA9 WEHE HW Compression Distance, & ¢F
Agle AZAT wet 433 243592, Hardnesst AFAZEo] 7 3gho)
w2} F7H8lH al, Surrenders AY AT #xE el Distortione ZA

© #4adA1, Jelly Strengthe #adEAvh AsolwRy zte] FA digd o
F7de 7.23mel 2 Ax7F IPH w2t Agst golAe AS ¢ + AT 5
AlZE AxF o dFAYE 297mE oF 4008%AE 1 £EFH AL B + A
A TolBAL dx7 AYHWA xHo] B FrusA B0 &
2o #5032 st HFErt F7ska Softnessy Jelly Strength 59 ¥ =323
S UBleE AXEE A3 2SS & F Atk ol FAEL AxdA giAF
o2 Yehte AZERT 2L Reld. Zk EAEAY IAARAAD Rge o
=3 2o,

1. Compression Distance : y =0.0566x"-0.4056x"-0.4508x+8.1833 R® = 0.9653

2. Break Down : y =171.75x"-2012.7x°+8048.7x°~13220x+10280  R* = 1

3. Deformation Rate : y =168.84x"-2369.1x°+12039x°-26167x+20545 R® = 1

4. Hardness : y =305.32X3+6412.1X2+14257x+69246 R® = 0.993

5. Surrender: y =-26.7x"+479.67x"-3245.8x°+10181x"*-14485x+88723 R* = 0.9996

6. Distortion : y =-0.004x"+0.0594x-0.3003x*+0.482x+0.3117 R® = 0.9977

7. Alleviation Time : y =0.1335x"-2.0825x°+10.352x%-15.825x+22.878 R*= 0.989
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8. Alleviation Rate: v =-0.012x°+0.2012x"-1.2408x°+3.4437x*-4.3422x+2.86 R*=1
9. Softness : y =-0.0006x*+0.0096x>-0.0456x*+0.0413x+0.175 R* = 0.9979
10. Jelly Strength @ y =9.0835x°+14.463x°-1197.6x+5698.4 R* = 0.9975

Table. 9. Changes in texture during drying period.

Compression Hardness Surrender Distortion Alleviation Alleviation Softness — Jelly

Drying Distance  (dyn/er) (dyn/cm) Time Rate  (cmvkg) Strength
time (mm) (sec) (g.cm)
0 7.23 90445 81626 0.55 15.52 0.91 0.18 4510.30
1 0.6 128209 81331 0.48 17.79 0.86 0.14 3462.06
2 429 166287 81626 0.35 23.8 0.71 0.10 2507.11
3 3.37 267053 81403 0.21 25.47 041 0.06 1611.36
4 3.21 326192 81454 0.17 26.02 0.42 0.05 1303.40
5 297 454829 81267 0.09 23.78 0.27 004 967.78

10) A+354

SolBAE &L 15%E TAAI L EE gt ARFT F Zo @)
Arst Axo EAL BRI AFdE Tablel) A BE upe} o] el
EFVZE NPT SouAY AFses AT 2H FFFN A F AHAF
0~60E2 Az EF 73 F71s AL £ Utk 608 olFdE A9 ¢
A F£AE RGth 2392 vudrd 70CE A2 Ao 279 & FF
ZFol ok 50C7F AUk 18y Ajztke] AE4=E 30T 70CE A9 vl &3
Al et 50CTe] 7F AA Ustour A ol ZAEY |

B Ao ® ®r},
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Table 10. A+3 54

IR T AZR 50 A% 0% Az

(F) NaFA R Al g A R A g7 A R

A5l 1.9787 2.0380 2.0937
0 0.2589 0.0000 0.3080 0.0000  0.3022 0.0000
30 05749 0.1837 0.6392 0.1914  0.7568 0.2538
60 0.6672 0.2374 0.6684 02083  0.7899 0.2722
90 0.7136 0.2644 0.6807 02154  0.7970 0.2762
120 0.7343 0.2764 0.7051 02295  0.8260 0.2924
150 0.7506 0.2859 0.7479 02543  0.8386 0.2994
180 0.7615 0.2922 0.7753 02701  0.8308 0.2951
210 0.7557 0.28838 0.8051 0.2873  0.8521 0.3069
240 0.7890 0.3082 0.8057 0.2877  0.8711 0.3176
270 0.7806 0.3033 0.8275 0.3003  0.8363 0.2981
300 0.7760 0.3007 0.8223 02973  0.8482 0.3047

R=AFolw Ao FEFA A 54 Fo FEFAN, RH=15%, F5=15%)
11) A3 F E499s3}

solHAE Ast A F EAY WHIdE 53 A= Table 11914 e
A oukel 2ok AesiAizte] weE gd Bde R A B v kA
% AOUARE EYEE AL ¢ 5 AUk Compression Distances 59 ¥ 6.34
mz F8ge] & Aoeg RYth HardnessE AF3F 3A7AAE 7AEH7)
I olFdde A dA}A HAHAJG. Surrenders A9 W YN,
Distortion® A3} 22174 F7keith 1 o] T AY AT FAE B
4o}, Alleviation Time¥} Rater A9 dA3tG 3L, Softnesst0.1lcm/kg® A%
oM TE B2 FolE YE T} Jelly Strengtht AsolwAlz Ax & zte
FAEZ vepygt 23y Az Aol yeEld Break Down® Deformation
Ratex Yelud ok T@&6RE Aes Fo 242 A3 549 o3t
A2 F O%FE B RS & & JJ 4 EASATY IFALHAHY
R*ze thest 2ok

