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ABSTRACT

In this work we have investigated the changes of medium color including several indicators for
the distinction of mycelial activity. Among seven kinds of indicator, Bromothymol Blue(BTB)
made a considerably change medium color in the three mushrooms, Pleurotus ostreatus, Pleurotus
eryngii and Flammulina velutipes. These three mushrooms showed that the longer periods of
storage at high temperature, 35°C resulted in the lower mycelial growth. We could find difference
of decolorization level according to storage period in Pleurotus eryngii. Therefore, The YPL
media(0.45% yeast extract, 0.75%  peptone, 0.05% lactose) including BTB indicator, was used
as a detector of mycelial activity. The suitable BTB concentration, inoculation content, and
incubation period for the detection of change of color were 100ppm, 2.4cm/ml, and three days,
respectively. However, productivities of sawdust spawn using non-stored and stored mycelia at 3
5C were not different significantly.

Based on these results, we developed a simple method for distinction between fresh mycelia

and stored mycelia at high temperature(35C).

Key words : Mycelial activity, Pleurotus eryngii, Pleurotus ostreatus, Flammulina velutipes,

Bromothymol Blue
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o ASHEATL AVIH D govt BEFA AF W BHEE WANN Ao B §5E
Bershl A4 ehch dsteL. Hs Sl ol B 0 FEeHAld Aol 2
P shte aelolxgh Iuch Ak AR AKTAY & - HE WF A
Aol mAE gfafo] Be HES AASHE AMstn AMT FFS HEoE P4
oF 9 wAl ASTANA FAZA] ATEHA oot Azt AR o] RoixA] ke
Ko 7] wiolc

9oy W AR § aEad 2o thste] WA e chaksh WA ERe] Buln
£F o gale] THNGL FESAL BoE AE fz FATE Ba

o] ¢l o (Platt
= 1985: Rodriquez 5 1999: Cluas = 2002: Boer & 2 ) lﬂifﬁ A7 Zof= pH H3}

ek, XW%‘: BTBQ} g %Ei LactoseS uﬂx] o x-b}s} Yo| FAS HE3 To
AEES Ao
A 7E @ Ol Ele O}ﬂb} HW”OE *”;%PO% 7@1;} ARstE EohtAbE T
4= Ut ArAd3H(Magae =, 2006) 7} R =7 = STk

& delAs dubHoR AREEE XA ks o83k, MAWARE T e W WA
ol & dofuf= A RS AR wAlo] Zu]sh= EagolAl A Ao MARkgo] 2
Aol Adste] a8 t WARESTe] HAE ARSI Eok Z-EelH
A5 FaAuEse] it aedor dAdHE I = e FHAUAE A
Fslr] ffe 2% BTBek=, dA MRS A A e w7 7he sl 7hol4
TARE NS sk e HADAR] HE7e S ARSI & AdE Y

=]
A D \AFF 28484 pH ANk A
7 AR

B71=s A7l MAAFR BEstal Qe SR, FREE3E, Wol2i s
PDA (Potato Dextrose Agar) sl Z]ol| Alt)ufjofsto] ARE-3}

il

. AR Ak
2 Ao ARgE AJAJ2F2 Congo red 5 7E&C= HAH QL pH Hlo o M3}
= H#13 2t
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E 1. KlAloke] wapelol Aust
R|A|ok BAH pH E42] A5}
Congo red 3.0~52 Blue — Yellow-orange
Methyl orange 31~44 Red —Yellow-orange
Bromocresol green 3.8~54 Yellow — Blue
Methyl red 44~62 Red — Yellow-orange
Bromocresol purple 52~6.8 Yellow — Purple
Bromothymol blue 6.0~7.6 Yellow — Blue
Phenol red 6.4~82 Yellow — Red-violet
ol EAAE wAA=
71 E v A= PDA2} YPL (Yeast extract 4.5g, Peptone 7.5g, Lactose 5.0g, Agar20.0g, =
F1,000m ) o ZFZFo] A A|9F sk 250ug/ml 2 FH7lsle] 121Cof 2087F A3l &
gt AR A= 9] AEoA Agars AlQlstal Azt  FAF % pH WHElE 2AlE)H
Ak
pHo| W& F#AMEA TS 2AH] 18 2H2he] 7]2ui Ao HCl NaOH= pHE 4.0,
5.0, 6.0, 7.0, 8002 A3} 121°Cofl 2083t Atsto] At 9] pHE Z743k9dch
o T AR =S vl sk ek AR A&
A3 wjopste] ABFS Sshelch
wrE =k,

