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ABSTRACT

Phenolics exhibit toxicity and antimicrobial activity. The presence of these compounds in
palm oil mill wastewater (POMW) can act as acetogenesis and methanogenesis inhibitors during
biogas production. The objectives of this work were to study the optimum conditions for POMW
pretreatment using the thermophilic Bacillus thermoleovorans strain A2 under aerobic condition
and to compare the potential use of pre-treated and non-pretreated POMW as substrates for biogas
production. According to the results, the maximum degradation efficiency (60%) and rate (3.56
mg/L/h) from the initial of 1,434 mg/L phenolics was obtained when strain A2 was incubated
with undiluted POMW at 60 °C and pH =7 for 10 days. The complete removal of some phenolics
including ferulic acid, p-coumaric acid and phenol was found in a 10-day pretreated POMW,
while some of them (gallic acid > 4-hydroxybenzoic acid > protocatechuic acid > caffeic acid +
syringic acid + vanillic acid) still remained in this sample. The biogas production from 2-, 6- or
10-day pretreated POMW gave BMP value of 18.78, 86.68 and 123.04 mL CH, /g COD with
methane content of 49.3%, 70.4% and 64.9%, respectively, which higher than that from non-
pretreated POMW (11.35 mL CH, /g COD and 24.6%). In addition, the complete reduction of
some phenolics was further observed during biogas production excluding gallic acid (still
detected in all POMW samples), protocatechuic acid and phenol (still found in non-, 2-, and 6-day
pretreated POMW (only phenol)). It was suggested that the extent of microbial degradability

depended on the type of substitutions on aromatic ring and initial concentration of phenolics.
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v v
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s Empty fruit brunch 240 kg o  TKNO3kg Other: Dust. odor, particulate
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pH 4.05-4.62

Oil and grease 15-25,00
Biochemical oxygen demand (BOD) 50,000-60,000
Chemical oxygen demand (COD) 80,000-150,000
Total solids 49,000-88,500
Suspended solid 18,500-52,000
Total volatile solids 4.200-82,000
Ammonical nitrogen 23-61

Organic carbon 550-1,400
color Dark brown
Total phenolics > 1,000
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Class Structure
Simple phenolics, benzoquinones C6
Hydroxybenzoic acids C6—Cl1
Acethophenones, phenylacetic acids C6—C2

Hydroxycinnamic acids,
phenylpropanoids C6—C3

(coumarins, isocoumarins, chromones, chromenes)




m319f 1.2 msuingudesvesatliznovilueaniny ldluiy (de)

Class Structure
Napthoquinones Co6—C4
Xanthones C6—C1-C6
Stilbenes, anthraquinones C6—-C2-C6
Flavonoids, isoflavonoids C6-C3-Co6
Lignans, neolignans (C6-C3)2
Biflavonoids (C6-C3-C6)2
Lignins (C6-C3)n
Condensed tannins (C6-C3—C6)n

(proanthocyanidins or flavolans

131 : Balasundrum (2006)

= a = a < & = a 1 1

NNBNUMIANEIFUAYIATUsznoUNHeanFuT v Tuanadlueansdaeluma

4 ?:I v 9 as v A 1 @ 9 1 as [ =1 a
1hduiniudieIsmsananuana1any 1aun 35 soluble free Tasnsanaaslsznouuean

%I @ 4 a % 1 o 1 ~

NnratuIdudIe 70% eniuea:ord lau ludasiaiu 1:1 (vv) harulanuenldll
Y A ~ < 9 = Y a 3‘.: o w v 9
sumgaonlmiasfisudanissuazlsuiiiey 2 arensalalasnasin antiumda lviudle

= a’/ 9 a a a @ 1 o 9 =)
WIEULAEANADNATIAIE laena-eiaszdan Tuensiaiu 1:1 1 linsesdre Ta@Rew

Famlauou leasd uazszieNgungil 45 osrusadod tazdliuUSinasgamedrsmuniuea

a

9
5 1adans 35 esterified Taomsvnienaithanlylalaslagdre Tasdenlsason lednu
Y

9 4 [ (%) ~ a9 = 9 a o w
Wy 4 Tuans mumﬂuimmumqmmwm tazUsuney 2 ﬂ]ﬂﬂﬁﬂqaiﬂiﬂaﬂiﬂ N13A

