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ABSTRACT

This research aimed to screen for a potential white rot fungus capable of decolorizing and
removing phenolic compounds in the treated palm oil mil effluent (POME) and to develop an inoculum of a
selected white rot fungus immobilized on oil palm residues for enhancing their tolerance to phenolic
compounds and their color removal efficiency. Among ten fungal isolates, unknown 04 (identified as
Trametes hirsuta AK4) showed the highest growth rate with the removal efficiency of 64.7% color and
66.5% phenolic compounds (an initial concentration of phenolic compounds was 261 mg/L) after
incubating with 50% diluted POME for 7 days. This isolate was then chosen for the immobilization
study. The two oil palm residues, namely empty fruit bunch (EFB) and pericarp fiber (PF) were utilized
as immobilizing matrices. To obtain the best immobilizing material and its suitable immobilization
period, the different immobilized mycelia ages of isolate AK4 were tested for their abilities to remove
color and phenolic compounds in the 50% diluted POME. The results showed that a 6-day-old culture
immobilized on PF could provide the highest removal efficiencies of 94% color and 80.6% phenolic
compounds after 8 days of incubation. During the biodegradation experiment, the activities of two
ligninolytic enzymes i.e. laccase and manganese peroxidase were detected and were found to be
correlated with the reduction of color and phenolic compounds in the 50% diluted POME. Based on
these results, a 6-day-old culture immobilized on PF was used for further experiment. In addition, to
enhance the efficiency of immobilized fungus, four approaches were evaluated: 1) dilution of treated
POME; 2) addition of nutrients (as co-substrate); 3) two-stage treatment system; and 4) adaptation of
immobilized fungus. The highest removal efficiencies of 87.1% color and 82.2% phenolic compounds
(an initial concentration of phenolic compounds was 461 mg/L) were obtained when the two-stage
treatment was applied. This was performed by pretreatment of the undiluted POME for 8 hours with
phenol-degrading bacteria, Methylobacterium sp. NP3 and Acinetobacter sp. PK1 immobilized on EFB
and subsequently removed the remaining phenolic compounds and color from pretreated POME using

fungus immobilized on PF for another 8 days.
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EFB = empty fruit bunch

PF = pericarp fiber

POME = palm oil mill effluent

N = nitrogen

P = phosphorus

K = potassium

SEM = scanning electron microscope
LiP = Lignin Peroxidase

MnP = Manganese Peroxidase
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“lﬁtﬁﬂﬂﬁi%’ﬂiﬂwﬁmmi{nﬁﬂﬁlugﬂuummﬁ”w%amw (biogas) FaansnlFlumsnda
aszud Tl 1 luTsenunazusdindaneldnuniasy dudefirunszaum siiadie

an @ 1 o Qy
'Jﬁﬂ'lﬁﬂ\‘lﬂﬁTJ%ZﬂﬁWEllﬂuﬂﬂ
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1.3 szuviniminds Tsanuadainiuidu vsia (A) ung szuvUensn1e1me (B)
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gl Qy o gl Y Jd A 9y 9 a ad =&
L!']‘VNSUENTi\?\ﬂuﬁﬂﬂLﬂll‘L!‘lhﬁllMﬂ'ﬂﬂJWM‘UuﬂlﬂﬂﬁWi@u‘VIiEJQQ“HNJ 1 BOD, COD,

¢

< 09; o o . a 2 aa g‘ = J
VDIV UIUABY, UV !,m::"l‘lmu (oil and grease) Glu‘]Jﬁ'JJ’]ﬁLlQQ naliana) desalsznou

v Yy 9

1 a -4 X o o A

YDIF1IYDYTA1YYTIN (muqm ﬂszmigaiswuazﬂmz, 2544) Tﬂﬂm"lﬂaﬂymzumwm
o g’ @ s @ A £ A = ~ @ [ g’ Qy A

Ii\?\ﬂuﬁﬂﬂu'lﬂuﬂ?ﬁﬂllﬁﬂ\iﬂﬂ@ﬂi%ﬂ“ﬂ 1 WQLN@L‘IJT(’J‘UWIﬂﬂﬂﬂﬂmaﬂymgﬂlﬂﬂu'lﬂﬂﬂig‘UTﬂ