1. Compression Distance: y =-0.0317x"+0.4267x°-2.1433x°+4.9883x+1.44 R%*=1

2. Hardness : y =-5053.4x"+64321x%-282342x°+477751x~67345 R® =1
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3. Surrender : y =-6122x"+77545x°-336710x*+559143x-212230 R*=1
4, Distortion : y =-0.0046x"+0.0692x°-0.3754x"+0.8308x-0.4 R =1
5. Alleviation Time @ y =-0.1558x"+0.835x°+3.3458x%-22.825x+44.82 R* = 1
6. Alleviation Rate : y =0.0233x'-0.2767x°+1.1217x°-1.8183x+16 R* = 1
7. Softness : y =0.0008x"-0.01x>+0.0392x%-0.05x+0.11 R*=1
8. Jelly Strength : v =-1.6775x"+28.345x°-204.49x>+759.5x+1639.5 R* = 1
Table 11. A3t #AHF A H3}
A 43}A] Compression Hardness Surrender Alleviation Alleviation Softness  Jelly
23} Distance (dyn/ar) (dyn/cr) Distortion — Time Rate (cm/kg) Strength
(mm) (sec) (g.cm)
A5 o] 7.23 90445 81626 0.55 1552 091 018 4510.30
Az =z 297 454829 81267 0.09 23.78 0.27 0.04 967.78
1 468 187332 81626 0.17 26.02 0.65 0.09 2221.14
2 575 192507 32650 0.34 16.74 0.61 0.10 2540.43
3 6.07 152187 32650 0.36 16.38 0.66 0.11 2707.01
4 6.3 149098 32650 0.37 20.6 0.54 0.11 2790.30
5 6.34 144685 81626 0.4 21.32 0.55 0.11 2819.46

4. 48

L solHA e 714 ¥S SDE, SFE, headspace & %33 GC, GC-MS2
A% A SDEFEENAME 3370, SFEEZZE A& 267], headspaceFEE
AMe 1709 BgEol FAHJCT U1 FFEY FAEL l-octen-3-ol
1-octen-3-one, 3-octanone, 2-octen-1-ol, 3-octanol, 1-octanol ¢ Cs 3}3E
7 benzeneacetaldehydes ©1%1th. AEDAZA T FolvAle FH Frj5AHoZE
A% o) ] A ) (unknown), 4 ¥ A (1-octen-3-ol), Z3o] U (1-octen-3-one), &
A (3-octanol), E Y (1-octanol), A3 Z ] (2-octenal), o E3
(benzeneacetaldehyde), & AW (L-linalool), X]Z W (3-hydroxy—-2-butanone), 7
% DU ( 2-decanone), <Fzte]l Esj§ 7] (3-methyl thiopropanol), A& 3%

=

=
=]
[e]

N
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H 3 Y A7 24Ue % 2

Wl (propanoic acid) 522 et
2. £ 3%¥@E0 C,50 T, 70 T F£ 3
M osolH e HxAdPE TP ed, 4 2hANY PR AxAHY F
F7] A2 WS zAEATh SolAY Aze A3UItel REAR VTS
22 UERer, AxEsE: AX2 AT E
FFol AA YERT. A= 50T, TF

1-octen-3-ol, 3-octanone, l-octanol, 3-octanols ¢

:
3
A
<o
ol
>
S
>
o
s
s

" X =

ak area’t Z+z} 17976,

11570, 1016, 10772 T2 AZzLx ZAd Hl& A veElgt. AZAZ e e

oA T2 Fr|AHE gF WEHE B9 l-octen-3-ol& HE3F 1-octanol,

2-octen-1-ol, 3-octanols 9 Cg 3t8E peak area’} IA TAdHL, Cs 3T E

S l-octen-3-one, 3-octanes o] HiF FTFHE FrtstAoh. Ed AxAF F
=

o] B4

7 -

butylric acid, propanoic acid, 3-methyl thiopropanol 53 Z-& 3%
At

3. Fo)HAIE 50T, 1.5, Rh=15%2 Ao =Z AZ3AA E4E Rheometer
2 ZAstPth AFA17 W& Strength, Compression Distance, Break Down,
Deformation Rate, Hardness, Surrender, Distortion, Alleviation Time,
Alleviation Rate, Softness, Jelly Strength%® ZASA 7t IJALAAS 3
A% FEo] HJug xgsted A A AToIHAdAa 1083%, A=
SOlHAL 29128 AERAIZH wE} oAk FolwAe MAx i Az
Lats agt2 248t bae I71ste dAz 2A ey 7x2e F4
HEEo] 07280 wbaf W] WSS 033062 FA 3ol W Wanyg
2AE 2 AE HAY & < Zte] A7 7 FolAHA FA

o

PN

N
o
e

o ofy

° 405%AE B2
142%HE JBY AL
AER AFHY 8 H3 B A )
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A44d Tol8 AT IFA AL

Ao A4FH7MEY WA 71Eo] AskH 3, 26Tt ol AR AAAF
e e Aol ZldEn vk JEAL SFAHE o]&F HA HEAZA A
o dE &85 AT ol d I AT & FHoBAHE JHAE JELS
ol &ty WAL FAHE wol BEAGS FHAMIIRA A EIFE Fo|E Ax

AF AFFrES AFAE HHog AAEHT v oy JFREA F 4
il 1A d 33 E(generally
recognized as safe(GRAS)E 1Al WA At At B2E FHA &3]
FHEtz 2484 Ao @A AXFHANe & 333 GEFE0 AEFHI Y
g, oI5 A#d A¥S FUA717] A 2 ¥ F=F A (binder) £l
AFEH L Qo ZFERFAAE FE7)d we F2 U%e] A2gEY Fd o9
FrAHor el i AFHS YEPE 4 e AEC] E2AY Fx U g9
Hog AXGAANME A= FEFAAA F VAEC(vinyl acetate ethylene
copolymer)®t AVA (acrylic vinyl acetate) 18] A F BREZ T PS(potassium
sorbate) & ZA|A] WA 31ES W F£old vXE ZEFH Iy g e}
o d¥stAtt BEFA et PSE Fold WA 9S W F AEFYA BT
PSe| H7t#go] Frtgel wat A= Futste dde QEPLH%i?‘]“} AR A
ol 200967 A HERNE A 28 AR 2% HAEE Ao2 eyt
Agel B BEFAG PSE HAAS g Ao AdHE AFE UEW
ARt AY A Ao PSr MU e d AFE A Aoz YEhgo
ol Z=FFAN NAE BAFTHFY (-) chargeE PS7t F837] &9
ARt A2FE At AP FE AE HAHLE Aoz dddY A=
FEAY TR BEANE ZFFA gy A A=t @R Ed o
EZEA S Fx9 ol 7% Rez dudrh

HA Y A 54 Bodsts 948 A F M
CO2%t Op 133 SFEe A B3t FEY

I‘l(‘
o
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m\m
— FN
il
ok
r
z
i
o
N
A
o
fo
i)
)
)
=

etz AAE HA £F AA
. B2 AT 7}11\_ Wi =

H!
ot
Ril
&
R
o
2
zi
A

ofN o
2 ox
2 (g rl°
oy
b tjo
i }
Y
oh -
>,
N o
(o]
2 o,
40 i
2 ox
NorE
Mt
e

E4E Jed AVA(acrylic vinyl acetate)S £33 &7 #7138

=2
it ol o Lo
oil

off 1 ag o wet alo
L
o

L
2
N
ﬁol:,
B
o

2. A% 9 ¥y

FAFBEZE ftEzold FIHe FAWPZA Radiata pinelZ AAr"

KP (Nadelholz Bleached Kraft Pulp)E A+-&3l%tt.