Y

9
lusiudreeniay uazanaonasedie loha-loiaozdan UREINVID soluble free tari1 1l
szmene lagyane uazdiulsuasgaiedlomniuea 5 aaans uaz 31 insoluble-

o &‘ J v Y a [ U 1 = v A
bond mmawaﬂmullﬂaﬂﬂmﬂ 70% L@VITH@G:@S’;%I@H Tuoasiaiu L:1(v/v) (5 UR8INUID

o 1

soluble free taziharula’ldlalasladdre Tmdenlsason loaanududu 4 Tuars wiu

]
= a

[2) Y ] ~ v as . v A 9 a
m%"luimmummﬂuwm IBULAINUIT esterified sazsunes ZQOEJﬂiﬂ"laTﬂiﬂa@iﬂ

Q U

o_ v v 9 v A ) a a a o 2 9 9
uazmﬁm”lwummaﬂmu LUAZANADNAIINIY LONA-LBNADS LN ﬂiﬂﬂiquiﬁjﬂ%mﬂ’Jﬂ

WMUDA 5 Haaans asrnuasiszneuueaananaldaisds estrified 11az5 insoluble-

bond ALY 8 wiadauaaaluaisnan 1.3 1dun (1) gallic acid, (2) protpeatechuic



acid, (3) p-hydroxybenzoic acid, (4) caffeic acid, (5) vanillic acid, (6) syringic

(7) p-coumaric acid t+a (8) ferulic acid (Neo et al., 2010)

M3191 1.3 viaasiszneuilusaannylumaidu

4
o w

acid,

Y
a1s1sznoviuean gaslassadamand
HO
(0]
Gallic acid HO
OH
HO
OH

Protpcatechuic acid

4-Hydroxybenzoic acid

Caffeic acid

Syringic acid

Vanillic acid

p-Coumaric acid

Ferulic acid

3 : Neo ez al, (2010)
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Aa a o d . . . .
asisenovilueaaussiataily Priority pollutant U84 U.S. Enviromental Protection

= 3 A o A Aama A H A Jd A Lo & a
Agency (USEPA) Nﬂ??iJLTJHW‘Hﬂ‘UﬁQiJ mmg“lumuazizuuumﬂu HEYNTIVIINITLVTEY

[ 4
VOUUANTY UATUNANTENUADFUNINNYBY (Torrecilla, 2010; Assas ef al., 2009; Othman et
. . [] <
al., 2008; DeGraeve et al., 1980; Michalowicz et al., 2007; Gernjak et al, 2003) QAN ERZRPURY
s1901uN@sUsenouiuedaurasiafinu luie 15U protocatechuic acid, p-hydroxibenzoic
acid, caffeic acid, chlorogenic acid, p-coumaric acid, ellagic acid, cinnamic acid L& flavonoids
= va Y a sy @ A A A '

uﬂmﬁuummauyaamzaﬂ@’w T@ﬂ‘l/]’JUl“lJLL‘]Jﬂ‘I/]L 8%ﬂ31uﬁ1h15ﬂ1uﬂ15863ﬁ618
=~ a 9 1 A 1 ] 1 9 9 [ 1 d'
ﬁ1iﬂ53ﬂﬁ]ﬂ1/\|u®ﬁﬂhlﬂ LLG]LL“LI?]ﬂliﬂﬁﬂuiﬂﬂlu]lllﬁﬁﬂiﬂ‘1/]1!‘1/]1“ﬂ31ﬂlﬂluﬂ]uﬂl®ﬂﬁ1iﬂﬁﬂﬁ1’)ﬂ

=

o Y 9 [ = a Aa Yy 9 3w ' s ~
53@‘]Jﬂ’)13JHJ116U‘LlQ'Qllﬂ aﬁﬂﬁzﬂauWuaaﬂwummgﬁumqumﬂuaumwmwaaumm i

v
= J g

o q ¥ y g 4 o y g ¢
I@fﬁ]g‘ﬂ'liﬂgﬂlulﬁﬂﬂﬂ'lﬂﬁhyjﬁmﬂ]@ﬂlgﬂﬁﬂlcﬁaﬁ uaz:mmumi‘mﬁmmau%nmmaa JIUN
o ¥ oy A a a4 g S ¥ A A )
fJ‘]JfJ\‘Iﬂ'lﬁﬂTWuTWﬂJ@QIﬂﬁﬁuﬂlﬂ@Vjﬂchﬁaa ﬁ\iWﬁiWLL’Uﬂ'ﬂLﬁ'EJG]'IEJLSJ’E’]ﬂ’)'IiJLGUiJSUHGU'ENﬂﬁgﬂ'E]U
A a L. A ' A a A wa
Wuoang (Heipieper er al., 1992) 310318 IMINLNAIUsznpuTupanalgaaNiia 1y