] Yy 9

99N910 153911 MUUTZNIANTZNINYATIMNITN RUVN 2 UN5ANI 15 2539 3zNVININ
o 3’ o =S ' o Y 2 a o & A 9 o w 9

Tswmﬁmumuﬂmmmgqﬂ’nmmgmmwuﬂ"h muﬂ3111ﬁmﬂummmmmﬂﬂﬂmn

v 9
NTiﬁ”luﬂ’f)uﬁﬁ]gﬂﬁﬂﬂquﬁﬁ\‘lﬁTﬁiﬁJ“mﬂ

Y
o

3 o 091 Qy [ 4 1 2’ Qy
ﬂ1i1\?ﬁ 1.1 ﬁﬂ’Hﬂ!g"U?N‘LJ'WNI?Q\1TLlﬁ'ﬂﬂuﬁJ‘L!‘lhalllla$ﬂ1u1@]5§1uﬂﬂ!ﬂ1wu1ﬂ\1

mniines sihmdTsanuaiariuhda **ﬂ'1mmgmﬂmmw1§1ﬁa
pH 3.5-4.8 5.5-9.0

BOD, (mg/L) 22,000-25,000 <60

COD (mg/L) 30,000-55,000 <400

TKN (mg/L) 660-890 <200

TSS (mg/L) 36,500-42,600 -

Oil & Grease (mg/L) 1,300—4,700 <15

=b.
z
-

* Ma et al. (2000), Bhatia et al. (2007)

o )52MANTZNTNYAEINNTTN RTUN 2 (WA, 2539) a9Iui 14 uieu 2539 1504
. . Yo - - o
ﬂ’l‘ﬁuﬂﬂmﬁﬂyﬂlgGUf]QU'IVIQﬁiZ‘]J'IfJ@@ﬂﬂ'IﬂIﬁQ\T]u aWNWiuﬁ’l“ﬁﬂ‘ﬂﬂWL}LUﬂ‘H’l Lallﬁ 1
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1.2.2 anazasisznoufueanliinalssnuaiaiiaiuihay

gj Qy @ 3' % J aa oy oy < A a & I Lﬂy = o 3‘ a
Winedsenuanaihvudauidimanandudesweazaroduiiiomelnuiii e
nnastszaeusimanuenIn loeniiu ualsiy waruesdu antiu unuiy uazInadiluea
£ g ~ A
(Hartley, 1977; Hwang et al., 1978; Barker and Worgan, 1981) guilusendsenounnuluny
= 4 4 2’ o & [ 9 % [ oy % S A =
sawdthanhdanihdusgnadasenumsesununszuiumsanaiiuiavay Wueauas
I 4 a . . <
auwumm'ﬂuaa wiemsseneviluean (phenols, phenolics, phenolic compounds) wWuas
A I 4 [ 4 a A Aa o 1T A 1 o 4 A A
Anuitluesnlsznoved lunathawsua 0.006 Tadnsudeans donsumaldy #5ell total
phenolic content (MINY 83.97 NTUABDAAT gallic acid equivalent (GAE) A9NTU1SHANAVINKG
. : I ?2 g
1183 (Sundram et al., 2003) Tagwumsduileuvesansisznevilueaaluivdeonaziinan
[ o w 9 [ oy Y s A Y 9 1 qa/’ 1 = 1
munsidandivessesnuanathiduihasianududuaie g dwa 1 99919031 1,000
1 a =) =) QG’ U Qoa
laansuAeans Auau udausans, 2541; 555uAnA ASgnla, 2547; Alam er al., 2009) LAz
= 1 09’ =1 LY 2’ o d A dy
91ANITANEIVDY Chantho ef al. (2013) wuudelsenuanatiivuiauinisiuilouves
= a = a A [ L= d! d' ) 3’ =) [ 1 = a
a15szneudueansINDe 1,206 Uaaniuaeans FuLetiiudeninaIuIAnEIsHAv
asilszneviluedndienios Insu InnsHueuraldussouz g (High Performance Liquid
Chromatography, HPLC) @13159a539nua15Useneuilueande 8 wila laun gallic acid, p-
hydroxybenzoic acid, protocatechuic acid, caffeic acid, syringic acid, vanillic acid, p-coumaric
acid 1192 ferulic acid Tasuaazriaiinnududuegluge 8.4-134 TJadnsudeans wagwud

IS = a A A g} = @ oy % J
p-hydroxybenzoic acid 1lua1sisenovdueannnumnngalumindslssnuanainiuihay