2) F|EA
(F) vlole"oA FTFHE F)EA 150 cPsE A& H

3) FFFE
AFHERE JMF Eo] 2Zolx Qe 2ENMFF A2HAZE(potassium
=

sorbate) &binder ] 50%, 100%, 200%2 2z F7bstg o).

4) BEF4A
AAE ZEFAAE U LAY AVA(Acrylic Vinyl Acetate)?t VAEC(Vinyl
Acetate Ethylene Copolymer)& A7 B tH] 5% 2 A}&3s).

b) £

AUT £8 BH7I(MFC SDol Zols 29 359 42 Fxojn] 5%8
2zt @rhe .
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v 23wy

1) ¥ 33

HEds Ao WE ZE HIgE By 93 P95 BZE 4Y4AE Valley
beaterg ©l-&3td 13jdtF 2.8 kgfe 56 kgfZ 2% 400 ml C.SF., 500 ml
CSF. 600 ml CSF.2 AZzst4t.

2) Chitosan &9 A=
7h) 150 cPs9 chitosan$ lactic acidg& H7tsldd 1, 2, 3% T2 A=A
) Chitosang WH3t7] 938} 05% F=2 Azsch

3) 71EAL Fo] Ax

7}) TAPPI Standard T248 om-819)] 24 600 ml CSF.2 Z&d B=ZZ 3
¥ 60 g/m’ o2 Azt

W) 3% 600 ml CSF.2 Ax3 Fo| 9o 71EA F8AL 5 EZ bar
coaterg ©)£3}9 coating 3+t

o) TAPPI Standard T248 om-81°] ¢]7 400 ml C.SF.2 &3 HZLo
chitosan 05%8 WH3t A =Zz3t5).

2H A= 600ml CSFE Axd Fo] Yo e F8A& FTEHEE bar
coaterg ©]-83}4 coating 3t}

0,

4) A A=z

TEA AN 03%2 FG Az FRIEAGR)T HASARL FeqY
A% 22RA ZAE(B0%, 100%, 200%)S T4 H71e Ae APgdE 93

27718 ol &3te] Azatgr)

5) upele

%, 7} Fol A=
7h F£xA Az

ﬂ i
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q 3% AR 238 R 2

$e FA ExZE AFAL Valley BeaterE o) €3t 54kgfe] 13 dF 20
o= 500 ml C.S.F., TAPPI standard T248 om-819 ¢ A3dte H=ZF 80 g/m'¢l
FEAE Az3ATH

24 Azt IF =AM Ad Hxd¥] 5% £& HUtErd A

) 23 Z=EFAE H7ME Fo] A%
e %“:%xl Az 9 %%16& ZANA AA HEoH| 5% £33 5% FEE
A

6) Tl 71AH 54 A

TAPPI standard T 4029 2/ Asted 23x1 C, HUFL 50+2°/9! =4 OM Al
8 & g A¥std, B33 FA, F71=(T 261 cm-85)8 £A ¥ F TAPPI
standard T200 hm~83 9|7 ste] A @Hef Zr7] =S A }gar;}

7) Fol9 E84 54 £A

TAPPI standard T 220 om-88°] oA ZFAHGT ¥, AF5A=, HI%
%, 93 S(T 494 om-85), zero-span(T 231 cm-85)& =

o ofAste AFRAFG Pager S o83t AJAEE At FEFHIL o
g ZAERgE ZAA

Page equation® ©&3 7z}

A 1,1

T F B
(T:AB4= F:AFAAZ=E B: Z#4=E)

+

8) viAEZAY

. 2T AR _Add FA-AHF FA
FEEaE) EEERES <100
‘Az AN T ERAG) woldE £RE AN YA EAE &
= 3
-
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A =% Fruits Hardness TesterE ©]£39 ZA34vh
- 4274 & HUNTER Lab. X8 &3t 23840
9) Fgayd Ad
ANERF dxAE FATLE AT F HFTA7% dAZY F8aE
GAA HFE ATFS FE23 o] FgAL SAste AT FUF FHHTE
FaAdol e APAUTG gzAbn A gagd AU
37£1 Tl A 24-48A13F ARG & d5E& FASHA

He Ao A= Staphylococcus aureus ATCC.
3] FIEAS #HEF Ao FAT(E

coli O-157ATCC 4389%51)& AH&3t o,

Ma—Mb
Ma

Ma = 23 2427 v & A 3HEA HTA)
Mb = A AL 24212 vl & A GEA HA )

Fas (%)=

3.4 9 1%

7. AAEX Fo)

1) 2335 e Zxws

ZTolg TEY] faiME FH87F He = EYAQL P& Jta EE AR
AR HrPRE dodie ndl(refining)de AYS T4 FTolyd AFHS
A& ofd nHF S th2A W FZYFo Aol thEA A 1}
Fol oW AR AR Wgo] @ol Aoy EFo] RoWH HAFUF
Aol Wol dojdr}. oelg AH Wy wepa] Fole B B =

@ o2A derdd ol Fig. 1, Fig. 2004 8@ 33 si%0 21 288
gol & Fol7t FEH S4o] ¥4% ¢ + Utk Chitosandl B/ MR A
FHe FHAA F5E O FATE Ae ¢ F AU
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H 3% a7 2PUE W 3

55
’é 50 D\'D
S~
zZ
= ol
5% D\G
jo)]
c
o
o o  r— e =028 kgf
B ——56 kgf
G 35|
fig

30

Control 400 Control 500 Chitosan 05% + Chitosan 05% +
400 500
Freeness (ml, C.S.F.)

Fig. 1. Effect of refining load on tensile strength of chitosan added
paper.

