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J - d.Ja-nr:uunrfioleuyt;tifrifion::lnr:r,,lanf,rrLariuornn"rodrrGu ornra drrfiu rracr#u,.lu :rr.r
,'orr, 13 sirodr{ uuor r:r6'u{r{o metanin agar medium rJrlfioruranfi 37 o{flrrtariua rflurrar
7-30 r-u aur:od'ouunrdodarur:nrionf,rrariulnu'lviuirrzula:ou1 Inlafiiiruru z loltravr rflut --lfiouunfrrEudruru q lalsravrFo loltravr trlnl, MS1, MS2, trav MH1 uavr{o:riiru:u 3lolrran
6o taltrav MA1, MA2, uac MA4 rfiorirnr:n-nr6onnu'jrlalualr MA4 irir enzyme activity ratios

aranrvirfri z.oq drr6o:r1ol{rar MA4 rrfinura"nuruvlr rld'rurruiv ur 18s rRNA sequencing Lras
i d -J < .

arn:'rvr[u5u!rruuura-rn-rruafrrrailouriufr Enln ul{ BLAST search arur:n ioiiruunrio:rlaltravr
MA4 tflu Aspergiltus flovus MA4
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arfiurvirrYu 41.54 units/mI oranr:vrnaardld'arur:nldrf,udaralunr:turuturonr:ar6mrdarir
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Abstract

A total of 13 samples of soit, air, wastewater and human hair were cottected and

isotated for microbia[ activity to decotorize metanin. The samptes were ptated on metanin

agar medium, incubated 37 oC for 7-30 days. lt was found that onty four of bacteria (MA3,

MS1, MS2, and MH1) and three of fungi (MA1, MA2, and MA4) had ability to decotorize the
pigment showing ctear zone around the cotony. After screening, isotate MA4 was the most

promising of fungi that provide highest enzyme activity ratio at 2.04. Under morphotogy

study, 18S rRNA sequencing and atignment of DNA using BLAST search, isotate MA4 was

identified as Aspergiltus flovus MA4

Comparison study between production of enzyme-bteaching enzyme using solid state

fermentation and submerge fermentation, resutts showed that the enzyme which produced

by this strain using sotid state fermentation process provided higher activity than from

submerged fermentation process. lt was found that the optimum concentration of sawdust

and guaicol in sawdust medium for enzyme production were 11 gram and 3.0 mittigram,

respectively. The initia[ pH of the medium was 6.0. The culture medium was incubated at

30oC for 3 days. Under optimum condition, the fungus could produce melanin-bleaching

enzyme with greatest activity at 41.54 units/mt. Resutts suggest the possibitity of enlarge

scate for enzyme production and industriaI apptication

Key words Metanin, me(anin-bteaching enzyme, metanin- bteaching enzyme producing fungi
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1. amua'rri'ru uavduruo.rf, rurardrirnr:i{a
rfrunl,uolnur:r :vnoudruLj:6u hrYu ruarfiuuacrir {Franbourg and Leroy, 2005) Inu

vrvir 90vo tolrirrarinc.uurirrfludr!!:cnourofltJ:6ufirian.ir r,n:rfiu (keratin) dri:rnaudru€a
rvrdurf,uiirururrn Hl,r,o.:nurrr a-rrJ:vnouri.: rlli1il:vu1ru 1o% 6.:n-uvrurvriird,rylun r:rJ:-uurir
nruariGurl nato.rr#uaru uayarl ri.:r..J:yn oud'rodnf,raiauariu (metanin) rjilrru l% drovoul,u
{unarr (cortex) 'uo.rriuau lirlrirdua*fif,nruo::rtrm'uavrdotrfi (Nagasaki et ar.., 2008)

-,j4?..iJ-J! n1!u n1t uarar{!ul a n 1t rua uudartiuur.lt'ufrun nuuau:"r ur:ry rfiu.:iar rirnr rlar u.: rrj ,< - x - !uavnl:rat unannllr d{n1:[!dUudalfuorotiniuornuarurumarad'lufiu6a urrnuoroov rr.lf,uu
t :rc!niJo utrt uiorrJdaurfl:rvhitouf,zurrfir raiaoroovrrl6uurfi'olrirdrri'urln6nralouro.: r,lio
rrrnuoror a'uusrrrJurlr'uflrrarTuiuu'[unr:darf,auocdorfinr:?,{ondarrriounr:tior Iouranrs
odrl0':zutlltoltllrarfitl d.rif,rfiorarfufurir rirhitiolfindt6'urn ri'.:riu 6.:iiliud'o.rfirYunounrrvlan
dzurraianr:v,lonf,uarfrul,urfiururr,il'ot#f,aueioua.r rdohido16of,dornuoio.rnr: d'{uvu zuf,oniild
do iruoc :vnoudruar:rnfi r1t'ld.iryiur:v,lonfiaur ld'lri

t. tslo:rour,rJoioonltri lHydrogen peroxide) ian:yruai6o Hro, drl,ldrvrrraa-n 2 !:vnr:
6o t) rfluar:r'lonf, (bteaching raio tightening agent) dtarirvilirarurfiof,zuilr,riouaifru lirlri'r#u
il!fiiajoua.: u,av 2) tfluar:oon01nd (oxidtzing agent) rilarirvirJaoUdouoon6rou rfi'odrrJfriiur
oon€rodunilf,dolal rirtfif,dorfinffir.ruld'101o:rouuJoioonlrririrrJfrfiiurldoluanrrrfi,iroi,.1
elamrirud6olc.uhinr:ilalo:rruurJoioonkrirrnn'ir oga r,lrnzu6mri'ruvilofitsIo:uounJoioonltoitu
Uiurzur:rnr,lio}ilnulilfinr:tiaorrocria'lfirfinnr::vnrurfio.:oior,rri,:fi:uy uaylirtri'rduzuuuri.:uf,uld

2. uarhrfiu (Ammonia) fian:rr.trnfi6a t'tH, riuar:dfinf,uqu finrrrlriurirra.: oyrflu
riruela!1unilfl InuoglugrJto.:uoillriurton:anltri iqvdrinniou rirlvi,il'uuan (cutic[e) to,:rd'u
ruutfrnnr:urnyro.lrauuanaafl drlrjiar:l,ionf,uayidol6uilrurrirhjldnlfunar,: (cortex) lirtrif,rjou
m0L6uzur.reiu rio.: rrnarrr:n n-oniouuduaruuavufrfi:uvld o'rrfluuaml#rurrf,u:rnorreiouua a,l
i:.: uaya-.:riol,vlnr::vnru16o,:riofiruf.: :vuuy rr rouraralo uacarr dn,ir u

d"lovrriuloi"ir nr:v{onf,r.r!rir uar:rnfirilneit{r.rsiur{lun r:lir a ru atnrut arr#uauLaairl:uu:r
ru:rvrflunr:rirarUfiuariu Ll:fiurn:rfiud.rriuord :vnour,ra-noro,dru, ,rrrf.lrl.,lu.,rrrriaro,
5nri':a ua v u"': or o rfioornr:urinr ulrniu nr::vnru16olriarari.:fi:uv:vluurrrouyrulouavqrr
(Nagasaki et ar.., 2008) o'.:riu i6nr:r,rondaurlouiivr,:o::rrtrfi iiouluuriorfiuar! aonr:ur(uac
:c nru16a{firfio o rnar:rni i.: rf,urio,:rafi.rfildiun.:ruau1r lnu r,anrv nr:1dar:an-n orno::!rrsr-
oeirrrtiu roulrilr{onirrariu (metanin-bteaching enzyme) fifinrrliirrvrrvrorvr.rrianr:doaaaru
tuatn:uuiatlariluritfiolotjr.:rEar tririraruLl:n'urn:rfiuuavhiriolrirfrnornr:dr,rr6u,rdu1
:uvrvr rduarua-rinrunryrfi fi n.ir nr:y,land'.: uar:rnidndr u

nr:r'{onf,rrarfiurirurautrrikiiunruaulo 
a dr,:ur n'lurirun r:rr:va n sildyrrrdrunr rlaruarurrluavunialdror.l woo uavntuv (2004) nu.irraukrianfru*Jaiooniroafitd,ornr{o

Phonerochoete chrysosporium atLr:nr,,ro nirlariua-.r la:ryilld uayarur:orirtrJri:vuno{lnra
riauurrfluar:uilnr,rn:viirltaluar.ord,rudrnioldrorol,i, 

rr,not oreit ;; 
';;;;;"r*lrr,+,

sporotrichum prurnosum 6ra'':ln:rvliroultrir,rondruariufiaur:ndauaaruurariuirrfi.lr.rulld 
1utruvrfiurriu Nagasaki uavnruv (2008) trui.t Ceriporiopsis sp. MD_1 ,*,*;;;;r1r;;;;;r*
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I -_ id d_
a=r rn:rcvrou [{trv'land ruarfrulurauaruld ri'rriu r rui iufri,:fiiorqrJ:va.rrilunr:n'nuunrraya-o rdan
! , ^J-rto:rornuraa'lo::ltrfrfifintrlarlt:ny'lonf,uuarfiu yiruurn:curunr:u:inuacfinrsranr.:rd

rurrvarrionr:rdnroulsililonf,lr:arrlu rdarflutaqaduJru'tunr:tururiuronr:r.r6n rdal#td'
,a tda -.";r0u Lurrr.rnrunlv{uavrln 10n arlr:nriur :vanoi'L{rfi oaovSovrnuvunr:1{ar:rnfllu n r: anf,au

J . i .I - v .J j.l- . rLLav ruulst0u00anltfleru'ttn:0.1d.'t01rn5yn1r LauaurJamnruritnu.:rTutduzulfru"lEusioh.J

in qrJ:va.rrita.rIn :.: nr :i6'u
.J-A,--.dL manouunttaynoLa0nttaltilnuya,!0tittttr]runlruarur:n Lunr:r,lonfr uariu
^ J - . j i- ,z. !fl 0non1 uuntt 0:'tyllJ!:yar0n1yi Lun151,{a nd[r.la1uu

3. tdofinurn:vreunr:urinruayflnrryvr'uarrvarrionr:ardmtoultrir,{onf,rrariu

uqufi aurlfigru [[ayniauuu.:h.],11fi oto.rla:.rnr:ir'a
taln:rou nnroiaanttd {Hydrogen peroxide) fian:yrr.:rnfifio Hro, rf,uar: :vnouruoi

oonltri (ar:firJ:vnordruoonirouao{6"luac16oilrYud:oviiuovrdur) :rJuurdl'rudao fianrurf,u
, 4 ' ! c . a 11 , ,u j v I - - X : -io.ltual!a ra nnirrirtdnrlou I:atu hiadsrir i.taur:naa rud'rr,fluoonirouniurir ria16oor,:ocrflu

ar:avarulilfif, rdorornloln:rouruoioonltriaur:oaarod'rrflurirlddoonua.ruavnrruiou 6rnr:
^ J"^

ti u:"nur a r: tfro i1f[un r tuv fiu uar ( http://www.rmutphysics.com/charud/naturemystery/

s.ci2lhydrogen/hydrogen6. htm) Io uvr"rhJlaln: rourn o ioa nlt rio c o qjlu:rJ ar:a v a ru nr rur{lriu
or'':uri 3-9or rinldriuar:v'lonfliuorur: ar:rirnrr!auarn riiutirr{o"it'rirr{al:nuufirr,rrir lddr.r

ai - , ov " ! . "nrvririrriurrir 1 1fanla{u rirrjrurrirurlrn uaclolri:rruryroioonkair{ldu gogo arur:nldrflu
i - - d o..' s i r.r Jd {, i ,Lt0 rv{a{1u raa ouo:?el n1:Lt[0[o:LnuryloioonLrri6r.:uata ovlfturruy urfifiqr6rirrfioaiou 1,..,. ..J 1[ayi'rcyr Ltu 1J1nLu.]aran .l usiora LRnr{a.[l,rrFurornnlTLrlufru (cytotoxic) fi.::untunt:6lruuara

rirlriuzuarrau tracrcn'ruL6o{ rirriu 6rnr:tdarrtinrilun:niiirrturvir#u (http://narcotic.tda.