)
ﬂ'lifJ'LlEJ\?ﬂ'lﬁH]ﬁﬂJuL!,ﬁgﬂ'liﬁ'l\“l'lu"llﬂ\‘IllﬂﬂﬁldiﬂﬂﬁWﬂ“]fuﬂ (Antibacterial aCtiVi‘[y) YU
Bacillus subtilis, Staphylococcus aureus, Staphylococcus lentus, Pseudomonas aeruginosa,
Klebsiella pneumonia W Escherichia coli (Estevinho et al., 2008) asiszneuueanniu
F ) 1 A o g’/ a A A a . 9 .
ISTFRTRR! 0.25”1111‘?]5111@1@]@@1@]3 TIWTDIVIINMTRTYUDIUUANITIFUA Mesophile Ulﬂ (Miiller et

a A da

g 1 a o & o a o
al., 1998) wonMINHUNUNATUseneuHueana IS0 dUgINIT NV IAUNT ENNAAN 19

a

a A d 9

1M (Methanogen) 1AZJAUNIINQUATINIA (Acidogen) Insassenouruedn 151 phenol
I a 1 ] @ a A A [l

1% caffeic acid IJuNyABNIZUIUMIGROTA BT UAATNVOIAUNTON LilFo1me Tuszuu

[ = a ] (24 = o 1

MaFIn 1 nazerananisgasuluninazneuvesszuumadinim i ldnisdesaaroni

= 1 1 = a [ = a2 [ =1 A A da!

FInInanad aawanedsuIunIHaanN1sBININ lagsavsazlSuanisimunnanyy

(Sayadi et al., 2000; Dhouib et al., 2005; Hernandez and Edyvean, 2008)

= a = I a v == Y @ Y =

wananasdsznevilusaaszinnuilunyasuuaiizouds §alanmsfnuiaiw
) a oA = d 1 a A
WUNYAONY Ankistrodesmsu braunii CCAP 202.7a BULUUTIMI10TVY) (Green algae) 11
H 1 g % g - v

91115 bold basal medium (BBM) Ni@IUNauvod1i1de1nIsanuanatiniuuznon dal
a5isznovuiluean 1y protocatechuic acid, vanillic acid, tyrosol, ferulic acid I8 p-coumaric

. ! = a Yy 9 -3 d A Y gz a a
acid  wuNa1slszneuNuedaanutudu 10° Tua1s Unsgudinsnsyaulaves
1 [ o 3 1
AMIIONAI910 4 TUVBININAADY (DellaGreca ef al., 2001) MpHanIANE ARl TIFUIN

a %‘ I a 1 a g 3’, A
mssznouusdnluindeiianuiuiivaofisnaass uazernanmssulouluruldau
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= = 1 %’ = [ %’ @ A " Y o w
ImsanvImansznunmslaserindeveslsanuanatiiuuzneny ilarniunisiiia
nuNUMsdulevvesaisiszneuiusanluaunanuan 1.2 was vasvniaunuuiluileu
%’ =S (Y] % ] I A [ a}/ a3 a [IR=1

HFen Isanuanainuuyenonunal 4 @weu uazvasnntwdunar 1 Ununiainwy

a <3

< a o A < A a J .
Wunenuny TagnsnagounNuunyNinon1590N VD UNAAIUNOSIATH (Winter cress)

A =2 g A Aa J 1 a A~
130 Crucuferae brassicaceae "]NHJUWGD"VHJﬂ’NiJﬂ@ullﬁ’mEJﬁTﬁW‘HLN@NﬂWiﬁgﬁN1u3$ﬂ$ﬂiﬁ
1 a ] a Ao A = a a o @ =
Wu’nmmstgmmmaﬂiuﬂu‘vmmsﬂumJaumsﬂszﬂam\m@amzmwmmﬂ 72 2 119 #9
&
]

v Y 1
i ludun luinstudlou Faldnaunsaun 24 219 (Mekki ef al., 2007)