= a A 9 a A J V-4 a =
asiszneviluedniigas Inseaamaaiiilurswmuiidueywusve s ugy §
1 a [ 1 S [ = 1 A ~ ) 1
vy lansenda (-OH-group) Avedillundn wazerviingunuiaieg ununludwmis ooln
k2
(ortho) AT (meta) %30W1I1 (para) ldon  @15Usznevusdniiugiu Ae Wuoea
9 a [l a [l =) a
(phenol) 1l5znoudrermIMDUTY 1 29 uazy leasonda | wy a15dsznoviluedn
Y o 9 a 1 ) = 9
ansany 1 ludnuazwa ldvateyiia uazeusanialszmnausiiulawmivilueald 3

v
1 %

%119 A9 (i) monocyclic phenols HaunIuHUBAY 1 29 awsowuna 1uTude v tyrosol,
. . . LS Y v A .. . . =
gallic acid i8¢ p — hydroxybenzoic acid wudu muaﬂﬂugﬂw 1.4 (ii) dicyclic phenols U

] I
unIUHUea 2 29 15U flavonoids LA lignans Hudu (iii) polycyclic phenols H30 polyphenols
<3| = a Ada = ' ' . . . ~
Wuaisisznevdueanninauriu Wusau1nnin 2 29 15U lignins LAY tannin (?JTJ‘VI 1.5)

Hludu



@) OH
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© /Ej/v HO OH
O HO OH

p — hydroxybenzoic acid Tyrosol Gallic acid

ﬂﬁ 1.4 Taseaa monocyclic phenols (U p — hydroxybenzoic acid, Tyrosol 6% Gallic acid

OH
HO
HO © OH
0 @)
HQ OH
0 o O OH
HO O
O OH OH
OH
Tannin

@

ﬂﬁ 1.5 @dedlasaaiig polycyclic phenols 130 polyphenols (%1 Tannin

a

{ :l Qy (% g/ % 4 Y a
assznouueaaninmsanaialuimevesIsesnuanainiuiduil thaan
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o 091 o s J J o 09.1}
nszuIUMsanaiiuian mamﬂaawaﬂmugﬂmmEﬁ]1ﬂmﬂﬁ’mm%'auclmmaummmi
£ 9 3’ a Y 4 a S J 091} =} [ o 9y
mmﬂ‘lam INANISUANAIVDIDIAYTENOUEITOUNTIINYUABUMISHUOA N1 1H

= a d' 1 o [ 9 1Y g’ v 09; d!
ﬁ”li‘]_lizﬂ’ﬂﬂwuf’]aﬂﬂ@QiuﬂaﬂiamgﬂﬁﬂﬂﬂﬂﬂMTWiﬂﬂﬂ‘].lLlTllLlLLﬁ%ll’f)l‘!”l Fa15Us2nou

9 9 9
fluednazazarwegluaveuirldaniulaveuiniu sldesdsznouiluednluilounn

Y

Y Yy v 9
o a [ ! 1 a o Aa o o w J
AUHUTEINNIZVIUMITHAR LazdiaaranemsnaguestimeIssuanainiuday Tag

aaa

msisznevilueaanignanasenmdudanueendinuluoimaildinaljisereendiadn

o

Tagton Iy TwaTueasendad(polyphenol oxidase, PPO) inaiifuaisessin-latluea (o-

. % a o1 < o a . : oy Y
diphenol) #39zgnoond lagae 11hilu 003 In- A3 TuU (o-quinones) Falidrihaia uazazsIud7



ﬂuLﬂUﬁWﬁINLaﬂaﬁlWﬂj Wna “VI!ﬁfJﬂ31 ST RITAT! (melanin) “KQNIﬂﬁ\?ﬁﬁN“ﬁU“ﬁ@u 91NN 0

aaa = o Y

% aaa J @ 4
ﬂﬁﬂu@n ﬂgﬂﬁfﬂu!iﬂﬂ’:ﬂ ﬂ;]ﬂi‘c’ﬂﬂ']ilﬂﬂﬁu"lﬁ']aﬂmﬂ?sll@\‘]ﬂ‘ULfJuul“]ﬁJ (enzymatic browning

1 Y
£ =< a

[ d‘ = o oy
reaction) muﬁm“lugﬂm 1.6 “ﬁﬂlﬂuﬁ"nﬁﬂﬁu\iﬂﬂﬂ u1ﬂﬂ13ﬂﬂ1uﬁﬂﬂu1uuﬂ1 audl WI"I@

o
R

monophenol (colorless)

o
81

PPO + 0,

amino acids proteins

PPO + o2 0 \
/@[ - - » complex brown
polymers
R \o
diphenol (colorless) o-quinone (browning pigment)