moph.go.th) uono',rnfidold,f,ualll,Jonrr unrnaoarun::u,{onriol 6raur:n'l{tdfiryurdulorfiar
!,- -vntin niouvt".ttfinaiuq:ruriori'ulurioofian rirlritolo:rournoiaonlrsifidarSun5ntror,,rfirir,,ar:

vlantrlarna" (Universa( bteaching agent) nr:r'Jontrrdrolslo:rourroiaanltrid'oltdl1fia1E6
!nn (Na2sio, nlunrnr:aaruoYr uonornldylanrduluu{r u'fl{lalo:rouuraioonltsiy,lonrrdrr uav
tuun uavorol,{'talo:rournoiaonlrrirfluar:uoufinaoi (antichtor) d,rl{lirarunaaiuyirnn6rluu
rdulaudrilrunr:ldnaoiur',lantr: {r1ryEi,r, zsoo)

talo:rournoiaantroinnritrrlt'tuafinnhddauf,zul arrr:ol,{ylonrdual Inunr:rirar:tiod
ttJHauriuar:tfrn6u ou'lriar:avartrraliqvrdrturirr udliurylonau ovrirlirduarul'ddoual .jru
rionr:rr.l6uudalu uavti'rrirlr,livr'riarnr:rioufiqnr'uiluld lolo:rouuroioonlrriu-.ri.iruHauouluuyrur
In:nrr dfluurtiouanLLin'::ftolo:rournoioonlrrirfiu ox urrifirwlufr'alnarofinv.ruri s-qo;'dorrn
l'fiIoutilfinr:16aor'rovrirtri'rfinornr::vnru16o.ruu-rf,:uv ruayrd'uaruoronnlirarald'ririr.rnrutd,:-u
ar:lolnutoutnoiaonltriurnufiun'irrJirrrufirit,runovrirl,rirfinornr:ur{ :vnrario.rryuuirrrufia,ria-aI -urxodlr.lannn1 uhnornr::vnrur6al nruor,r lnnr arunrornnirfr uavororirlrioruooki,r,,rn
{uilnntdrflurJ:viir aroriol,ri'rfinnr:avaluavriuarruqro'rrrvriiriouusrua6o.:ky (oe sanjose et at.,
2006) ri'.:rfu nr:ldarfrnrTzuriorno::lrrfiurunurunr:r,,lonf,ililriruar:unu- 6rrf,uyidolnr:lu



, : :-1-.-- - 4 J0oalynT:'lU'lu0lJr.l!Lylljulnu.:1u Ly{:.tvuono,.tnoydluu,lllQu{u[io{1,oin1:tr{ aonllauar.jal:tnfi
aoflrUu1atn1flu#? nr:ldruf,onirudvrr rfirntr ovriruafl inlrra'nunifio-siaar6oJiruddouzuuo-rndrrSn
y-.yl-.;d4-y
o1u o.:uu n15noltunulnauv]:uvll]n?1!6't!ls0Lunllfi5liroukriylonfrrrLariu:?!1i'.!tflnfinn1:rJarl

' -- - - .--! ! - J ,
L0-1t L{U01niauv5u Loun nty!?un1tllltnrLv 1va n1:{2u'}anio.1141: uacan11yfitu 1yaulun1:
4 ! 4 " q tJ ^ ! .! .

tau {tiotYiar{dqlou1trj ua udl Loultifiariniufilr'Lrivnullu'tfllnlnuLfloioankri'luzu6nnirur4riauf,
-- !- a ^". :. q et , ..l -.-..-4=:y_ - Jdzu! r'tu1i uun $uu.:'rul auvrulau [n[!uoulidi nvlil'Lv lriLouhlfrfrd'uyunr:ariofifi:r nr on finrrl

j
riuvrulunr:njsuuroiou oorfion r:zu fo1,u:vn'ranarun::! lflun1ia onr:drrdrroulsrior nrirr!:y r,yn

rravrJ{Luun1:ur-suu1Lvnlula0n1:rJinloun:;rrunr:vr.rfilnrn rfiolriruuroqarun::rlvruuuurir6u
riotr-f(uaurno

2. n'uvtur?u2t:untl!/a1:durufi (information) ntda,:dal
2. 1 lnrlairlralrduaruuayuarfi u

[du !ro.:nur:1 iyno!d'1ulilrdu ltriu rlariuuayrir (rranboury and Leroy, 2005) Ioufi
:/ t - i,,s , o q q ; -anfi1uo.lt l) L!:rtuluaunlu5 ot5un'irtn:rvt-u (keratin) firfrurnnir 90% tolrirrau-nuv1ltolrduau
i, e
rrdrulranjU:ynaudeufrauyrdur:ai6r 2) rjr 10% rolrjrrarinuri'.:tolrfiuau uav 3) rrla1fru 3% rlo.i

usrrarinu#rtorrd'uarrl (Nagasaki et at., 2008) In:rairuru'lurduaruouutj.:lflu a ;iru uayfifirr.uddr
w ), u o Ju lryotloUriluuonao lnt.iaf't.inluluriii,raoflufl 1nfr t uac z n'{i

t. auduuonraiounSnmr (cuticte) rnSor.uLrJ:vnordluiil:6uvrrfidnuruv{ourYuadrflux:ou

rauzurLniirutndoUal{ouriu!:s!1ru a-r0 'E'u rn6oc.irllilif; rflurrari1,a1 lrififl Lli.rua.r d.lut]o{,i'u
nr:fiuilrutaldlanrJ:nvr'ovrrirltJriraiurdui.ru uavJuJnrlorduzuulllriaryrf,unrrrnir{u rfiorf,uarfiu
-- - "" - ^; t 1, aa 4 ^ 4t A d e ! y
12r.r 0{u'uluetlu[::tJt''l0t t.:t1u L14r.lr]n[!uri.1 [ndor]!ou[!n rio[Ia n?1!5ou n?lrJiu li{n1n

) a 1 -"5::ttt terrL'rtvd't) rfuJUl.:0l? 1111l'tt4ludriJulduldur.lil r.r!fr41n'uidtndoaruovt]louavrSu.:drri'u6 eiru
!vtr:lt Lr14{Lau Lnao tJQUAnrl0[tav Lxalu1:0 L5u.:fl']ilo [d lil1fitndorJrJliaM:nilnflo,:n?luriuiu

v v - !Z
n1u1uLtavli11fiuf{r;u[fr I-u141ntion1ldli.l (http://vwvw.handbtoday.com,zindex.php)

2. rultsunar.:raiordoauL (Cortex) ritutfut'firfinf,r,riotiRiot0r!.la1fiu (Metanin) ad nr:fi
4 y I ! cnve ddr, - j j <!!aluuoututau rJrunaldunyvl't Lv[au ur.td tunlr.Jtualrudinnn?!nu6?ua1:fliuon:5u ilriunird

^^--.--=-l-..2..... i.. a <! ; . - ;-"r;--.-;"-6::tJt't9llt0{[aur.llJ {i14'lnt!f]auanu0ua{uiol,lot ndunovlirlfidorruo::rJt160.l{a.iuiotnflnrJy{on
.. ! t. ,J o 11 1 c.t,c d , j ,.j , J
1'1't'.riu to n't:luauuaH tlu! tral:rnr.lfrnv[ unl:fillrLrnaLytarrrilduurutlal{uroi t2ri6{n.]idor.lrJ

.t 1 4.q, q J ,Ju50nltUn tnyt1l, a1: LurJrJrunA'l{L!aUuUUA{[tunu (http://www.nsm.or.th/index.php)

a. auiduluraiounur.rrL (Medutta) rflu"utiroqluqntorrfluaur,rioriun'irununu rnonrnlil:6u
uavltuiu rnuilxlrifiuvurillun'll1i1.!1u druurnocflu'tu ufiianrnu{ru:r uave.urr{urSnfnlrifiunu
Hl (http:,/www.handbtoday.com/index.php)
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n"n u ru uI n r.r rt iells.r r#u H &

nryid 1 a-nuruyln:.rairrtolti'uzul (,ft'rLr : http://bergamotcLub.com/index.php)

, .l 1_rar, t.. tra.,-llr

J -s e -A
nlytyr z lnina:lnn'tU LurAur.l! (yt 1 : http://topicstock.pantip.com)

ua1fiu (Me(anin) rf, u:rninqo::ltr6f, n'rraiarjrqra riuar:yra6uoidnuri'rltflua-mi fi 1
u)

ttavnAuyrsr] iuyuryrurirfir,taluodr{rdu nri nflatRa.iuoo (photoprotection) nr:nrunrLoruunfr
(thermoregutation) nr:rino'uoura6a:v (free radicaI sink) nlrd'nduLrnilloou (cation che(ators)

ruavrf,uar:rJ[6:uv (antibiotics) rualiuluneuvritjiurirdrdurriorrYunr:rJnr]olrradornanrrc
nooluvioanrrvlriru:J1vatl ri':odr'rrtiu uunfiriufia-rrn:rvliruariuovfrruvrruriaar:ilg^6ruvlrnfu
(Lin et at.,2oo5) drr,riuuarfrutra.:flrloovdrutfirrJ:viyr6nrntorrradlunr:d'ruyr'ru0iontllu#'.1

t \ ,, , v j y$a{ q {rt.lfl': iiaoam:lt?!0Lan !n1-io{r{adnlnal:fllt{o uaurou lnridouaarurirl l uacd!rfiur.flol
niun,rr;ulroirfioSnd:u (Butter and Day, 1998a) ruariulufitovfinrtr;ird'rylunr:lirtrir.nj.:rsaiifi
nl'lxut.lBi.tr.l1n'itur{udur!alDwonuuainvlfru11]o.rdunruui.l u:.l,tra{rdaonuon (Ritey, 1g97)1u

. -.! v
lqutiuava-nira=u.:andttlul lhnutrarfjuriuo.rrirJ:vnouairri'rgto.:firuu"luavrfruaru Iouruarfiufi

e i u1 J - { ,
14u''rvruann0 nvt?u0atuua.:?lll1nInu [Uuavt?uUn1]o.r:1{ nrui1nnr:rirarutali,:do'anfrhlatan
nTnra{uner (u"nron", 2001) ruarfrul,uan'irduro nd'ruururj{nlilronetd z rio6o 1) pheometanin
d, - d{
t!uuarIufrItaorirv6o.rfilfirr,nr uav 2) Eumetanin tflutuarfiuroof,rirvriadrnra riurfiom'nuurn

I
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danlujrlnru!o$Lrlvti Ioutovrrvfird'uzurL (Ritey, 1997) :uvi.rfifirrafi nr rad.:uluuayarr o{ (c[ancy
and Simom, 2001)

[ualiuLfluo lr{!tvn oudrfiryluHrtvunal iuio cortex 6rtfiouayUiur rur oruariuovrirLi
rfiua!to{rtriasnufif,irrtnnsir.!niir I a1iufrll]ranarurolraqjrfinrrnnr:rJfrfiiuraon€rofir,lna6uLoit:
rt€'uro'riluoa uac/uioar:u:v n or6ulna nrarfiuuu nqrd,ju,ior.,t .l6en rnldnir.r uacua i nualu
(Manivasagan et at., 2013) uiirln:.rairrtoruarfiuu'lh"ifinr:finurdurjt-o prota (2000) 1d:rurru
'irrlariurfluar:uamtvol:6u-ayiof,woi rJ:vnoudruar:drur niulora (indote) firdorrioriudruvruoss . , &-In21tau{ a1:rvalutr]un 5.6-dihydroxyindote, indote-5,6-quinone, 5-6-dihydroxyindo[e_2-
carboxylic acid, ttay indote-5,6-quinone-2-carboxytic acid Woo uayn y (2004) :ru.lru.jrut
ariufiIn:'rair'rndrun6.:rl'rinfiu (tignin) drriruo.rrirl:ynorlurradfituayrirufiu ru,ororn
l:vnorriraar: :vnaufluoa uau iuloaurrio ryurflun ofiru oirduun'urriu #.rf,In:,: airlluranatalu:
arfiurrao.ilunrud 3

\\
N

H

\
N
H

\

OH

,.-)7 \

\-J

o

o
HO

HO

(cooH)

(cooH)

(cooH)

nrvli' : In:lair.:Ilra natoluariu (vitr : http://en.wikipedia.orglwiki/Metanin)

z.z arBnfisur{riolau
al

erd m ri'ruri tiolaura5 o ul f, uuf, atuluvl'o{nal o u { ao n rf, u 3 na'! no
- .i , v .1Ja r nt, . a zt. u1u0!r.ltJtuot?nit? t_J:cnaufl?uaylltulolr.itana-Luni lrarriouoyrnaouuut"uuon

talrduHl d.:6iorraqooonnru aialnnl:a:sfl!ri'ruurxl!!fiuini.rl,rioao,rni.: arinryrurifiuul,u
i'ororarn kiuri

- a"a[aoiiuii (cotor rinse) fiua'nnr:tdloua:vruu ,t'uriihi'uri'.r urriaraoiiudaruurfruauL
olnG!01narrluirlrui'ruvrou vi raiouil:r'triviJr bid'0.:drlaon rasoorodrlirj:rlrzu 2-5 u1fi ud?d1{

i, a 4 !!y
0ann?uu'r0u ar!luru't "l yu.lu {iii4lteta,lUflt]nnruiol,ritalusiaveiriu

