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ABSTRACT

The characteristics of palm oil mill effluent (POME) from decanter were high
temperature (63.73 + 0.78°C), acidic pH (4.32 + 0.06), COD 157.06 + 2.25 g/, total solids 40.29
+ 0.73 g/l, suspended solids 29.85 + 2.72 g/l, oil and grease 15.96 + 1.12 g/l, total sugar 4.74 +
0.18 g/l, nitrogen content 1.3 + 0.00 g/, sludge dry weight 35.97 + 1.86 g/l, ash 1.05 + 0.33 g/l.
The dry sludge contained 0.41 + 0.01 g oil/g sludge and 27.02 + 1.25% cellulose.

Eighty four bacterial strains were isolated from 12 soil samples around the
wastewater ponds of the palm oil mill and cultivated on CMC agar pH 7.0 at 45°C for 24 h. All of
these isolates were examined for cellulase production by observing clear zone staining with
Congo red on CMC agar. The results showed that 66 isolates could produce cellulase. Thirteen
isolates with big clear zone were selected for production of cellulase and xylanase in CMC broth,
pH 7.0 at 45°C and shaking 200 rpm. Three isolates, AH14, AH64 and AH73 showed high
cellulase and xylanase activities (0.73, 0.71 and 0.73 U/ml for cellulase and 1.24, 1.18 and 1.21
U/ml for xylanase) at 12 h cultivation. These three isolates were compared for cellulase and
xylanase productions in the palm oil mill effluent (POME) medium (CaCl, 0.3, MgSO,.7H,0 0.3,
KH,PO, 1.0, K,HPO, 1.0 polypeptone 2.0, yeast extract 1.0, NH,NO, 4.4 and CMC 10 (g/1) in the
supernatant of POME : distilled water 1:4). The initial pH was 7.0 and the incubation was at 45°C
on a shaker (200 rpm). The isolate AH73 gave the highest cellulase and xylanase activities (0.55

and 0.37 U/ml, respectively) at 12 h and was identified as Bacillus subtilis by 16S rDNA analysis.
)



The optimal conditions for cellulase and xylanase production by Bacillus subtilis
AH73 in Erlenmeyer flasks (250 ml) were as follow. The supernatant of undiluted POME (50 ml)
without addition of nitrogen source was supplemented with CaCl, 0.3, MgSO,.7H,0 0.3, KH,PO,
1.0, K,HPO, 1.0 and CMC 15 g/l. The initial pH was 5.0 with shaking at 200 rpm at 45°C. At
these conditions, Bacillus subtilis AH73 gave the maximum cellulase activity at 36 h (1.02 U/ml)
and the maximum xylanase activity at 12 h (0.99 U/ml). In the 2 L fermentor with 1 L working
volume, Bacillus subtilis AH73 gave the highest cellulase (1.72 U/ml) and xylanase (1.09 U/ml)
activities in the supernatant of POME medium pH 5.0 with 100 rpm agitation speed and 3 vvm
aeration rate at 45°C for 24 h.

The oil separation from an aseptic decanter effluent was done by adding 5 ml
each of the 12 h cell culture and the 12 h cell free supernatant of Bacillus subtilis AH73 (with
cellulase and xylanase activities of 0.98 and 0.99 U/ml, respectively) into 45 ml of decanter
effluent pH 5.0. Both conditions showed significant difference (0<0.05) on the oil reduction from
sludge by 43.33% and 37.18%, respectively and the sludge dry weight decreased by 17.88% and
18.70%, respectively. The optimized conditions for oil separation from POME by cell culture of
Bacillus subtilis AH73 were the initial POME pH at 7.0, incubated at 45°C on a shaker with 200
rpm for 96 h. At these conditions Bacillus subtilis AH73 could reduce oil in the sludge by 62.79%

and reduce sludge dry weight by 35.53%.

(6)



Aaanssudszmea

4 o o a a 4

"’ﬁ”lWL%T’UfJﬂT]UﬂJ@‘UWﬁgﬂm TOIAINTIITY AT.DTTY WuWQﬁﬂﬂﬁQa 019138

A (= a a P Yo o Yo = dy 0o Aw 9 9
Vl‘l]ﬁﬂ‘]sﬂ'ﬁ’lﬂ?uwu'ﬁﬂﬂﬁqm'ﬂﬁﬂ'llluzu'l Gl‘ﬁﬂ']‘IJiﬂH']LLa$GBLLH$LLU'JVI'I\1ﬂ']iVI'I'JGUfJ NI1IAUAI
) A  a A P & v v Y MYe Y AY Y1 aw
VOYAUASNITIVIUINTUWUIRUDU ﬁ'JﬂJ‘VNﬂ']iGlWIfJﬂ']ﬁGUWWWWllﬂ“l/nﬁu’]ﬂlﬂu@ﬂf’)ﬂ?’ﬂfJ

[~

= 4 0o Aw 19 Y I 1 =S
UL LlfﬂﬁFjﬂ‘lJi$ﬁ‘UﬂWiﬂ‘lﬂ'li“l/l']'JﬂfJLLﬂGU'IWlﬂ%‘l]uf)ﬂ']\‘]ﬂ
4 a 4 s (=
VDVDUNICAM JOIAITATINTY AT WUFY ﬂiglﬁﬁiﬁiiw 219159NU5n

a a J 1 =\ @ a a J
INTTUNUDIIN é%?ﬂﬂWﬁﬁﬁTﬂWig ﬂi.ﬂﬂgﬁﬁﬁ, YYLFIN UseFIUNTTUMTAOVINGIHNUS

v A

4 a a a % a a [ {
UAagIOIIa 9319158 ﬂi.’JﬁfEﬁ N3y ﬂiiumsé’smuummmmmaﬂ NaaznaIouia
A Yy a 3 av 9 a a 4 o dy Y
galunisivivenamu mummzummqmi’mfJuazm’simmu,ﬂ"lmmmuwuﬁauuu"lﬁ

v PR 4
DNADIULAL TN TUIIUU

U u

YoVBUNTLAMTUNAING 1A UHIINOBVAIVAIUATUNT N IR NUGAN YU

N511798
[} Q‘{ v Y

VOUDUNIEAY AUNDYTLIABY AUIFYANA LAZATOUATIAGANNAITNE

Y v

1 4

W TemalumsfAnpazaseldiaelalumsduiudiaswnsneoquaenla ladmsedns
Ind%alasaaoaut vevounaiou q il 9 09 q uazidmiinnirunaluladdinim
gagnnssunAMudImiuanuslemae fiddlatazanueugulunisiiisesosn

] ~ " 1 d‘dy A (] Ya a J @ dyo < 1 9 =

aaenaunnmui lildnanu a vl Afidureliinetdnusatiuidusegasliaed

a 0o < = ug/’ dy 1 ] a o 19 g
yogirwanudusavesmsanu luaseiunguuign duagydng uifidy

Y o

Ao Y v 19y 0o < == 9 9 1 Y a
NINVDIVINLN LLﬁJ@i@ﬂ@ﬂﬂ'ﬂuﬁ’]Li‘ﬂiuﬂWﬁﬂﬂH’]m@ﬂﬂnWW“!ﬁglluﬁiﬁﬂﬂﬂSlUﬂ?WNWﬂwa']ﬂ

P2 v
=1

[l 9 9 a 0o 1 o a v o a 9y Y Y Y
VDIYNDYWNUTINUTNDN ﬂlﬂ@ﬂﬁﬂ'ﬂﬂﬁnﬁmmﬂﬂ!ﬂflguag FUIFYANA ﬂﬁjﬂﬁﬂuﬁlﬁ"lﬂwm'l

U

(] [ QSJ} a 0 ! 1 { ! v
Vlilﬂﬂﬁf]ﬁluﬂ’ﬂllﬂ"lﬂﬁTU']ﬂ'i?ﬂJ‘ﬂ\‘]Q‘VIﬂWﬁﬂ?ﬂlﬁ'llﬁmlﬂﬂmﬂ'] AUAT AUYY ngﬁ‘lf'lﬂﬁjﬁﬂﬁaﬂ

4
(3 %

aiend Fuagaydng

(7



sy

%
i
TYTUD oo e (8)
TUUNTTEITT Nttt e e et e et e et e e et e e e e e e eeaeeene s seseneen seneeeesneseeseesreeeneenaneeans 9)
AN YT I ettt e et e eeeeeeeeeeeseee st e ee e eeneeeneeeaeeeneeeneeenereeeneeereenneeeeeneeaneens (10)
~
UNN
1 TIMH Lot e e e e e e e e e e s e s see e s e s seeseeeesesseseeses s e s e sesaerseeseees 1
o ¥ A
LTI VATET Do e e e s e s e ees e 1
DITAT IEDNIE T oo e e e e e e eseee s e s e s s s s e ee s 2
[ 4
AQUTEER oo 30
Y] o as awv
2. A9 QUATAIAZITNITIVY oo 31
2120 OO O OO 31
QUNTA oo oo 32
an a Jd
BN T AT IE oo e e e e e e 33
B M T IADDT .o e oo e oo e e e e ee oo e e 35
a 4
3. HAUAZIVITRNITNADDT e 40
s s 2 A A o v oo s
1. 35z noUINININIATIALANDS YRS L5anuanaiiuiay. ... 40
[ A dy ==t d’ a 4
2. HaveImstenuazAaoniFouuaiennaaou ladsagqadauas
4
oA TH G £V 1R [N T T SO 41
a a 4
3. wamsnsauazmsnaaeu lsdvagaauaziou sl lsanualae
Y Y Y [
1%0 Bacillus subtilis AH73 Tuihnannmsesauaumasved 1549
(% g‘ % J
AN AT VU TN oo s es s e 54
2’ &% 09/ Qy [ gz o 4
4. pramsueniinueenainiinaved Issnuanatihvuianlae
AA Ao A s A 2
HUANSENAARDAUAZOU KYIANA TS oo, 74
4. UNATULAZUOUTUBUL oo 83
D T YT D IID oo s oo oo 86
DV TEUNTI NN oo e e e e s e s s e e s s s e s e s ee s e s e s e e s e s s s e s eee s s seee e reeeen 99
UTETAGBOU. ..o e 120

®)



Table

10.

11.

12.

13.

LIST OF TABLES

Characteristic of palm oil mill effluent from different sources..........cccceevereeneee
Characteristic of palm oil mill effluent............ccceeverierierieniereeeee e
Chemical composition of palm oil mill effluent............cccceevverienieiiniiecieie e,
The comparison of palm oil mill effluent from 4 palm oil industries.....................
Cellulase and xylanase production from Bacillus sStrains............ccccceeveeeeesreeeeenne
Characteristics of palm oil mill effluent (POME) from decanter...........................
Characteristics of microoganism isolated from soil samples around the
wastewater ponds of the palm ol mill..........c.cccoovierieiieiiieniieeeeeeee e
The morphology of microorganism separated from soil samples around palm oil
100111 18 0Te) 1 Vo IO SRR PURPRTUPRIIN
Comparison of cellulase and xylanase producing strains from natural
SOUICES. ¢ uevetenteneetententemtetentestes e testebe s b et ebe st et et e st estebesb et e st eb e st et esesbena et enesbenteneenben

Oil separation from palm oil mill effluent in various conditions at 200 rpm and

Effect of pH on oil separation from palm oil mill effluent by Bacillus subtilis
AH73 at 200 1P AN 45 Crnreoeeeeeeeeeeeeeeee e
Effect of temperature on oil separation from palm oil mill effluent by Bacillus
Subtilis AHT3 @t 200 TPIMc...uveieiieiieeeieeeieeeieeeieeeeeeteeeeeeeseas seeesseeassaessseesnssessnses

Comparison of POME pretreatment from various methods............ccccoevenvirnnnnne

42

44

50

75

78

80
82

©)



Figure

10

11.

12.

13.

14.

15.

16.