6.0
~ 55 | o T e S
s ——556 kgf
< 50 | D\D
<
2 45
Q
D40 o>—o
@

3.0 L 1 L

Control 400 Control 500 Chitosan 0.5% + Chitosan 0.5% +
400 500
Freeness (ml, C.S.F.)

Fig. 2. Effect of refining load on burst strength of chitosan added
paper.

ol#] o] Fig. 32 chitosan A7l @& Z =9 F73#FS Uehles ez 13
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5019 YT Vla W e R

50l BX AFEE WA @ ol AR Aol BT oRe A4 9%
WE o] Bol Ho chitosand] #£AE0] 2 + e FX2F I Bol A
gl 9% Aoz wolm, md RaE AA W ol A=A Af HAA
o]9 Fo] dulx oz gy wFo A3 W chitosano] Eol AT F Y&
T2 FHE MRV HED Aoz B,
9
()]
5 _ O
SE T
5Z 6 |
2= 5 E2.8 kot
25 4t B5.6 kof
& 6 3
[ 77 Qe
o o 2
F
0

400 500
Freeness (ml, C.S.F.)

Fig. 3. Effect of freeness on tensile strength of chitosan added paper
depending on refining load.

2) 2PT Fol9 V1AR HA

Fig. 4914 ®W coating @ chitosan?] T X7} RLS4E A F7F golAE=
AL B 5 Utk Fole AR UEYA dAHd i olFojAle Aoz A
ok AfAtoldls FFo] ®Beol Ak welA oy Fo] TH FIFE Ao)m
chitosan®] coating®| WA &5, JF3 o7t Fo] EH W =3 =
EHRE AYE FA e Aoz AdEY Fig. 594 2 FXd9 7F=E #
Xt} chitosan 1%E coating & Fo|7l 71Z2=7F @& AL & ]
FAT7E Fole AT L U2 HRHd FFE Abolol chitosan &40 F
7, AFH Bt FFES WLyl Wi dojus dAoz dAddEdt
Chitosan 2%9 3%-8Ho| coating® Fole FFo] FAgrt} Wolxle AL
S FrIF FgXHA FolUlF 2 AR Eoj7tr] BatA o FollRe

=
=
FFo] Wo] 98X Esta, Fo EA 9o coating® F AA| FFE]

Sl

S
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H 3 Y AL 29UE %

2

0.077

0.076
0.075
0.074

0.073

Formation index

0.072
0.071 }

0.07

Control

Chitosan 1% Chitosan 2%
Paper condition

Chitosan 3%

Fig. 4. Effect of chitosan concentration of coating solution on formation

index.

60
59
58 |
57 F
56 |
55
54 r
53 r
52
51

Porosity(%)

Contro

Chitosan 1% Chitosan 2%
Paper condition

Chitosan 3%

Fig. 5. Effect of chitosan concentration of coating solution on porosity.

Fig. 69X+ 32

o

F 3739 wg

i

2 4 2t} Chitosan 8% 1%9]
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o :lo

TE&Ae HAFFG] AL T REAAM HUHoz ®ol] oFdqAE
2 #Addr) Chitosan 8% 2%9 3%2 A9, 271 Aoz =
S7AE AFFA Eatn Agd 3 AT -3017}
. Chitosan &9 =& = z ]
e A IFE HE q

Al chitosan coating &€ T8 Z2HE 4 MN@:} Chltosan«] g

ol TS dv AFY Heo fdH N1F AV AAE
olef= 7= g} Fig. 7914 E chitosan coating Folo UXEET}
chitosan =& FLE7t Fold4E WE AL BAFd. 57 5S$5E FF
o] ol Ayl WY Hojh Fo
G e FAE goJx grud Folg i o

o

9] o] L& = chitosan F&H L7t =

ok

(o, I i od
i TR

o
2
o o

N
N
e

>
i - Fk
i

tjo

[of
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& A O
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=
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S o3
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E o029

3

o

o)

Q 026 |

©

(o]

o

@

£ 023 : . :
Control Chitosan 1% Chitosan 2% Chitosan 3%

Paper condition

Fig. 6. Average pore diameter.

3) Coatingd Fojo Ax3 44

AEFS FEHRAAN UM Fole B ul$ F23th Figs. 7-8& BA &
AM FotgdZd o HEE A AFFEG R FFHo HEE FIdPEe
HA %ol 2L & ¢ 4 Utk Chitosan ¥% F7t Wy F=7t F718thr)
xR 3%ANAME 2289} Chitosan 3%F & A& Fo|YR2 o] F5 A

ol -ll*?f

K
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H 3B a0 29ue & 24

Fahx R FUA EASE Fo] Wol 443 AF) FFL WAX 2o}
7] WEolth SETRANA TAAY HE 2P =
chitosan 2%9] & o] 714 2 Aot}

7
6 -
€5t
E
o 4
|
= 3 .
(o)
C
So1
0
1+
O L i
Chitosan 1% Chitosan 2% Chitiosan 3%
Paper condition

Fig. 7. Drying time.

7
£6
é 5t ‘/’/’/‘\‘
-y
54T
| -y
©® 3 +r
®
227
g1t
o

0

Control Chitosan 1% Chitosan 2% Chitosan 3%
Paper condition

Fig. 8. Tensile strength.
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Fig. 9. Burst strength.
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Weight loss (%)

H 3% AR +3E

100 -

m—tpne CONEIO|
== control paper
1% chitosan solution
2% chitosan solution
3% chitosan solution
95
90
85 ] 1 -1
0 1 2 3 4 5
Time (Day)

Fig. 10. Weight loss of mushroom during storage period.

0.9 _ —o—oon:ro:
wliiios CONLro| paper
2 3% chit
g 06 -
k]
1=
3 03 -
£
<
0 J
1 2 3 4 5
Time (Day)

Fig. 11. Quantity dew of mushroom during storage period.
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N
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g cONErot
s cONLrol paper

1% chitosan solution
o 2% chitosan solution
=i 3% chitosan solution

Hardness (kg)
o
F =Y

1 2 3 4 5
Time (Day)

Fig. 12. Hardness of mushroom during storage period.