- 6uaovrf,rul (Hair crayons) t{eirr.r:"utJnflordurudriur,t.:o nr.rion nurirauLfira noonlrlr,tri
id, "" . .- -.-- y A & , -va.!n1:u0u'10n1:Ltvllouh4Uarutaluvirduaoilttjuniludryrrtaoouutdur.tlt4ron riusr"l uriraul
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3_. .,1 - -Zflllev r,u0,!i'rnoua ovrlarJ!utvn ouo'r ultnn d'ruiu nr:douaurn:"rsiahlgi'0.: uulo.jrdrrrarttuiuo a n

ornrduHlralofi'u

- iviurirv:-ro.ru (cotor sprays) l-nu::rlun:vijo.:6nriu fiFuiu f;vro.: d1aiu1,tlun5dfirnu
-i2. urrialrlrrrionrorr: !:vnaud'auf,fifiturnluraqarSn firarur:nfiurtrh]6.ltsunar.!ror

rdueluld'f,ocn{ilulduru g-5 drlo,i lr'fiuuli'uri utlrlriouda* Iad'u lv,l,eiou6Hr

.. ]rlr^du1 
r:sfinorr: urdor:r.rurfrodfiorruu,{r^, uavyurianr:a:yfirrntr4 dou.,l,i.r^u

tuofrl?:uu 2 tun no urrna=ouda]r: dldoyayaufrt=uuantaltduzultyiru-u ur_i.roonriu

- ar1uln:riolr.u (Vegetabte Dyes) f, ovrn6oufi ouutiuarunrru lnufi ruaqioduuonaotorrdu
q' 

') s , e \v t , j-, .l
r.l'J lLol LUL!auu tn:.lal'].!ra{rau t] Lotln u1u o!rr].lfrfrdtuzuautor'!uornn'urauur'tfiduo.:uayf;uo.r

- rn6olaracrjourru (Metat(ic Dyes) 16'uri urra6ouHldfieiru :vnouro.:ocd?oc6rmfl rda.jr
, .t , .e a J u{,, 4rnouln:u't:y14?'t.tflvn't0v{rrtfl[!a3rarl,la5 Lurn:1du rifLririlnqvnl.rd'alyfu nf,ol6orurduaru d'olyr"" a "*.-t1 [ A[ULOAnl moi n1:

- daral (compounds dyes) rflul.rimrirur{vr'fidruruautal6luln:tlouaru uavrn6olaucriorrrJr.r
: - - :_!< j < J- q,4 ,J - jIav0ntuol,tu{n0 u ''l U 0u i]rJtUnrdu rnr ra uatl {lriufriuulf'[unr:rrJfiuUfiari urdolarltuou

-t- - - -.!- -,f ^! 
j q

u:cn0!0?uu']u't z a'tu t.l0't00y1J:ta lur.]oy5ouaon0u da
, J 4 d j , . <.h., ,J < !aa?uvr 1 nr!a ruurr0,rrua?u50n5rt diu:unoudludvr-lflunr:uJ6aufraru firitrn.irf,aonirot-u

tduri ur:rfli6uloaviu (qphenytenediamine, ppD) uavnr:rlvradulnoviu (pTo(uenedia

mine, PTD i{ouluanrrcrirl :vr.ilru 8-11 alnn1:r6 uorlrJrfitL (ammonia) d.:ovrirhitvuuontol
tduruuuu ?ro,! u,avuunoon rirlriiirrdrai.f,unarr,ua.:rduarr uri6'rriurrflurirru.,norara.,r{urun
ro':rdu,.r! rirl#arruurun:vriro uonorndu-rl'd':uHautar6r:aou:r6,rfirvr'ti:u1#f,6rrrirr#ur.nr16'6

ar:neirlisai€uoa (resorcinot) t{iuar:vr'ul'odrrJfrfiiurfiuf,dnnoonfilnriud':osld'ar:vr'frhranalranj
{_..=_.r, s , Joq|'v )qe4d
ruLnnLuuarooFt't: rl uasa'Dytytl Lt4flur a Lud [lJ Luaoonntn[du0.uJ

, J. Y
arufr 2 rjrurln:nu5a devetoper rjrcnold?e, 6% torlslfl:rouujaioonltri (hydrogen

.,, i " v a, -. "--peroxide) drviru{rfrv'londzurrur'auaonilndfltutrr,rfr 1 hiriof,rjor:r.u yrnlalo:rouuJoioonlseifi

nrurdldulrnn'ir 6% ovrirarurdug.r uav:cnruuf,arvri.rfi:uv uridrn.lurdudusirn.irdfioclil
alrrlr0oon€loiif,nr:r'lriodrrirJ:vivBnrn lunr:'[durdourutfrofid'oo^auu'.,urvio z iirurufiriou
1{dolzul rrtolrflslo:uourrjoiaonltri!a'ouoonfinuia:cliloonilnriflLri'rfrof,cirrairnr:ularauf,Hr

z.: aralrui{ufi rdsr{a.r

Ratt6 rlavnruv (2oot) finrvrr{o:r 17 arofiuiiuavuunfi6u q aruiliudrfiurfiurJ:ciilEnrfllu
- d-

nr:vrlanfitra riufia'!tnr:rcdorn b(uestain fungus Aureobosidium pulLulons ii.rrioflruurrYuhiurl:

;rJdrr.riunr:rirrr{oifirooirir'r1 rirlriarurirvrrrra:u6nnro{lfanai ornnr:io'truu.jrfi{o 4 aruu-uii
6a Bierkandero odusto Yrr-D-99746, Go[octomyces geotrichum \fiT-D-g4228, Trometes
hirsute vrr-D-95443 &a! Trometes versico[or vrr-D-9g747 arrl1:o oneuariuuuorrar:rasur
.4 ale q r gJ-,- J JJdtt0ttlj.: to ttavQvuu:car0n1fl Lu0'llr1:ra u{!tovtlu5ulrululn:touiir riour nn.ir1uo114.lttau{!60u!
airolvr:an!:ni v{u'jinon:r n1iv{o nf, uLarfrut o.: G. geotrichum o{uuk6riuluav,trTuoond
0'r1415 ta u { Lt a

woo uavnrur (2004) finurnr:v'lo nf,ruariulo uldrouluia niurxoio o nirn6 (tignin
_)-

peroxidase) ranooln white rot fungus Phonerochoete chrysosporrum rJfrfiiurnr:y,lonf,uaor

11
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a'lua"rlr[ud Michaetis-Mentens luriorrfiurrYu a-ar1fl1:lfioilifiiuirlayni1 ldrrturonr-uare]ln 2
tf,n6o tuariuuacloln:toutflaioonltri rirardrollraouaranirdoldularfiurflur'uarsrin6o v,",
rvrrdr 0.1 oDaTy'min ua;rir K. rvirfi'r 99.7 mg/t dr u rirarfito ln a ourir anirriol{
lllalo:rournoiaanlsriufjurlrarn:mfia v,,"" rvirrTu 0.08 oDaTy'min uavdr K. ryiiriu 504.9 mg/L
n15 ur[rt! tottrlLiutll0l a an Ltoa i luUfln5urovfrruarionr:vlonfi rraollriuiu.irlolo: rourn oioonltri
d.1
t.] n't 1lJ i'rtlJufl 0 n1ttnfl! I n I U 1

Mohoriie ttacnfuu (2007) n-o16onrda:ror nfiuuav ornrnfiifion::unr:d auaa r ur ariuuac
nui1 sporotrichum pruinosum r,flurfiofifirJ:sivr6nru6fiaolunr:r,,lonf,uarfiu#lun:ryr.i

!-
n ru v rli'l''uld'lir n r:rur c 15 u :Io u n:vut unr:ul-n rir u u rr'',r ro'u,,dotra rluan rrvdfi or n rarfi oar6 n

iaukrir"lanf,wariu virirorvr:r6'u.:rdad'orfi un2' rfludru :vnourirn'ry dorr6rLur,rd,rnriuoulu
,- J. 2t .tt - ZUitllruriilnottavuuir Zn' tUuar:ujuu".:nr:ruimraukrl'[uo"lrJfrn:niuulntu (stirred bioreactor) vi

"- ^^-..<- -i- --,t c .id - r,rl0ln'l:n15m:{ lllglau ua v Ltn'l111ti't0i1an Lunl: niu nrucr.iiiuld'drroultrififiuiavrGairurl.tuoaou
nr:r"lonf,tor skin corneocytes uavdrudfitnoiiavr'lurotol prototype lll tlay lv .:ruio'ufirflu

A a.e -:rulrutt:nfruao fitfiufi.:rJ:vf,vrBnrvlu altouluil,un r:r4 onf,ruarfiutolfilufiuaynrrrLrf,uhLld"tu;
}iroulslylonfr uarfi ulurn5o.rdror lfi rn:yo'rfl a

Nagasaki uasnfur (2008) kidnuonrdo Ceriporiopsis sp. 16'ornfiulutJr aur:o#lln:ry
to nel5lt{a a al Loultl (extracetlutar enzymes) frarlr:nv,lonf,rriarfiutol rduaruluueitd o.rn
n'ri6nu1a?u!0.:r0ulsrliairunr:rirlriuiavriviu'irroukilrJ:cno!riru: drurouluiEa Et, E2_7,

*ax E2-2 uoulrrid'arnr:1olo:rouuJoioonlrriirulunr:rfinrJfrfiiur roultiflu'.rarlr:noonilod
i.ar:!:vnorfluaadul rtiu quaiacot unriu 3,4-dimethoxybenzyl atcohot drarlnoir1orrouluivYr

autioirirnr:onn6uua.rarqnfi 406 nm uanflfirfiui.rroulujuarirfi6u (teme) rf,uo!riil:cna!
Khammuang uav sarnthima (2013) finurnr:r'{onirrariufr,:rn:rrrilnuroulrriyuru.uo.r

uanfna (crude taccase) da-ltn:rvfinu Lentnus polychrous tuanlvn'n'uachin'sr-anarli6ond
(redox mediators) elanr:io"unuirfion::rr^lonf,uarfrufirirryirn-l sz rdoir6u0{dfiuorryirriu o.s
nrul,utrar 3 t'rll.:luanrrv fiit 2,2-azinobis (3-ethybenzothiazo(ine-6-su(fonate) diammonium
satt (ABTS) ri:uluanrrvfriria'm'lnarri6ondocfifion:rrv{anf,uarfrurn'ol 22 uJoiriusififirotryirnTr
5.0 aruunifilxlrvar1uanrrvfitriiuavfi6'.:nar,: eBTS irirrvirrir 55 ttav 35 o.ifi1trarfiua
nrla'rdu nr:l{n-rnarri6onrio::ltrfirria6u (vaniu.in) fi:cnTun?rrrrdilriu 1.0 mmoul rirl#
fi on::tylanf,uariufi rirr,virrYu qs rUoir6ug{

US Patent 2006/005t305 A1, us patent 2oo9/oo4t6g2 A1 uav Ep1583512 83 ldld
rouluifiniuujoiaaniroa lolsirilroaiufiuiavrd (ugnin peroxidase isozyme Hr; Lip H1) ornr{a
11 Phonerochote chrysosporium rrl.filunr:y{ondlrariu nu.jrroulsli rip Ht arrtr:naniuLarfiu
ldotir.rd'nrouvi:vdun:rurdutiu 0.4-0.5 mM uavlurJfrfiiurd'orfi veratal atcoho( (1.5 mM) uav
lalq:rouryroioohri (zoo mu) iuadri.lu

us patent 2006/0051305 A1, US patent 2oog//004t692 A1 uav Ep1583512 83 ld.i{
roulsifiniuriloioaniroa lolduir,oaiufiuiqvrd ttignin peroxidase isozyme H1; Lip H1) ornrdo
11 Phonerochote chrysosporium urufludruaraulunirLrafnau rfiald'ar:acarurir.rrflnrnSoaru#r
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drniuraa"nzulril na'rrrLrr.lonf,ariluva oovroao.: yiu'irf,aruoxalo drr{nrou nrul,urrar 1t'rlrlr rdo
.aavI

rytu! n! artrjy L! Loyl o n rt r u tou1trki.-,: nd rr

3. zon,t:n.lluun'ltaiu

1. n1ruunr{aolndroeirluacnr:rirrdatiuiand
lirnr:tfrtiel"rodr.:orn6unrrllitrzuinuoi'uhltrar! lou'[{vra"ror-ndu 11of,nornfir6uarlJ s-to

tsufiEn: kiluqsnarafindavaro inurr rnnrl#r,u.iu rdorjrn#ulrri'0.:rJfrtGnr: rjruroul#sr-ratj1
urir un1#avuSooiauriruncun:.!uarr6rlunrrurfiinio airraiud'roU.lluir^r,r,urr'.rr'arUrirfi

J,i.
nrtucfravoro!aoottanSoufinoar ntint o.rn-r otirr iu-rra ruav anrudrfil lir nr:uSoorreiroludru
oiru normaI satine sotution (0.85% NaCI.) rJaorrr6'a 16an:yriunruro.oorldrutrvalurrirnr:
spread ptate u!o1v11; metanin agar medium rjrhliludqrura4i 37 olarrsarfiua rflurrar 1-30
iu oun'jr a v rriulnlafiuacu3trrula rirvirn": o tjr r or nrahi'arlo ruo '',r'',rr,u*oo,{u metanin agar

medium lir':runar.rri'o'rddornr:r6um-rotjr'r rirhltiuliqrura4fr 37 ornrrrar6aa riur:ar t-30 iu
oun'irovrriulnlafiuavuitrrul,a rirnr:uunrdo'tririayEtnui6 cross streak technique rru.r..,r,u*o,:
J -.h, " i J - : c !

tdatol:vllr.ttrltLr arIu lirtirouttauiqvrE riuufiouiqyBuuarur:rfiu I r6a matt extract agar r.jl,i{
qrura4fi rz ornrttatduaoun:vr'.:r{oroirgr6uraririuuSul trirvrri'ud":u 20% gtycerot (sterite) rjrlilaA
riuyt-osuranfi 4 o{nrLsariua

z. n".rdrrdan,{alfiunitida'rrn:rrdraulrririondudlfiu (screening of metanin-
. 