LIST OF FIGURES

The composition of fresh fruit bunch..........coccooeiiiiiiiiiiii e,
Structure of plant Cell.......ccuiviiiiiiiiiee e
Structure Of CEIIULIOSE. ....c.eeviriiriieieieriereeeeeee e e

Structure Of XYIan.....ccoeiiiiiiiee e

SEIUCTUTE OF PECTIM.c..eeutieiieiieiietteeetee et ettt
Structure Of LININ.....c.eeviiiiieieieeeeeee e et

Screening for cellulase producing bacteria using a congo-red plate assay.............
The clear zone diameter of 84 isolated microorganisms on CMC agar plate with
0.1% aqueous solution of cONGO T€d.........eevuiriiriirierieie e e
Cellulase and xylanase activities of isolated Bacillus strains in CMC broth after
12 h cultivation at 200 1pm and 45 C.......c.ovimieeeeeeeeeeeeeeeeee e,

Time courses of cellulase and xylanase productions by Bacillus sp. AH14,
AH64 and AH73 in the POME medium at 200 rpm and 45°C ........ccccoevvvvruernnn.
Effect of dilution of decanter effluent to water on cellulase and xylanase

productions by Bacillus subtilis AH73 after cultivation at 200 rpm and 45°C for

Effect of CMC on cellulase and xylanase productions by Bacillus subtilis AH73
after cultivation at 200 rpm and 45°C fOr 12 Nu...ovuvveeveieeeeeeeeeeeeeeeeee e
Effect of nitrogen on cellulase and xylanase productions by Bacillus subtilis
AH73 cultivation at 200 rpm and 45°C for 12 h ......oooeveeveeeeeeeeeeeeeeeeeeeeeeeene
Effect of inorganic nitrogen on cellulase and xylanase productions by Bacillus
subtilis AH73 after cultivation at 200 rpm and 45°C for 12 h.....oveeveevveeeeeeeennnn.
Effect of NH,NO, concentration on cellulase and xylanase productions by
Bacillus subtilis AH73 after cultivation at 200 rpm and 45°C for 12 h..................
Effect of temperature on cellulase and xylanase productions by Bacillus subtilis

AH73 after cultivation at 200 rpm for 12 hu.....ccooeeiieiiiiiiieeceeece e

48

49

51

53

55

57

59

60

62

64

(10)



Figure

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

LIST OF FIGURES (Cont.)

Effect of initial pH on cellulase and xylanase productions by Bacillus subtilis
AH73 after cultivation at 200 rpm and 45°C for 12 B.......ooovvvveveeeeeeeeeeeeeeeee s
Time course of cellulase and xylanase productions by Bacillus subtilis AH73 in
POME medium adjust medium initial at pH 5.0 at 200 rpm and 45°C...................
Effect of agitation on and cellulase and xylanase productions by Bacillus
subtilis AH73 in fermenter with an initial medium pH at 5.0, at aeration rate 1
VVINL AN 45°Carroooieeeeeeeeeeeeee e
Effect of agitation on growth of Bacillus subtilis AH73 in fermentor with an
initial medium pH at 5.0, at aeration rate 1 vvm and 45°C...........ccoovverrrrrrerecenn.
Effect of aeration on cellulase and xylanase productions by Bacillus subtilis

AH?73 in fermentor with an initial medium pH 5.0, agitation rate at 100 rpm and

Effect of aeration on growth of Bacillus subtilis AH73 in fermentor with an
initial medium pH 5.0, agitation rate at 100 rpm and 45°C.........ccoovvrmreeevreennnne
Oil increasing after separated oil from palm oil mill effluent in various
CONAILIONS. ..ttt ettt ettt eb et be bt et et e be s bt e bt et et e st et e sbesbeeee e

Effect of pH on oil increasing from palm oil mill effluent by Bacillus subtilis

Effect of temperature on oil increasing from palm oil mill effluent by Bacillus
SUBLILIS AHT3 ettt sttt sttt sbe e b sanees
Standard curve of glucose for total SUAT.........ccevvveierierieeieere e
Standard curve of bovine serum albumin (Ug/ml)..........cccooveivieeeiniecinieriene e
Standard curve of glucose (UQ/ML).........ccvvveiririeirieiieeieieeeee e
Standard curve of Xylose (UZ/MI).......cccveirieiririeirieiiier et s

The reaction of dinitrosalicylic acid method............ccocveviiiiiiieniee e

Page

67

68

70

71

73

73

76

79

100

101

102

102
113

(1D



o Y 4‘
UNHINULIDN

o ' £

o s oy C -~ A a A 9 a
Tuilagiivhamihiiudadlunmasygiandinyediamiaveaniala Heuilgn
=

o 1 @ @ 1w @ | o J <3|
ﬂu@ﬂ’NNWﬂﬁlUﬁaWﬂ‘ﬂ\‘]ﬁ'}ﬂUlﬁ}LLﬂ éﬂ\ﬂ’i?ﬂﬂﬁg‘ﬁ AT FINHYITIU YUNT ﬁ@lmmxﬁwmmuﬁ)u

U

[ zﬂ' a d' = o 3‘ % 4 9 [ 1
DULUBDININTANTNYNUDIN AN NS TY mmmmmuﬂ1au'lﬂ1ﬂmzﬂuqmmﬁﬂsiumq 9
[l 9 ) Y g/ o A A Y 1 oy o A :’ o
BDYMNNINUYIN L‘Wﬁzmmmm"lﬂ“l%“lumiwmmuumuwmau'lﬂ (YU HITUUDUN DI U

J a d o Y 8w < A ) o MY " A A o
DT HIUUHUSNINN uwuutuﬁﬂﬁwﬂllagﬂu 9 @ﬂ@ﬂﬂuclﬂfllﬂullﬂlﬁ@]llﬂ!ﬂu’ﬁ]ﬂ1\1ﬂ DOVMININ

Y
s o w o

Yo A dy A A 1 Yo [ a
malagelianinvosnui T]LW?JT%?T?JG]’E]ﬂTiLWW%‘]JQﬂ‘]JWalluTllu!Lﬁzﬂx‘]]lﬂiﬂﬂTifN!ﬁilﬁ]"lﬂ
Y ' E4
= 1

[ o Yy A A Y v d o w a 1 @
NNNIANTTUIA mldleaa1vnssunnedrdesnuiiausindumuuInIy 3y a1 pagEnen

a

v J ~ I 9 & d’l ~ 4 3’ = o 1 1 A [l Y
pIMIsaRdaziuengNl uay GIN‘WH'VITJQﬂ'ﬂTall‘Lﬂlluuﬂ15ﬂlﬂ?ﬂﬂ3@ﬂ?ﬂﬂﬂlu@ﬂ 'L’Nwacl’ﬂ

wunldravazranantduiiulugag 5 YAk @lw.a. 2548 — w.q. 2552) iiuaumaslu
daa1souaz 11.65 uazdovas 15.12 a1l awdeu Taeludl wer. 2552 Tnunlima 3.20 d1u'ls

HaNan 8.61 A1UdU Hanaaae 15 2,694 N lansy (FnincuATugRIMTINEAS, 2552) Taglull

P v
s o w

[ v AAaA A ~ 9 1 ~ 4 =
w.e. 2552 edaninunlgnihamhdumnnigaludszmelneldunnszd gawgisil

A v I ~ [

o ! 4 v 2o 2
guns Uszarufsvutuazunsas 535u1¥wa 1Ay sauieimizgnihduiiuvesiie 5
o o (% I 4 1 4 3’ o QSJ}
Tandasawnwmiuioesas 79.48 vouilenlgnihduirdunsdszma Taoludl we. 2552
ddy d’ 4 3‘ o [ QBJ} Qy A d? =S T W
Uszinat Inelinungnihduiiniusaununedu 3,888,403 15 tinduendl w.e. 2551 iy
212,307 15 (§11Tn1UATHFNINITINBAT, 2552) 1INNITVEIONTAIAIHAAVOIQAT NI
g’ Y 4 1 a 1 4 [ o 4 g’
Wiiwihavdamaldinaveude 1y nrateidwnlar naenwaidn azardu ude
o o 2 2L o A Ay y
LOYAAAY (Kunghae, 1993; Chantaphaso, 1999) Tasmwiziihnsyuiluiaquumasilanin
v 2 v
a o A 1 ] ¥ o w 4
nszuIuMInaa Tagthnaauvgazannnnszurumsanaiiiuihaununesgiu (o
J o A J 2 ¢ a2 ¥ & g2 A A s
o1'l911) Tuaestusoune 1hilsthdunsorhnannudesinde uaziiininnniesduaumes

A A SR Y a o Yy A v P g 2
ﬁi@!ﬂ‘i@Q!“HWH'H'WI@?“KQﬂ@alﬁ!ﬂﬂIlfUuTﬂWNﬂWUﬁQLL'Jﬂa@MWa1EJW]H Iﬂﬂu'l‘ﬂ\ﬁﬂﬂiiﬂiﬂi

(% gl Y 4 0911 == A A oy Qy = 1 [ = o
anaiiulaniiy W‘Uﬂllﬂﬁﬂ@ﬂﬂfq[\i Lu@ﬂmﬂﬁlUUTﬂ\i‘ﬂQﬂﬂa’ﬂfJEJE)ﬂiJWENﬂQiJ’ENﬂ“IJi%ﬂE)‘U

3 w 1o = ' s o s A 9 s aw o £
eumumuegmmuwummﬂagiuwaa LBUH AUILEAD LWDUNLYAR Glugﬂmmama%um%zuﬂﬂ

q

9 9 a = ya 1 Y Y =) =
?J’E]ﬂ]lﬂfl”lﬂﬂﬁlﬂﬁl‘ﬁﬂ"lﬁmﬁmﬂ ﬂ1515]f?]‘ﬁ1m\1ﬂ”lflﬂ”l‘w L¥U ﬂ"liclslff"l’ﬂlliﬂu UIBDNTITUYUINIYN

g’ v ] :I % ! I ' 3 @ s J
uﬂﬂumuﬂ“luﬁmﬁmwﬂumuﬁgmsﬂagiuszwawa%umaawuwﬁaaﬂmmaﬂmlléf WIS
1



:’ @ 1 [ R YEY) < ] @ 9 AxA I Y o w oy % :’ Qy
umumu%ty%uwmammamwumu 'J‘D"T]l‘!'lﬂzlﬂuvlﬂllﬂcluﬂ?iﬂ?ﬂﬂu"liJu@ﬂﬂﬁ]']ﬂuWﬂQ
9

[ o o o =Y 3 ) { a 4

Tsanuanainiuihauas 3mandinmaainld Taems lguuanG sneaunsonaaou la]
o A ] ¢ o ' a? o A

wagaduazeu ol lyauud e lveu lydnsaesdosarsuviuassiiiguliiniznioe

£ 1 egj = [ J A
UnIn “ﬁQﬁ'lﬁllsll'Jua@ﬂlﬁa']uuul(‘]fa@ljaﬁ!lagulﬂf!la‘l“ﬂu@ﬂﬂﬂﬁ%ﬂau LagiuaaIvIuany

'
CA=)

' o’osj o oy 1 09/' 1 -4 1 4
gnoos Iagon lainaes azsh ldiniufiunsnegiiugnilasseenunazassiugauuu 1o

U U

v
a ~

o < B~ oy o 1 dy <] o 9 9131 o dgl [V J = 1
NMINIDUNYIUINUTIUUDON ﬂﬂ$%11ﬁllﬂu1llul,w3ﬂ]uua$8ﬂlﬂuﬂ1iﬁﬂﬂ1ﬂiﬂﬂLLﬁ$ﬂ1

E2 1
Aav AR [ =}

= = g‘ g o Y o o 09/ =\ 3 [ o Y 42} [ 3 =
FloAvouting Mldmsiniadude luduas lld ey daiunuidelivajdizdne
(% A A Aan a 4 4 a
msaadenuuafizeiianuamnse lumssaaeu ladragaduaziou lad lsauu dainau
a ] g’ Qy [ 09/ v o 4 o { a
UINAVoITIVIIVINNIvee Issnuaiaihtulhaumsihumanneimnzanlumsnaa
r'd r'd ngl Y] o [ (Y] v = o
ulsiiagaduazion el lsanuaniluszauiaaniazszautaninsudinsnaasai
e" a y L { g’ Y
wu'lminnan 1dTasuuaiSenaula ldszgnd s lumsmeanz imanzanlumsueniiiu

Y Y Y
panmihme lssnuadatiniuihdy
NSA5IBNANT

| J
1. aulsznevveanzaehanan

nzarelduan (Fresh fruit bunch, FFB) vo31hausiiu (Elaeis guineensis

- a s 1 o
jacq.) Fuflumanannnduihauszdseneudenzarelal (bunch) tazrathdy (fruit) aelu
9 ' 3 A qul dy = g’ o A ' g’ % J .
navzilsznoualedIuvestulaon (mesocarp) TuguiazitiiuSeninimuliay (palm oil,

Y 1
=4

3 A =\ Y 3 1 < A o v A a ~ 1
PO) MnFunlaensziingan (shell) Humaalueg meluwaaluszinhiudnrianiiauzeni
g’ Y < . 2 A = 1 09/ % J
wiuwaaly (palm kemel oil, PKO) Bavzliduilszneumaniuanaisldvinmiduihdu
S o s A a 4 A o .
dmsvihdumuesinliongnu 8 YaulivziidiilsznenTasszumas Figure 1 (Prasertsan

and Prasertsan, 1996)



FFB (100%)
EFB (20-30%) Fruit (70-74%)
l [59%] [41%]
Moisture Dry EFB Pericarp Nut
(12-14%) (14~16%) (51-55%) (18.9-19.2%)
[9.5%] [49.5%] [26.7%] [14.3%)]
Qil Fiber Moisture Shell Kernel  Moisture
(25-28%) (12-13%) (13-14%) (6.8-7.4%)(8.5-8.4%)(3.3-3.4%)
[11.5%)] [13.9%] [1.3%] [10.6%] [1%] [2.7%]

FFB = Fresh fruit bunch and EEB = Empty fruit bunch

Figure 1. Composition of fresh fruit bunch. Figure in brackets are the percentage of FFB. () =
high-quality FFB [] = low-quality FFB.