5) Coating 8 Fo]2o] gt A

Table 1. Antibiosis of paper depending on chitosan concentration of coating

solution
Concentration of |
. . Control 1 2 3
chitosan solution (%)
%71 F5(x10%) 1.5 1.5 1.5 1.5
24N T 4.3x10° | 1.4x10* 1.4x10* 1.4x10*
M2 2&(%) 93.8 99.8 99.8 99.8

E-coli O-157 @& &FolA o] EAste FLo2A ALFINA df¢ =g

Folw FETHANA wAFE
1+

2597} @

AT ARFANE

O = =
==

F ol

TN BohE Bk o Pol FHANE $Fe] FolxF Wojrk A Aol
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o & BdE FAHS Folm AT HAEC] 938% Hrh o|AL oivtE F
o] AZEAl AREE E9 Awol A4 AT A7 BFAHA 2dd g3 AL
2 Bt} Coating® chitosan =882 Fxol A@gel AdzALeL 4 Y
$kt}. Chitosan®] coating ® Foi7} E-coli O-1577d] ti3t FFAS 71X 9l

2e % & ok

Figs. 13-162 chitosan coating Fo]¢} Fx& Foj9 ITA4E
2, chitosan ZEE Fo|7t AA #EY IS dA}E U A EAFT

k.

Fig. 13. Photography of colony at Fig. 14. Photography of colony at
no chitosan treated paper. chitosan 1% treated paper
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Ead e = NI LR == b i Y

Fig. 15. Photography of colony at Fig. 16. Photography of colony at

chitosan 2% treated paper. chitosan 3% treated paper.

. dEA

1) Fol9 7x3 5zt

7hH 2R7) 9= ®3)

2RV e FEZ - AFYAA F2NFe Fo] FHE addHn FAe
o2 Uik e Uy, 343 dxgdux v Fold FHy] BEE F|

o] 7124 B F /MF F8% EAon

Fig. 17& 7= A% PS7/F A4 JH HAES o Folof 2RV 2x9
s Ueld Aotk ZEFYATE HUsldS W T AERg Fole
ZE7] A% & S/ Z=FAA7 AR 2Ee o AR WiEe]th
BEFEA L PSY HutRe] FUMESE gAFor ZHI ARV FUHEIAE
dl (=) chargeE 7HA& PSY /7t ARSI A5 T4 AR dEL
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M 3% AN AWUE W P

2 dddn. F AEFEADLY Qe Aole A UEuAl Fka, FEEA
gt PSO & H7MA PS/AEFA 100% Hrbolde Hug aRE YeuX
ge Aes ¢ 5 Ik

_ ——AVA 5%
B —8—\ AEC 5%
B2 o8

2

2

o 0.7 r jb_.._.

T

G 06

1]

Q

Q

< 05

2x42 0% 50% 100% 200%
Additon levels of PS

Fig. 17. Effect of PS consistency on apparent density.

Fig. 18& Z=34A PSS WAHA A& ¥tz A ‘5%% A AFas
frol 37t #98S JYEdt. Z=gdAY S #ot
< BA%E vErdt ol FAA 5HE] Fef o] Adfol (+)
charge® ZF=#/dA 9t () charged PS7F A7MHAS o HFe H{3t 937
(flocculation)& Fr&3t7] ol Ay F4& 7HA- 2 Ziﬁi aadg. PS/%
EFEA 100%01739 B4 Agol vmAe Aoz deusd ol A= ()
charged] ¥F3 WE dgo =z Addn
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TOl1e] YXIXEY 71 % T1E TH

15 ¢
—+—AVA 5%
—a—V AEC 5%

=14 ¢

>

£

Z 13 ¢

S

s -

E12 *

'8

11 -

Fx2 0% 50% 100% 200%
Addition levels of PS

Fig. 18. Effect of chemical consistency on formation.

) F71% W

Fig. 19% ZEF4AsE PSS WA Folo F/S% Uyshd 202 %F I
ol FAE5E FIIES RelAE AL &+ ATk FAE A PS/AER
A 100% o1 HAM T A ARe et o G4 FEE ()

charge® TH o= 23 d&dow Aoy

80 r —o—AVA 5%
~-\ AEC 5%
~ 70 -
[4]
2]
2L
260 W
L0
[
£
£ 50
Q
s
40

2 Xl 0% 50% 100% 200%
Addition levels of PS

Fig. 19. Effect of PS consistency on air permeability.
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2) ol Ax=4 54 W3t

I
fuj
=

R
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o)
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o
off Ml ox o

A BE BL ALE e ole FEBAA S A A
Aolel A 71@ Aoz wed

80
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-#—V AEC 5%
— 75 r
o
E
£
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©
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Addition levels of PS

Fig. 20. Effect of PS consistency on Tensile index.

$) W AYRE Wl
Fig. 21 %% A7kl M2 Wy 2% 2= g4 4F A7yl 37
= 2% BE} FhE AT @ 5 Ak olk AAHOE (+) charged]

1o
2z
FEgdA el HutE A% F7he} olxpH o2 (-)charge ¢! PSY H7ME Q13
= A

=2

o ok

oy
o

-)
FAle] e Fdel 7193 Aoz APHYG, Folo] FE WY npRs)
Folol AxAME PS/ZAETAA 100% o] HrtdA AR #xrt
e RS B%E3 (-) charged FF202 Q3 MAHzr 489 74 wiEo=
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5ol UXXRY T X Jl5H TR

BEEY T ZEFEA 7+ A xole AVAY A vinyl acetate Z}iﬂﬂ
A B H=vt A4 ol vdd A e Agetd Foj9 Tz
A FEAIAT A ZddE VAEC RHEY #% 4SS FTdA 2
3t A S Jehdith. VAECE vinyl acetate9}t ethylened &3 &A o]7] wi
of A4 #+2& 71X1 FE 3 AVAERT A & Aoz Hol 2x%d
o] Eol Folo FZ FA4L AVART =R FAu wide] T T4 N =
5 ¢ 7+ Jd

100 r
——AVA 5%

) i~V AEC 5%
T 95
=z
>
- 90 -
£
o
£
T g5 |
[o]
o

80

2xa 0% 50% 100% 200%
Addition levels of PS

Fig. 21. Effect of PS consistency on Binding strength.