o FAMAT 24
AR = 22°Cof|A 14L7E
o} pHZ4 7] (ThermoRussell Model RL150) 2 3

=

=
j=3
m g
A

ok pH 54
Hjkelel pH H=5&
NF 2 WA Ao WA F A

L =2 glg]38E PDA (Potato Dextrose Agar) ol A tuloF

9l
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7 AEHA
PP R

stol Ahgel et

Bromothymol blue, Phenol red 52 AF83}%ith

0 BRI
(A1 1ol A 12 At 2 A|eF Bromocresol green, Methyl red, Bromothymol purple



ot pH &%
Hjokolof pH =& ol pHZA 7] (ThermoRussell Model RL150) & 3WHE =43}t

2. 39 24

HjoFH-Z 3ml A FHsto] 3WkE 02 Z|A|eke| wE A a4 Bromocresol green 612mm,

o = ===

Methyl red 230mm, Bromothymol purple 599mm, Bromothymol blue 613mm, Phenol red 558
mm) o] 4] spectrophotometer (UVIKON 930, KONTRON instruments) 2 =43}t

ok A= 24
s zolglo] 27 50mel plate® 1 Wi uwiel EAL @3 AAA (Minolta

200) 2 39HE =A35ko] L, a, b Fo=2 YERf it

AIE 3 #5883 g4849710 A 19

7k A EHA

AE 2)8F SYUsHA AHESFAT

. AR A o

AE 1, 29 A3} Adtel BTBE ARSI

o FFHEXZ

SLglg]33 2 2 87m¢) plateo] PDA vjAS E3351o] 12-14U7F 25T oA ujoret
2 3 35T ujekr)eo) 10, 20, 3047F BEs9ch

% Y= 23

HjeFolS 300w A FHske] 3RHE O R XAoke] wE AA ubgoi AANRSSA7
(TECAN, GENios) 2 =43} th

uh A= 27

A1 2> 3Tt

v}, Laccase 4 &4

H7% YPL brothS 27 18mn A|@3o] 10m-S B3 3 ZLgla|u|Al 4412 £3589
25TCo|| vjeFstA 3UtACE Al 7F A2l 7S SA%ch AlddolA ekl Q=
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FAARE ol & FAAIE ol ® Aeular wjeke 100 AHH5Ie] 125mM Sodium
acetate buffer(pH5.0) 800w ¢} 0.25M ABTS 100u & Z3Fst & 25Coj|A] 587 vHAIZ1
t}. Spectrophotometer (UNICON930) & ©]-85}0] 420nm 3} ol|A 3 =E SAshY, ol
Blank= £345 ARE35IAL Control2 7 AHIE 5514 &2 YPL broth 2 sF4ch
ofefje} o] AL S A&t AaBAdE Feith
Unit = umol/min.ml
= (2ot AE 9 &33=21/3.6)x(1/5min) x10(100u & nl Z3HAH)

R R E P TV ES
Z2HAemR s n)2UREST u|4e Buug 4 12
2 ZA3sFo] 850m Polyprophylene Hol| 500-540g ©rol mQHaraE (121°C, 908)3}e] -
B35S HE5lo] 2241 Col|A] Hjokgta & £2HO T ALLS 7
Rl n =Ry U]%P% Buu|g 70 @ 3082 &3 5] SRR 5% U9® A 81X
BEO 540-560g QHBle] TOMAFE shodt) 1E] T WjOFEA -
o

chelar, o, A S SEAFH AV Eatol AT
AE » #+3EHHAS AT 2244 71& 43
7k AEHA

BAAT L] HASkIL 9l
sho] ALgstT.

fr

Z1€}e]35E PDA(Potato Dextrose Agar)o] Athufer

1. XA Aok
A9 1, 29 A3t Add BTBE ARE-sHIth

. FFRERT

SoEl3s s 17 87m<l plated] PDA #jA5 RFslo] 12-1427F 25ColA] ek
B ¥ 4T 35°C Hjek7]of 30¢xt ®EskS)

% EF= 27
AIE >0 Fsk3ich

ol A 2%
AT 20 &ak3ich
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H}. Laccase &4 =4
AIE 2)0f #3143t

Aslst 7| EujAE A4

F9| pHo| Wste 24

1517 94 PDBQJr YPLujA]E pH4.0~8.0

). pHo| wsfol ofat Azt

EETES

WSS 913 Jl Bl EE A5 FolE pHYF WSk S YPLEIXIZL astelc.

o x| or
40 50 6.0 70 8.0
PDB 41 4.0 5.8 6.1 6.3
YPL 41 5.1 6.2 7.0 738
A 7]&2ujR] YPLo|| 774A] AAekE B2 FE R 7hste] AR & ajR]e] ¥
NS AR Anbe & 33 2