ﬂﬁ 1.6 ﬂ;]ﬂﬁmmimﬂﬁmmawmmmmﬂmau"161131 (enzymatic browning reaction)

fn Sapers and Milller (1993)

v
o

= 1 = a d' Ay g’ Qy [ v o a =
H51eunasiszneuusaaniuilenluiimalsanuanativuiavuiasiia 3

a

wAa 1 a o -4 . . . - I~ a 1
ANANTAADAIUNITT YHUAZNITHINUVDIYAUNT I (antimicrobial activity) I uiibsao
9% (phytotoxicity) HAZADMUNTZVIUNTOBNFIATY (antioxidation) damalinsdesaarsni

a a £ P} A ] 2 ~ Yy v = A A
GIf'Jﬂ”IWLﬂﬂaUuulﬂL!f’Jﬂ Llﬁgﬁ]gﬂ\‘iﬁﬂui’)ﬂll']ﬂsllu‘ﬁ']ﬂllﬂ'J”Ill!fllllﬂ]u‘ll'ﬂﬂﬁ?iﬂﬁ%ﬂ@ﬂwu@ﬁﬂ‘ﬂlﬂﬂ

%

dgl . 1 s g} Qy Y] oy 4 = o Y a Ao o

YU (Torrecilla, 2010) AuAvoIINITssuanaiiuihay Unasi Iveengundudd
9 v Y

Amihweuhianas daviemsniyvesddiiia luthndins1deendinu aanmsnzariuves

1 9/09} o Y A ~ [ 09} a [ 4 9 dsld 3’ L:y
LLﬁQLL@ﬂﬁQqu@u"I VITTI’TW%‘V]@g‘luuTLﬂﬂﬂTiﬁQ!ﬂﬁTgﬁllﬁqaﬂu@fla\i HAZUDNIINUFTUDIUING

a o/

Y v
Tsanuadminfuhdudane IiRanation min luadnde (Park er al., 2007; Wang, 2008) 11az

Y Y
A A

ﬂiﬂ%ﬂﬁTﬁuﬂﬂmﬁﬂngm@Qﬁ?ﬂﬁ%ig‘lﬂﬂ’t’)ﬂﬂiﬂﬂiiﬂxﬂu G]13J‘1J5$ﬂ1ﬂﬂi$‘i/li’!ﬂ’q¢]ﬁ”ﬁ/iﬂiiﬂ

Y

Yy Y
707 2 PunsAng 1y 2539 seydnvazusnimiizdesimsszneuiluedn hinnniai 1
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=
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v

o w oy = @ g’ o J A Y o Qy = 1 1
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Y Y 4
manvaduazaslszneuiueanluindonaziinnived1590UgaaIMATIN 410150
Mldnaedd 1dun FnIn1emenIn 15U N150309RBWNILTY (Ahmand ef al., 2006) N139A
o 1 v w 4 A 1
FUAWAUANTUA (Santhy and Selvapathy, 2005) IFMIMAUAN 16U MITANATNBUAIBATIAS
. a Y] A & ax 1 dyd U 9 o
(Kim et al., 2003) MIDDNFAFUNIAAN FIITmaHuANVgIenTumsTsnuuazquasnm
1 9 o a 1 9 ng PR~ A a9 [l A 9 ] :I’
A lgarelumsdutivauaeudegs Mduilumsiuasaingssuudaadon A9y
ad = @ L} = a ad == dy
BMINNFINN g0 IHENTZUIUNIIOIAAINNFINTNYBIFAUNT S 135U LUANITY L1AZIFD
[ 4 & o w A Y R I ad ~
71 Tagmwizngus1 hisen seamnsomdadisiigesaaisenlaedsauysal Jauiuismsa

Yo a I ax A a a 9 ] I a v A Y
lasuanuien Wudsmshtidszansom Aunulugann vazidludastudunadou
d
1.2.4 Thiisenuazenlwsilunguaniiluladin (Ligninolytic enzyme)

4 I J A A a 4 1 a a a
s1hsendunquaessiifianuausalunswaaeu i lunquanilulaan

. . . = ' Y c?/l a a a A g
(ligninolytic enzyme) feWIsDgREdae IaTusaglad teliwag laduazaniuiiiu
4 A [l Aa a a Y3 1 dy
mﬂﬂiznaﬂuww TﬂﬂmmmﬂaﬂﬁawaﬂuuuazLamcﬁagiaa"lmnmwnagiaa HUDNYINU