Source : Prasertsan and Prasertsan (1996)
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Figure 2. Structure of plant cell. (N = nucleus, ER = endoplasmic reticulum, V = vacuole, M =
mitochondria, P = plasmid, m = microbodies and L = lipid bodies)

Source : Mohr (1995)
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Cellulose

Figure 3. Structure of cellulose.

Source : Hans-Walter (2005)
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Figure 4. Structure of xylan.

Source : Hans-Walter (2005)
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Figure 5. Structure of pectin.

Source : Hans-Walter (2005)
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Table 1. Characteristic of palm oil mill effluent from different sources.
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Parameter Sterilizer condensate  Decanter effluent Mixed effluent
Color Dark Brown Brown Brown-Blackish Brown
pH 4.05-4.62 4.84-5.35 4.61-4.89
BOD 54.75-60.00 22.80-41.98 21.00-45.38
COD 80.52-115.93 45.36-80.15 38.25-67.57
Volatile acid 3.13-5.87 0.99-7.13 1.84-2.27
Alkalinity (as CaCO,) 0.07-0.20 0.04-1.58 0.09-0.48
Grease 0.02-2.45 0.02-1.17 0.00
Total solids (TS) 49.06-88.51 26.38-76.73 25.63-47.24
Volatile solids (VS) 46.03 31.34 61.97
Suspended solids (SS) 18.50-52.00 2.60-6.10 2.90-20.30
Nitrogen - ammonia 0.03-0.06 0.01-0.07 0.02

- organic 0.55-1.17 0.02-1.29 0.52

Except for color and pH all other parameter are in g/

Source : Noparat (2009)



Table 2. Characteristic of palm oil mill effluent.
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pH BOD COD TS SS 0&G TN
-1 1 1 1 a1 1 References
) () @) @) @) (@)
4.11 5879 131.29 6846  55.61  21.99 - Laohaprapanon (2001)
4.50 58.50 110.00  71.90 43.30 25.60 0.90  Pechsuth ef al. (2001)
4.35 54.56 90.40 65.36 45.92 34.31 0.83  Kaewchai and Prasertsan (2002)
470 2500  50.00 40.50  18.00 4.00 0.75  Ahmad et al. (2003)
4.10 25.00 53.63 43.64 19.02 8.37 0.77  Ahmad et al. (2005)
470 2500  50.00  40.05 18.00 4.00 0.75  Ahmad et al. (2005)
4.20 - 120.10  71.60  47.30  28.40 - Laohaprapanon et al. (2005)
4.40 6.42 4695  21.50 8.30 4.80 0.45  Najafpour ez al. (2005)
4.50 71.95 143.90  71.50 34.20 10.00 1.20  Binmaeil (2005)
3.50 2471 59.30 - 17.26 - 0.69  Vijayaraghavan and Ahmad (2006)
4.50 - 40.20 3947 17.92 2.66 0.80  Bhatia ez al. (2007)
4.18 - 120.08  71.55 4727 2841 - Laohaprapanon et al. (2007)
3.50 25.55 55.78 - 18.48 8.02 0.71  Vijayaraghavan et al. (2007)
- 38.15 85.75 38.50 10.25 9.45 0.88  O-Thong (2007)
405 2270  44.30 - 19.78 4.85 0.78  Zinatizadeh et al. (2007)
4.35 22.00 95.00 35.00 12.00 10.60 1.08  Chaisri et al. (2007)
4.30 25.00 55.25 35.52 19.61 3.82 0.36  Wong et al. (2009)
430  93.00 95.00 64.60  27.33 1.09 1.10  Noparat (2009)
4.50 - 94.40 - 27.80 10.10 0.80  Ismail et al. (2010)
426 3842  81.12 5194 2670 1225 0.80 Average=*sd
+0.34 £23.60 =£33.06 =£17.58 +£14.44 +£10.48 +0.22

TS = Total solids, SS = Suspended solids, O&G = Oil and grease and TN = Total nitrogen



Table 3. Chemical composition of palm oil mill effluent.

Sources
Compositions
1 2 3

Ether extraction - 31.60 34.60

Protein (N x 6.25) 0.37 8.20 8.8

Ash - 14.10 14.20

Fiber - 11.90 3.30

N-free extract 0.06 34.20 39.10

P 0.02 0.24 0.36

K 0.23 0.99 3.09

Ca 0.03 0.97 0.33

Mg 0.05 0.30 2.41

Na 0.003 0.08 0.05
All parameters in % dry weigh
Source 1. Maneesri (1994), 2. Kunghae (1993), 3. Hwang et al. (1987)
Table 4. The comparison of palm oil mill effluent from 5 palm oil industries.

Factory A B C D E Average SD

pH 4.20 4.40 3.90 4.20 4.20 4.20 0.20
Temp (°C) 60.00 75.00 - 82.00 - 72.30 11.20
COD (g/1) 160.70  30.70  99.80 46.50  262.70  120.10 94.00
Total solids (g/1) 82.10 64.60 7590 72.20 62.90 71.60 8.00
Suspended solids (g/1)  65.50 3270 57.42 36.30  44.60 47.30 14.00
Oil & grease (g/1) 25.10 12.90 17.20 8.70 78.20 28.40 28.50

Note : A : Pure Palm Oil Co., Ltd., B : Siam Modern Palm Oil Co., Ltd., C : Satoon Palm Oil

Industry Co., Ltd., D : Trang Palm Oil Co., Ltd. and E : Univanich Palm Oil Co., Ltd.

Source : Laohaprapanon et al. (2005)
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A A g s Ao 1 ~ J ' H
wiarag Taavie lsuawduesdlsznou Taelguauszlinediuiazareimas hiazatein
A 2y a s Y J 4 A
lyuauiamsoazareirldinannmseunzatslhaualelesiiguygil 120-130 o9
v Y ¥
wafeauazo1meziuameag lad ludnsagasuyiuace daulsuaud luazareihduna
AMIAATIATIAS 1A 11D (side chain) 000 191N TATIa319Man (back bone) Y93 latiay
P ' ~ H A Ay ' P
ulad lsauvuaszdos lynaunazaniwas lsvaviimeegnidule drueonlmiivagaa

E4
a

Y v Y
wimsdos Tuanaveusag lad dewaldaisuviuacsluhnedi uanaveuiniusueggn

9 H
a ~

9 v
RN R ﬁ?ﬂﬂl@\‘]ﬁWﬁU%ﬂ@jﬂuﬂﬂ@ﬂﬂﬂTﬂf‘ﬁiLHJ’Juﬂ’E]EJGlUﬂ"WN ﬁ?illﬂlﬁuﬂ@ﬂﬂlﬁﬁﬂi}”lﬂﬂ"li
[ 9 4 1 g/ % [ 19
EJ’E]EJﬂ’JEJL’E]u]l"HEJLLﬂzﬁjusUﬂx‘IHWNHﬂ%ﬂ@ﬂlﬂu@%ﬂﬂuﬂgﬂ"luﬁu

. ' ] o o A a
Maneesri (1994) iwqmmmﬂmau"lw"l%mmﬁuamau"lcﬁmmagmmnNa@

Y
v o

Y Y Y
N0 Aspergillus nigrr ATCC6275 enansamndatinivuayniaeenaniinglduniedovas

Yy 9
C3 o A

Y Y
99.00 &9 Muneesri (1996) 518\111!’.nﬂﬁ']jT]_IﬂL!TVNi]"IﬂTixNTUﬁﬁﬂﬂTﬁUﬂ"léiJIﬂm%ﬂiﬂu
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a S

H ] [ H I~ [ oy %
A1 NUMIVET 200 50UADUIN NQUKAL 45 osrwaiFed 1unal 4 Ju dmnsoaalingu

@

A Aa c»y 2 vy 1A = Y
uaznianegluihmnelasosay 99.65 naza® loRanniiosns 65.54
s o { a
Chantaphaso (1999) #nu1ns 1oy latiiwagraauazoulyd leauuainga
Y 1 Y Y 2
VIO Aspergillus niger ATCC6275 tiioueniiiuiaz a15uvIuaeeeon1ni1ng 1s91uena
09; o 4 VoA a = =\ [ Y = ) 3' %
Wiiuhay wunNgugil 60 s waEed WoWMIN 4.5 A1soanms loataziiniutag
~ c;y ay ) o w 1 = o a '
nsalinelddosas 35.00 naz 95.00 Mu Ky IFUREINUWUGY Uszias gasIN Lz
1 1 4 1 3’ Qy
(2544) sreuNaAurzauvoueu lasl lsanuaaensuena1suviuasenaziing1seau
[ g’ &% 4 a 1 A Aaa 1 Y a
aneiniuihduie 200 giedoiiaaans meldanzivinzdy @ewnny 5 gauvgll 40-60
Y '
pamaliea Usuaniiti 15 nfudeans uazlyna 3 ¥ Tualumsuen) nunansauen
Y (a y; d o a g Yy | As A
asuviuane laYTiasazneuaseiosas 78 uentiniuaznia lasovas 95 uazaad1® lod
1 1 1 4
a3'l@3euaz 35 83U Prasertsan az Oi (2001) na1IIeu 13910 Aspergillus niger ATCC
4 ] 4 y
6275 Lmzmu"lcﬁu meicellase mmsaaaﬂmﬂﬂmﬂéf Uon1NH Udomsil 4@y Prasertsan

= 4

g‘ o 09/ ng y 4
(2009) 1/]ﬂaENﬂTiLLEJﬂ‘LﬂlI‘L!'ﬂ'E]ﬂiﬂﬂ‘lﬂ'ﬂQﬁnﬂm?ﬂﬂﬂLLﬂum'ﬂiIﬂﬂi%}!@ullcﬁﬂl"]fﬁgmﬁWWQ

9 A Y oA Y 9 a 1 aa :j &Y vy
mimwmuuacl,%mu"lcm‘wmmmmm 10 gum@naaam%zmm‘muﬂﬂumu%ﬂ%sBt’laz

1 9 o 4 A a 9 dy ~ 9 A o g’
41.3 ﬁ"JL!ﬂ131“ﬁlﬂuul“ﬁul‘ﬂfaglﬁﬁlla$!’E)uul"]ﬁJUlG])'aHL!ﬁVlWEWIllﬂﬁ]']ﬂ!G]ffJiTVWluTBULWfJ‘lﬂ‘UﬂlH

£
[ o o

Qy (% 3’ % J o 1 <3 09; o

Vl\‘]ﬁ]']ﬂI'i\1QWHﬁﬂﬂouu‘]J'la1JfJ\‘]ﬁ']iJ'liﬂﬂﬂﬂW‘ll@\uL‘lNﬂ\iﬁiJﬂul?’g]}%}@ﬂﬁg 52.97 uazn1aauIuu
= vy . .