E 3. X|AI2o| HIME TH[fR|o|M e AT EHAHUEES
=TS ZEl2[3E o2
X|A|2F
T AN HMEET BAMEIS AT WAS wAlms
CR YO—YO - YO—YO - YO—YO -
MO Y—Y - Y—Y - Y—Y -
BG B—Y + B—>Y +++ B—B -
MR Y—Y - Y—Y - Y—Y -
BP P—Y +++ P—Y +++ P—P +
BTB Y—Y - Y—Y - Y—B +++
PR Y—Y - Y—Y - Y—R ++
JCR : Congo red, MO : Methyl orange, BG : Bromocresol green, MR : Methyl red , BP : Bromocresol
purple BTB :  Bromothymol blue, PR : Phenol red
D> YO : Yellow orange, Y : Yellow, B : Blue, R : Red P : Purple

R

++ 0 BHE 4++ 1 73
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CR, MO, MR ARz} 1914l BG, BP, BTB, PR HAlof weh HapR4d2 vh=A vt

ASE7E Qll=tl, BGeF BPHjAlo = &3228t B33 e or Hskgl oLt
o2z = Wzl §igleh ¥, BTBeF PRujA|oA= 3259 FLEle35= st}
RROU Ho2T = 247 FEMI WY o7 Witk At B, 2525t =
B33 = AL AR F91o] i o] Mo] gk oz WSl Hol2h = AR
B9k ofy e}t Wi x| A7 BTB= A=A, PRejA]S Byt o= Haube-5 H oy 2754
O 7 525t FLEE 3R LERE&Go| £310] o2t obe the HAIYSS Hel Alos
T =, HAlof uhe} HANMES-S Hol= AAJofat MAQRYo] thE e & 4= QASIth ®
5t g BEs|F o2 & A Ql= Phanerochaete chrysosporiums: ©]-83} & 7HA] A
E49 BAREES 2R AiH(Rodriquez 5, 1999) Congo redi= EARES-0] dojubz] grot
o] wet 2SO 4 Qle 2d0] taths Ae o 4 Atk
E 4. YPLEHX|O[A e{Aled wfet7|Ztofl wHE pH 835}
HY 2 7] ZH(Y)
=33
0 4 8 12
A 7.0 6.9 6.3 6.7
ZLElg3% 7.0 6.9 6.3 6.7
o235 7.0 7.0 6.7 6.7

A njefo] RFE WA\ AABEE pHE| Wsle] o3k 21214 BHlst/I9l AR oA
(YPL) h#)] pH#SKE 2ARE ATHGE 4), Z7] pH 700041 e} 1220 pH 6.70h9)2
7o) Wa7} glglee] S 39) BG, BP, BTB, PReJA A]alh dofu 21 wix|e] pH of
3 Zlo] ohd ThE 2o ojd Ao WerEglon, ofd Jhx GABA U dHAHTUS
Balal|9ls) asEe] e adEals S ol §acks AT AT} Was v gloj(Platt .
1985: Rodriquez 5. 1999) & Aol AMEE A AJSFEL A2 ek QAR el ma wy
wggo] ek uiAlRe) 2 dielsel ofs) X7l B Aom 5

=

. DeEEFFY A WS

FAR el W AAOf WANIS-S SISt uA RS 25TolH HFRR F 19K 0
2 Bt 249 B2E50)0NH DRI MEste] ALE AN kS EGA P
oM MMAES ZABET FAYS vl Wt

HEZho] mhE A dAPIERH(3E5) 2 PDARIR A YPLB(X|A|2F BTB7H Hij 2| .o}
H= WAL ARl 3L AR HY E505 60Y o]F, FLEE3TeE 404 9]
Fof APl "oHaL ol2e= 104 ofFof FA3] Aol Axste] Ele|H Al
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Hep A 2o Bashs ol o= A2l sl &¥o] Hojx= A

filo
s
4
30
32
)

E 5 oA BEEI(ZH] i FAHEEZH(n/7Y)

BEEI1ZHL)

=391 e
= 0(CH=E) 10 20 10 60 90
s PDA 63.5 62.3 63.4 563 61.4 124
T YPLB 57.9 36.4 36.6 348 104 33
] PDA 56.1 5.0 52.9 196 194 0
“E}g|3%
YPLB 1.2 139 395 356 2.8 0
] PDA 56.8 14.3 52 0 0 0
Ho|25
YPLB 714 52.1 0 0 0 0