. 
bteaching enzyme producing microorganisms)

...{ , -.a- ,." . ! r ! - -&qy-u1[{0tloava'ruvlu0flRnuun LntJ']L1r1vrau{uuorMr:rdurriatfro u6rLfrhi}i16!uar0u iluorut &a-- o114r:t6o.ltfiofioruuni 37 arnrtsatfiua rflunar 3-z iu oun:vr,r'lr{oroirgr6uorrar:r#errrdo l.fl
cork border no. s rtrv6'uiufiir{oroiry rirl rrruuorur:rf,urrdoudrvr'firuariuarrn:rydrf,uuradr
__!.._. ' g i _J__.---" ^_ . d c, -_ u sn1:u0u u!01uo'1141t raunrtorofuvt! 37 olnrrtaudaa riutrar 3-7 iu Ioua'ltnmnr.:la:ou 1r^r--:-.-. i . - i - o n J - i !"
LnIaura.:rtavn?u vln'1:rurntor.]aii'ru?uauvrtdnrrlauav,uurqtar.:.:'tafitfiedu n'rulzuur
dor:rii:unr:rir.:rutalraultri (enzyme activity ratios) 6'rrdon',{oar*-u{#;;.,;;r^.';;;..,,
ta.:taultri (enzyme activity ratios) alqnrfi onr:rotaa,:rialrJ

Enzymeactivityratios = turordur'iru(utina'xuirrrula

tur n rdur.irusurinar.rlnlafr

3. nr:dniiruunrdalna'lta'nu6ucyrrrdruoruiuaruarruafi nmrrirhrana
.at I A q 4 .i - -t.j-L!uni:dnullfl0 lrav:rudlrinu5oioivtLrnranito.:oiuvritifia'rra:rvriloultririo nirlarfiu

I u - A Ly e r!, 4 uLOU01fiUn1:9lt?nqanu vr0it'80[fluLtnao{1au::nIudrrU5uurvt-uld',nuruvrl"lranar:dr.lo.lt,i
4 - t qe J o - Ac a- . -rJln:Jlutt0Qaur:u Lrnaynaruav [trrnunfl1.:i? tura4arfron:r oaaurird'uruafi1d'ri'uriroluruato.l

16olauvr':'dlugruriarLaarna Inunr:finurdnuruvf,zuoruivrur,uo.:r{o:.ruu matt extract agar rni
qrur,lnfrrio.rrflurral 1 3 5 uav 7 iu rirnr:ario6rSuro (DNA extraction) rirnr:ariodluijndrSuro

: irnlduluto.:rdo:rlnu1{ 8.2.ru.n. Forensic DNA isol.ation Kit (ormega Bio.Tek) *avrjrdrSurod
!i'!rririlifi:-urlnSuoir:arruiront'u (potymerase Chain Reaction; pCR) Iounr:rfiudruru6r5ufi
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ludrutal internal transcribed spacer (lTS) 1nu1.flilAfiiu..liiarjryi1ryu s0 hln:6n: r]:ynoldru tx
buffer,2.5 mM MgCt2, 0.2 mM dNTps, 0.2 pM of each primer (lTS5 and tTS4) Lray 1U fog DNA

, -J,,. t !. - -potymerase 0ruunrlYl [{a'1iliurJfrfriurfifiari riud'ud'r uorurani initial denaturation d 96 ornr
rtar6ua rflurrar 2 urfi nrrLriru:.r:ouo6u ni 35 ?.::aufi lynoud?u 96 o.!r1.rrral6ua rf,urrar 1

u1fr 53 o.!fi'lr{aliua rf,urrar 1 urfi uav 72 a.rfi1rrar6u6 rf,urrar 1:30 urfi nudru finatJ _-
extension fr 72 a{fllrrarfiua riurrar to urfi rjrarinnirur{fiiori (pcn product) vrrlrilrln:roaau
d'tu 1% agarose gel etectrophoresis Jaud'ru ethidium bromide uavrjrh]dolnnrulsi uttraviolet
(UV) transittuminator or nr-trudrarf,nrYrudfifiorin*1d'riri rn:rvriurrir d'urradr urndoo automated
DNA sequence (Macrogen Inc., Korea) ud':rirriroirruavild'ldujiaurfiourir 18S rRNA gene
sequence lumudolatol EMBL database Inul{ BLAST search

4. n:curunr:utin vrduurvaun'a nr:a a nrouttf
rtlun r:6nur ujiul rfiuun:vrrunr:rarinvr'u,turca!eio nr:ar6 nraultf :yu.irr n r:r,,trinuuu

submerged fermentation dt u ory.,:r6'tior6'a metanin production medium (Mohureiv et at.,
2007) uavnr:r,rl-nuuu sotid state fermentation druorur:taJu.r16'o sawdust medium n:culur4lin
,'tdua',u',:na-ororrcdroulru"td'rndanovnnn-nudonrfiorirh.Ildlunr:yoaorrYrm auriohl

4.1 n:su?un1: tinuuu submerged fermentation
"lavrrnr:rnrvrdu$ia:1lu matt extract agar il frorura4i 30 o.:nrrtar6ua rflunar a i!

rn:u!a!o:darfiurunru 0.1% Tween 80 rjirrn: 5 fiafrin: (rliunrurdldrro.:ailoid'arfiut*u1ri'
.-:-v...^6 ---Jrvlnu 1u a!o:molaaafl:0rnuururva oi.i'au4ut'u t trjoiriuoia.:lu enzyme production
medium rJ3rrn: 50 iafrfin: rirotrvirfii o.o ilrfiqruunfr 30 ornrrrar6ua uurnda.rrtdrri.ru
n'lrutir:au 150 :ousiourfi tflurtar 7 iu rion:urirvruoudrrirnr:an-orauluiln unr:n:a.:airu
btack ribbon udrdrar:avaruvin:a.rbirrvuurraiuidrurnEalu!uuaiu.ldo-r:..,ar'.,r.,18.: 10,000:ar
siourfr tf,ur:ar 20 u1fi dlaliavarudrular,rsoroulmir,turufildhjirn:rvrirarfion::lroulriylonf,u:
arfiu (Nakasaki et at., 2008)

4.2 n:!U'1un1: rinuuu sotid state fermentation
frnr:rurvr6"ulr{a:ruu matt extract agar ilun'qrura4i 30 ornrrrariua riu'ar 3 iu

Lotu!au0:{arvlultuo?u 0.1% Tween 80 rlilrm: 5 iaf,6Er: (rj:-uneruuilriuto.rarjoidarfiui'ulri'
rvirriu tou arJairiafiaa'a'n: tTnrfurvrrvar]oidarfiut"u I ur]oirduqfarlu sawdust medium r]ilrm:
1o fiainil iliunlldurvirrYu so u.lair6uo{deuar:avarurn6ouidifirorrvirryu 6.0 0{.id{li'ri
qzur'r4l- ao olnrtsatdtla tilutrar 7 iu rfion:urirraunrjrrLrarYoroulrid:u 0.2 M acetate buffer
pH 5.0 rJilror: 50 iaiin: oY.rtitldqzura4n 4 ararrtarfiua lflur:ar 24 t'rh.: rtdrrf,un{.ln:rr
ornfludrurn:o'lilru btack ribbon drar:avarerfin:arldrrraluuar'urdrorndo.rl,rqurraiulvr'dn:r
nrurS: 10,000 :ouoiourfi rflurrar 20 urfi drar:avarueirularaiarautrrirruluv,lhrjirnrrrlir.,r
frtn::troulriyloniurariu (Nakasaki et at., 2008)

5. anravfi rfi !.tcarrtunr:ar6q raulrdylanf, urarfi u
ornaanr:ynaoilu{o q uu.irr{o:raur:naranrouluiloial,un:vu:unr:urinuuu sotid

state fermentation o'':rirnr:f,nurantlvduaurvallun..,rrn.rt,6'uo,{o:rtiionr:ir6oroulgrillonf,rri

a r iuln u n : v uru n r :r,,l fn rir n a'r r
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rrrrbn

t r.t , 0P
drfnirtruinr: uurTmurduqun:rvrrfi {atndorfr:.r b01_ _ r _, ,. _ .-. -- ,1A46fl
s.t firatriudutaoa.r,,.rrduo,{rr''4,.cd,, J - 

lyr btitq iVnl
rirnr:rurvrdu.rrioiiuu malt extract agar r.iufiqruu4fi 30 arnrttatdua rf,urrar I iu

rniorarloitarfiut"uri:u 0.1% Tween 80 rJiurn: 5 ia66n: (r.Jiunrruutiuiuto.ralai{Iauiut-ulvi
6 r , - -- !

rvirriu 10- arjoisioladdo: olnunrnrca oir-arfiut'u t ujair6udaflu sawdust medium Uirlro:
to iafinir rliunru{urvirn-r so uloiriuddruar:avarurn6ouidfifirotrvirn-u 4.0 5.0 6.0 7.0

8.0 LLav 9.0 #.:dr1{dqzura4l 30 arnrrrar6ua rf,urrar 7 iu rdon:uriruuorirurarYoroultridru

0.2 M acetate buffer pH 5.0 rlirrsr: so iafifin: d.:drlidqrut,t4l 4 oifl'lr{ariua rtJurrar 24
J,< J X ) '4e ) vtrlur urtirriunirn:t ornriudrrirn: o.:c.iru btack ribbon drar:avarufin:o.r'[6rrraruuai ulorr u

l.duorqrr,rdurddm:rnrrrlrir 1o,o0o:ouriaulfi rf,urrar 20 urfi rirar:avarudrularaioraukri
-1" u .-

14u1uvrto t!'rrn:lvr,,lutnon::rtouluivlonf, uar0u (Nakasaki et at., 2008)

5.2 qur,r4iidrulrlal
" i t ,J d Irilnltrlrlvtdu.irlto:'ruu rr,att extract agar u! qEuuqr] 30 o{fi1t{at{ua luul,1al 3 ?LJ

rniularjoit"arfiuturi:u 0.1% Tween 80 rl3rrn: 5 iafi6n: (r.l:"unrrur'ilu{uto.:arjoid'arfiut-ubi
!.

rvirri'r to" arlairioia66mr ornfutrrvatjai{arfiutlu t rrjairtueiarlu sawdust medium ilro:
,, ! a ,Jdd J

r0 iafnil rlirorrrfruryir rir so riloir6ucirirudr:avarutn6ou:vruvitottvl'rnuutol,vr[ur.]'rvarQln
,fla s r #ldil{doruuni 30 35 40 45 uav 50 o.:rtrrtat6ua rflurrar z r1u rdon:uriruuodrurafi'n

routujriru 0.2 M acetate buffer pH 5.0 rJir:rn: 50 fiafifin: nifril{fiqrura4fr 4 arrtrttatfiua tflu
'i< d 'r'rrar 24 d"rkr rt eirrlluni.rn: rr o r nriuriurn:o lrilu black ribbon rirar:acar ufrn: o':1nl rulu

ru,tiu':rirurnda.:r,lqrrrCuoddr:',ro?1rl15? 10,000 :ouriourfi t{lut':ar 20 urfi rirar:asarudru'la

rasoroulrrir,rurrdirihjirn:rvlivrfion::ruoultiv'lonf,tlarf,u (Nakasaki et at., 2008)