Llﬁwﬂﬁﬁﬂﬂﬂ{ﬂ'lﬂﬁgﬂﬂuvlﬂﬁ@ﬂaz 98.66 (Binmaeil, 2005)

Jd A v J

a a a a = 9y J

ATAAT NIYIUTNINT LUASFUIYAN ATNNNY (2547) ﬁﬂHWﬂWﬁi‘BlﬂullcﬁiJ

o { a { g’ % oy Qy

wagaduazion lsl lyanuainga 1anne Bacillus sp. A2 Tumsueminiuesnainiiing

@ g’ o 4 1 oy o 3‘ o g

Tssnuanaihiiuihay memmmaﬂumuiumﬂauuazumuﬂuﬁ’wmmﬂau"lfffum ‘ﬁu
A 9 ] d? [l a o o = a 1 4

WU UAUEINTHEL IUNOILAZEITIA TOUI (2548) imm’nmu”lcvmﬁmgmﬁuaz

4 { 09} Y oy o
ou lysd lsanuan 1800 Bacillus sp. A2 dusaaniimiinuievesaznouuaziiniuly

aznouldgegasosns 69.09 LAz 32.83 AwdRL
d
8. wulmiragaauazeulyilsanua

d
8.1 toulaalivagraa
Y] A a g’ o 4 I a =
JaqueymasvinnszuaunmswamiiuhamiuaiswinanTurag Taall
J Y 1 = a a A [~ = J
peftlsznounan 3 daune waglad wiiwag laauazaniy iwag lamduas Indusaa lsq
{ ] o .. [
mlszneudeTuanavesng Iaanenuiuaiss1Iareiusy B-D-1.4 glucosidic M3doaday

o a, a, 1 a 4
mslsznouwag laainld 2 35Ae STmanii Tasmsdosdronsauazitns 1deu laal (Tsao
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] v £
and Chiang, 1983) M3g08A8n5AN503B7N 1FazdoanunudenmsiansouuenaIniidiu
. . :
Tuwanaveuzaglaaiiusziion (crystalline) 3z nuniuasnsafiaududugauag
a A aaan 9 1 1 A a dzl
ganiqge nazifieanindgaserimsldnsaimmizinizas ngladundivinaiuuag

asszneuduiamniumag lagegihlgnsernunsade T ld 1dnaadaain hidesnts
=
i

] 9 4 I an = aa ) [ osj 9 EAl
mumﬁclﬂmu"lcw%mﬂmﬁmimwamw ATUINUNISLATC A muumﬂﬁmu'l%m@ﬂﬁma

4
=

Sdl8hmangTaafideushausan
mu"lcuﬁﬁsiaﬂﬁa1ﬂmmgiaa”lﬁ’uﬁmu"l«uﬁwagmﬁ (1,4--D-glucan
glucanohydrolase (EC 3.2.1.4)) Fuflunguion lan] (multiple enzyme) fitlszneoudaoion lai 3
¥iia 1A (Maneesri, 1994)
8.1.1. End0-1,4-B-D-glucanase (CMCase (EC. 3.2.1.9))
ﬁwﬁﬁwﬁéaﬂimaQammwagiaﬁ‘ﬁﬂugﬂﬁgﬂmmﬁwuaz”lajlﬂuimﬁﬂu
(amorphous) muﬁgﬂmaqammwaTaiaﬁimméf (cellooligomer) Agwila B-1.4 nuvgui
1118 Toa Tniwes (oligomer) tazirala'luloa
8.1.2. Exo-1,4-[3-D-glucanase (FPase (EC. 3.2.1.91)) 1150 1,4-[3-D-glucan
cellobiohydrolase (CBH)

[

I S o i 4 1
Wuweuladfiivdinsauduoula endo-B-1,4-glucanase  Tun1sdoe

Y
[}

[ { 1 o ana o . a [ 7
Tuanaveusag lad Tasgosainiatediud lulivgiin1aiad (non-reducing) Naan N Ia

U

1 1 A 09}
nnmsdesaaeaulngneimamalaluToa
8.1.3. B-D-Glucoside glucanohydrolase (cellobiase (EC. 3.2.21))
wivifdesTuanaveusalaluleoanazivalalod Inusnatlsd

(cellooligosaccharide) “lﬁ'gﬂuﬂgiﬂﬁ

8.2 owlwaslyauua
o"d’ d‘ 9 1 a =~ Y] 1 a
ulaininerdoslumsdesdaraeiirag Taa gnisensaugnudi eliagiad
. 3 o I ’A o { o
(hemicellulase) ¥3onguAwlaTasiaa (glucanhydrolase) Fautsdosooniluou lainiinihndaa
Y
DEI MLV TAVOIATAIAUADDI DU (L-arabinase) §DIAAURNIZHUTE (1,3) AZHUTE
Y
o a . 4
(1,5)-2-L-arabino-furanosyl uda liimansd Tue (L-arabinose) 8901 U Ty nuananue (D-
Y
galactanase) ¢8TANYRWISNULANLNY (galactan) 1aziigIaos1d lunanuny (L-arabino-D-

3 IS I ' o
galactan) U Tl uyuu U (D-mannanase) Wueulsinansodosaalonusy B—(l,4)—D—
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v
) 4 v W
mannanopyranosyl UDIHUIMALNULUUY (D-mannan) wazeu lal lyauua (B—xylanase) AANUDTY
B-(1,4)-D-xylopyranosyl vod'lyiau (Bastawde , 1992)
[ I ] ' i< § ' o { g
msdoslyuau 19 1dlunisdesManiga wulmenninaendnmilu laTae
1 [ @ a [ P
(xylose) Aonuareiusziua lalalns1Tuda (B-(1,4)-D-xylopyranosyl) taaddediton lyidu
a 9 A D] A A ° Y A1 A ¥ A& = A Y o
dnnanelszmanduinedeaio Nz imTNgssn N U dinNNHaINaIeH3 BUTLATIIHAD
{ @ I d A
nodnusziiu B-(1.2), B-1.3) n5e B-(1.4) 18 (Suto er al, 2002) ou'lwingazyiad v
ANUUANAIIUAZIANIZIIZ IR N H BB Az WU T Mo N s e Tany o Tsiaudiduy

Y Y
VUADUNMTHINUAIL

a v

d
8.2.1. oM lssieioenamu
[ [ A 3 a (d!

Suto ATAMY (2002) AAIN luauInNyIz U UNeaNesFI5E N0
ludreTuanavesls TamFoudedroiusy B-(1,4) nazawnsodSunlasulassadaldlae
%ﬁﬁy:@z@'aa (acetyl group) wyzaﬂﬁiuﬂaﬁﬂu% (arabinofuranosyl group) ﬁ?ﬂﬁyz

a . A A 9 A o 1 1 A g A 9 = [
nglal31in (glucuronic group) tou lasiniinihndanutsgesiilunaniu MInmsAnyINLN
P o Y A [ [ ° 9 12 v A 9 % osj [
U lrinazsimtngesmenan luausaiau ldvin litinsaanadiuesn daiunisdes
Q‘ Y 1 ] Q' 4 Aana 4
UTVAUAIINMIAANHIBEsVRININUeen Iagey Ty oz dNa DaND3 IS (acetyl esterase)
09 Tﬁiut\!i Nusiae (L-arabinofuranosidase) uazﬂzﬂﬂii waa (glucuronidase)
d (Y]
8.2.2. 1ou lysiioanarian
A A v o w v ' Y o A A
Wenamugniianuaerannazgndosaleo luil 3 wiia fio
8.2.2.1 Endo-1,4-B-D-xylan xylanohydrolase (EC. 3.2.1.8) #30
endoxylanase

Rvdndosiusy B-(1.4) negnieluarevanuuuguld xylo-

oligosaccharides HUUIAANNUNA1GTHA
8.2.2.2 Ex0-1,4-B-D-xylanase 130 exo-xylanase
[ Aa o L I 1 1 Y
gooeelauay uazlelaled Inuwanis 1sa it urilegesaind1undlu
a o o c;y
non-reducing end Ud2 1 waasualduthaale Tag
0 d .
8.2.2.3 B-D-xylomde xylohydrolase (EC. 3.2.1.37) %i90@ B-xylos1dase

=\ 9

A IR g a o
111’?1‘!11/]81@8ulﬂll“]fﬂﬂﬁa'vlﬁWINL‘]JuNaﬂWﬁﬂWﬂﬂﬁﬂNWU‘U@ﬂ endo-xylanase L01&

9

exo-xylanase 1avhenalyTae
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Y 9 A 9 2’ a IS <
m3Ianudounsents 19 lethgamngil 120 - 180 oaauwarFed 1uial 15
) o $ g J @ a
Wi i 2 2 Tug vz 18 lawaunaz Iy Taadauesdlsenounanveusiisag ladazate

S A2 v .
Hunwyuilusosas 80 (Maneesri, 1994)

U d'd 1 a a d S A
9. ﬁ‘i] EITINNﬁﬂi’)fﬂ5!‘3]ﬁiy!!ﬁg’,f’nﬁWﬁﬂ!i’)‘l-!"l"‘lfu!"Hag!ﬁﬁ!!ﬁgul"lfﬂ'lluﬁﬂlﬂﬁ!!‘]Jﬂ‘ﬂ!iﬂ

Jd
9.1 uHaIMISUOHU
a 4 4

imsuameu lsiagaauaziou lesd leanud T lHeag Taauaz lauaulu

5550918 195U WP 1Ia1a MU (Kawamori ef al., 1986) IAHNTZATHHITIAONNN (Chen
Y Y Y
and Wayman, 1991) §99171n@ $1917 (Saleem ez al., 2009) 1Az N91ANT 03 1%0 159911
J 2’ o a = o ad A Y .
hauihgiu (ussw Faudl, 2534) sounaaag lad, HBouduaz lsuaunamsa (Kim e
=& a Aa 1 4 I J Aa 4 a9
al., 2009) FawHaLazlTaveauraInsueunlnasemsHaneu livesuuaiiiseale Tay
1 1 4 { o g a 4
Pham tlagAae (1998) wununasmsveuns1di¥e Bacillus polymyxa CTET153 waniou Ty
Vl«vauuﬁ”lﬁmﬂﬁﬁmﬁe corncobs AU xylan brich wood, wheat straw L21¢ xylan:mannose (1:1)
a 4 [N %

Tiealumsnanen Tl 1 Tudany

Shah tlaznMe (1999) naaal4raInsuouan wheat straw, wheat bran LS
. a Y d'l a 4 ; . 1 d'
rice straw 1uiSuafosas 3 ionanoulasd lsanuavinie Bacillus sp. Sam-3 W3l
< & Y o . 2a ! v
ool 1 48 2114 Bacillus sp. Sam-3 Tnanssuveueu lad laanua gagaminy 132

Y Y Y
giiageiiadans luunaimsueun wheat bran MIMiunNaasudsuye InsldSuaves
Y
Tasianais o fufedesas 0.05, 1.00 uaz 1.50 Mud1du wuIuFeiinanssuvewen la
lyanuagage 117 giladeiiadans Wold lwuausosas 1.50 d2u Gessesse 1oz Mamo (1999)
= a @ & . A g9
Anwimsmaaon lol laauuaveudo Bacillus sp. AR-009 wuiuieldng Induazglasa
9 a 1 c;y o I 1 o a 4 2K 9
fowaz 5 (USuasaeimiin) Wuunasmsueuazraneu lai leauuaundsiosay 78 uay
o w J I 1 4 { a 4
74 audrey a9 19 la Taauazuan Taendluunasnmsveun 1S uanen el Tyauue
1 . . 1 [~ 1 4 4
eadosas 16-23 uA Virupakshi tagade (2005) 518914113 1% 1 Taendumaansueuive
a o 4 1A 4
naaou laal lyanudainide Bacillus sp. JB-99 vz ldananssuvouou lal laanuagega
(Y a 1 A Aaa 1 9 I 1 o AqQ Y1 a