¥ HEL2T 1 3HT

BN BEH RAE ALE A Nopuxlo] FAHE Agstel WiKo WAl HES =
AR AIH( 19 1, A-C), 5235 = 90¢ B39 #5= BP9} BTB  HAujA| oA 12
7 WlgFslolE FAE WEo] 79 Qlglal SLE3se BPARHA AL ek 82
A BE BEZFC WARESo] LA efeta, BTBAAMA AL ek 87 HE
717H02) o] oFsh WMANES-S Utehjoleh. Wol25k PRu} BIBAAWA m& mE
5] AARgo] A9 Yojubx) grob XA AMste] xfols} 3tk

cl9el dot ool Akl R0 ool AgHOR fAD TG e
AR7E heste] 1 WA R o

o
)
T o
P
=2
ol
offt |

Y
[ o
fu
o)
;%
oy}
N
>,
12
filo

A 2325
O BP O BTB
100 - —o—o02 —O—10¢ 100
§§ 80
W 5o
1ol
Bl 40 —e—o02 —O—10¥
H —h— 0202 —O0—40Y
0 —a—602 —m—90Y
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0 n- —
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B. Z=E23%

© BP O BTB
100 r 100
——¢ —O0—10Y
go | A —o—ue 80
;\? —a—602  —W—902 2
W 6o o 60
£ B 40
H 40 r W
7 = 20
oo 20 |
oI 0
o—
0 4 8 12 20
HY 2F 2l 4 () Hj ekl = ()
C. Hol2%
O PR O BTB
100 | " . 100 | y o
—&—202 —O0—40¢ S 80 & —a—202] —O0— 402
< 80 1 ——602 —w—o0x
R
W eo t
1o
E:1
40
4
W1 20
om
0 4 8 12
HY ket 4= ()

R 2> WAL Ak MAF L A
HAL wiz]o] AES o8 71x] &4

o] A2 <tolr | 98] Al 520 x| Aok}l B Alo] Eu|sh=

N2 Aol AN Flo] Uehils XAk} aas Austax) St

of A Alek HguclAe] ek A - F WAHES 2AF Ak B 63 g,
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E 6. ZoElE|HA TALS] XA GBS RH MHSEHT
KIA| 2k HEH - 2| MRHAE) HEHF| FHE=XKAOD) HEM=2| pHAtO|
NR’ 5.6 0.0680 0.1
MR 91 00168 0.1
BP 22,6 0.1291 02
BTB 29.3 0.1369 0.1
PR 35 0.0158 0.1

JNR : Neutral red, MR : Methyl red , BP : Bromocresol purple
BTB : Bromothymol blue, PR : Phenol red

£ XAl A 2uete] A WEAFY pHAS: A9 glgiou) BPS BTB 9
oM w9 FHE] Ao U WMAHES} stk whebAl, olelst WANHES WA
pHOl o5k Atk SISAY AXjokE BOlSPA, LSl oAt xjopg ke

HLSof et Aoz AT AutH oz zA|eke gaudo] ART) n|sdt WAL T
3t W E5313HE0) et E 2kl 9lo](Merck Index, 11™ edition) B AFAZ XAl ekS
wofisto] vix| o) M AstA "HAAT= Aom FHHE

E35E, HAFAL BHlEts &4 F 571X A okgohTo] W aEke-o
7) NR, BP, BTB+ Laccase, MR-& A -glucanase, PR Esterase®}e] wh
A, E3 BTB7F # 7]—51 v x] ol A= Lignin-peroxidase, A -glucanase, Laccase %
Ellld%}‘sﬁi of FEsaAG thFet a4t HARkgo] o AL vjxof=
o8 BTB7} X*ff%}‘i'h. HE A AoFnke] HANES-S W Laccase faxofo] A

Aol FHmEsio] Jbg AN AAlSkS ol8d RABY AAL e Laccase 7}

2ASFATHE

ol 4 Ax}7h

AA|HER SAZR ML (AF) E=X7(40D)

Esterase 144 0.0771

Cellulase 144 0.1857

NR Lignin-peroxidase 174 0.0041

B -glucanase 22.0 0.0797

Laccase 35.1 0.2223

Esterase 115 0.1775

MR Cellulase 18.8 0.0142
Lignin-peroxidase 184 0.0428
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pz== )

olf

Saz= MEF (AF) S (A0D)

XM=
£ -glucanase 42.3 0.0791
Laccase 20.3 0.0791
Esterase 4.3 0.0008
Cellulase 59 0.0439
BP Lignin-peroxidase 6.6 0.0264
£ -glucanase 36.0 0.0105
Laccase 471 0.0607
Esterase 129 0.0313
Cellulase 6.8 0.1164
BTB Lignin-peroxidase 39.2 0.0808
£ -glucanase 56.4 0.1472
Laccase 78.1 0.4494
Esterase 32.7 0.1089
Cellulase 104 0.0878
PR Lignin-peroxidase 43 0.0025
£ -glucanase 174 0.0708
Laccase 6.7 0.2610
JNR : Neutral red, MR : Methyl red , BP : Bromocresol purple, BTB : Bromothymol blue, PR :
Phenol red