3) Folo F4A

Table 2= 34 T 7o de Folo Fo4 dFo=2 F=ddA% PS
H7H Fo] BmFA 99%0] 3o TaAES YEATh o)d A BEF
FAE AEE LIRS S T2 E0) 20% AFEAD Ao vstd F 43
ARG 2 & dehidnh B2 A$ glucoseZ o] FoF FHEZA T
FEol € F e o] Hol & A AXNE R Aoz #BIHAsd, oW
A9 ZEFEAA AVAY VAECH Z$ T FEo

2 #gstA] @3 pSet
A & RS JAGE AUR 294E JEd Aoz Budch ZEEadA
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£ acetate’} #714F JHE

A3} vinyl7} 4% coating 3F

o
H1
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o
Y
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o
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4
oX,

Table 2. Result of shake flask test

Storage period (hr) Decrease rate
0 24 (%)
Blank 1.9 x 10° 7.8 x 10° -
VAEC 5% 1.9 x 10° <10 99.9

VAEC 5% + PS 50% 1.9 x 10° 4.7 x 10* 99.4

VAEC 5% + PS 100% | 1.9 x 10° 4.7 x 10* 99.2

VAEC 5% + PS 200% | 1.9 x 10° 4.7 x 10 99.8

AVA 5% 1.9 x 10° <10 99.9

AVA 5% + PS 50% 1.9 x 10° 4.7 x 10* 99.3

AVA 5% + PS 100% 1.9 x 10° 4.7 x 10* 99.8

AVA 5% + PS 200% 1.9 x 10° 4.7 x 10* 98.7
. &, FA=ggA Fo

1) Fol9 Fx3 EFus

7h 2R7 A% W)

Fig. 22& = 8l £33 Z=dAA4Z 7 HHP S ue Folo] ZHY
2xo WatE Yekd Aot EAG Fold vls £& G Fole BEY)
BE7t Faddnh ole £ AT AR gol AX e FIto] AA A
el FF3 28R RdA ZEIIUES 74 AoE A4 uhA
£& A/ Fold bulks FAA Folol vl FARE & & A
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2 04 ¢ 116 =

5 i @
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&

Q i

8 |

0.0 : 0.0

Control Charcoal Charcoal+AVA

Fig. 22. Effect of mixing condition on apparent density and bulk.
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Fig. 23. Effect of mixing condition on formation.
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o) Frl=E ¥
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Fig. 24 & 2212 £3 vwIdE @7 A71e Folo F/EE Ui Rol
. £% HUe Folrl F/EIYI o WEA ol ol= <o 9oz
FFo SN AReln AzEch w3 HAAE A Y Fot £
T A7 FolRu F7] Enst 9k A Agd o] g= uiu st k7 o
Fe T ALz FDHY A Aozt UAE e

80 |
60 T
9]
%
> 40
:‘—::
3
E 20t
g
< , . B

Control Charcoatl Charcoal+tAVA

Fig. 24. Effect of mixing condition on air permeability.
2) FTol9 ZxAH 54 A3zl
7h Q33 = A3}

Fig. 26¢ % 293 &3 Z=34AE @7 d74e Fold dx%
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T 52}
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=~ 51 r
o
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[++]
—
50 : : g
Control Charcoal Charcoal+AV A
Fig. 25. Effect of mixing condition on tensile index.
}) FERE g
Fig. 262 & 283 £3 ZTIHAE &7 H7Ms Fold d4EAEE Y
Ao %g HAE Folt FE/ Wolx: VL BAT 1 4AL B
22 %0 Bol7t 2 Py MEoz 44U 28y Y=} bulkel 3
oA ok wRAMAR go wE FEFAAe o] A JEUYAE Fd

0.300
G
'
Z 0.275 ¢
- \
[
ke . —¢
£ 0.250 t
c
o
[/}
7]
©  0.225 ¢t
Q
3
o)
©  0.200 ' '

Control Charcoal Charcoal+AV A

Fig. 26. Effect of mixing condition on compression index.
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SN E R AL
Fig. 27¢ % 2932 £3 ZER4AE 4718 Fold HAZEE Ve
02 £3 AR Folt FAAY Folud HAFEs} RA Yeed o
2 Fol A7tH) FEE AN 2
2 A7tEn. ZEFIAS £ A BANL Folt £ A FoIS A
3 2 Hol FEFHANL FFFEA T GFE FA

o rr 2

lo

o
o
&2

50
G
E 45 L
4]
Q
X
x
3 4.0
£ e
B >~ *
o 3.5
3.0 1 1 -
Control Charcoal Charcoal+AV A

Fig. 27. Effect of mixing condition on burst index.
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21 —&—Control
—{—Contro! paper

—&—Charcoal paper

—4—Charcoal+AVA paper

~ 14 f
8
wn
w0
ke!
5
.6 7-
=

1 2 3 4 5
Time (Day)

Fig. 28. Weight loss of mushroom during storage period.
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1.2 7 —&—Control
—ii—Control paper
—&—Charcoal paper

09 + —#l—Charcoal +AVA paper

Amount of dew (g)

Time (Day)

Fig. 29. Quantity of dew at mushroom packaging during storage period.

o el A=A

Fig. 31& 59 $¢t9 29 42 Z3%ozHq AHAES Uehd Rolth 2ol
Ho] AATHE R HAZ Dojd Ao, Aol Y4 F controle] 2t Aol
AsA debgth AzFAAE 1 g HAFoZA HAY A
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40 - —&—Control
——Control paper
~—&—Charcoal paper
——Charcoal+AVA paper

Color changes, E

Time (Day)

Fig. 30. Color changes of mushroom during storage period.
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= S 583 A ALEE AoE JigdEd
F71 e EAYS Bgdoz s E Ee BHog 3 g4
F9 IUIQEEN (a2 85 SolnMdA EAEY mAld FHuA
A PrEAE 43 3 HF ¢ IFTE

BEE A HEE 4g2
TE 5 AFor FErtest
dezde Ao WY LS T/ AF 5o AFALAAN &8715
stk @ 971% dTRe wolMAAdA A w07 AR 2=v
FE®E 2D Ax J)Ec] dosttin AT 53] o] el g A
AA = HE ot WAo] Fuste] Ax Folk vl FHo] HHE A
+7F g

2AAoRE B Ve WA EAAHE Axsted JexER 5 5 47
A AdE 2N A 2R Tk solue Xl A=
o S Ve FAR 5 e Ules AALAC dd, ARFoEHN
TR g 554 Qo] o @ 71es Fa, A4 Il FdH A=
STAE Ul AA i = YRS s, FUE dASL ol £
T oA B xRS AFS, 4G o=A b £UE BAEA B
2FHEE Axdsta A58 fEshed 288 F o HLE 5ol
EIZAE AAHoR FoldAoM TRd 1 ZFHE AED Fat A o
E T3t To] wAY AEE FAFe=A ¥ B, BV, %L AAF
A2 RIPVHAE wo] AAAEE d8E L, 2EASAA AMEF
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H 6 T davieeiHolA sFst
sl 9] »fst Il EHE