AL 1045 giingodadans aanmslgng laauazy Inseiluunasaisueunlimnnssy

a A

vouou lmi leanumiios 800 uay 865 giinAoiaaansmudie
o a o
Leartslarus tazaniz (2002) ¥imsanyimswaaou lad laanudves Bacillus
A a 1 4 9 v 9 A Y o 9
Sirmus K-1 - Tuemmsii@uunainisuennngueey, 53911 na, nlasndnauas $1917

1 dy A A a o A A 9 A 9 I 1 o 1
W‘U’NL‘D’@L!‘Uﬂ‘ﬂliﬂNaﬁL@uVl“ﬁllhlﬁ]fﬁuuZWW]EIﬂLNfJGlGIfHJa@ﬂ“lﬂ'ﬂWﬂLﬂUL!ﬁﬁ\‘iﬂWiU@u aIu
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4 1 1 1 a 4
Kapoor LaZAE (2008) ANBINAVDIATS VOUALHAIAN 9 aensHaaeu luil lsanua veg
v 1 Y k2
1%0 Bacillus pumilus MK001 WUI1149%1111518891%0 1% brich wood xylan, wheat bran 118 oat

v
spelt xylan 1¥0vz1¥Ranssuvesoulyd leanuamidy 1,190, 1,220 uay 1,150 gilade

1aaanInINaInY

9.2 ynadlulnsiou
1 1 Q' 9 9 a =4
Joglekar 41a¢ Karanth (1984) na1mMaiuaNuudu luTasaudunsdae
o Y1 a A dgl d’ A [ 9 9 dgl = 1Y T A
Mldanenssuveuragaamuiu HoiNszAUANUTNTIUFITUDS 1.0-1.2 NTUA0AAS
1 < A I A v 1 [ 1A A
pg193 lsnawmain luTasmuwdumsmudunu uaz luTasmuunnii 2 niudedas azmy
A ° Y1 A A 2 9 = ' a ¢ K
Pymide ldaieyvesermsiuiuaoud19gads limuz lumswaaou lanl 9 Pham
1 [ a o g
uazAay (1998) 3181UMIANEINavaIurad lu Tasuaemsnaneu il lyauuauo iy
. 1 1 d‘ [ dy zﬂy 4‘ a 4
Bacillus polymyxa CTET153 wuduvadlulasnuimuzunmsaessoriionaaen Lo
A A 4 I
Twanue Aedadana
Gessesse 1182 Mamo (1999) AnHIWNAYDILHAL 11 TATI9U (peptone, yeast
1 a 'l g 1 a
extract 112 tryptone) aonsnantou lasi lsauua 1o Bacillus sp. AR-009 WUHMINEA
4 Y dy dy A a o o
Leu"lchll«]fmmﬁ"lﬂﬂﬂlummﬁmmwa‘wumimu yeast extract, tryptone L& peptone f1MUATAY
1 1 . [ 1 a J
16 Shah azAe (1999) WUI1M3 19 soy bean milk HunvasTuTaswuagldmsnanen lasd
Y Y
TsanualaaninnsAY yeast extract 83U Virupakshi HagAme (2005) 51891411N 51084150
Bacillus sp. JB-99 Tuomshiiumaalulagiauen yeast extract 1ag beef extract 3117
a 1
Aanssuveaou lrd leanuaiuau
Y
Leartslarus UazAfe (2002) Anyimsndaou lal lyauuauouso Bacillus
' Y 9 ~ 9 =\ Y ~
firmus K-1 Wunanududuvesgiesosaz 0.4, won Tudiow luasniesas 0.2, uowTuiioy

Famladosaz 0.1, Teden lumsndosas 0.4 uaz TnunaFonluasniosas 0.6 Idananssy

vovou lmiangaiiananssnveaen el laauuaminy 1.60, 1.44, 1.31, 0.89 uaz 0.40 giia
ADNAAANTAINAIRNY U Pang Pri Kheng 1182 Ibrahim (2005) Wyl wwias lulasnunanga

A

a o g
Tumswaaeu lai lsanuaniniie Aspergillus niger USM Al Ao Tasidon luasn se9a9u1fe
~ ~ Jd o ~ o =} o w 19
giso, daaana, WuTaw, vowTudlendamlavazuen Tuiiow lumsnawdrduwoidosay
= Y a 4 d” . .

0.075 vou lasden lwasnlvaimsuaaeu lad lsanuaveuse Aspergilius niger USM Al
d' a 1 cu 1 1 9 Q' a dy 1 1 d’ o Q' a
wInfiga (34 giiaaenin) ua b Idwumsnsyveudeuaedla uaziiodinsmulsua

1 [ 1 a o 1
voa laRen lwasnnuin lidewasnenswanenu lasd laauua @91 Kapoor tazame (2008)

2
Anvnaveuriaslulasnudensnaneu led lsauuavou¥e Bacillus pumilus MKO01
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wuduﬁ'm'ﬁyﬂwﬁaTﬂﬂ“l%lmdq"luimmumﬂ%ﬁﬁﬁ’mcﬁa%zﬁlﬁ’ﬁ%ﬂiiummzau'lcnﬁ"l«vmmﬁqq
figa (990 yilndediadang)

Ariffin - agAME (2008) 'ﬂsmumiwﬁmau'lﬂnﬂwagmﬁmm%e Bacillus
pumilus EB3 wuuiie 1duen Tuilon lumsmiduunas luTasiou s l¥idonAansIuv0g

o [ a 1 A v A 9 =1 o I 1 o
L@uul“]flllﬁlfaqmﬁl‘ﬂWﬂll 0.83 guanoans LL@LN@i“HLLfJNINLUﬂNGBaW‘IﬂLﬂullﬁaQ‘IUIﬁiLﬁ]Uﬂg‘ﬂW

A 1A

Y dy 4 A d? 1< a 1A
Tiigeliananssuveseu lalimagaamuvwiy 1.13 gliadodns

9.3 QaUNQA

A A Y a d' a a 1 1Y Q-d'
mmmsmm:nmmmiqmwgmwamimsmmﬂmmmwﬂu UNYUN

g

nuafizonsy ldveogiznitguugiigegatazguugiaige $et1seauguugiganion

9
=

A A 1T Aa a @ J aa = aa @
ﬂ’JTLlLL‘Uﬂ‘V]Lﬁﬂﬂ%vlumii‘g!ﬂﬂjﬁ (Wanyw qaﬁﬁﬂ!WHﬁ]LLa%ﬂﬁ%W FITTUNUY, 2552)5¢01U

a H 1 a I'd 1 a 1 I}
guualNMzauaeM I yuazmIadueu lsivesuuaiGounazyiaazaranuy Taslu

Q QU 9

a

4
szninumsnsyauTavesuaiiGeaziinnuiounaiuuazoiemasgemaiilngumngil

U

v
= =2

[ & A == ] o Aa A [ Y o [ 9 =
ﬁ'\‘lsllu‘ﬂuﬂQﬁgﬂUﬂU\?ﬂLL‘U‘ﬂﬂlﬁfJUllJﬁ'liJTiﬂﬂ']LuuﬂﬂﬂiﬂJﬁf)vlf]_]Ulﬂﬁ']‘ﬂﬁﬂﬂ"lﬁﬁﬁ'l\ﬂﬂﬁﬁuﬂlﬂﬂ
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9
v o

maﬁ%zﬁﬂﬁ'qmwgﬁqqﬁwﬁuﬁu iosnnumuedduveanuaiie fuiulunszuiums
WiINAN 9 Tedesnrunuguugil vz an

Gomes azAnE (1992) 31891UDITEAVANMNYIZANVOIQUNYUADNTHAN
filter paper cellulase (FPase), xylanase Qg B—glucosidase Iﬂﬂi‘ffllcﬁﬂ Trichoderma viride

a

BT2169 WUI19¢IMIdUATIEH FPase, xylanase t1az [B-glucosidase gagatigmugil 32.40,
o 1 . a L4
34.70 waz 31.10 DIAUFATOAA WS NY 1A Krishna (1999) naaosnaaeu lsiisagadan
4 J Aaa a 4
%0 Bacillus subtilis CBTK106 wungangiimunzanlumsnaaonlodivagadae 35
CNRIE LI
. dy dy . tﬂ' Y a
Kulkarni 118 Rao (1996) NAA0UAYUFD Bacillus sp. NCIMS9 tio 1¥ikaa
o Y A a = & a 4
ulyl lyanuannmnmudos wuigungil 70 essuaadod irowaaou lad lyauue
9 Y
1aunnin¥esas 50 @9 Archana i@ Satyarayana (1997) 51891UN5LA0UFD Bacillus

licheniformis A99 Ngavalia1e 9 fio 20, 37, 45, 50 uaz 55 osruwalFod iNonaaou el

=

Y
' a a o [ @ 1
lyauud nunfguvgl 45 waz 50 esruvaifod rewdaaou vl 14 lua1eiu ua Shah wag
AU (1999); Sa-Pereira HazAME (2002); Heck HAzAME (2005) 3186914QUUYINNINZIA

dy dy A = Q' a Y dg’ a 4
M5188U%0 Bacillus A9 60 DA ITAIToA uazrinugungil Iigevunisnaaou lal

Tyanuaszanas
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Y
Pham UazAme (1998) 51091UINE0 Bacillus polymyxa ®O4E1BWUTAD
@ 4 Y] 4 =] a o Sldd' an (%
feWus CECT153 uazaenug 6319T umswaaeu o lyanud laaiguvgiaieiu Tag
o 4 a o aa = 1 [ 4 a 4
10WUg CECT waaou loal lyanuadi 40 ssrusaifod dauaionus 6319T waatow lul
You A ~
loauualagn 50 esruzaGon
1 A a 4
Mawadza HazAae (2000) 111U NQurgdnuzanlunsnaaou
Y
IAQIAAYDUYD Bacillus sp. AOIABWURADABWUT CHA3 g HR68 Ao gaungimiiniy 65
1Az 70 oRITATIAA a1 d9U Virupakshi tlazAz (2005) AnyIwavesgungiluns

a =

naaew Tl lyauuannio Bacillus sp. JB-99 Noamail 20, 30, 40, 50 4ag 60 parisaiFod

Q U

~

Y
1 a d a ] [}
wu owaaeu lyl laanudaldgegaigungil 50 eeruvaifoa 15wReINY Poorna Uay
o < & A a @ A a
Prema (2007) NM5IA0F0 Bacillus pumilus iiNoraaon losil lyanuaiguinil 40-65 0
~ VA a SN Y A ~ A = ' .
warFea wudurendnou lal laangangungil 50 oA aITea @91 Ponpium LAZANE

J 1 A a 4 4 dy
(2002) ﬂan’gmm’sz‘nmmz:fmGlL!miwamaull«vmcmgmmmzmu'lcw"l«ﬁmmammwa

A A

Y
Bacteroides sp. P-1 HuneNourgl lug19521319 55-65 DA UBALTOFLUAL 45-55 DA

Q u

O LG G RERIST

9.4 WI0%¥
=\ = 1 a ==t o d 2 A
fevlinanomsniguosnuaiiFonazmsmauveaou lal Nesimne du
v Y
AapMITYvoLUAiGauaazriazuana iy MsniinluszozusnilorueInsneuso sy
\ a Lﬂy 1 1 ) 1 A = tdl d! a
MUNZADNITIYUBUTO uATEHINMTHTNMNe¥e19lN T dsunasdieianaainnis
[ o v Y 1
dogaarellsduuazarsdsznovlulasnuildunsdantaesuen Tuiis nSaasniduaia
2 A A 1 o a a A Jd g V=) []
9 o eenuIKTeNmMsdesaatsa1slszneuns lu lamsamnansadunsdidunalddieyly
1 Aa o qg;’ a 4 A KX Y ~ a A A va g
MUz ANABNTIS Y Atiumskaaeu ladvowuaiiGededeslimaauarsiliauautiadlu
o o y g 4 { ' ) o
lesaslussidease mearuauldierlusmnsulasunlawedisd q Taotiwiesas
lsaudrnunsansearatlesnululilass H 50 OH #9nu1 (Kunghae, 1993) uad 113y
A s &L o = A J ° = A N ¥ A 2
msndaeu lriisagaaueuiesniv mieymiunsaaziliinsnaaou ladlaungadu
Y
o v I~ 1 ]
(Mandels and Weber, 1969) msanuauiiteyennsai ldnslusmismaitazormsuiaua laj
I { A o < Y] ] v W
Wunieniinlue1msuyanniin (Lonsane ef al., 1985) N13AIUANNIDY 1 UFIIV0INMITHININ
I 1 1
1o 1dg5ailuumaslulasmuninniundeouenTuiie (Lonsane et al., 1992)
o = Q‘ 9 d’ d‘ dy Lﬂy
Pham tazamy (1998) MMamaiessuduimuzaungalunisneuse
o 4 Y] 4 % 4 4 a o
Bacillus polymyxa @o3@18WUFA0 @1eWUg CECT taz a1eWug 6319T 1ionaatou ]