D AB =/ (LAAF-LEANAZE) + (x| Al oF-a T AN A7)+ (bR A eF-bE AN H 1)’
73 40D =0DA| A]F-OD# 4 7}3
#AASF H7FsE ¢ 500ppm

Glenn(1983) 5o AxAutel oJshH WIS A Phanerochaete chrysosporium 2]
phenol oxidase 9} #|IHE|EAo] H=£31 o+ Poly B-411 5 o8] 714 S 49
SAzRgo]  dojubx]  gteon], LEpHAE Mo Mg Fofl  Laccase®}
manganese peroxidase 2] o] %9k, Laccase &AJo] W Pleurotus florida ¥ 0|w5
© Aol Axstal Aol HA FUth(Das 5, 1997)= -2, Laccase &

e A AR Be 9are 2oks A & 4 gtk

= 8. Laccase HHS 254 BTB 22| M=}’ (AF)

HS2=(T) 25 30 35 40 45
AL AE) 25.3 26.7 271 277 23.7

o 37}5)2

B

AE =V (LA LA ALNH7HF) +(ax] Al et-a ol H7}) “+(b XA oF-b
¥ BTB&= : 5000ppm
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BTB& 3} Laccase HH-g-of A3et 225 dolH 7] 3] 2= MAE ARSE Ayt
(#8.), &0 w2 o]z} glo] A A|2F BTBS o]&3t ez Aullx|ol| A WAl ZAF] A
WHE Laccase= %o @33 WA ¢ &S vstlizlzt 4= %laL Laccase=
712Eo| L ztal Qlom oy £F9o] JAEZ o] HAZ2 S 9

KeX
pHE= 4504 pH 3.0~10.0 Ho|A 24A17F AF =
2 (Munoz 5, 1997), ¥A9] FAHE Z4skd Aest et pekE g,

rlo
=2
>
2
o
(i

AE 3 78T 284479 B4 79

7k NS EHEA wiA A aagAol] mE HA

WAL ARl A Awstel FasgTte] TS sy e, 21

=(35C)0llA 3047k HEsfo] M3} 8l Laccase B/d& 2ARSIL AZHEFARE F5F
FdoR Azsto] Wik W ASEA ofHF FF AR BAslgct,

Sl H Al BAE R T e 35CA 3093t wE
ANHslo] SEHAAA A SFE U NEHFE 3 ujokslda] 2ASE AaH(E 9, 10),

HEZ|Zb] b3 gAE2 HEV|Z] A WobHlon] HESHA o2 o (Hx) ot
HEGF7E ST w717l mhE gAES BE7I] BAjlol 2wl A okt

wEZh AgIZe] W et 3
BTBE E@%t Bed4u|xel &4 0 A% 24 Zak BTB 55 25ppm 4 9ol
EHE FRoh HEFA e 2 NS

Zk=|9iet.

rr
i)
=
o
)
=
>
ok
o,
ot

o
v
o
=
2
o
©
ox
1o

9. HEI|ZH & T |Zto]| wE EHHPuIX|S| EFE | SME

=]

2EI1ZHY) 1 2 3
LT BME(%) BIT  HME(%) BIT  HME(%)
0 0.337 21.6 0.197 54.2 0.292 321
10 0.355 174 0.253 41.2 0.306 28.8
20 0.369 14.2 0.269 374 0.263 38.8
30 0.371 13.7 0.278 35.3 0.321 25.3

J &8 (Decolorization Ratio,%) = (FF= wiFA-E4= wjdE)/SF= wiFA) =100
AR © YBL+BTB(25ppm), 27|83 430
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E 10 #F HEJ|Zol wE #HA

& uix|e| MRHAE)

HH 27 |ZH( )

1 2 £
0 139 18.9 10.1
10 108 12.5 75
20 8.8 6.9 10.2
30 8.1 5.7 52
) AE =/ AL+ A2+ A6
¥ AA4WA © YPL+BTB(25ppm),
 1olile B483E BT 298 dehliRied, WItto] 248 Laccase 242 12

eS|

AT S ETHe| AR

A gago]

= 0692 5% =
o #AR] Laccase &4d0] 518 Ao

Ok, 0YRE = vl 3YA O AT Laccase
./r\_g _E‘/,\j' o]— 73_]_1—(_1]_12) Laccase g]—/ﬂ_q— /\H;(]— F/L/\H _]_4— /\H;(]—_/] /K}‘.ld_—ﬁ]A
ol ool 9o (H

= A8} _/’[:

TTo =

Phanerochaete chrysosporium®] phenol oxidase ¢} 2] 18340

by

l__.&

A, TR, Axpel g

oo} Laccase

BTBE 2313t x|

= olg] 7}A] 2340 BRZRE 0] elofulA] 9Foko i (Glenn S
919] Laccase B30 a0l Tolgte @72k Rodriguer 5 ey
E 1. HEV|ZF A ulj7|Zk o wE Laccase 4

HH2EZ | ZH
BEI|IZHY) EAR
] 2 3
0 0.43+0.08 0.55%0.10 0.61£0.08
10 0.22+0.07 0.31£0.01 0.47+0.01
20 0.19+0.04 0.45%0.13 0.52+0.05
30 0.24+0.,01 0.43£0.20 0.32+0.01
xHAE|A] © YPL+BTB(25ppm), Laccase activity (unit) =umol/min. ml
) 2 HA)
F 12. Laccase &M, EME, Mxlo| AT
Laccase & EME Ay
Laccase &4 -
A 0.699 -
A2} 0.276 0.450 -




U FREETIZ) B HANSEY 24

AZHE VIZHEE Y HAR A 13), AsEAE e Y
1

Zre w2 zpol7h glo] FA AR U4 54~56Y 0] AQE AT,
= fFE&2 A= o AAA A W (R 14) 12HEE 7|t T2 2}
7ol glaict.
E 13. ZLEle] o#F HEJ|1Z| wgE e SNt AL~
HEJ|IZE  dite’  ede  oujgs M)
() (%) (%) (%) HH 2k ETYe] S s Al
0 95.9 2.3 1.8 30 10 8 8 56
10 95.1 2.1 2.8 30 9 8 7 54
20 89.6 56 48 31 9 8 7 55
30 84.0 2.1 139 32 9 8 7 56
JH%E 5309 24}
14 #F HEI|1Z| mg s A XN EF
BHE7|Zt wold s Feds CHZO| CH==71 2t37| ==
() (74/9d) (H/4) (mm) (mm) (mm) (g/#)
0 33 1.8 109.1 299 446 96.8 a
10 32 1.7 106.2 29.4 454 938 a
20 32 15 105.4 29.4 45.0 951 a
30 39 1.7 105.4 28.3 44.0 1007 a
’ DMRT(95%)

AR HAuA ] et 9 Laccase B3 AatoA=(3 9, & 10, 3 11) 11204 30
o] B3 Laccase o] AdlEo] AT Yozt dARSF 2 2FAH] Lo
HESIA] k2 et Zjo] & HolR] ok AL FAR W v Afufa oA ] s aQl(H)
A2, 2= F% |2 F)ol A 2HEste] e Ashrt e Aom FHHh

Al » #3288 3S AT 22343 71 43
7l BTBSE, FAHAES 2 ujopr|zte] e 2ag st
FAHEel A Belelng st B SlshA SRl ARdel e o] A

3} 9l Laccase @& ZAFSIITh PDAMjA| oA FAHE=EI35) oS Fof] HESHA]
e dAHT ) 9F A2 4T 12 35T 3097 HES HAMS 28 Ao HF
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O A2
Elr'x::e'r‘

e

sfel. BIBSLE, it MWZ‘—F* 7121
oy

H ol 93 Lo Wele] 5

;w

E 151, 2oef2] FAK 5 9 siY7Iziol e gEMeRle] 248’ (BTB%SE : 25ppm)

"z B2 |2} =E2=(0)

(crt/10ml) () SITESGES) 4 35

1 11.2 30.9 10.0

12 2 22.6 424 175

3 247 52.8 12.9

1 14.6 25.7 137

24 2 29.6 36.0 281

3 48.6 46.1 30.2

1 242 33.8 175

3.6 2 35.8 35.0 22.2

3 46.0 444 224

Jer-2-(Decolorization Ratio,%) = (E% vjoFA-E3% wjors)/Saw wjokA) x100
MXEZEZ|ZE 30

HjoF7IZto] A% BAEL FrIskov. HeF 3R 9] SRS vlwshd BTB
7 25% SRS 2715 100ppm owqi A1 2000l 213k A3
L. HES ¢S #F6E 4CRE FFE 100ppm Au) 1Y BA Sl
HEFTE 200ppmol | SAE vﬂ%@l “paslel Bkl Ao amad o

3% BTB =t 100ppm ©2 e gic.

o

=

of
o

[e]
Lo}
3T AN

Rl

s

e

E 152 2oEl2| PAR| BEZ ¥ uigo|ziol mE gZMulKe] S8’ (BTB%: © 100ppm)

PSEL Hi2E7 |7t BERZ(T)
(ert/10ml) (2) SEE(x) 4 35
1 73 345 79
12 2 25.3 31.0 17.3
3 436 67.3 22.9
1 28.6 34.3 12.7
2.4 2 36.5 51.3 24.2
3 55.2 41.7 36.3
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"z B2 |2} =E2=(0)