1 v2d

TE Bo9 Fo FTAAZ 1880374 FRAAMEE A7l AERST B
(mycorrhiza=fungus root) FA#AAE 2 ¢ AFE2 Ad EGAHANAAH =
A FAdol WHAEA, AeAY T2 vIFHAAM FosA dFA
3 A 53 2 2ysty e AR EdUdoz EGAHA WA o
HREAERA Y dFdol HL & osH vt E3 ddAE vl EA it
EE2A WAL 77 FUiEel aer Fol, Qol(MEEE, truffles), H a2 H A,
solet 2 WEN Ay Aurie AL =3 FHE A7 T3 FAV F
al

HA Fole 23 AddA EAF JFo} FAstderdt Arie #Ae]
of FATJANA FEL HANA S535S FF3L, WAL I dUtE EF

e FFstq FEAA FFd o5l #I4(HWIEHA,
mycorrhizal) B Alolth, FZ4 WAL AFAuf7E o HEA 1 7FF )
Eol ASE 4E A5t A 98 oA EAALY oo A5LEHS
ZY F 20-40d Folx= &4 aYFPoly FUFHAA Foly F
ol7b U ol& MFdd dv A5 FUHA A =S F32 Utk 2ZA
giEo 24 HAS Auiste V&S Mdste AL ol 7HX de Y2A,
L, olefE], 29 ‘T?"'%HE 9 dFlME FolwAltruffles) & Fiut
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sites® 7}Al 1 Aelst i)

a¥ 1 wEEE Jo) Al Aujaly 7} (New Zealand, Canterbury)

2. 429 FF

3L dol 4Fsn WAL TEC] ABA
& SHATL, FHo2 Woluy} Reld Gie] FEF FEL Frote] ez

=)

2o FHE A8 A2 UFoAxAw a4 F AANL Foed A
WA (arbuscular  endomycorrhiza:AM, BRI AR I
(ectomycorrhizalECM, #HERER)OITH (F1). A4 WAFZE TAZE 2
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M 6 % STIPLION 2T e T V) B

ASAZHA AT YRR RG] F2E @E RAoR, B 100-300
BY
m

£
azle] ZAE FAY Boln, HARS HEXE g WATZAE Hado)
F wesx Qobd Pal BWE ATF Aotk WAF2E FHGE AEL o
2o 224 ZEAER FRAE, A5@G@0y, U B, LAFEG
o, =3k, ZFA 3} F)o] ol PAT. K4 A2 o 0% Fol o] x4
TS FA 3} (John, 2002. http://www.mycorrhiza.org).
olel ®lgte] AAFITAME o] R HIFAE YR EA7A &n
ATAplA T AT Mo Relt AL FARES VEG 1 RRFL
YAgo}t xEgoz BrezE 2 ¥ 4 o g4E2L yHE 4%
o avyad, FURD, AR, GURD ANGEL 5 9PY SRR
ool BTN Mol FAZ FEE W] T AL FAHL 54
Azt AepdA wAE BEY 724 By dEAE, $ol,
Sol, ol, ZBWAF T ALuAT FUNAF, TANAF, AT 59
SHAE gtk oo 2UEFY FUTF 5ol Ak APANT Y ol it
ol FEFH TV HEA Rojd.
El #29 594 54
- . aa - Al A o A &
#FZ 54 7F HE A 294
- YAE, A5
o) ¥ 9l o - b %0], So], gol, - FEENA
FAFS ¥4 - FRa $2, A, C AT FUEA
PR t T 2, 2 >
( i) CEY 2 ¥ L ARggn,  (Fandgds Fa 744
ectomycorrhiza A E Aol o) CHTuB Atgy o A gk
A7t az e 9A - 7% HelA
Hartig 4384 - FEESF
A 47 F, -G EF
L= = |Glomus, Gigaspora, |- C «%
e g | TSAE A auwens o HAEE ol
o cutellospora ,
(Arbuscular ohH=E ;}Tj sz | Acadl i WA AL
TRES - TF caulospora, - _
mycorrhiza: AM) (zj/: 3 T P HERE
=R Entroposphora %

1609 %
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3. 4 & 24 WA 71H

TEL FEH FAsld EYosRY P FEE F5od F54 ¥
BN FE AEY A AA 7193 o] fste, #o] HAEAT
v #24 WAL $o], Tol, o], aEHA T gtoly Frvt wi$- Folsn
EZaolng Agonw = k8o AsiA FHFAT 1 7hRE A FFol
o2} kg 7 150009 - 1,500,00090] o1t $eivete] ol BF kgd 10T
dola, 20018 A Fo] HH kgD 403l ol &t} FolE kgTd 19~
Trdola, f89 Yole HAF kgd 100 olth (F 2)

HAF - 7+A FEF FQ
(519), (Fo1%) T ANE (UsSke) | (tom) A%
el B3, F2, QR
(Tricholoma matsutake) ;} 14":;5— u]' = i $30-500 3000 AR
(pine mushroom)$} A& ’ °
%ol
(Sarcodon aspratus) 3k $10-30 50 3=
(hedgehog mushroom)
Qo]
2HQl, g,
Pergord i oy | (EE5 ZAE_ | 9000 - 1000 | a0 9
wAdE, FF, 5
A
#a WA .
(Cantharellus cibarius) 9, ¥olu st $10 200,000 %o?u{?é] i
(chanterelle)
aEHA o
(Boletus edulis) &9, Bolvg st $10 50,000 E%}m Eﬁ;}
(cep) FAHE N
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¥H SSAUHA, SRAHA 5 FUEA So) Be AL g BAE
g Zolt WEHNAE 600122 oBF HA FHA N4 BAE do
AZE sx, HANAL SN Fe)E Fed ol§H/E Sk 2 9 ®
BuA, 2EGUEA 2o T MA BN 1 BF 4% Sojsu v
o Agel v ANE wAh YD obF o §HT YAT YAT SHE 7]
FAE} FAGAY Sold AT AR FIH AL YBUPY =
t 83gste NEFORA 9YE & 5 Ak WolE AW 45T
Ao @A Ad AFANT AYH D Qk. B2 WA AA e Besh Aol
Bl Fol, Fol, Yol, 1e: e Ao R ol AF E98 Rolnt
4. F2H WA A s AARAY A%

o} AFMAL AN Ean e #oA WAL NFARL o4 AvE
nhY # Yok HAW NFHBL o) g3 doIE JH wARoE HAs
F B 71%7 olelgel Atk & 7o RN, 2FBY, AFEAE, IF A