Trauua wuniesMWuIZauNBHMINY 7.0 1AL 5.0 MUAIAY U Mawadza UATANE



25

' dy . . = a o Yot A
(2000) WUINUYO Bacillus sp. CH43 Uag Bacillus sp. HR68 azimswameu lasl lsanua ldan
NB¥YI 6.0-8.0
= = 1 a 4 dy
Nath 4@ Rao (2001) ANHIHAVDINIDBADNMINAMDU b)) lyauUd VDAY
dy zﬂy A = 1 zﬂy a std'd
Bacillus sp. NCIM59 Tagiaguse ludn1eiligisvosiitos 5.0-10.0 wuiusonsy laaniios
Y v
AU 6.0 IFURLINUNY Sa-Pereira AZAME (2002) WUIWYD Bacillus subtilis iminiay 147
~ VA A a P 9 A A Y '
oy 5.0-8.0 usdolimswaaeu lail laanuda ldgeganitoyminy 6.0 19910 Shah uaz
d! L= d' dy dal = =1 1 o
AmE (1999) BI51801UNNesNHLE TUMTIAB9SD Bacillus sp. SAM-3 AoNOHNINY 8.0
Y
1 a 4
Heck tazaue (2005) S19UINYD Bacillus coagulans BL69 azmaaoulod
Y A A 1w ' = [ Y] . A ' g
loyanuelageganitomniny 7.0 iuAeInUNY Krishna (1999) 151091430 Bacillus
a 4 9)d-d' A A A 9 (Y
subtilis CBTK106 Haawou laiiragiaa laa nganiiiomsuduminy 7.0
a 4 4 ]
Salvador HazAME (2002) An¥INIHAAEY laliNedpsaatssinldonnalsl
g 1 4 LY 4 a 4
VNGO Bacillus sp. M4 WUNAROIINY 7.0 150 Bacillus sp. M4 waatou lasdisagiadiaz
4 T W a 1T A Aaa o W 1
ulyl lyauuaniiy 0.3 uaz 11.0 gllnaeladansawd 1A d2u Poorna a2 Prema (2006)
1 di’ a 4 Y dy dy o 9 =
SANUINTO Bacillus pumilus Waseu lyil laanua ldd luermsidesdeinsiiaia lae
a o dy dy Aaa [ a Y 1 ow a 1
paatou lyid lueisideudenliowniny 8.0 nazkaatou 1ol 1diny 430 giiaao
Uaaansg
= ~ A 9 1 a 4
Kapoor LazAue (2008) ANEINAVBLETIUAUADNTHAAEY lil laraue
& VA e oA 2 & 22 2 a
VOUXD Bacillus pumilus MKO01 WUINNUTUNIOTUDI01MITIAUTOINUIY 1TOVISHARN
N Y 2 ~ A A P
u el 1dunvy Tasfesimuzanlunswaaoulasl lsauuaves Bacillus  pumilus
Y
MKO01 fiofitanviy 9.0 i¥elinvnssuvesou lal lsauuamiii 610 giaseiiaaans uag
Wiedhmsuiiesity 10.0 wuaninssuveaeu lailinianas (101 ghadeiiadans) ua
[ { a 4 4
Ponpium HAAMY (2002) eauNanzimuzaulunmsnaaou lsiimagaauazion la

Y v v v
losauuaveuio Bacteroides sp. P-1 HHABNNOWITUAUINNY 6.0 L1AZ 5.0 MUAIRL

9.5 M3l¥ieIa

@ J

a I v A o a a 4 A A a
pongnwiluilitendnyaonsaiyuaznanou lsivesuaite nsasy
a A Aa ~ [ a = I a ] o dgl Y]
uazInssNvonUAiGenlimsndsuiagaunieaisems lihilundasusioniuegiu
~ A 9 @ o A Aa e p

annzlioimeanie 15oma Tagina lumsndnienaaeu ladaagaanazou lad loauua
I~ o d' 9 ad d’ o Y A A Yo = o 9

Wunszurumsniinndeanisenma 3nmsnezilduuanGelasueinmaiisane vldlas

Y 1 % £ v Y Y a a A Y
M5 110 IMATZHINMTHIN %Qﬁﬂﬁﬂ’]ﬂﬂﬂﬁl‘ﬁwE)miﬂ%ﬂ‘ﬂﬂﬁ!%‘iﬂlﬂlﬂﬁLL‘Uﬂ‘m‘iﬂfﬂgiﬂﬂuﬂﬂ



26

= dgl % a a a A o 1 A a
WeelavunusianazlsuaveauuaiE e :11IUIBUVDINTVENHToNIULAZUST VATV
1501115901519 5U0909H I
o <3 Y =\ A I~ 1 9
AMIHUUNLUUDINITUAS AT I ImMAluNLIN 2 UYszns Ae Huuvaald
a o a A A o o o 4 g; A ald'
panFRUNULLUANIGY tazieidasueu lasen luq, lovhwazasisyme’ldon « (Chahal,
{ @ Ql [ oy 4 4
1983) o1manlmiinoudrdinimsedsiaanaisuou lason lad Tagnisldarsazale
= o [ 9 d? [ a
Tnunaiden laason laa (KOH) (Maheva et al., 1984) HAZONIINT IO INIATUNUTTTUBIA
== Y a d‘ [ d Aa [ 4 a 9 d' a
VOIUUANITY, AUABINITBONFIRWNTUATITHNAN M, USuanudsuiinain
ax o o HAq v P P A v
WAUBANY, ANNNUIVBITUVDIFUATaN 1Y, arsvoulaoen leduazarsnszivie 1an
1 1 1Y [ &; J 4
amlassoonuiuazsosormealuduamia oasinmsldeimeadinzinsusulaoon led 1@

A o

' 9 = = 1 Y @ o Y
wnnmsIdemage Fezlinanousseimalagsinludandn i ld ludidneninluns

o J =

Y Y
Han uAA31Ns 1o 1magzilanusuvesdumas auazanuiudusinsgapdeIduin
9y
o [ (% [ [ [ 4
g ldduaasauiansadoal4d1sunNuFUTURNG (humidifier) (Lonsane ef al.,1985)
o [ (% 1 a 4 qu a 1
dmSudasimsldermanemsnanou ladsagaaiuy wyrssa Faudl (2534) 31890
Y d' [ a 1 a 1 A A1 A 4 ,; 1
msldemanszau 0.83 Usuasaelsuiasasunil iananssuveuou lsiagadd) ua
A A Y = [ a 1 a 1 ~ o Y1 a 4
Wemums e maaniiszau 1.00 UsuiasaelSuasaoun sz ldainanssuveaon o
Q‘ dgl a1 d' zﬂ' Y 1 a 1 a 1 =Sl =S [
WU tazuanande 1vo1nialuyie 1.00-1.50 USuiasaelsuiasaeuinasy deny
v Y
Panda (1989) N5181UINFONANTLHIN Trichoderma reesei D1-6 1Ay Aspergillus wentii
a a 4 dy A A Y = [ a [
P2804 anyuazNaaey lsagaauniuiolimsldoinmarudszdu 1.00 Usuinsae
a 1 = c?j dy A J 9 a A A d? = o 9y dy == a
Usuasaeuil Netiilosninaimsazate ldveseonguuiiniuinai 1iire unafiiFensy
P2 a S ¥ dgl 1 ' A o Y
Idauazmanen 1l 1du1ndu ua Syu 1ag Chen (1997) 18U NMFHANEATIAT IHINA
a [ a [ I~ a [ a 1 aa;‘ 1 g
910 0.3 YSwasaelSuasaeunilihilu 0.6 UsuiasaedSuiasasuniiuszdanalifiye
@ o :/' a < [ o { o 4
Bacillus amyloliquefaciens Tunavintiuniay 1852TurerTued 10 DetaTueh 25 voans
dy dy A o dy Lﬂy [ I~ o 1 a dy Ao Y 091}
Roude uaeihimsmeusons lihilu 40 42 Tus wunmMsnTyveuseions1ns 1o 1nan

a9 luuana1aiu

9.6 M3INIU
o Y ~A A [ [} v =X [] Y
MU liuuaGe 8101 tazaIToIMITHANAUDI NI IA S8 TH
= <] A a a 9 o 9 a 3’
Wosomatvina@n szuumsnIuntlseansmmazdaosinlimyazatsvosoandouluii
9
NalifSunaum q funn 9 galudnmdn (gawa drenily, 2537) uadasimsnaugeazild

a 1A 7o 4 @ 0 a
!ﬂﬂV‘lfN’f]’lﬂ']ﬁiJ'lﬂllagvlf%}ﬂ']ﬂiﬂﬂﬁﬁusll@\uﬂuulﬁ])'ll@ﬂ fﬂﬂLﬁ@\?NW%Wﬂ@ﬁﬁWﬂ’lﬁﬂ')u@'\‘]ﬂflﬁlﬂﬂ



27

A £ o A A o Y ,ﬁ’ = a 4 " W ~
usuneugady liiae ludideui Iigeinsnaaeu laanasnuagasinisniui
MU AUAD 200 SOUADUIT (LUYIITTV FAND, 2534)

Y Y
Syu 8% Chen (1997) NN 31Q8¥0 Bacillus amyloliquefaciens Tuganin
a 1 A A @ [ Y 1 9 zﬂy a 9 d? 1 [l
YUIA 2.5 ans nuTulemudasimsnauludsminaz danaldidensy launiuua lianw
v Y
uanANAY TagNons1n1IAIU 220, 300 LAz 400 SoUADUIN 1FBINTRTUNINY 0.72, 0.75
uag 0.77 NSUADAATAINAIAY dIU Feng azame (2003) N1 uilotiuons1mMsniuluns
o ' = 3 ' = o Y a o ' & .
%117n910 600 spuasu1n 11y 750 soudou I 3zl inAdUAT18@D1YD Bacillus
Y
licheniformis NK-27 ludaniin dewaliironsa 1ddesas wudeddy Potumarthi nagame
v Y Y Y '
(2007) NNANINMIQOUFD Bacillus licheniformis NCIM-2042 Tuanaintiy m1stnnensing
' A g ' Ao 3 A A Y @ A
AIUIIN 200 FOUABUINTIY 400 SoURMINHUIETluMTNLsaReu UM TnLazINAA Y
= Y U < o Y dy a Y Y ] 1Y
domelnunaadi lii¥ensy ladesausunu
] 1 a 4
Kapoor LagAE (2008) ANMINAVDINSEIRDNsNaaeY toil laauue ves
g o 1 y < 1 1
1%® Bacillus pumilus MK001 Tag11n13naa0ave1fn21u153351319 100 99 300 50UADUIN
1 dy =1 a 4 Y A 4? d' o A LY