1 dy Aa o 1 Aa A Y N Y a I 4 4 3’
:imquumW‘LmElwaﬂfdawaﬂuuulﬂafmt‘ram,im”lﬂNawamﬂumiuau%aaﬂ'lcnm!,mm 91

4
S A

J [~ o 1% o J I A (=
Tisondailusilu  Class Basidiomycetes anvmznaldvessinguil Aeflusii 1l
a SR [] 9 Yy 9 [ A AaAa A A = [
aao Tsfladas lumusaadomseeld deserdvermsnndsdiFianions Nzl

U

o 7 o s a A
Ligf}uclﬂ (Filament) Llﬁ8ﬁﬂEmZL“ﬂﬁﬁLﬂullUUﬁﬁTﬂl“ﬂﬁﬁ (multicellular) Iﬂﬂﬂ”li!fﬂiﬂluﬂzulﬂlwu

i ' 1 a 1< ' 1
ANueeenNaIula1e (apical growth) uaazaruveuduleannsonIydunileluild

9 1 I 1 Y o 09/1 4 I A o
ﬂ']fJGLULﬁuGLEJQﬂHUQ@@ﬂﬁJuﬁ’)u‘;’] AVYWUINU (septum) 3'1‘131/]3@V]Lﬂu§1ﬂuﬂj1uﬁ']ﬂmuGlUﬂ’]3

' v
AAA o

[ 3 & a ' A a Aa o
gosaate ld1Midudunld Fuiannmsdesaaedniunazisiivag laaniidhea Mld
A 1 A g 3 I o ogJ‘ 9 A 1T A 9 =
maamumﬂuwagiaﬁmmﬂuameltumawumu%‘wuﬁaamnaQmwmmmﬂgﬂwaﬂﬁ
Y J [ l A 9
u@ﬂiﬂﬂl“])’a's;]IﬁE‘TLLE’I’Ji1]17]'1/15i’J‘VIENﬁ"I?J"IiﬂEJfJﬂﬁﬁTﬂﬁTiVIiJIﬂJlaf!ﬁq\iulﬂ (Akhtar et al., 1999)
9 P ° g 9 A A Aa o
ﬂ?ﬂlﬂ&{]‘L!iNllfﬂiu"li"lhh‘ﬂ5@1/]%11%’11!ﬂ15&‘].]ﬁfll!ﬁﬂ1Wfﬁiﬂi%ﬂ@ﬁﬂ?ﬁ%uﬂﬂﬂjﬂiﬂﬁ'i%i
9 KX v a a A I a 19 ¥ I o ToA 9 1 1
AAYAANNUANUU LWE’Jaﬂﬂ'J"IiJL‘]JHWE]’lﬁJiﬁLﬂuﬂuﬂiﬁJﬁ@ﬁﬂLL?ﬂﬁ@ﬂJ LU YINULNAN
o 4 . . .
(pesticides), GGRIGERER: (synthetic dye), polycyclic aromatic hydrocarbon (PAHs),
I
polychlorinated biphynyls (PCBs), carbontetrachloride 482 pentachlorophenol (PCP) Hudu
v k2
(Gao et al., 2010) gatandluaisien 1.2 iﬂuﬂqnﬁ”lﬁuﬂ Coriolus versiscolor, Trametes sp.,

Phanerochaete chrysosporium, Phlebia radiate, Bjerkandera adusta, Pleurotus ostreatus 0%

< [ {
Lentinus edodes 1Wludu asuaaalugili 1.7
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o 1

gﬂ‘ﬁ 1.7 §1081951 199500 Pleurotus ostreatus (A), Ganoderma lucidum (B), Trametes sp. (C),

Lentinus edodes (D), Bjerkandera adusta (E) W2 Trametes versicolor (F)
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4 ] a
1#311visenlumsgesaateaisuan

dJ a Y Aa
5‘]]13715971 a1INanNy RANGN]
Bjerkandera adusta PAHs Valentin et al. (2007)
TNT Eilers et al. (1999)

Irpex lacteus

Lentinus tigrinus

Trametes versicolor

Phlebia radiata
Pleurotus ostreatus

Phanerochaete chrysosporium

Daunomycin producing waste
PAHs

Synthetic dyes

PAHs

Trichloroethylene (TCE)
Synthetic dyes
Polysaccharide

TNT

Phenolics in wastewater
PAHs (anthracene)
Molasses wastewater

Textile wastewater

Kornillowicz et al. (2006)
Baborova et al. (2006)
Svobodova et al. (2008)
Valentin et at. (2006)
Marcro-Urrea et al. (2008)
Gavril and Hodson (2007)
Zhu et al. (2005)