5.3 ,rirrrrardu,tur;al

rir nr:ur,,rcra*u rrdarllu matt extract agar ilrLdqrura4fi 30 ararr,tatfiaa rflurrar 3 iu
rniularjoidarfiududru o.tga rween 80 rji!rn: 5 iaf,f,nr (rJiun:rrLrrirtutararloit-arfiudul#

rvirriu tou arjoidaia66o: or nriurnrvar.laid'arfiut"u t uJoir6us{artu sawdust medium tlilrmr
! , - 4 ,.dd J

10 !aanirJ u5un?1,]turv11nu 50 L!0:rtuno?u61lavaluInaausvluvi[0trvrlnullt0tv]t14lt'lu6u0'ln
,il0 s.r ,'odotldqrura4fi ilrdqrura4ifirurrvauornto 5.2 tiutrar 3,5,7 var 9 iu don:urirrauo

durafinroultriti?u 0.2 M acetate buffer pH 5.0 rJiurn: so iafrin: #.rdltidqzura4fr a aur
rsariua riurrar zq d'rlrr.: tueirtf,un{ln:rr ornriurirurn:olc.iru btack ribbon tdufi'rotir.lirura

uavrirar:avarudn:o.rkirtarlurraiurdrutnioua4uruia':fi0'n:rnrrtJtS? 10,ooo:auriourfi riu
rrar 20 urfi drar:avarudru'laraiarouluinur!filffhjirn:rc#urfiln::utoultrir'{onf,tuariu
(Nakasaki et aL., 2008)

s.q nrrurri!{ud[u!'trd!i,o.!rt a'{aliuou
" ! ! ,! a e

rirnr:rv{rvtdurtto:'tuu matt extract agar ulJvlqfuu4 30 0{fi1l{atsua tlut?a1 3 ?u

lnEuuarjoisarfiuduriru 0.ts6 Tween 80 rjiurn: 5 ia6in: (rliunrurdu{uto.larJoidarfiudulri
6 rr - -- Y

tvrlnu 10 AUosgloilaaan: olnuullllsaUoltAt utu t rUoitduriallu sawdust medium di
.- JJ 4 | ! -^ | !1 .

urulfurraousvnuetl.:1 no 5,5,7, g,11, 13 uav tS nilriofrn: rJiunrrrL{utvirriu 50 rrJairduci
,Jdd ) v - ! !,1.) - ' J -Jriruar:avarutnaat[:r!1i[0t[yl1n!vrt0tvtl4t]1vfi n1nt0 5.1 sl{vt.l t?v0fI114fllJ ullvl0[u14fluvt

r14r.ny6lro1n,?io 5.2 rflurrarfiuvrrvarlornto 5.3 dan:urilaunriuran"ntoulgilriru 0.2 M acetate
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buffer pH 5.0 rJ;r1eri so iafiFn: orvrri.:lidqrura4fr 4 ornlrarfiua riur:ar 24 d'rlur rudrrf,un:i
n:r': ornfurju rn:orc.iru br.ack ribbon rirar:avaru,h'n:arld'r rrarlur.rar'u rd'r urndo.rrarurrr,uld
o'n:rnrrrrS'l 10,000 :olJriourfi rf,unar 20 urfi drar:acarudrularaioroutsiilrnudld.l,J
itn:rvr,iurfion::lraulrilr^lonf, ruarf,u (Nakasaki et at., 2008)

! eeA J "5.5 :sOUn?1Un[J1'Uyltl4UltAUtA{ ar:tulardr
rirnr:rlrrvr5"ulr6'o:'ruu matt extract agar il,dqrura4i 30 o{flrr{arfiua riJurrar 3 iu

r0r:u auo:raL uruo2u 0.1% Tween 80 u3r:rrlr 5 ia66m: (rjiunrrurturiuriorarjair"arfiut-uhi,
rvirfii tot ailaisioiaain: ornrYurnrvailoi{arrlu{u r nloirduriarlu sawdust medium dl,flrdoa
rjiurruduaurcalornto 6.5 uavfirjilrru guaiacol:vriurir.:1 6o t.o, z.o, 3.0, 4.0,5.0,6.0 ttay 7.0

frafiniuoiof,m: r.lfunru{urvirrYu 50 ur.Jai16usidruar:acarurn6ouivififiuotrvirriufirotdryur"au
rrnto 5.1 ,r'.rd.r1{fi'qrura4l rilviaruraaifiurar:rvauornio 5.2 rflunarfiualrv6uornrio 5.3 rdan:u
rirvu o dr l r ariq raultririr urirvuodrlrariqraultririru 0.2 M acetate buffer pH 5.0 rjirrm: s0 iaif;fl: o''rfi".r1{dorurann q

o{nrrrariua rflunar 24 d'rll.r rr tirriiuni.:n:rr ornriurirurn:arairu btack ribbon ,:,a.rrur-ur') - r j )-nt o': tou114uul14? U { n ? U rn50.l14rJ urui u rfr o-m: r nr 1![5? 10,000 :auriourfi rflurrar 20 ury ur
ar:asarudrutavioraultriraurrir'ldtrji un: rvriurfion::uroulrrir.lo nf,ularfiu (Nakasaki et at.,
2008)

4. an1: flao{

1. nr:douunr{aotuvridvtdarur:ov,londuarfiu (lsotation of metanin-bteaching
microorganisms)

.4u,q
vtln'l;Inuql?0u'r'! Lu!:r?funruJivturarani lurivura'uaua:rtrrfr ldrrrin"rotirl6uuitrlnu

v \.4 , | - v y - p
d'ulf{,ur! sr'radrlornrfl ot"rodrr tdu uavol-r odrrrduaur l?!yr",li4uo 13 ot-rodrl lrdrnr:uunrdolu
0114'r: metanin agar medium tirdqruu4l- 37 orarrtariua rflur.:ar 1-30 iu Hanr:uoaornu.jr

- ! 4, - c. rarrr:nno*onrtofrlriu5rrrulaliiiiru?u 7 lo't{rar rf,urfiouuafiriu q lolrray|6a lolrray MAa,

MS1, M52, Bav MH1 uavrdo:riiru'lu a lafuravr 6o loltravr MAl, MA2, uav MA4 sr-.:uanrlunr:r,:
1 . A - a - .i ^ J Jr I uavnlflyr 4 tnualunuo lJtayl6t onl5ytnaa.iria [U

_ j. - J - d.s ! r

')11lvt 
4 nllnnLLUnttooa!fl:u Lou 0'1141: Metanin agar medium uuorlrr:ta-u{tio Me(anin agar

J
t'1vr

50

dc.meolum utlyotuun! 3 / a.lfilttattua tuut?al 7 .tu

'16



J.
n1llyt 4 (na)
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--- d - - o J ! rn1 u 5 a nu0.lynlSrnouSr.t lara{[ia:]!uo1y1:l,au{rio Melanin
oinrrrarfiua rilunar 7 iu

er1 :1i11' 1 loluaydair wirrrulauuo rr.rr : ud'ul r{o Me[a ni n

rtard8a Liur2al 7 i!

agar medium ilrlvt'oruranfi az

agar medium r-jufi'qrurani 37 o{fl'l

-at alta -t?ualtaoau:u BUa{A',tOU1.r

MA-1 i1 o1 n 1 fl ydray'l gi'01 a 1:iiu
MA-2 5',r 01n1fiuul 5C458

MA-3 UUNTT:U o1n1nn1ulu sc458

MA-4 51 a1nifln1ulu SC458

MS-1 ltuny]$u 6urinrulnufruryrir r

MS.2 I't!nv[:u 6uuir: rulnl duyro.: n :rr
MH-1 LLUNfltIU taur,ll.r

z. nr:dnrHonr{ol6uvridfidlrn:rrdroulsdy{onf,uarfiu (screening of microorganism
producing metanin-bteaching enzyme)

o j - -.J _\ s j_ \e ! r .!ulrtOoauv:uv1{ 7 t0ltla v]nouun [6lrtnrvrduruuol141t LaU{[iO melanin agar medium. ! l)uroruarur:rau'!r6ofioruuri 37 o{n1r{ariua riurrar 7 iu loudrrnnor.r'ta:ou1 lniafitorr{o1n
iu rirnr:uiufindorun',r,firrolauuvllu1nrai?flafirfindu riru'lzuraro-nr1d?unrili.r{.ruro.!r,ouhri
(enzyme activity ratios) ,Jan1:rnaoiv{u'jrlakrav MA4 firir enzyme activity ratios aiqnryilfyu
2.04 lu:sucr?ar a iu :o.rarurfiotoltravr MA1 fidr enzyme activity ratios aranryirn-u 1.45 tu
:vuvr?a1 q iu 6'ruan.r1,uqn:rrd z-a o'rn-or6onlokravr uAq rdonr:vroaardotrl

1B



n1:1.r'i{ 2 rulolfiur.iLrflurin a 1.:1Jo.iuir?rutauavru'rn re'ur.iiuqutinarlt arlnlafirra v enzyme
activity ratios 'tror tdo:rloltralr MA1 lfia tniru!u..r,rr,u*oor,du metanin agar medium tjrfi
aruvnfi 37 o{firroaLfiua rilurrar 1-7 iu

ND

[?a1

(iu)
'llu't o Lduzu luflu u n a 1.:

to.:uirriula (rl.)
turorduairuautinar,:

to.r1nlafl (u:.)
Enzyme activity ratios

1 0 0.83 0

2 1.98 1.8 1.1

3 3.13 2.58 1.2t

4 265 1.45

5 4.02 3.t5 1..27

6 ND ND ND

7 ND ND ND

= lilaun:oinldr nttat0S

Enzyme activity ratios = dn:rdrunr:tirlrutalraultri

orr:r.rd 3 uurorduairuqutina r.:ri o.:uir: rulauavturo rduairunutjnarrtarlnlafiua y enzyme
activity ratios to.rr{o:rloltrayr uez rn'oroirguur,r.',r,u*u.l,du melanin agar medium rjld
qruranfi :z o{flrLsariua riluurar t-z iu

[241

(1U.)

?lU',t U tAUri 1Ufi l.J U na 1,1

ro.:u3nru'[a (q!.)
ru]0 lau,.t 1ufi uu na'1,:

tarlnlafi (rr.)
Enzyme activity ratios

1 0 1.33 0

2 0 1.93 0

3 0 2.00 0

4 0 2.60 0

5 0 3.58 0

6 0 4.93 0

7 0 0

Enzyme activity ratios = dn:rdrunr:lirlrutaltoultri
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,1ir{fi 4 rulotduailu(urina'r.:r o.r uir'r rulauavrulo rfrui.irunurina rrroilnlafiuac enzyme
activity ratios t olrfiouuafrriulaltravr MA3 rfiouoiruluarur:r6"ur16'o metanin agar medium tJrfi
qrur.rn! tz o.rfirrsariua riurear t-z iu

na'r

(iu)
turntd'uc.irunudnarr

toluirrrula (rl.)
rurorduc.irunutinarr

tarlnlafi (rr.)
Enzyme activity ratios

1 0 0.65 0

2 0 0.83 0

3 0 1.05 0

4 0 1 15 0

5 0 124 0

6 0 t.35 0

7 0 1.48 0

Enzyme activity ratios = do:rdrunr:rirlrutalloulrri

nr:rrvr' 5 turnr#uairusurinarrta.:uirrrulauavriurnrfiuairu4udnar.:toilnlafiu6c enzyme
activity ratios ouor'{.rituio,o, MA4 riaroityuuorr.rr,e'uo,*, metanin agar medium tjud
qzurani az ornrrrar6ua rflurrar t-z iu

t?a'r

(iu)
turnrd'ua,iruaudnarr

to.ru5r'lru1a (ur.)
turn rdur,irunutinar.l

to.rln1afi (tri.)
Enzyme activity ratios

1 0 0.63 0

2 1.53 0.95 1.67

3 3.t2 1.53 2.04

4 3.78 1.48

5 4.35 3.35 1.30

6 ND ND ND

7 ND ND ND

trto = lilaur:nr"nkir nt

E nzyme activity ratios = o"n :r dt un r :rir.: rut al toultd
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n1r'r{vi 6 r,ur nrduniluflurinal {r o{uir? rulauavru 1o rfiur.ilunudna r.:t orlnlaflua v enzvme
activity ratios uor16ouunfiGalolrtavr MS1 rdoroiruuuorur:r6"urr{o metanin agar medium tird
qruunr: nZ o{nruqar6aa rflunar i-Z iu

L?a't

(iu)
turorduairunudnar,:

noluirrruta (su.)