' =) = a
1.2.5 ﬂ1iﬂi’]ﬂﬁa1ﬂﬂ13%3ﬂ1wmﬂﬂﬁ1iﬂ§$ﬂﬂ‘ﬂw‘I-!E)ﬁﬂ

o o = a 3 a I o W A
ﬂ'lﬁ'i_l'l'i_lﬂﬁ"liﬂﬁ$ﬂﬂﬂ1/\|uﬁ]aﬂi]'lﬂuHﬁﬂii\?\‘l'lu'ﬁc]ﬁﬁ'lﬂﬂiilllﬂuﬂilluﬁ'lﬁ'lﬂﬂlu IHBNTTN
<3 A o o A v & ¥ a o 1 =
LTJ1!ﬁTﬁllﬁWHﬁTﬂﬂJUVIWU"lﬂVNGLuuHL?IZQu Iﬂﬂ‘l’lﬁul‘ﬂﬂ'lﬁﬂ@ﬂﬁﬁ?ﬂﬂ'l\‘]‘b’ﬁﬂ'lWﬂl@\iﬁ?ﬁ
] 1 3 ] ~ s Y ] 1 ] 4 4 %’
@Nﬂﬁ??tﬂﬂﬂ?ﬁﬂ@ﬂﬁﬁ?ﬂﬂﬁﬂyjimllﬂfﬂﬁﬂﬁgﬂ’ﬂﬂﬂﬂWQQWﬂ LYU ﬂTﬁ‘U’f)u"lﬂ'ﬂf]ﬂ‘l‘ﬂfﬂ U1 uag

A A gA ' a Y 2 Y
FITDUUNTYDUS Lmz"lm,ﬂﬂmmﬂmﬂuﬁmmafm (Cordova-Rosa et al., 2009)

] = a A J Y o o 4
ﬂTiEJ@‘t’Ji’fa18@’{151/‘]‘L!@ﬁiﬂﬂi}ﬁuﬂiﬂiuﬁﬂ1’381%ﬂ1ﬂ1ﬁ mﬁﬂm‘imﬂummmu"lcm

a 1 a 1 o ' 4
phenol hydroxylase t1azmsanty le-asonda (-OH) 1 nyludunieod 15 luraniues 1

a a I g’/ 1A, { am ~ o
wAnnailu catechol  MNMUIZINIGIDIWM (FUN 1.24) nazidesn (U7 1.2B) Fehld

= A Aa o SA A 9 @ [ a ] 9 Lg
aslszneufuednniinyoywusounadwiusznuruiues Isnandosdals laeniu
4 a Y 3’, 1 4 {
iegnmnanisvavlutunounisgesaals Tnotew 1ol phenol  hydroxylase 0¥
a ] a A’ E) 1A 1 = = d' '
mMsany leasendariodigionisdesdaloaisdsznouuea nsAnyINFIUYDY
Mahiuddin et al. (2011) ladnuinmsgeeaatsarsiuealaeg Psudomonas fluorescens PU1

] 1 ] ax a dy ya 1 A
'W’]JTJ"Iﬂ"IiEJ'OEJﬁa1EJW1u’)ﬂLll'I/l'ﬁ]SﬁLﬂﬂsllullﬂlﬁ'Jﬂ’J']'Jﬂ@@T‘VI
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OH S -OH
O/ Phenol ‘ = Phenol
Lo I
S
C Catechol \\ OH
" OH ‘ Catechol
| = 0H
/\T OH J/
S~ COOH
o < coon
2-hydroxy muconic semialdehyde ‘
L \_~ooH
0

Cis-cis muconic acid

COOH l

~ OOH

C
Oxopent 4-enoate = QO
l 0
COOH

Muconoactone
C=0 l

CH3z
COOH

| Oxaloacetate
COOH @7
(o}

| -oxo-adipate
CH3—CHO + CH3-C—COO0O~
Acetaldehyde + pyruvate A TCA B

a A J

3Uf 1.2 misdesaareasiszneviuednlaegaunie (A) n1sdesaalsasiszneu
= a v an ] =~ a Il an
WuoaAr MIDWNT (Meta pathway) (B) misdesaarodslsenouilueanriuio
20 19 (Ortho pathway)