Aken et al. (1999)

Aggelis et al. (2003)
Mohammadi et al. (2009)
Vahabzadeh et al. (2004)

Gomaa et al. (2008)

wu'lwinguanilu'laan Wueulyiis vl §fseinsdesaaisaniiu diznoudae

4 4 a . a . a oA
ou lailsziannleseandiaa (peroxidases) LazDDNFIAY (oxidases) HAYFUA ou laain
o 1 Ja a 4 a . . . .
diany ldun roulmianiunlesoondiaed (lignin peroxidases) amAa (laccases,p-diphenol

. = J a . 4 a Aq ¥
oxidase) namianlesoondiad (manganese peroxidases) uazeu lsieengiaain 1
£4
4 o o 1 1 @
leTaswunlosoonlad (H,0,-producing oxidases) tou'lwilunquiluaazdvziinalnlums
a aaa A 1 Y] @ I /A a M) <
mﬂﬂgﬂimmmmwﬂu Jaueulyiindaarnasoonuiniousnaan  (extracellular
' < ' ' v oo, i ..
enzyme) uioemily 3 ﬂ’q&llﬂiy}] ‘lmm lignin modifying enzymes, auxiliary enzymes L&
$ 4 1 @ 4 4 1 a { 1 o
feedback type enzyme cdﬁm"hma‘inLmazmﬂ‘wu‘qﬂza%’mau"l%mmaz%uﬂﬁgmﬂmqﬂu
9
l Aa A 4 1 a
(Leonowicz et al., 1999) mia’e)aﬁdmaaﬂuuTﬂagau“lcnm”lﬂiwﬂquﬁamﬂﬂﬂa'lﬂwmem ({5 151]

sty wu M3 ldwriues Isundnuanoen lagnsianesndau (oxidative fission) #30

i
S 1

a a Y] { [l a a oy 4 a
mﬂaaﬂmmuﬁwy‘gma1/\h"lamaﬂc15a (Ql-hydroxyl) DMSIOINUN gruuearhmsvela (a-

YR a 4 I
carbonyl) HAEMIAANUTEUDTADINDT (aryl ether) udu
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. . . 5 . . v ]
Lignin peroxidase (LiP) (EC 1.11.10.14)1u Ligninolytic enzyme ALsANNMS
9 1
AUNY uazWULUesy Phanerochaete chrysosporium, Trametes versicolor Q¢ Bjerkandera sp.
o s . I o qIag a Y
daudlueulaindl Ferric heme 1Wudaldoianason a1m150 reduce Turanavesoondiould
@13 hydrogen peroxidase 11a% superoxide (Baciocchi e al., 2002) N3£UIUAITNINUYDY LiP
A a o 4 s o adg 1
5u910 LiP gnoend lad laslaTasiounleseon laa (1,0, 114 Lip vadiaaasousglu
~ ] = =X 9 =KX adg o A Y o 1 A 2
’ﬁﬂTwVIbbJLﬁﬂfJi INDIAIDLAAATOUIIN T UTATN L‘W@GL‘VIGYJ!EN@Ql‘l«lﬁﬂ??%‘ﬂlﬁﬂﬂi (Aurora
. o A 3 A B W A A = °
and Gill, 2001) fatiaaaluzilin 1.8 Lip Lﬂmau“lwmﬂum oxidant Nusavaz ludanusumie

Gl@ﬁﬂﬁ!ﬁiﬂ@l?iﬂ@?ﬂu\‘i LW]L‘]J‘L!LE]L!LI\‘M ﬂ’JHJ’?H?J1‘§ﬂ1uﬂ15808ﬁa1ﬂjﬂ5\1ﬁ51\1‘ﬂ\1

phenolic aromatic compound 8¢ non-phenolic aromatic compound (Tekre ef al., 2001)

native compound |
peroxidase [R-O0OH] o P
T R0 WO e,
e S A Sepet
B T |
v [R-OH]
i H.0
) product, radical subsirate
4 (R + H* or Mn®) (RH ar Mn?)

substrate product, radical

L i‘l (RH or Mn2*) (R+ + H* or Mn®)
é- )__3 :i. . Fﬂ,,._.,.,, q_ _,“ 5 =
compound I y compound ||
P H,0 H,0, P

51 1.8 nalamsiauvesiou land lignin peroxidase

fn Wesenberg, (2003)