FA40e] 4BAL AT HFHoR ol FoiRoksty] WEelt (E 3). °f 49
AE AEHHIE 22 4250 W FEHE A% wHAAN 43T 7
o] 4FHOR J1FNER ARHAW BRAY BFPY F/HE HF 7ol 1
Aetodel dof 5 wFuPAlE e Tl FE FE 59 ARadel @

F2e FANAA Astels N34T %

= | 8384 Aok Yoprt 24y EXE
BES 718 dde E¥SY 7€ #2TH AAAHL e E}oh‘f_ 0] £l
aeEolok gt} WAt o2 HAMAE ol F7] HEtdE AVIHoR VFAE
of AAd me 7147 A wAMe] BAstE AV FeER 227 vl
Fas A A=z FALaA A

24 BAe AAle IEF 2L 193 S o8 + Joonz gy &
Fo), EuNY Fitoly o] Yo s wigsA HEia Yri BB EL YL
ALg3te] FALAE AAuG R gF FAL A, o FAAE AQERE
% Ao Wword AAFHQ A7 EAGU|PE LM AF AYRA &} o]d
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TO19] YX|xHsh TlE ¥ Ol e

7R BEAE, 280 BAAHel Be A% To] dAor ¥ 2w
2¢ G4 [ 77t FAA FELRTE 5o Qo

ol

E 3 QAT widel doF dAH veRE

A 4
-2+ A (fruiting body, MA) &2 &
L &3 e e -X A (spore)oll Al Ea= 753y ¢e)rt A&

T

-7t Z(mycorrhizas)l Al £+ #W$ o2&

el FE %R

HA W 2 ol
2. I
a5 oA o o}
B
TRy Adud BE 94 2409 98
3. 277 WE FEH sEoel Muy 7 - FE A9
BN FoF WEED FH - FEAW

- TAAE HEQ:
-HMAY FAA (slurry),
-nA g A (F3&3h
- XA AET Y
- B & L2 (slurry),
-Azxdd XA
-H&3t £}

cwY 2 G FTSHEY

4. YR HFA AL

(Brundrett, M. et al. 1996. %)

E o4 F2 WAANAA 14T 2RAY 37 g

g Jyg AEAX vAYEH &4 82
1. # o Fulg (1)
2. 71728 + #F T 834 (1+2)
3. 25d EY HF st E, 4R, 8 (1+2+3)
4. Hl&% BEdd HF & uAEY HA (1+2+3+4)
5 @AM WAL B4, 7142 (1+2+3+4+5)
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T2 AL o2 Fay =EYAYE F71EE o]t JFHoZ Aw)
g Xt ey, ol Aelvt & Z(Rhizopogon reubescens), ZHEHA T&
ZIFAZ HFe Frdold BEZAA SANE F+ Ut Holy ZFx
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W7 AR 293} 2 24T FE BEd JFHE F2FH] F H
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ol YX|Ipul J1e R JisE Y
E L5 A2 HAY Auirle Y A% (HEES F 20000 FF)
HE
#a e wa A
F2A WA maw
24 WA N5 R r— BEB gy A A
%ol A
Tricholoma matsutake O x x X X X
el o
Sarcodon aspratus X X X X X X
AT A (Foin B A) FARBA-IE
Ramaria botrytis X X X X X X
ol (M gE2) N,
Tuber melanosprum AR O O X O O O
F2Z(EHA) AYFE
Rhizopogon rubescens O O x O O @
e A B
Cantharellus cibarius Aumg = O X O O X O
aEHA .
Boletus edulis AR} = O X e X X X
P A (H]21-8) EE S
Pisolithus tinctorius AVEH = O O O O O O
O 7, x:ompgd, 20w ERl.
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7. 29+ A4 web sites

British Mycological Society

Cantharellus Research Group (Swedish Univ. of Agricultural Sci., Uppsala)

Forest Mycology and Mycorrhiza Research Team: Corvallis Oregon
(http://www fsl.orst.edu/home/usfs/mycology/truffs.html)

Fungal and Soil Ecology Lab (University of Guelph)

Fungal Genetics Stock Center
Glossary of Soil Microbiology Terms

ICOM3: the Third International Conference on Mycorrhizae

INVAM: International Culture Collection of Arbuscular and Vesicular-Arbuscular Mycorrhizal
Fungi

Michael Wood’s Mycological Museum

Microbial Germplasm Database

Mycological Society of America

Mycological Society of San Francisco

Mycologue Publications

Mycology Resources on the Internet

Mycorrhiza Information Exchange Web Site: Clearinghouse for information on research, teaching,
business of mycorrhizal symbiosis

Mycorrhiza Research Group (University of Western Sydney, Nepean)

Mycorrhizae at the Microbe Zoo (Center for Microbial Ecology, Michigan State University).

Mycorrhizal Fungi Databases

MycorWeb Forest Microbiology Unit (INRA), Champenoux, France

Online Mycorrhiza Information Exchange (University of Tennessee)

Root Biology and Mycorrhiza Research Group: University of Guelph Ontario

Soil Ecology and Restoration Group (San Diego State University)

Take a trip through LichenLand (Oregon State University)

Taylor Lab at UC Berkeley
The British Columbia Ectomycorrhizal Research Network (BCERN). A Manual of Concise

Descriptions of North American Ectomycorrhizae A web site for ectomycorrhizal research

in British Columbia and home for the on-line version of

The Bruns Lab (UC Berkeley) (http://plantbio.berkekey.edu/ bruns/)
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The Cornell Center for Fungal Biology

The Rhizosphere Biodiversity Research Group (Egger & Massicotte, University of Northern
British Columbia)

The Root Biology and Mycorrhiza Research Group (University of Guelph)

the Russulales Website

The Tree of Life: Ascomycota

The Tree of Life: Basidiomycota
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