31 : Mahiuddin ez al. (2011)

= d' 1 9 ag 1 = a a ]
ﬁ]"lﬂﬂ"liﬁﬂkl"l‘ﬂN"I“L!ll"l"lﬂi"lﬂﬂ”luﬁlﬂﬂ"IiEJi’JEJﬁa"IEJfT”IS'ﬂizﬂi’)‘]J‘V\I‘L!i’Jaﬂ‘]JNG]fHQ YU

a ] a % I a ] ]
M3AnE1IMIEsaa1sved lalasnl Tun (Hydroquinone) FuiluInTuilusdnediaite Tag

1 [

msl¥lalasnualesennled (0, Wuaiseendlad (Oxidizer) tiio13elfAzensaudy

4 2 & A A 1
mu%mm Serratia marcescens AB 90027 ¥uilunuanisenainisogssaarealslszney

Y
2 A

fluedn msdosdaroazinan1inizdu (Ring activation) Uiy leasenganou laas
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a [ o 3 a . g’/ 9 aan

HanA N un131-1uu Tsa3 Tuy (p-Benzoquinone) NUUILINFURNIHINITUANINIII-
wulyadTuy ldansdszaey 2 @1 Ae nsAN@DA (Maleic acid) HaznIABONHIAA (Oxalic
acid) nouaztnguunueaduna lUvesdalitin (Leitao et al, 2007; Nair ef al., 2008) (31N

Z‘, ' 9 Y 1A = YR Y ax I 1 @
1.3) UONVINUUNLIINITNAADITNAUTINNTOAAME 18R IADI3088% 96 ITNITAINAIIEN
aunsnlddooaaroassznouiluedadiou 9 wu Twanatlueanedieiie 1aun phenol, p-
hydroxybenzaldehyde, vanillin, salicylic acid, p-cholorophenol, p-nitrophenol, o-aminophenol

Iag  p-aminophenol, diphenols 1&un catechol, hydroquinone and resorcinol @& triphenols

1aun phloroglucinol 1@15urii (Yao et al., 2006)

CH ! 0 [I;I:
G—tIZIJ—CJH C—0OH
— —| N GO, + HO
G— G—OH e
H o (] ]
hydroquinors p-bszoquinons rmalaic acid coalic acid

51U 1.3 M0msdesaarsn1ezinmvedlaTasad Tuu

Y

31 : Yao et al. (2006)

~ J a 4 a y ~A A 1
mwwmmau‘ﬂ%wmﬂ%uﬂ ‘1/]QLL”]J?W]LiEJLLﬁ$i1ﬁ1ﬂJ15ﬂ8@8ﬁﬁ18’ﬁ15ﬂ5$ﬂ6‘ﬂ

{ 3 H = A a % L]
Fluedandudlouluindeningaamnsuilszinnaiee uazluau'la auru

M3 1% Psuedomonas pictorum (NCIM2077) dosaargansiszneuiluaaninlssnu

A a = a d‘ 9 a a

RAaINNIIN 3 15397 Ao 159l Tasall, Tsnuwaansoantia tag Tsanunaaas Ina-
4 == J . J =~ a vy

o3 TAsnTU¥ad U alginate WUNAWTRaRa5Usznoviueanld3osas 89.72, 90.18, 1Az

91.95 INANUIUTUTUAY 506, 489 1Az 758 HaansuApans luyAULNNITAIUYAdUY

activated carbon 52N alginate a113nana1slsznevtluedanlasesay 97.43, 97.75 uay

94.06 A1UA A1 (Murugesan et al., 2005)

= 1 . 9 1 = a %‘ =
NSWNUN Lactobacillus plantarum 1% unmsdesaarsaslsenevuilueanluiinge
y 1 a L}
Tssnuanaiduuznen dmsnaadadiuyeddlsdszneuusanngy high molecular
weight fraction Ll81¢ low molecular weight fraction 1#3ovay 58 uay and ldseeaz 55 muday

g & aa
(Lamia et al., 2003) UBNIINUU Limkhuansuwan et al. (2010) i18@11!?7131%1“119!&‘]_1?17]!58?”8
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@ d’zﬂy = a A 1 = a = % )
Wu‘ﬁuﬁluﬂTﬁﬁﬂ‘]&lHJ')'Zﬁ"VI‘ﬁﬂWWﬂ158®8ﬁﬁ18ﬁ15ﬂ3$ﬂ@‘]JW“LJfJaﬂllagﬁ’ﬁluunﬁt’lmﬂjiﬂﬂu