WYY Bacillus pumilus MKO01 liniswaaeu el lsanua IAmsdwideiimsmusasinig

a a

' 1 a 1 aa [ 1 1 A aa
181910 100 SOUADUIN (215 QU@@]@Nﬁﬁﬁﬂi) 111 200 SoUADUIN (859 gunndUARANT)

u

a 1 A

dy a N ¥ A A o 1 g 1 = aa
Ll,azwmmamﬁ)uulmu"lﬂaﬂmmmwmﬁﬂmiwmtﬂu 225 59UNDUIN (489 gUANBDUADANT)

u

a 9 9 ~ A A <3 1 =} a 1 A Aaa
LlazWa@]L?Juulcﬁil(llﬂu@ﬂﬂﬁ’!ﬂluﬂlsllﬂ'lﬂﬂ'nN!ﬁ') 300 59UADUIN (100 guﬂmuaaam)

9.7 YSmnanyaisudu
a dil d' o Y == a 4 9 L] =\
USuanyenmuzawszir linuanSearuisonanou e ldod1al
a A =1 1 a qul Y e’d' a Y ] d’l Iy
Uszaniam msezlianuauaaszrindsunumsasduuazion luiinga 16 msuudeldd
a A 0o 9 ¥ v ci v a & A g P
Ysmnuimingavezildansoandunuiezldlumsnaadosuduaslaedaun
Y '
Archana 118¢ Satyanarayana (1997) RmsmdTunades uduves Bacillus
A o yA A v v 1A
licheniformis lumswaaeu el laanua Teelm¥esudusesas 5, 10, 15 ag 20 WU
a dil A Yy 9 Aaa 4 A ] = [ . A o
Ysmanreisuduiosas 15 vzlinanssuveson leigeiiqa 1uReIn Krishna (1999) 17
Y '
MINAADIMITUFRITUAUYD Bacillus subtilis CBTK106 Juilsuafesas 5, 10, 15 nay
o w 4 a 4 1 a 4 A 1 a
20 1Ay towdaaeu lsiimagad wuinlsuandeisududosay 15 muizunnskan
o A
ulsiisagaauinige
9 v
Virupakshi 1agaalg (2005) AN INAVDILTM10F0ITUAUVDY Bacillus sp. JB-

a

a o y & A 9 g A A
99 Glumﬁwam’au'lﬁnu"lcvauuﬁ Iﬂﬂi“ﬁl“ﬁmﬁu@lui@ﬂﬁ% 5,10, 15 t1ag 20 UAagUNITINYUI DY

U

~ < ) ' a dy . A vy 9
50 99 aIFd 1UUal 72 GB'JI?J\? WUNYSUUFe Bacillus sp. JB-99 13uaUIDene 10 9%



28

a o 1 v W o a g
awnsowamoulellagega @uRedIt Uiy Poorna 118z Prema (2006) simsnilSunanioe
a { { a P {
SURUNAZANVOUTD Bacillus pumilus Tumswaaeu lul lsanuali ldgaiige TaonIon
A A 9 Ay v A A a MYva A A A A 9 A
weisuAuNIesas 2.5, 5, 7.5 uaz 10 nuInFolnisnaaeu lsl ldaiemiondaisudun

Y v v
§o0az 10 1ANA199IN Kapoor HazAmz (2008) eunilsunansesuduinnzaulumsnan

ou ol lyawualaee Bacillus pumilus Mk001 Aoiyaisudusosas 1.25
10. Bacillus

I d 1 1 ]
Bacillus \huaagiviouviung 0.3-2.2 x 1.2-7.0 luTaswas damlvajamwnso

= ~

waoui 14 AAdLNIULIN NTBUNTNINMMIZTZEZUTNUBINS AL Ta NTzUIUMTASIS
IS a IS v v ad @ a
pazaaroumsmolalagldeengnuiludsudianasoud 1ganie uvriaoiald lumsn
@ a o -4 Aa A =\ = 9/3 o
Tumswiin Ga1iud 93ydszaszna, 2539) U5 18UMIANYINS 191%0 Bacillus Tunstiiia
E4 Y
FaqAYIMAIINGATIMNTIUAUTY Kulkarni 1182 Rao (1996) NAADUAUTD Bacillus sp.

a =

1 v Y
NCIM59 titorianinudes wuguvgl 70 esusadod wenaaeu lxiyiniala
Y Y
A3euaz 50 @71 Shah uazAM (1999) NAADIALYD Bacillus sp. Sam-3 10814 wheat
v Y 1 Y v [
straw, wheat bran 1@ rice straw 1S To8az 3 1@eude nuluile@euse 114 48 41 Tuq
a o (% a 1 A aa
Bacillus sp. Sam-3 finvnssuveseou lal lyanuageganiny 132 giadoiianans Tue1wis
Y v
910 wheat bran 89U Kaewchai 118¢ Prasertsan (2002) ¥inmsueniyoniinnuaiunsalunissiy
g’ Qy [ 3’ @ 4 1 4 o
aznowiinann lssnuanaiiuldy nuduie 3 eeusae SM29, WD90 uay SM38
o w g} Q" o 03} o 4 9)::::‘ A o o
dunsasmaznouuaziaimenn lssnuadaihiduihdulaaiganaziloiinisduun
Y4 1 g I 1 1] 4 o
AORUTNUINYO SM29 uaz WD90 tHeudeuilu Bacillus subtilis d2Ue8WUE SM38 §11un
I
111U Enterobacter agglomerans
Y Y ) Y Y
= A 1 A =3 A
Gessesse 1182 Mamo (1999) 18841%0 Bacillus sp. AR-009 WU 0188130 11
Y (a o =< 9 o .
ng Inauazaylasd azIismanen el lsanuanindeiosas 78 uaz 74 Mud Ry Sa-Pereira
Y Y
uagANY (2002) S1GUNANSAALINTD Bacillus subtilis 1nUoN3oUNUIMUATISY
@ 1 a o 9 ~ dy o A
asnandusonaaeu lsl laauualagegainanaes 12 2 Tu Tuomwisid lyuausn
I ' 4 a 4 [ Y a 1 A Aaa
oat-spelt xylan (Huunasmsven Jnanssuvoaeu lad lsauuaminy 1.6 giasoiaaans
v Y 4 v
1WA Heck uazAmg (2005) MABAUYO Bacillus coagulans BLE9 TagwiIgungii
a 4 4 1
manzaulumswaaou lsd lyauuea vousens 60 oerYalEod dIU Virupakshi LazAME
o dy di’ . d' a 4 1 di’ a 4
(2005) $1N151Q091%0 Bacillus sp. JB-99 tonaaou luil lsanuua wulusonanou lal

4 H
lanua’ldgeganinmsdssluemsiil lalaa Taslisnenssuveseu land lyanuamiiy



29

a 1

Y
1045 giladoNadans dI1u Lee HazAmMe (2008) KIN1sHeNFOUUATIEEDINAIDHNAUND I
dy AAa Aa a J A o o
asaneniyouuaiseninnuainsolumseaaeu ladisagad iweiin1ss1uun
@ 4 [ g
MYNUT WU W Bacillus amyloliquefaciens ATCC 23350T (99.63%)
a a A o AAaou o 9 tg B
ITA01 MYIUAINT 1Az FYIUAN ATWNNY (2547) NAaDI1H1%0 Bacillus
:’ % 3} Qy [} 3’ [ I'4 [ J
sp. A2 Tumsusmirtiueenanthnelsenuanaihduihaunuiweauisoanasuvivasy
gl Y YR Y o w 1 = ] o [
uaziiuluaznouladedosay 38.28 1AL 40.67 AMNEIGY 1FAEINY FNPy TUND AL
Y Y Y Y
8151A 59114 (2548) NAa0a 1%1¥0 Bacillus sp. A2 lumsuemiiueenainihnalssnuana
:’ Y 4 1 3’ %
iuihay wuhemnsonenminiuesninaznou lagegadovaz 32.83
o [ a 4 4
dmsusrenumsndaon ladisagaduazion o laanuea T Bacillus

LLEA9AY Table 5.

Table 5. Cellulase and xylanase production from Bacillus strians

Strains Enzyme References
Bacillus amyloliquefaciens Xylanase Breccia et al. (1997)
Bacillus sp. XE Xylanase Samain et al. (1997)
Bacillus sp. Xylanase Pham et al. (1998)
Bacillus sp.AR-009 Cellulase, xylanase Gessesse and Mamo (1999)
Bacillus sp.SPS-0 Xylanase Bataillon et al. (2000)
Bacillus circulans AB16 Xylanase Dhillon et al. (2000)
Bacillus subtilis Xylanase Sa-Pereira ef al. (2002)
Bacillus coagulans BL69 Xylanase Heck et al. (2005)
Bacillus spp. Cellulase Mayende et al. (2006)
Bacillus pumilus Cellulase, xylanase Poorna and Prema (2006)
Bacillus pumilus ASH Xylanase Battan et al. (2007)
Bacillus pumilus MKO001 Hemicellulase, cellulase  Kapoor et al. (2008)
Bacillus stearothermophilus SDX Xylanase Dhiman et al. (2008)
Bacillus subtilis Cellulase Li et al. (2009)

Bacilus licheniformis SVDI Cellulasae, xylanase Van Dyk et al. (2010)
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Table 6. Characteristics of palm oil mill effluent (POME) from decanter.

Characteristics This study
Temperature 63.73 £0.78
pH 4.32+0.06
COD 157.06 £2.25
Total solids 40.29 + 0.73
Suspended solids 29.85+2.72
Ash 1.05+0.33
Total sugars 474 +0.18
Nitrogen 1.30 = 0.00
Oil and greases 1596 £1.12
Sludge dry weight 3597+ 1.86
Oil in sludge 14.72 £ 0.85
Cellulose 27.02 £1.25

Note: All parameters in g/l except temperature ('C), pH, oil in sludge (g/gw) cellulose (%)
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Table 7. Characteristics of microoganisms isolated from soil samples around the wastewater

ponds of the palm oil mill

Strains  Smooth (+)/ curl (-)  Bulge (+)/flat (-) Filmy (+)/hard (-) Opaque(+)/transparent (-) Color

AH1 + + - + White
AH?2 - - - - Brown
AH3 + + + - White
AH 4 + + + - White
AH S + + - + White
AH 6 + + - + White
AH7 - + - + White
AH 8 - + - + White
AHO9 - + - - White
AH 10 + + - + White
AH 11 + + - + White
AH 12 - + - - White
AH 13 - + - + White
AH 14 - + - + White
AH 15 - + - + White
AH 16 ND ND ND ND ND
AH 17 - + - + White
AH 18 - + - - White
AH 19 + + - - Brown
AH 20 - + - + White
AH 21 - + - + White
AH 22 - + - + White
AH 23 - - - - Brown
AH 24 - + - + White
AH 25 - + - - White
AH 26 + + - - Brown
AH 27 - - - - Brown
AH 28 - + - + White
AH 29 - + - + White
AH 30 + + - - Brown
AH 31 + + - - Brown
AH 32 - + - - White

ND = not grown after resteak



Table 7. (cont.)

No. Smooth (+)/ curl (-) Bulge (+)/flat (-) Filmy (+)/hard (-) Opaque(+)/transparent (-) Color
AH 33 - - - - Brown
AH 34 + + - + White
AH 35 - + - + White
AH 36 - + - + White
AH 37 ND ND ND ND ND
AH 38 ND ND ND ND ND
AH 39 ND ND ND ND ND
AH 40 ND ND ND ND ND
AH 41 - + - + White
AH 42 - + - + White
AH 43 + + - - Brown
AH 44 - + - + White
AH 45 - + - + White
AH 46 - + - - White
AH 47 - + - + White
AH 48 + + - + White
AH 49 - - - - Brown
AH 50 ND ND ND ND ND
AH 51 - + - + White
AH 52 - + - + White
AH 53 - + - + White
AH 54 - + - + White
AH 55 - + - - White
AH 56 - + - + White
AH 57 ND ND ND ND ND
AH 58 ND ND ND ND ND
AH 59 ND ND ND ND ND
AH 60 ND ND ND ND ND
AH 61 - + - + White
AH 62 - + - + White
AHG63 - + - + White
AH64 - + - + White
AH65 - + - + White

ND = not growth after resteak



Table 7. (cont.)