tuurorduairunutinarr

ta.:lalai (trr.)
Enzyme activity ratios

1 0 063 0
2 0 0.75 0
3 0 0.83 0

4 0 1.0 0

5 0 1.25 0

6 0 7.35 0

7 0 1.48 0

Enzyme activity ratios = o'n:rdrunr:dr.rrut alroultri

nr:r.rd 7 turarrdur.iruaurinar,:uoluirrru1auavturo rdurjru4utina r.ruarlnla fiua v enzyme
activity ratios'trolrdouunfirsalalsravr MS2 rfioroiryruorr,,rr:r#u.:16a .n"tunin ugu,. ."oi;ilud
qrur,rnfi az o{nrrsarfiaa rflurrar 1-7 iu

L2A',r

(?u,)

,uurn rd'ur.iruau dn ar.r

toruiurru'ta (ui.)
turnriu runutinar.:

ta.:InIafi (tl.)
Enzyme activity ratios

1 0 0.55 0

2 0 0.59 0

3 0 0.60 0
4 0 0.78 0

5 0 085 0

6 0 1.00 0

7 0 1.23 0

Enzyme activity ratios = o'n:ra'runr:rirlrutoltautti
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o111{d S rul ordunil!f,udna'rnr a.!!;r.l{ulauay!!.rot#ur.i-runudn a rrtorlnlafiuay enzyme
activity ratios tolr,6ouunfiriulolrtav MH3 rfioroirguuotar:rarul r{o metanin agar medium tilfi
qruuna lz oinrrtarEua rflunar 1-z il

l'tn'l

(iu)
'uurnriuairunutinarr

'uo'ruirrrula (s!.)
'uurnrdudruautinar.r

to.rlnlai (ru.)
Enzyme activity ratios

1 0 0.60 0

2 0 0.75 0

0 0.83 0

4 0 1.08 0

5 0 1.50 0

6 0 1.98 0

1 0 2.23 0

Enzyme activity ratios = an:rdrunr:lirlrutoltoului

:. nr:'i'ao'ruunr{alaultdnr*cucyrrdruoruiruruacrnnfi nnrrirluraqa
q Jc - i - I 'nr:fr nur rfio'[#vr:rufiltIou5o{aiv urnranitor 16a: rvr'#lrn:rvriroukrir,{onf,ua riu Ioo

ard'u nr: o:r oqa-nurucrolrdalnuldndoroav::r ud.: ujiuurfiu!#nuruyrTrranar:drr6,:!.rn:nru
16ol6uvriduriavn{uuavlt'tvrnfinvnrirlr:ranardosr:roaaurirnr'urrad'loiriurirrYuruato,:r,f,ooarii,j

lurru{alaarna rvafinvrrfirllraqarfiarfiriiruru rDNA gene drudfrfiiurhf,ruuj,ro,ori,unr?,
(Potymerase Chain Reaction; pCR) uavdllr-]i-rn:rydrara'rn'urud (sequencing) udrrjr:Lr
rujiuurfiuurir 18s rRNA gene sequence luorudorato.r EMBL database Inuld BLAsr search

o'rnn1rfi'nula"nuruvdruor uiv ar,uo.r r{o:rloltravr MA 4 fiua-"uruuo rr,tr:r#ur rfo matt
.j-

extract agar riufrqruranl' 37 a.:nrrrariua rflurrar 1 3 5 *a! T iu nuirlnlau.r{o:ria-nuruy
ndrarirrvrad fiinr'ur firiuluf,r'i?uuoru'n[aca-nrsruvirupruivr,.,ruor{ur., tr4A 4 nrutfind,o.i

! e w,t -id -i _oau::nd rird.rturu 40x rfia:ra5rrrauluvr-frarrilniuuavair,:arjoifiriunir Tnfrrfis n-rnr:r.:vr, g
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1:r'rd 1d'nyzurvurr#rugruiuurtorrfi"a:rlolsrau 
MAq uuorrar:raiurrdo metanin agar medium

tLt a tfl 1V [a U.: L ruvnfi 37 o.rnrrtarfiua ludr rrra rri , r
!

o'r u1l0 { (t 0l't
(iu)

1

ii'nuruyInIafi
a-nuru y a'rum uiyr tr r n r tlld'

ndollalr::adrira-,:rurer 4ox

3

23
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4 "trroullto:llalslavr MA4 lrioiiruun:cduaflitidrur,ynin pcn rdorfildruru 18s rDNA
fragments loul{ primer pairs lrs5/lrs4 uavdr pcR product dldhJirn:rsrirareirq'urua udrdr
riinnrlairadlalvd lnternat rranscribed spacer (trs) vr'ldtr.lnjiurrfiuurarcirrr-uruafiruiouryu
l4dolur1u'fo arar EMBL database loutd srAsr search aanr:f,udu{a4anu.jr riroTuruatorrda
:rtalrrav MA4 n"urxvi 6 aooafrar too rdoir{usiri'rairriuruatol Aspergiuusfovus isotate
TDPEF52 n'.rriurda:rlaluayr MA4 6a Aspergiilusflovus MA4

5,-TCGTAqCMGGTTTCCGTAGGTGMCCTGCGGMGGATCAmACCGAGTGTAGGGTTCCTAGCGA

GCCCMCCTCCCACCCGTGTTTACTGTACCTTAGTTGCTICGGCGGGCCCGCCATTCAGGCCGCCGG

GGGCTCTCAGCCCCGGGCCCGCGCCCGCCGGAGACACCACGMCTCTGTCTGATCTAGTGMGTCTGAG

TTGATTGTATCG CMTCAGTIMMCTTTCMCMTG GATCTCTTG GTTCCG G CACTGATGMGMCGCA
GCGAMTGCGATMCTAGTGTG MTTG CAGMTTCCGTGMTCATCGAGTCTTTGMCGCACATTG CGCC
CCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCATCMGCACGGCTTGTGTGTTGGG

TCGTCGTCCCCTCTCCGGGGGGGACGGGCCCCAAiqGGCAGCGGCGGCACCGCGTCCGATCCTCGAGCGT

ATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGMCGCAMTCMTCT|TTTCCAGGT

TGACCTCGGATCAGGTAGGGATACCCGCTGMCTTMGCATATCMTA-3'

Length 599 bases

nrud o riroiurlafrrn6lolvrri tnternaL Transcribed Spacer (lTS) ,uolrda:rloltavr MA4 orndln:
rrlai lrss,zfisq

4.n:yurunr:nrinyr'guursalea'anrraf, nroultri
ornnr:finurn:vrrunr:rarindrurrcatl'tunr:rlfr qraulrrilloniurarfrulo ur{o:r A. flovus

H,1no ilriiqrura4iri'o.: rflurrar z iu nu'jrrfiodrnr:urinuu submerge fermentation ,{*.r^a,
roult,ifiifion::lroultrir',lonf,r,rariurvir fr'u 1.08 units/mt rlaun5y!1unlil4fnuuu solid state
fermentation rdo:rrrisrraulrfvr'ifion::r r,oulgrir,lonf,rriariuryirryu 35.29 units/mr. o-r*an.:1uJ.
er1:r'r, 10 L[avn:vu?unriurinfirrailrcaulunr:c.r6srroukrivionf,trLarfiu 6a n:vurunr:urin uur
solid state fermentation o-lrYunr:rvrrvr6"ulr{o: r A. fovus MA4 6'ron:vurunr:yr-nurrualar:

ed l J .un.:irr!uanrrvfru,'lrvarLlunr:arimroultriuuruarraiunr:rlon6wa.rfiuriohj
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---- J .^ ),,n1:'l.iyr 10 nAn::1]t0UL{ll andt!a1tu (units,/mt) fr10't r nn:yU r Un riyrj-nU!! submerged
fermentation uat sotid state fermentation Inurdo:r Aspergillus flovus uaq tilnJaruuniriol
(30t2 o{ntsar6ua) rflurrar z iu

n:suzun1t n

fi o n::lroulqir.loneua.rfi u
(units/mt)

Ex1 Ex2 taaB

Submerged fermentation 088 t.27 1.08

So[id state fermentation 34.58 36 35.29

5. anllvdruursau'tunr:urinuuu so[id state fermentation rdanr:a6nraulrri
s. t fi rotGlduto{olu,r:rdu{rdovr'ruursa!
t1ln nu1lrLol,[:t.lau10r01u1t[au{ Ltor Lu lyatLunl:r]a-atou'ltr.tvrionfruuariulourfio:r,q

Jlovus MAAIo uu,rrrr6'urrda:rluarr,tr: r#urrdo sawdust medium rjirfiratrororur:r#u.:rdod'r u
.. add ' Jminera[ satt frfrfrrot:voiuqir':1 ilufrqruranfi 30 ornrrsauiua rf,ur?a1 7 iu rua nr:roaarnuirria

....-.1. 4 q t ! .raa -'rtyrlu[a=u.:ltol' ua1yr:rAu,irio sawdust medium frIfrratriloiurvir riu 4.0,5.0,6.0, 7.0,8.0, uas
^^.{- r rJa-
9.0 rr0:141r]1:nruanrou lrrifrrilonr 5![oulrriv{oneuralfrl.Jlvil riu 32.17 32]4 36.89 35.17 34.27

\ar 33.41units/ml n']lta'rolu ri'ruaorluflr:rrd 11 uavnrvrd z oifu fiuatrir:fruro.lo1u1rl#u{r{o
-.J J .l
vttu lvar]vrdo [un1:,ia0[0u [{llv{ond[r] a 1uu lfl u nl:ur]nuuu sotid state fermentation f,a firot
.-:^!-.. ^ 1-.{--- = ,! .J_-
Lvlnu 6.0 t.ltt0l'1r{an[0u tguv]ufl0nllrIau Lruv{ondrtarru Ln6rhulriurvir ril 36.g9 units,ht

nr:1.!vrr 11 fion::lrouluir{onf,uariu (units/mt) vr'td'or nn:rrrunrru -nrluu sotid state
!!

fermentation lnario:r AspergiLLus f.ovus MA4 l,uo, rar:rauqrfio sawdust medium rjiufiuot
; e ! !"ril6u'ro.rorur:ria.:rfiolu:vniuoir.rl tjufiarur.r4fi 30 orn.rrrardua rf,urrar 7 iu

14[09
fi on::!roulqriy|oneNa'1fi u (units/mt )

Ex1 Ex2 toau

4.0 30.07 34.27

5.0 33.38 32.09 32.74

6.0 40.37 33.44 36.88

7.0 37.53 32.8t 35.t7

8.0 35.40 33.13 34.27

9.0 31.50 35.32 33.41
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N

9l

40

35

30

25

20

l5

t0

5

0

Hil##il#

9.08.07.06.05.01.0

pH

nlflfi 7 ion::l roulsriy,lonf; uuariu (units/mt) fildor n n:yurun..ji14r.l-n LL!lJ solid state
!

fermentation lou16o:r Aspergi us ftovus MA4 l,r,o',r.,:,6'u,rda sawdust medium rlilfirat
d., ! lq , j 1 vr:!glur a.lo'tl,tlirau {[10 Lul youFtli.l uilrqfuilnr]fa.r rf,uurar 7 iu

s.z qrur.r4fidu,rur;al

nr:finuraruu4ivrrrurrvaulunr:ru.,rra*uo,da:, A. flovus N,la q rdor.raoroultrivlonf,ru
-, ! ! ' Jarfluluorrar:rd ulrfra sawdust medium ilrifioruranfirirr l riJurrar 7 iu ruanr:uoao.:vrr.jrrdo

i ! q ! ! ,. Jdd I s _- , .iLvllvrau'!tt0l''r Lu0''1141:rau{rra sawdust medium vrufrrotr5llduryirri'u 0.0 tilfrarulrnfi go 35 qo

45 rau 50 o.rrrutariua r{a:rarur:neJdnrauhridfifion::rraukrir,{aniuLarfrurvirry! +o ta
38.10 35.41 33.63 units/mt nu6iro"u o-luan{unr:rlvr' 12 uavnrnyrr a o-.rrYuozuranivrrruurva
l. q q r ., d J <uan [un']: a0tou t{rJ Onar a1tu tourto:r lnunr:urinuu! sotid state fermentation 6a orunni
-^ _-_- i .s j - - ,i ,-ld- r .,JU a!fllltatsua [oul'to:'lflantou L{r]vtrn'0n:lrtou [tr]y'landruariua.lanLyiltiu 40.1g units,/mL 6.r
i,a,-J
rta:rdrulvrr!ova'1 1:otniefiorul4ni o-as a.ia1[{ariua uriqruranifiu,tlrvailoejrcu.jl.t 20-30

olfirr{ariua (u.:a"nuni E'r::rufiio uavriirr qr::rufri0, z5sq) o'{uaoi1fi'uiu.jrqrura4fr ao o.rnr
d < a,, )!

rrar{ua o.:rtJuanr':vfirfio:rarrr:oriieldduavftanLoulrrivr'finon::uroul{riy{one$aliua,:ao

orr:rrd 12 fio n::l roultriylonf,rlariu (units/mt) fikior nn:vlaunr:ur.t-nlLUu sotid state
!,

fermentation lourfio:r Aspergittus j.ovus MA4 luarrar:rdu.:r6o sawdust medium rJiufirottol
i i _,i 4 e

01141:LaU{Ltoryt'tnu 6.0 utirofuunrLnr.:1 r ut.lar 7 iu

a un!
(o':nrrtardua)

fi onr:uroulsdl,lonauIalfi u (units/mt )

Ex1 Ex2 taau

30 39.13 47.23 40.18

35 39.41 36.80 38.10

40 38.18 )z.h 3 35.41.