v 3o J 1 o w a 2 a Aa o
anauuthaw Wmmmﬁammmiﬂﬁzﬂaiﬁiueammmmﬁu%’mmﬁju 33.64 Waansu

a

anans uazd lasoeay 34 uaz 15.88 awaiau neldganal 30 °C

U

M3AnuI8 1081 Arthrobacter chlorophenolicus A6 Tumsdosaareansilueatas

@ 4 = a ~ Ay 1 == a dy
mimgwuﬁmemuaaiuﬂuwﬂmﬂau WUIMUUANLTYYUAUTINUITDYDYTA1YTT

. 2’, - [ 1 I a {o o a
4-nitrophenol > 4-chlorophenol > phenol N3tid15AINa Dot udywanyid iy ludunas

9

FUAADY (Unell ef al., 2008)

) . . &£ g A~ 0 Y ’
ﬂﬁﬁl"]f Geotricum  candidum G]NL’]J‘LlﬁWl3Jﬂ1ii‘lﬂ3J15l"])’sl,uﬂ1iﬂﬂﬂﬁaiﬂﬁﬁﬂ5$ﬂﬂ’U

= A ’O' = [ ’o' o 1 1A = 9 9
W‘Ll’f)aﬂ11!uTLﬁ’ﬂﬁ]WﬂTiNWHﬁﬂﬂuTNuhgﬂﬂf‘l W‘iJ’Nﬁ’HJﬁﬂﬁﬂﬂT“]fo)@ ”lﬂqqqmaﬂaz 75 91N

3 1 A =

= A A 9 A A = ¥ vy !
MmaTon Gudu 45000 Naaniuaedns uazaadlwmindelaiosas 65 dwisndosdaly
caffeic acid 2.6 Haan5uADAAS LO2AA ferulic acid 1.7 Haansunoans lAveeauysal a1msn

808ea10a15 hydroxytyrosol 1182 tyrosol 910 3,450.7 HaansuAoansLay 439.4 aansuno

a o 1A Aa o 1A

85 1Mae 613.5 YaansuAeans uag 114.5 JaansuAeans AUAIAY 1Az e8aa1Y vanillic

acid 18910ANUTNAY 191 MAD 6.1 Haansuasans meluszeziial 6 3 (Asses et al., 2009)

A A U o

L
1.2.6 uuUANBERNE Bacillus tazmarinanydselaridaanaaon

uuANEenusou (Thermophilic bacteria) AouuafiizonamsasganInlalurig

9
guugigeana 55-70 osausaided laun nuaiiSoludie Bacillus,  Thermus uaz
4

¥ L ' a ° ¥ a
Clostridium @81413D ﬂLlﬂﬂlcldfahlﬁ){ﬂ’]ﬂﬁ\uljﬂé}@uﬁa’]ﬂﬁa’]ﬂﬂiglﬂﬂ U AU, U, UINeLa, au
A A ' ¥
AeNOU Llaxllﬁadﬂﬁqmﬂgnq\i LB u’]w.%}@u (Mutzel et al, 1996; Markossian et al., 2000) LUag

dy d' a [ d' Y A dy
NUNUINIUNLLANTIY (Mohamed et al., 2006) aanaaaluaisian 1.4 U9AUDINITINISIDEN

a a A

A A 9 A = A Y 1 dy A =\
UUANLTINUIDU AD ummLﬁmuaﬂmmiﬂmﬂauiﬂﬂﬂaumwuﬂauuammmwumu

=3 9

Turr9gunginde (Mutzel er al., 1996) nguuuaiiedingynianuamsolunmsdosans
a 9 ~ a A = [ v J 9 ! iy
asvanyluangldorna Ngauuglgediimsdnyinueduuninale laun Thermophilic
o= a 2 v A A o '
bacilli Haeu1sanIy ludunadennianuvainuals uazldnemnlunisgesaaisas
A v A 2y ga ° Aa  a A ¥ sy A v = =
vaiy lanarewtia 319 aimahuuaiGesiatinldls: Teniaawnadonlumsinyn
v ' Il = ~ A 9 . o J
HIUL 1 Msgegaatsansiuea laguunNisenuiou Bacillus thermoleovorans SEWUT A2
= [ 9 a ?,’ 9 U a A a dy a [] = 9/dd‘
Fanauon ldanuinaimieu nudmuaiisesiiatinsguazdesdaroaisiuoea laan