(crt/10ml) () PEZE(LYX) 4 35
1 35.5 55.1 20.6

36 2 39.0 61.2 28.4

3 482 61.8 32.2

' er 2 (Decolorization Ratio,%) = (Z34= kA - vjtE) /Egw viokA) <100
XEZE7|ZE 0 30Y

E 153, 2ol FAR HEZ o i7|ziol oE SHARKI SME (BTBSE & 200ppm)

g=2 B2 |2 =E2=(0)
(cnt/10ml) () EEEJUES) 4 35
1 54 37.0 125
1.2 2 50.6 30.4 26.0
3 41.5 411 22.6
1 28.8 37.6 176
24 2 47.0 44.8 28.3
3 44.2 5l.4 32.7
1 42.3 475 16.5
3.6 2 46.1 50.9 28.7
3 50.3 57.5 371

J &2 (Decolorization Ratio, %) = (FFx= wSA-Z3x wldE)/S3x wjodd) <100
HEZE7|7E 0 30Y

EYO] 2 BASE WEI0l YI4S ZrYe, ACRERFE BB HE}
25ppm, 100ppm Yuf+=
Fapo] Wetm BARo| Zrtstol. Bl B

oS =% 42 28
st BTBS 5E7} 02k A 33 5 JhuEaFE By, 4T nEYG 253
b BES] ke FFo) Hlstel SMEo] BA Uehti, 55T BER #FE WA U
tht BEend ne s W ° =

o] 9 Eo] Balgo] A  Ueh}il, 35THE F3e 1120 93t ggo] A
gAgo] WA Yepd Ao g dhdE o)

oL
o3
ot

. BTBS=. #AAEES 9 wjopr]zhe] w2 Laccase ¥4
BB, &%, wje7Ixhd gades) 2459 shtl Laccase B4 2ART 2
I+= 3 16-1, 3E 16-2, & 16-

il

K
>
e
i
i)
®
iy
i)
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E 16-1. Z=Ef2| FAN HEZ ! s 2ol o Laccase #4d (BTB &% : 25ppm)

"z 2t |2t =E2=(0)
(crt/10ml) () SEI(hx) 4 3
1 0.075 0.292 0.032
12 2 0.306 0.352 0.105
3 0.191 0.338 0.113
1 0.127 0.406 0.066
24 2 0.410 0.601 0.320
3 0.532 0.647 0.455
1 0.225 0.551 0.110
3.6 2 0.540 0.633 0.436
3 0.654 0.645 0.467

' Laccase activity (unit) =umol/min. ml
#HEZ|TE 309

HEFo] 12¢i/10n Y wji= BTB w7t L8502 Zrlatg o, HETFo] 24ai/10m
ol mw= 100ppmoflA =Skt HHOWl {ro] A= Laccase &4o] F7hot= FAI%L
H e 2 o]l B9 FHFol AAY Hadshe A= YUSich
E 16-2. 2=Ef2] TA ¥EZ A 7|20l wE Laccase E4M (BTB &% : 100ppm)

Bz 27|24 =EEE(C)
(ct/10ml) () =T EIQIES) 4 35
1 0.059 0.340 0.040
12 2 0.164 0.381 0.068
3 0.107 0.249 0.149
1 0.214 0.404 0.092
24 2 0.316 0.406 0.203
3 0.288 0515 0.354
1 0.332 0.526 0.223
36 2 0.507 0.549 0.316
3 0.444 0.567 0.338

' Laccase activity (unit) =umol/min. ml
#HEZ|TE 309

V. HRAT « 579



E 16-3. T=Ef2| FAR HEZ ! ufL| 2ol whE Laccase #4d (BTB &% @ 200ppm)

"z s |2t =E2=(0)
(crt/10ml) () EEEICES) 4 35
1 0.049 0.207 0.038
12 2 0.058 0.333 0.218
3 0.099 0.423 0.174
1 0.425 0.420 0.059
24 2 0.227 0.401 0.253
3 0.363 0.406 0.258
1 0.265 0.390 0.167
3.6 2 0.351 0.454 0.240
3 0.409 0.435 0.299

' Laccase activity (unit) =umol/min. ml
#HEZ|TE 309

Aol BE&+= Laccase &4do| 57138}

< YERAL, 5 TCHEAFTE= 7 2
, B 152, 3 15-3)9F Zo] AL 4ToA 307t tﬁ}O%E Laccase %]'*30] A

o o = S A
Fhee AT 4 99tk

) JER
AR ) AT AUSE BAT AT B 1T-L 5 172, 5 173014 B
uho} e},

E 17-1. 2oEE] 2AR BEZ o sl 2 MRHE)’ (BTB %% : 25ppm)

g=z 27 |2 =EEE(C)