45 34.57 32.70 33.63

50 32.86 33.44 55. t5
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45

40

35

30

25

)o

l5
10

5

0

Temperature (oC)
-.-.-,J^e I .t Jh,nllry 8 ni n:i! L0u [{rJy'lan dr! a 1tu (unils/mt) frldOr n n:vur un 1iyr]-n ILUIJ sol.id state
fermentation lourdo:r Aspergiuus flovus t\4na luorur:rdurrdo sawdust medium r.Jirfirotror

i t -,J0114'r:lau,:rt0ry]'tnu 6.0 uuroruynurir.: 1 Ltlurrar 7 iu

s.a ri.o,.u.d,rr',ra,
Jo!tnllfinuldl.r!'talfitraurvarLlunr:tv{ryLeu{[6a:1 A. flovus uR 4 rvi{ac.r6orroulrrir4onf,ru

!.!
a1iu1uo114r:raurrfio sawdust medium lourj:"ufirottarotrr:rdtr.:rdori.:u mineral. satt dfifirot
rvirdu 6.0 illdarurani 3o 0.ifl1[satiuanrutjr.:rraroirr l ru a nr:unaarnu'jrrdarirnr:urinlu
drltrar 3 5 7 9 uav tt iu rda:rarur:oarf,mrouluivr'i6on::lraultir,,lanf,ruariurvirriu lq.ra
32.24 32.24 32.04 uav 32.55 units/ml mruarniu d'ruanflumr:rrd 13 uavnrud g d'rriudxrrarfi
rvurvarfiaolunr:arf,srroulqriy,lonf,uLariulour,{o:rlnunr:urln uur solid state fermentation 6a
g iu d.rr{a:rarinroulrriir'ifion::uroulrrivloniuLarfiu6.:4orvirri'u 34.78 units/mr. ruJodrnr:rfir

s J v e --,t- , X "-'. .i - u. J,n'rau'l.rr2!?a to un1:tru'r unuui rra n1rrfiaaiflli1u1r4fnt?rJ?a (druuhurir) fid?.t[?a1 3 5 7 g

Lrav 11 iu iriirvirfi'r t.t4 0.24 0.320.34 uav 0.33 n:-r ntra'rriu orrYudrrrrarvrtr6'o:rfinr:roirg6
dEo 6o r iu 6.rsr'rodr,rdrrLra (rirurinufrl) l'rirrvirriu t.zq nil ri1ruarrflunr:rlfi 14

nr:r.rd t 3 fion::rroulrrir'{oniurarfru (units/mt) dtd'ornn:rurrnr:rarinuuu solid state
fermentation lnor{o:r AspergiLLus Jlovus laaq luarur:r6'urr{o sawdust medium rj:-ufirot1o.rt a ,)
arur:rdu':rioryird'u 6.0 il1fi qzuranfi 30 ornrrrariua tudrlrraroir.rl

tir.rrrar (iu) fi on::uroutssiyio niluarfi u (units/mt)

Ex1 Ex2 LUcIU

3 34.44 35.72 34.78

5 32.76 ?1 ?O 32.24

7 32.53 3r.94 32.24

9 3r.93 32.t5 32.04

11 33.52 37.57 32.55
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35

30

25

)n

l5

l0

5

0

3579ll
Time (day)

nrflvi 9 non:rltoukriv{onBu:arfru (units/mt) dldo.,nn:ruunr:ufnuu! sotid state

D

N

r-l

fermentation loul6'a:r Aspergilfus flovus tr,tnq luorrar:raJuruda sawdust medium r1:-ufirotro.r
oT l,rr:r6'u,rrdorvirfi'u o.o r.irviqzul,l4fi 30 o.rnrrrariua'lutixrraroir.:1

,r:ror' tq rirrau"n6':rLradli'o1nn:vulun'nuu-nuru sotid state fermentation Iour{o:r
Aspergillus flovus MA4 l,uorur:r6'urr{a sawdust medium tliufirattarorr,lr:raiu.ir{aryi.rnu o.o
r.iuviquu4i 30 o{fi lrsariua luri:.:rrarrirrl

tir.rrrar (iu) uyrurinir rra tn;rfi Wn*i.rl
Ex1 Ex2 J

taaS

3 0.39 3.09 t.74

5 0.45 0.04 0.24

7 0.56 0.09 0.32

9 0.59 0.10 0.34

11 0.29 0.37 0.33

v oJ
5.4 a'!T !rrl!{ufi lfi r.t.]Ja!ro.rufi a'{aliuou
nr:finurnrurdrtufiruurvautorur,'d,: nriuoulun,r,n.r,u'e,or{rr. A. flovus uR 4 rdo

arinrou1tririonitlarfiuluorr,tr:tf, u.:t6o sawdust medium fifirjilrrunrtrrdudut ariira'ou:vd'u
oirll Iourjiufitotouoo',rrlrr6'r,r{oriru minerar. satt fiifirouvirriu o.o tjlviJoruraaij 30 o.!n.r
ltariua rtu[?41 3 iu aranr:uoao.:vr!'i1liodl nllarin'tuarrar:raju.:r{o su*aust.eaiu. dl.
GurrunalitdoutvirrYu 3 5 7 g 71 73 uav 15 nili rda:raun:nai6riroulrridfifion::urauluiv,lonf,
uLarfiurvirriu 33.53 34.99 34.54 38.80 40.03 38.90 uav 39.13 units/ml nruriro-u n'luaortumr:r.l
v'ts uavnrnfi lo o-lriutJirrrunrrurrildutordla'oavr'ualrrauir'antunr:a.rdnroultririona'ruarfiu
sJ
ln u rto:rln unr:urin urr sotid state fermentation 6a tt nil dr r{o:rar a'nroultrivr'fin on::u
rauttrillonf, uarfiuqranrvirfi'u 40.03 units/mt
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alrr.rd t5 ion::lroultrivlonf,uariu (units/mt) r'ldo..,n n:rl t unr:yrjn uuu soIid state
fermentation Inurfi'o:l Aspergittus Jlovr-rs MA4 1uo rr,tr: uaiar rdo sawdust medaum dirli11.,*
n't'tllr1llt1u1J0.:1JLa0U:cOUali.l u5!flrot1o.!0114r:rdurrtonrrn:u 6.0 r.jr]fioruranfi 30 o.ifi1
rtar6ua rtunar 3 iu

irrzutaruraa'.:

nriuou (nYl)

fi on::rrauluir4onf, uarf, u (units/mt )

Ex1 Ex2
J

LOAU

32.90 34.16 33.53

5 34.76 35.23 34.99

7 35.08 34 00 34.54

9 37.72 39.88 38.80

tl 40.90 39.15 40.03

t7 38.70 39.1.0 38.90

15 39.29 38.98 39.73

5 7 9 ll 13

Concentration ofsaw dust (g)

40

35

530.E

g2s
E20
6 .-
o l)

!10
rI]

5

0

nrflfi 10 fion::lraulsril,loner!a1iu (units/mt) filoiornn:yurunr:rarTnulu solid state
fermentation larurda:r AspergitLus Jlovus MA4 1uorur:r#ulr{o ,u*drrt medium ,"fir]il.rg
n':llrilriutoldra'ou:voiurir.rl diufirottororrar:rio.:16ouvirriu o.o ilrdorur,r4i 30 o.!flilsa[6ua
tuut'ta1 3 1u
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! e ee J "5.5 5sOUn21U[! tuyt[?t8J,l:d!lto{a1:[ frU2ri1

n1lfinB1a'l ll.rLli duvt'tra!rcarl o.rar:rvfiu'rrjrrir 6noa (guaiacot) hnr:rnrcrSl-urrdo:r ,4-

Jlovus MAq rfiarl6nroulsdv,lonf,rlarfiuluaru'',r,d'uordu sawdust medium fiirjilrrua.:rurillrlu
1,o'r guaiacot:vri'rrir':1 Iourj:"ufirattar arrr:ra*u.ru6'od'ru mineraI sa[t difirotrvirriu o.o tjrfi
qruu4fi ao alarttatiua tflutrar 3 iu aranr:voaalnrirrrjorirnr:r,tfnluorrar:raiu!rdo sawdust

-1-1, 'ameorum yrr]u: 1run?1lrlrurula.:d?anoatvilnn 1.0 2.0 3.0 4.0 5.0 6.0 tlay 7.0 niu t60:rarr:r:n
ar6srroulrrifiifion::r:roulsiy,loniuariurvirrir 36.31 40.03 41.54 37.23 37.41 36.4t uas 36.73
units/mI orrarriu o".r uanrlun r:rrfi 16 uavnrn,i{ t t ri'rriutjiu rrun rru r{uriut a.: ryr 6 n o afi
tnlrvalfiqnlunr:zu6nraultrir',lonf,uarfiulnurta:rlnunr:nrinuuu solid state fermentation 6o
:.0 niu d.:rdo:rr.rinroulrridfifion::uroulrririoniurariuq.:anrvirriu 41.54 units/mr.

,'',:r.rr' t6 fio n::r: raultrivla nf,rlariu (units/mt) yr'16'o r n n:rr,.:u n r:rafn uuu solid state!fermentation loutfia:r Aspergiuus Jrovus MA4 tuarur:rf,'ulrdo sa*dust medium ,'irj?r.rul) ' i e - , ! en?'ltj t,rj!1ulr0,rt ra0 u 11 nil rnrurrluriut olni 6aaafi:vn''uoirr l rJiufirotto.rorr,;r:t6u.: l{a
rvirriu o.o iluvr'qruu4fi 30 a{fi'rr{ariua lf,urrar 3 iu

Uirrrutalar:
J..---

t14UU?U1 (!aAnTx)

fi on::lroultJlio nf, r,uarf, u (units/mt)

Ex1 Ex2 taau

1.0 36.71, 35.90 36.31

2.0 40.9 39.15 40.03

3.0 4t.94 4t.14 41.54

4.0 37.69 36.72 37.23

5.0 37.95 36.98 37.47

6.0 36.78 36.04 36.41

7.0 36.44 37.02 36.73

1234567
Com tr.tion ofgurircot (lng)

nrvrfi tt fion::rroulsilv{andrlariu (units/mr.) r'ld'o.rnn:rurunr:urlnuuu sotid state
fermentation Inur{a:r Aspergilfus Jtovus MA4 luorr,tr:rareJ{r{o sawdust medium lr'i1iiurru!1 ) .n?1r]rd!'[uror{[a-ou t1 nil rnrurrjliuto,rryr6noafi:vryurirrl rJ:nfirot,trooo.,r.,r1,{uo,{u
rvirriu o.o iludqrura4i 30 ornrrrarisa rflurrar 3 iu

40

35

i20
5 15
Ei ro

5

0



S. alJrravafirJ:1ur{anl: qaa.l

. a-nuruya'zumuiyrurta,:16'o:r A. Jtovus tr,tnq d,nlrra*uouuorur:r6"urrdo matt extract aqar
r.ildoruranfi 30 a!arrsat6ua rtlurrar 7 iu nu'irlalaiudo:rifinuruvndruri.ru"r,rd kIafifif,rfiur
q r d< 3 J - frau Lu! at1?uua 1u15[a u.r Lro uav dnurucdfurrui ur1orrio:r MA q n r u16'n6'o { oail::frd

rira-rturu qOx rdo:rair.rrduluvr'fianirriuua"lirrarroivr'riunir Inirfiu ,iu,:.r,fi-urr1uiu,u, ,oo
d a -d q[ll noil uunlvtllJaUtat[avLU:uutvtuuvlalgut!afrLyIounr-ufranlutru{olat al tMBL database