QUNNN 65 DIAUBAITHA, WOY 6.5 (Feitkenhauer ez al., 2001; Milo et al., 1999 ) uUANTINU
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] Y4
$ou 19U Bacillus thermoglucosidasius ®18WUT A7 (Duffner et al., 2000) U Bacillus
thermoleovarans @OWUT A2 (Mutzel et al., 1996) a1WnTgesaatoaIsHusalazATvoala
1 S Y A a s @ Yy 9 A 9 a a
661Qﬁuyimﬂﬂa1ulﬂluﬂlu 1 uaaimmi mt’flunm 12 G]NINQ NANUEUNUVULIUAU 5 Uaa-
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Tua1s uag Mohamed ef al. (2006) ldnatdonuuanisenusouludia Bacillus 9nuUT UMY
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P M i
mstdudlewihiunazenstlandenlunzianselulszmagnadatiguvgiigelszua 60

q

9
e WuNLUANseriald1uT0gosda1ea1slsznounIn polycyclic aromatic
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= 9o ¥ A . A = .
AIANYIVOY El-naas er al. (2009) 1A 1511 0ARISY Pseudomonas putida NATIVU polyvinyl
] A W 1 ] = A~ Yy 9 !
alcohol (PVA) gel wmmmmifmaﬂanﬁm1ifwaﬂﬁawmﬁwuaamummmmuqqmw
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Y =

Bacillus thermoleovorans ‘NW!%} U Wuoa Mutzel et al. (1996)
AORUFA2

. 3 Y = ~
Bacillus HINIoU Nuoauazaswoa Duffner et al. (2000)
thermoglucosidasius
aAoiug A7

A A 9 A o . .
nuanizenusou Ul newansY polycyclic aromatic Mohamed et al. (2006)
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118 heterocyclic
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DAD1 E, Sig=280,16 Ref=500,100 (PHENOLIC\OCT29004.D)
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13197 3.6 YSuaasdsznouiluedaudazyiia ¥ad91n1iade B, rhermoleovorans

AeWUT A2 RTzoznan 2, 6 W3o 10 AU

riauaz Insaade suaasiseneuilueanuaazstia (un./a.)
mstlsznoviluedn Non-pretreated  2d-pretreated  6d-pretreated  10d-pretreated
POMW POMW POMW POMW
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HO
(0]
HO
OH
HO
Protocatechuic acid 72 33 36 24
OH
HO
OH
o)
4-Hydroxybenzoic acid 85 61 60 25
O,
>—< :)—OH
HO
Caffeic acid 185 44 32 12
o]
J\/\C[OH
HO'
Syringic acid

Detection limit (Ha@niunoans) : Gallic acid, Caffeic acid +Syringic acid +Vanillic acid, p-
Coumaric acid b9 Ferulic acid = 0.25 ; Protocatechuic acid = 0.5; Phenol = 1

ND : Not detected
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100 1.0 4.0
120 1.2 3.8
140 1.4 3.6
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180 1.8 32
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A3V UTUVBY Protocatechuic acid, 4-hydroxybenzoic acid, caffeic acid, syringic acid,

vanillic acid, p-coumaric acid, Feruic acid i8¢ Phenol FeTIReINY

U 1 a
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Ammonium chloride (NH,CI)

Ammonium hydroxide (NaOH)

Sodium chloride (NaCl)

Potassium hydroxide(KOH)

Sulfuric acid (H,SO,)

Disodium hydrogen phosphate (Na,HPO,)
Sodium dihydrogen phospahte (NaH,PO,.H,0)
Magnesium chlorideheptahydrate (MgCl,.7H,0)
Calcium chloride dihydrate (CaCl,.2H,0)
Potassium chloride (KCI)

Ferrous sulfate heptahydrate (FeSO,.7H,0)
Nitrilotriacetic acid (C;H,NO,)

Magnesium sulfate heptahydrate (MgSO,.7H,0)
Manganese(II) sulfate dehydrate (MnSO,.2H,0)
Cobalt(II) sulfate (CoSO,)