Laccases 130 p-diphenol oxidase (EC 1.10.3.2) Wuroulasad blue copper oxidase il

[

a aaa 4 {a (& a g
ﬁ'ﬁﬂiﬂlﬂﬂﬂaﬂiﬂW oxidation U®NE1T phenolic uamummmﬁuq ﬁnﬂimmmaﬂmaunm
< e o Y A d o A 7o =
vazilueulasind copper varwezaoululuananimihniudlreond laddumasn 1
o ~ 1 . o A A 19 a d v
ﬂﬁvlﬂﬂTﬁ/]N'lu“V]LMﬂGIN%Wﬂ peroxidase 190U€) ﬂf]vlllﬁ’é)\‘iﬂ1§ HZO;lUﬂWi@’E)ﬂG]iulﬂclfﬁ‘UﬁMiﬂ
J a J 1 '
10U la3] laccase @115000NF A phenolic aromatic compound ®819 lignin model dimer (¥U
Y
[ a J
methylated phenol, aromatic amine wenniuddEusoeend lagnan non-phenolic

aromatic compound (3 1N 1.9)95u veratryl alcohol ( Li et al., 1998)
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O,
CHO OH
CiC B cleavage
HaCO OCHjg HyCO OCH,
OH OCaHs
syringaldehyde 1-(3,5-dimethoxy-4-ethoxyphenyl)-
2-hydroxyethanone
o
o
H OH
Laccase | Alkyl-aryl cleavage
HyCO OCH,
HaCO OCH, iC ! s
OCzHg
2,6-dimethoxy-p-be: i
OCHy 1-(3,5-dimethoxy-4-ethoxyphenyl)- (BraHefioRy-pberzoquinone
3-hydro: anal
Phenolic B-1 lignin model compound YOeRYpIop
1-(3,5-dimethoxy-4-hydroxyphenyl)-2-(3,5- OCHja
dimethoxy-4-ethoxyphenyl )propane-1,3-diol OH OC,Hg
OCHa
C y-oxidation HaCO
—_— (o]
HO
OCHj

1-(3,5-dimethoxy-4-hydroxyphenyl)-2-(3,5-
dimethoxy-4-ethoxyphenyl)-3-hydroxypropanone

o OCHO
: © HO.
HO.
o OH
aromatic ring cleavage
i +
+
HsCO HaCO
OEt OFEt
%-gtéemﬁng-med'mxypl'ggyl)- 2,3-dihydroxy-1-(4-ethoxy-3-
»2,3-nhydroxypropane-2,3- thoxyphenyl)-1-formyl
cyclic carbonate methoxyphenyl)-1-formylexypropane
HO _MeO,
COOH
Ho. o Laccasc/ HsCO
Mediator CgCpeleavage
> +
HsCO HO
EtO OEt OEt
OMe 4-ethoxy-3-methoxybenzoic acid 2,6-dimethoxyphenol
Nonphenolic B-O-4 lignin model compound
1,3-dihydroxy-2-(2,6-dimethoxyphenoxy)-
1-(4-ethoxy-3-methoxyphenyl )propane OH OH
o]
O, 0O,
C  oxidation OH
—
+ + HCO OEt
HaCO HaCO o]
OEt OEt

U

phenolic aromatic compound

131 : Wong (2008)

2,6-dimethoxy-p-
1-{(4-ethoxy-3-methoxyphenyl)- benzoquinone

3-hydoxypropanone

2,3-dihydroxy-1-(4-ethoxy-3-
methoxyphenyl)-propancne

! @ ay <
511 1.9 na'lnveaeulysl Laccase lumseond lad phenolic aromatic compound (Li& non-
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a a ] < ' . S
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{ a aaa a Ja A o
extracellular enzyme AUONINA0INS H,0, lumsinalfnseroond ladantiu udrdsdoants
2+ & Y . . ! =
Mn" 11U co-factor A28 (2) Manganese independent peroxidase 111 extracellular enzyme
a aaa a Ja A 1 ] o o
Apans  H,0, lumsinalfnsereend ladaniiu ua lidesn1s Mn™ duaasnuanvos
. [ A ° 1 1 g a =4
Manganese peroxidase (Jumsntivaa Tuanadwazdiulvailuninniadunid luna'lnns
[ a a =\ o Y A g LY Jya 3 Aaaa A
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a o 1 A adg 1 ' = KX v ad
E]E]ﬂ‘;]fvlﬂc]fiﬂ‘(’l H202 AU MnP ‘V]slﬂﬂmﬁﬂG]ii’O‘Hﬁ]gﬁ)gﬁl‘MﬁﬂTJleLﬁﬂEl‘ii]\iﬁﬂﬁllﬁﬂ@ﬁ@uiﬂﬂ
a a9 ' o . . ! 3
Mn(TD) tAatly Mn(IIn) 91115908 organic acid chelator 194 oxalate, malonate, lactate 1@

{lu chelated-Mn(11) lloond'ladaniiu (Crecchio et al., 1995) fauaaaluzilii 1.10

MnP-Compound Il

(@ ).