Inu1{ ernsr search uuirrirrirruatolr{o:rlolsrav MA4 aonndar too ujoirdus{riurirnnruator
A. flovus isotate TDPEF52 oiriurdo:rlaluau MA4 6o A. flavus ft,1nq i:rurruiiuuaraarjundrr
, A d q r, , - j - ,, J11tt0l'rualutuoLlnnnt:!Y{0nat aluutnuri AJumigotus fruunornfruno,rr-lufi!:snourilunr nruao
nruvluavrnulubi (Luther ancl Lipke, 1980) Acrostophylus sp. a fungi imperfecti (Liu et at.,
1995), Phonerochoete chrysosporium i,rtflu tigninotytic white rot fungus (Butter and Day,
1998b), Golactomyces geotrichum \tr|-D-g42ZB (RattO et at. 2001), Sporotrichum pruinosum
(Mohoriid et at., 2007), Ceriporiopsis sp. (Nagasaki et at., 2008)

n:yurunr:urinvr'uarrvarilunr:arin[oulrdylaneNarfiulnur{a: r A. flovus uA4 6o
n:u!1unlsu "nuuuorur:udruSo solid state fermentation Intrl{{ra'oarflud'uarnio r{oiir.]ert

1 zja-
rou L{!vrdnn::r.rrou'L{rjv{onar alfrurvirnu 35.29 units/mt nruluL?ar 7 iu drun:vurunr:ul-n
truuar 1:r a? rfia:rarfrnraukridfifion::lraukrivlanf,uarfiur,virrYu 1.08 units/mt ii.rfirirfion::r
. I .e , r rJ z !, !
1J0.r t0u Ltr.Juou nirtaultifrardnor nntuu'runrlurinuuuollr'rrttfii y-rfitn: rv n:vutunr:r,tfin uru

- ^_._-.,1 ....\ ! ) d,1. y - ,- y J0'llrlltrrnru lva'lvlun15i{anr0u[t!Lflurro:ltio.tornrtlir:rrurirda:cfouuiafi!iurruuryt
r6uuitiovrirlil{rJ:clutd (a',, avaitabte water) rioudr,:sir rdo:rovroitplddn.jruunfiriu 6lrflu

{ .d !-nr:anflryurnr:tiutflouornu!nfrtiu uonrrniu"rftlo66o irirl{iirudrunr:hiornrfieiruavaoroiuvru
_-_-"-:,t<a:-n1:nli flultaui't nn:y!2un1: 4fl nrnu5atoltua-0fr.:olnnrvulunll rinarrlr:nri.rdnld"irouav
a11lr:0d1huiurJ1.rrf,ur]old (rJ:rd, zsso) n:vr.lrunr:ul-nu,uuorur:ruarhiu,tlrvdrraiur{o:r
I ' -' q.-
Lnu taY{lvau1ir'rurn1'Solutt-nuiod'rrJin:niurun"rn':u (stirred tank) rn:rvhfiriuuovllrnrvr{uriu

qU,.Lufln (stirrer) rirlrifrilruvrnjrrnr:nruuacn'r:'[#ornra uqiarur:n i!rJ:.:ldlnutdryn1ula6nr:ni.:
n,- ... ,lriadLLav16onl{n'rrJin:nifiu,urrvalLdu d'{ilrn:ni*uuvla6olnrirrnuavn-.rrjfrn:niuruflnriruo

Sarnthima rravnruc (2009) uav Khammuang ua, sarnthima (2013) drnr:ruinrouluiufinrnadi
"-! .!:vdvonln'Lunr:v{ondurlariuln ul{rioufin Lentinus polychrous dlun:c!tunr: tjnuuuorrar:

Ltt'ryl1.Jl vnouo?ul1rr't uacfl1,:r't't [,Uu{uarfl:r] [ou oryr:uilir{rr 1fiion::lufintna 1,449 U/L

udrnr:rnrvr*ur 21 iu d':uarrar:udlrirrrirr ovlri'fion::uu5 nr aa r,425 u/L ua-rnr:urrcraru.: 21

iu oeir.rl:finru Mohorcic uaunruv (2007) lirnr:arinroulrivrontularfrulouldr{a:r
sporotrichum pruinosum rilun:vutrnr:u!-nu!uo'r14'ritfiaruia submerged fermentationluo-.:

rJnn:niirnrntuln 5 aa: nu'jrrou1rilfifion:ru6.iqnrvilriu 140 units/L nrulur:ar 200 t'rlu.rraio
!- , a 1 <, . J8.35 ?u uan0lnuun u?1rrol't[056UttjuurJuf,a n1!n1uut.:6ruarlto.:n1.:tlfln:ru:ruri'lnirgnru

hn"o
q .1 e ! t e !
ntattSl.]oullo.l0'11415t4u,: Ltay ry lyau Lun'ltrian[0u Ltrl'{ona[tJalIuInu[tol1 A. flovus

MA a 6o firot o.o Inurdo:rzufinrou"lrrivr'fifi0n::lroulrriylonf,uariuryirrYu 36.88 units/mI rdo:r
eirulraqjuoiq!.i61uti:,rfirot z-to udfirotvr'uarrvaroqj:vuirr q-o rJrrf,un:n o-rriuluanrrrdriu
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""t q J f i" a.n:n0vfi1L14rt0:'Ln:fu lnrln?luunvrt5u LLas Luanl?VfrtUU',lva:Jr{O51nsd.'lu1:0ai1{a1:0i1i 1 friiltilu, -,rva! ! Inon1:Ln:ryLoa {nAaoffaonnu{1ur 0l Nakasaki uasn y (2008) lirnr:uvircta u.rufi O Ceriporiopsis
sp. MD-1 'luo'',vr:r5'u'rrdorual6iidru rvnauro.!!oaeian-orLavnalna firatrolorrar:rajrlrrdofirir
.-t-r, -^ t - J- _ -tvlln! 6.0 ttoarul:0ttdn[oultrtttroioonitnafifirJ:vf,uEnrulunrrrionerrJalfiun.]nr.Ju.u o.t!uudki
Ratto lraynzuy (2001) rirnr:rnrvrdtilrdo:r Goloctomyces geotrichum Vfi-D-84228 l,ru.]r.r,
.i .J Jdd ,- -_ a
la 8{ Lt0tualutylLottytlnu 6.5 r 0n llrJanrou Ltuy{o na[!a 1fru Mohorcic uavnruv (2007) rirnr:
il6mrtrulqdv'lonfiuarfruInuldu6a v sporotrichum pruinosum Iaunr:rnrvrdur'[uo'',r.',r,u*uo1d,

ad- -l v
LUa'tu yrrottlltgtutvtlnu 4 5

-J d, oo ynIfrLitl'lyarifrao'[unr:ru6nroulu]ylaniruarfiul ofltfia1.' A. ftovus MA 4 6a qrura4i fO
a.in'rrsarEu6 r{o:rH6mrouluivr'fifi0n::uraulsJr,{oniruarfiur,yirriu 40.18 units/mt r:flo:ririx

a.t.--'oruvnllun1:rlirgld'unrln'jrurnfiriu drulrnroiryfiqrurani 0-35 orartrarEaa uriqrura4frd
uu!rva!ad:su'jr.i 20-30 o.:firr{a16ua ur.rrinriun?n thermophitic fungi a1rl.tiroiqlridqruu4i
50-60 o.:arrtariua 6laaondor ril{'tullo,i Nakasaki ttayaru! (2008) :ru.tlu.jr tda Ceriporiopsrs

sp. MD-1 rf,urdadru6nroulstirroioonirtradfitl:vlvrinrr,rlunr:r,,lonf,uariuornir!ro.i!uuEi lou
! q ! f .J

rll1ytaui Lua'ru1ttau.lt{ar al uljrq[uv4 30 o.lfilLtariua Mohorcic l,taJnfuv (2007) lirnr:Nfio
.,!taultlvlondtlarfru'l,nu1{tio:r Sporotrichum pruinosum Ioa nr:rnrvrdu,rluol14tlLaiu{ rdo[ua.]

,Ju uafuunu JU a'1Fl'ttiare*ta' 
.j^,.0',lr',rr.ryaldanlunr:zuamroultdy{onf,ruarrlulour{a:r A. Jlovus MA q 6o rio?ir

------y- 1 4t ^ - ; ! - rr rJo-nrtutn !10:'rr!ut?a 1 i'tu { lrt 0irrJ a n rau LtrJrr] n0nl:! r0u L{!ti0 ndr!a tuuLvil nu 34.79

untts/mt. uaJt?it?a1fl n't:[1:rwa.!tto:1yloy]ao a0L!oyt1n1TutJnLt0l1t u[?a1 3 iu d?au,t{L{aa

irirrarinrvirriu 1.74 niu fiildrrarrioun'jrtilatt Sporotrichum pruinosumd.:tdr.lar to iulunr:
arfrsrroultily{onf,rrarf,u (Mohorcic et at., 2007)

l- iJ t )a. , c ! f
u:l.J1rUIra0 UUt otua tgt:014i0uya{n't:! auytLrJua't u!:vn ou [u a1u.l: rd u.lria sawdust

Z
medium rnrudrn'rgoio nr:ardflroulml anfruariu louria:r A. Jlovus MA 4 yrl.ilJSurrunrrl
.y.:t... !.A. ) i o t ^ c jJd
ttjulu!a.r1taauyr.141]1JalJyaotunl:rianroutttJt,land[!a']uufi0 11 nix [ia:1r.lafltou[t yj

fron::rLraulsriilonitrariua.raorvirrYu 40.03 units/mI nr:ldir16otrrf,uur,td.:nriuourdoro',rni,ratuu

iiar:6uvidr,fluardd:vnouo'ru':ulrnlouranrvrraalaa rEfiLnaalaa uavinfiufiir,r4In5fluoa uri.ir

In:rairrtoluariurirhiinr:finuT durit-n Prota (2000) :rulru'iruraliuriua'nranrvrol:6rianaf,
uroiilrvnoud?u6r:o'tnn6uloafi16olriarYurir uriuoclnrrraud Woo Llavnruv (2004) :rolru'jrru

qdrd---id,J,
aluuLtLfit{atlnna'luna{n!anuut.ltuua{nu:yn0uLuttaayttuayolul4u tu 0{ 01nu:u n 0! 9t? u

6r: :vno!fiuoauavduloarLrriarYurflunofiruairdurfiurri'u ri'rrfunr:ririrYrdoud.rrfluianru6ofiiorn

nr:urj::tjtrirrl{riuurarilnriuoutuol14l:r{u{r{o sawdust medium rdonr:l'.ranroukrivlonf,rl

arfrui.:tflunr:rirfnnfiuo::utrfififi:raronlrdr uao frumun llr.ranruurvriruiunr:,u oruturnlu
:vrYtooa11/ln::usiolU

ilirrrunrrurdu{uto':d?6noa (guaiacot) fituurcau'tuorur:r,6uit{o sawdust medium rfio
J<

nlirlantoulstiv{onf,ularfiulnutfio 71 A. lovus MA 4 lounr:vrinuw sotid state fermentation 60

e.o niu d':r{orrl.rfinroultrifififion:ixroultilione[r]a1iua{6nrvilriu 41.54 units/mt n-rdnoarflu
9 .9:

a1:dunataialrl{n6utar.rarotfro uiugr'uoa (eugenoL) uac?riaau (vanill.in) (Esposito et at.,



1992) n"':Snoar,f,uraornrjnfiSurtrl:taiarora'nfiu i.rnulffLuniubiuurflrjuin,r.,rdu[i (Do.fner,
et a1.,2003) Khammuang and Sarnthima (2013) finur n1:ylon f,rla rfiu#.r r.n: rvrilo u uaultriuurl
lro{ttan!na (crude taccase) da"rtn:rrfiou rfi'o t#a Lentinus polychrous yru.jrn r:rfilar:rria6ud
:vdunrurdltiu 1.0 mmouL aflur.lflfiSurovdrLi'fion::rv,lonf,ruariufirirrvirdu cs ujoiriuei

ornnrryflao.i L[aoil,riuiu'irn:vrrunr:rarinduauryaulunr:rnryrdolr{a:r 4. lovus MA 4
fion:vlrunr:rar"nttuu solid state fermentation [avantcv]Jrurrvaulunr:ryrrcr6'u{ 6o rrl'o!,
rrrvrd u.rruarrarr sawdust medium fifililrrufirdauuacn"r6a oaryir ryu t 1 niu[ay 3 iain:-l
---.-o--si:i,.;q1!ai'rdu frrotta.:orur:rfrulrioivirrYu 0.0 ilufrorurani 30 ornrrtar6ua rflurrnr 3 iu 16o:r
altl'u0rJanLou L{tlvl! n0n5: rou L{1]1,'l0n dut aluualao i.:nr:d nurni.rfrarl r:o'l{tiuriotalunr:
t u r uturn n r:ru a n roulsililonf, r!a rfrurd o nr:rjrirli{rl:viutriluqn aru n::uyio n rjouf,a,loejr.:fi
rl:vf,vrinrvrsiolil

[ana1t0'l{0.!
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