(ct/10ml) () SEE(Cx) 4 35

1 2.8 18.7 2.5

12 2 6.1 23.3 31

3 74 30.9 3.0

1 45 22.9 75

24 2 12.3 20.2 8.2

3 22.8 25.5 6.5
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Mz L7 |2+ =EE=(C)

(c/10ml) () =T EIQIES) 4 35
1 3.7 25.5 6.1

3.6 2 9.7 22.6 8.5

3 8.4 28.2 6.0

Y AE =y AL+ A3%+ 402
#2717 309

BTB% = 100ppm Luj] M2}7} Z7154ct7t 200ppmof| A 74
Mof x| AFMo T SHASHA WL P T ZEo] W Bleko] &i}ﬁl Pl ot Ao
=2 J&%EP*E} A 39 v 39 Mal= AFEo| BEs 7o BESHR|
B e 4C BHEGF= BTB 5&=7F 25ppmit 100ppm A o fashs 392 A
o}, vjF7| 7ol wE MAp= BESER] 2 s vijYFTIRte] A4S SUksk=

= A9
U 35 CHES 5= wg7I7ke] A2 MA7E 3RS 4 T4 30U HESE 30
A AZ7E 74 dzoh kol Bl gt Laccase B4 Axtel A5k
E 17-2. 2EEl2] TAK BEZ 9 ui|Ziol| o2 AYRHAE) (BTB %% : 100ppm)
HEa 27 |2t =E=(C)
(ch/10ml) () SHE(LX) 4 35
1 6.3 10.7 9.2
12 2 131 30.7 151
3 29.1 1151 75
1 275 62.7 227
2.4 2 106 955 310
3 80.7 1038 199
1 35.0 176.6 37.0
3.6 2 138 147.6 198
3 523 141.0 232

Y AE =y AL+ 435+ A0
#REZ|Z 309, BEY  Srees R
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E 17-3. 2oEl2] AR B3 ¥ uiLT|Ztol| ohE MRHAR)' (BTB &%= : 200ppm)

"z 2 |2t =E2=(0)

(cr/10ml) () SEE(X) 4 35
1 24 34.8 75

12 2 39 7.3 6.3

3 3.0 14.2 05
1 101 721 154

24 2 40.8 239 9.7

3 179 25.7 9.3
1 42.1 101.5 20.8

3.6 2 29.3 o7.9 72

3 28.5 70.7 9.1

AR =y AL+ 435+ a0
% BE7|ZE Y, AEY ¢ FuEEBE P

BTB%E 100ppm Z2|o|A] 7F4 2 M= Uehyo] Soto g xjajzte] MY 37]9
+ At Fetal ATE QAT o4 7&4% ?JZ* oz E uj, BTB: 7]&u)j# YPL
o] 100ppm sE=2 H7Fetal, A= 2.40i/10m FF3ko] 25TCollA 3U7E st & j

Aol A LS Hlwste] o TS 7HHs) LEE = S AoE FrhE ot
4., A Q9
HAFF] &8-S AAFS o] gato] HHsHA FHshy] fg W RS 8] 3
gk Auk= otefel Zr
7h 232359} F=E235+= BPe} BTBE #71et A uiA] o] Mo] Apafof|A] mghy o g
Wt o, Wol2s= PR IAjR| o A= FA oA HA o2 BTB LA X]of A
= =MoA FEMoR MHDZE dojuf A MHAHSE oAl 2tol7t It
L BAgRe] R ET|te] Aes AP Eo] AstEglon, £323, F-EHe
3%, Wo25 OB 1o ot AR Aal FIFS Ao}, HFol2T = alof
A 1097 BEdtol e FAMIRESETE G4 3] A= QU
oh AJAJofah aagofuto] WHANkg-S 2ARGE Ay, BTBEo| Laccase a4 4
R wf FFEe MEwofx WBlEFo] M ol BTBE H7iste] & fuiAE
7HbStaL laccase B/ AT
2f, 212 35T 30¢7E HEste] 109 1HA o2 MBS 2ARgE A3}, Laccase 8442
0PRE F7F 7P Edth
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o, e HE JEE o]gste] AAEE AR Ak 20 EE ATF Wit 5
LHEo] 5.6%E 7MY =R FFoll= ARt Zo|7F itk

u}. 7|27 YPLo| BTBZ 100ppm H7F}i AR 24ci/10m HE8ke] 25T o)A
3UXt vk, A2 H B wi RS MBI A9 gldlom HESER] ok AlA

3 L SMoH GRMOR Mgl Aot £ REE I 4 Yotk
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