Zinc sulfate (ZnSO,)

Copper(I) sulfate pentahydrate (CuSO,.5H,0)
Aluminum potassium sulfate (AIK(SO,),)

Boric acid (H,BO,)

Sodium molybdate dihydrate (Na,M00,.2H,0)
Biotin(C, H,,N,O,S)

Folic acid (C,,H,,N.,O,)

Pyridoxine(C¢H,,NO, .HCI)

Thiamine (C,,H,,CIN,0S.HCI)

Riboflavin (C,H,)N,O,)

Nicotinic acid (C,H,NO, )

Panthothenic acid (C,H,,NO,)

YN Ajax Finechem (Australia)
1THN Merck (Germany)

SHN Ajax Finechem (Australia)

d

YN Ajax Finechem (Australia)
VTN J.T. Baker (U.S.A)
UTHN Ajax Finechem (Australia)
YSHN Ajax Finechem (Australia)
U5HN Ajax Finechem (Australia)
UTHN Ajax Finechem (Australia)
YN Ajax Finechem (Australia)
YN Ajax Finechem (Australia)
131N Sigma-Aldrich (Germany)
VTN Ajax Finechem (Australia)
YTHN Ajax Finechem (Australia)
YTHN Ajax Finechem (Australia)
YN Ajax Finechem (Australia)
SIERR ) Ajax Finechem (Australia)
YN Ajax Finechem (Australia)
YTHN Ajax Finechem (Australia)
YSEN Ajax Finechem (Australia)
13HN Sigma-Aldrich (U.S.A.)
UIHN Sigma-Aldrich (U.S.A.)
13HN Sigma-Aldrich (U.S.A.)
131N Sigma-Aldrich (Germany)
13HN Sigma-Aldrich (U.S.A.)
13N Sigma-Aldrich (Singapore)

V3N Sigma-Aldrich (Singapore)
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Vitamin B12 (C,,H,CoN O ,P)

Anthranilic acid (C;H,NO,)

Li

poic acid (C,H,,0,S,)

Phenol (C;H,OH)

Glucose (CH,,0,)

Gallic acid (C,HO,)

4-

Hydroxybenzoic acid (C,H,O,)

Protocatechuic acid (C,H,O,)

Caffeic acid (C,H,0,)

Vanillic acid (CH,O,)

p-

Coumaric acid (C,H,0,)

Syringic acid (C,H,,0;)

Ferulic acid (C, H,,0,)

Folin-ciocalteau’s phenol

Yeast Extract

Tryptone

Methanol (CH,OH)

Acetronitrile (CH,CN)

Phosphoric acid (H,PO,)

Sodium carbonate (NaHCO,)

A A d
3.2 msammmzqﬂnsm

4 @ 3 1 '
195093 UNTA-A19 U RL 150
IATOITINNNAZIDEA 2 AN FU PB-1502
IATOITINNUAZIDEA 4 AN FU AB 204

4 & & .
IATDNUIDVNUYD (Autoclave) 31U SS-325

Y
Al

v Y
Ve1¥o laminar flow 7U Microflow

100

YTHN Sigma-Aldrich (U.S.A)
1SN Fluka Analytical (China)

UM Sigma-Aldrich (Singapore)
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YN Ajax Finechem (Australia)
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Sigma-Aldrich (Singapore)
13N Sigma-Aldrich (Singapore)
13N Sigma-Aldrich (Singapore)
13N Sigma-Aldrich (Singapore)
Y5EN Sigma-Aldrich (Singapore)
13N Sigma-Aldrich (Singapore)
13N Sigma-Aldrich (Singapore)
13N Sigma-Aldrich (Singapore)
13HN Sigma-Aldrich (U.S.A.)
1317 Becton Dickinson and
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1317 Becton Dickinson and
Company (France)

18N J.T.Baker (China)
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13N Fisher Chemical (US.A)
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UITHN Mettler Toledo (Switzerland)
135N Mettler Toledo (Switzerland)
13HN Tomy (Japan)

1SHN MDH Limited (England)
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1JSHN Shimadzu (Japan)
YN Dynamica (Australia)
1JSHN Cotherm (Newzealand)
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1389 Nissho Nipro (Japan)

13N Lab System (Thailand)

158N Denville Scientific
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