3 ° P .
519 1.10 na lnmsiraruveaon el Manganese peroxidase

Y

=

U1 : Hofrichter (2002)
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iungnonniz1eeging 11 (Fountoulakis er al., 2002) Nefitisienunanyuzindouaziin
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nanrumsiniandrvesIssnudsnanidnsazadienuindouaziitnanmiunsiiniaudn
Y

@ g’ % J @ 1 ay A4 Y = =]
10 lssnuanaiduiliay Area19nuIdenneIToalaH
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et al.,2004)

Flocculation Adsorption to surfaces Covalent bonding to carrier

T
b) f;

Cross-linking of cells Encapsulation Entrapment in matrix

F\

P

! P
519 1.11 M3aTausad

U

131 : Cassidy et al. (1996)
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Yaq gilnsal uaz3Bauiiums

2.1 msAdl Yaq nazginsel

2.1.1 mstall

- 2,2"-Azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (C H,N,O,S,) YBIUTHN
Sigma-Aldrich, Inc
- 2, 6-Dimethoxyphenol ((CH,0),C,H,0H) YOIUTEN Sigma-Aldrich, Inc

- 3, 4-Dimethoxybenzyl alcohol (C,H,,0,) YOIUTEN Sigma-Aldrich, Inc

97712
- Acetic acid (CH,COOH) Y941/35N J.T. Baker

- Cobalt (IT) chloride VDIUTHN AJAX Finechem, Australia

- D-glucose anhydrous (C,H,,0,) ¥89U3HN AJAX Finechem, Australia

- D-tataric acid ¥09UTHN AJAX F inechem, Australia

- Ethanol 95%

- Folin -Ciocalteu's phenol reagent VYOIUTHN Merck, Germany

- Gallic acid monohydrate ((HO),C H,CO,H.H,0) VOIUTHN Sigma-Aldrich, Inc

- Hydrogen peroxide 30% (H,0,) VYOIUTHN Merck, Germany

- Manganese Sulfate monohydrate (MnSO,.H,0) YDIUTHN AJAX Finechem, Australia
- Mercury (II) chloride ¥9IUSHN Sigma-Aldrich, Inc

- Potassium chloroplatinate YOIUTEN Sigma-Aldrich, Inc

- Sodium Acetate hydrated (CH,OONa.H,0) VDIUTHN AJAX Finechem, Australia

- Sodium Carbonate anhydrous (Na,CO,) YOIUTEHN Rankem

2.1.2 1n304ile tazqunsel

- nseeiaanuiilunga-a1 (pH meter) 31 RL 150 v09u5H Russell

L IneetanuaziBen 2 §umi U PB-1502 Y03U5HN Mettler Toledo, Switzerland
L In3eetanuaziBen 4 §umiie U AB 204 ¥99UTHN Mettler Toledo, Switzerland
N TR T e (autoclave) 31 SS-325 YD4UTEHN Tomy, Japan

- ﬁl%ﬂ laminar flow ':;'u 120 BSD ¥99U5EN Super clean

- INTOUVGMUVNIYY (Shaker) FU NB-101M/MS ¥0415HN N-Bio TEK
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- 1AFBUVS WYY (Shaker) JU OS-2 VOIUSEN Green SSerikerI

- 1A593ARINITAANGULLEN (spectrophotometer) 4 UV 1601 vo4u3EW Shimadzu,
Japan

- é’amﬂ?muﬁ’a (Oven) Y99U3HN Cotherm, Newzealand

- @oUa31A1) (Oven) YBIVIEN Cotherm, Newzealand

U

2

- 919U (Incubator) ij:LIBM7OO YIUTHN Memmert

- ingeailumay (vortex mixer) ;i: Y vibramax 110 Y89UTHN Heldoiph
- 'luTnstile ¥09UTHM Denville Scientific, Inc

Yy 1 A 2 o A ~
- AUFLVIYALIDNLUIAT (Deep freezer) QUMY -20 DIAUYALHYT
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