Strains  Smooth (+)/ curl ()  Bulge (+)/flat (-) Filmy (+)/hard (-) Opaque(+)/transparent (-) Color

AH 66 - + - + White
AH 67 - + - + White
AH 68 - + - - White
AH 69 - + - + White
AH 70 - + - + White
AH 71 - + - + White
AH 72 - + - + White
AH 73 - + - - White
AH 74 - + - - White
AH 75 - + - + White
AH 76 - + - + White
AH 77 - + - + White
AH 78 - + - + White
AH 79 - + - + White
AH 80 - + - + White
AH 81 - + - + White
AH 82 - + - + White
AH 83 - + - + White
AH 84 - + - + White

Table 8. The morphology of microorganism separated from soil samples around palm oil mill

44

pond.
Strains Gram Shape Spore Catalase test Clear zone diameter (cm)
AH 1 + rod + 3+ 1.2
AH?2 + rod + 3+ 1.3
AH 3 + rod + 2+ 0.3
AH 4 + rod + 2+ 0.3
AHS + rod + 3+ 1.1
AH 6 + rod + 3+ 1.4
AH7 + rod + 3+ 2.6

AH 8 + rod + 3+ 1.2




Table 8. (cont.)

Strains Gram Shape Spore Catalase test Clear zone diameter (cm)
AH9 + rod + 2+ 0.8
AH 10 + rod + 3+ 1.1
AH 11 + rod + 3+ 1.2
AH 12 + rod + 2+ 2.9
AH 13 + rod + 3+ 1.0
AH 14 + rod + 3+ 39
AH 15 + rod + 1+ 0.3
AH 16 ND ND ND ND ND
AH 17 + rod + 3+ 1.2
AH 18 + rod + 2+ 1.3
AH 19 + rod + 3+ 1.3
AH 20 + rod + 3+ 1.3
AH 21 + rod + 3+ 1.2
AH 22 + rod + 2+ 2.8
AH 23 + rod + 2+ 2.8
AH 24 + rod + 3+ 1.2
AH25 + rod + 2+ 1.2
AH26 + Rod + 3+ 1.1
AH27 + rod + 1+ 1.0
AH 28 + rod + 2+ 1.1
AH 29 + rod + 2+ 1.1
AH 30 + rod + 3+ 1.0
AH 31 + rod + 3+ 0.6
AH 32 + rod + 3+ 1.3
AH 33 + rod + 3+ 1.2
AH 34 + rod + 3+ 0.7
AH 35 + rod + 3+ 35
AH 36 + rod + 3+ 32
AH 37 ND ND ND ND ND
AH 38 ND ND ND ND ND

ND = not growth after resteak



Table 8. (cont.)

Strains Gram Shape Spore Catalase test Clear zone diameter (cm)
AH 39 ND ND ND ND ND
AH 40 ND ND ND ND ND
AH 41 + rod + 3+ 1.0
AH 42 + rod + 3+ 1.1
AH 43 + rod + 3+ 1.1
AH 44 + rod + 3+ 1.2
AH 45 + rod + 3+ 1.5
AH 46 + rod + 3+ 1.3
AH 47 + rod + 3+ 1.3
AH 48 + rod + 3+ 0.9
AH 49 + rod + 3+ 2.9
AH 50 ND ND ND ND ND
AH 51 + rod + 3+ 1.4
AH 52 + rod + 3+ 1.2
AH 53 + rod + 2+ 1.0
AH 54 + rod + 3+ 1.2
AH 55 + rod + 2+ 1.1
AH 56 + rod + 3+ 2.9
AH 57 ND ND ND ND ND
AH 58 ND ND ND ND ND
AH 59 ND ND ND ND ND
AH 60 ND ND ND ND ND
AH 61 + rod + 2+ 0.7
AH 62 + rod + 3+ 1.7
AH 63 + rod + 1+ 1.4

ND = not growth after resteak



Table 8.(cont.)
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Strains Gram Shape Spore Catalase test Clear zone diameter (cm)
AH 64 + rod + 3+ 3.0
AH 65 + rod + 3+ 0.7
AH 66 + rod + 3+ 0.4
AH 67 + rod + 3+ 1.1
AH 68 + rod + 3+ 1.2
AH 69 + rod + 2+ 0.6
AH 70 + rod + 2+ 0.7
AH 71 + rod + 3+ 1.3
AH 72 + rod + 3+ 1.4
AH 73 + rod + 2+ 32
AH 74 + rod + 3+ 1.0
AH 75 + rod + 3+ 1.2
AH 76 + rod + 2+ 1.1
AH 77 + rod + 3+ 1.3
AH 78 + rod + 3+ 2.9
AH 79 + rod + 3+ 1.0
AH 80 + rod + 3+ 1.3
AH 81 + rod + 3+ 1.2
AH 82 + rod + 1+ 1.1
AH 83 + rod + 1+ 1.2
AH 84 + rod + 3+ 32
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Figure 7. Screening for cellulase producing bacteria using a congo-red plate assay

an Y 1A A A = v I
ﬂﬂﬁﬂﬂiﬂ&l’)‘ﬁﬂﬁﬂﬂ\ﬂmiﬂ (Congo red method) WUNWLUANLTYWYL 66 T1IWUTNY

a 4 Y . 2 o o A A Aoy
mmmmsaiummamau%mmagmﬁ% (Figure 8) WNINITAAQADNIRWISIFDONULTUNIY
J Y s d ~ dy 9 s ad a 1 a A
ﬂuﬂﬂaNﬂ’J"IiJﬂ'JN‘ll@\Hﬂﬁﬂij"lﬂuﬂlﬂf@ﬁi%‘lUu@T‘rﬂi!L‘lN“I)'LﬂﬂJ“]ﬁJ"lﬂﬂ'N 2.5 IBUALNAT LD
o =2 1 1A A A o JAaA va o ' A 4
MNITANYIADNWUINVLUANLTY 13 TN UFTNUAUTUUAAINGATI AD FIYNUT AH7, AHI12,
AH14, AH22, AH23, AH35, AH36, AH49, AH56, AH64, AH73, AH78 1l AH84 Fauanise

g

anl I o Ay 9 v J Ao
N3 13 ﬁWﬂWHﬁNﬁﬂHm%ﬂJﬂiIﬂIﬁu%LLﬂJL&ﬁ%HuﬂﬂnuﬁmWHﬁ AH23 11ae AH49 nyanyue
A Y = 1 a A 9 4 Aa
ﬂJmTﬂTaummmaszu i]'lﬂﬂ'liﬁﬂH'lg‘ﬂiN, NITAATUNTNUIN, myasNalesuazniswan
o U Y Ay ~ ng v dy . 2K o Ay

mu"lqsmxmmﬁ mmsaﬂmﬂmwyemﬁuhm 13 mﬂwumﬂum@iuﬁqa Bacillus 3NUYD
3 w(d'sldy Agd A A o A di}cs'a L4

N9 13 ﬁmwuﬁm"lﬂmmmalummima'Jm@umwoﬂma@ﬂwemNamau‘lmmcﬁagmmmz

wulai lsanuadngaluemisdinannlinanee 11



49

4 _

35

3
-
£

) 2.5 |
S
2
)
£

2 2
=]
o)
=
I3
N

= 15
=
o

1

0.5 |

0

1 23 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Microoganism strains

4

35 |

3 |
E

e 25
-
e
o
E

-] 2
=
£
=
3
N

= 15
&
®)

1

05

0 |

43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84

Microoganism strains

Figure 8. The clear zone diameter of 84 isolated microorganisms on CMC agar plate with 0.1%

aqueous solution of congo red.
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Table 9

Table 9. Comparison of cellulase and xylanase producing strains from natural sources.

Organism Sources Enzyme References
Aspergillus foetidus Agricultural waste  Cellulase, xylanase ~ Shah and Madamwa (2005)
Bacillus sp. Sam-3 Soil Xylanase Shah et al. (1999)

Bacillus circulans AB16 Garbage dump Xylanase Dhillon et al. (2000)
Bacillus subtilis Hot spring Xylanase Sa-Pereira et al. (2002)
Bacillus pumilus ASH Soil Xylanase Battan et al. (2007)

Bacillus subtilis A-53 Seawater Cellulase Kim et al. (2009)

Bacillus pumilus AJK Soil Xylanase Kaur et al. (2010)
Clostridium absonum CFR-702 ~ Decomposed plant Xylanase Rani and Nand (2000)
Salinivibrio sp. NTU-05 Soil Cellulase Wang et al. (2009)
Streptomyces sp. AB106 Soil Cellulase, xylanase =~ Techapun et al. (2002)

The isolate SO1, SO2 and SO3 Soil Cellulase, xylanase ~ Laohaprapanon et al. (2007)
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Figure 11. Effect of dilution of decanter effluent to water on cellulase and xylanase productions

by Bacillus subtilis AH73 after cultivation at 200 rpm and 45°C for 12 h.
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Figure 12. Effect of CMC on cellulase and xylanase productions by Bacillus subtilis AH73

after cultivation at 200 rpm and 45°C for 12 h.
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Figure 13. Effect of nitrogen sources on cellulase and xylanase productions by Bacillus subtilis

AH73 cultivation at 200 rpm. and 45°C for 12 h. (a: polypeptone + yeast extract

+ ammonium nitrate; control, b: polypeptone, ¢: yeast extract and d: ammonium nitrate)
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Figure 14. Effect of inorganic nitrogen on cellulase and xylanase productions by Bacillus subtilis
AH73 after cultivation at 200 rpm and 45°C for 12 h. (a: ammonium sulphate, b:
sodium nitrate, ¢: ammonium bicarbonate, d: ammonium dihydrogen phosphate and

e: ammonium nitrate)
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Figure 15. Effect of NH,NO, concentration on cellulase and xylanase productions by Bacillus

subtilis AH73 after cultivation at 200 rpm and 45°C for 12 h.
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Figure 16. Effect of temperature on cellulase and xylanase productions by Bacillus subtilis AH73

after cultivation at 200 rpm for 12 h.
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Figure 17. Effect of initial pH on cellulase and xylanase productions by Bacillus subtilis AH73

after cultivation at 200 rpm and 45°C for 12 h.
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Figure 18. Time course of cellulase and xylanase productions by Bacillus subtilis AH73 in
Erlenmeyer flasks contained POME (supernatant) medium with an initial pH 5.0

at 200 rpm and 45°C.
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Figure 19. Effect of agitation on cellulase and xylanase productions by Bacillus subtilis AH73 in

the fermentor with an initial medium pH at 5.0, at acration rate 1 vvm and 45°C.
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Figure 20. Effect of agitation on growth of Bacillus subtilis AH73 in the fermentor with an initial

medium pH at 5.0, at acration rate 1 vvm and 45°C.
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Figure 21. Effect of aeration on cellulase and xylanase productions by Bacillus subtilis AH73 in

the fermentor with an initial medium pH 5.0, agitation rate at 100 rpm and 45°C.
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Figure 22. Effect of aeration on growth of Bacillus subtilis AH73 in the fermentor with an initial

medium pH 5.0, agitation rate at 100 rpm and 45°C.
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Table 10. Oil separation from palm oil mill effluent in various conditions at 200 rpm and 45°C.

Conditions Incubation Quantity of oilin the % Reduction Dry weight % Reduction of

time (h) Top Bottom of oil in the of bottom dry weight in
layer* layer** bottom layer layer * bottom layer
Control 0 0.24 0.43 0.00 35.97 0.00
24 0.34 0.39 8.88°° 35.09 245"
48 0.75 0.38 11.50° 34.29 468"
72 1.01 0.36 14.30™ 34.11 5.18°
96 1.22 0.35 16.61™° 34.01 547"
Bacillus 0 0.24 0.42 0.00 35.99 0.00
culture 24 1.52 0.26 37.82™ 32.48 9.75°"
48 2.16 0.25 40.75™ 32.08 10.85"
72 2.44 0.24 42.04™ 30.75 14.56""
96 2.65 0.24 43.33™ 29.55 17.88™"
Cell free 0 0.24 0.41 0.00 36.04 0.00
supernatant 24 1.52 0.28 34.42%° 33.96 578"
48 2.16 0.27 35.83"° 32.78 9.05""
72 2.44 0.28 33.59™" 31.00 13.99"™*
96 2.65 0.26 37.18™° 29.30 18.70™*

Note: *parameters in g/l

** parameters in g/g of sludge
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Figure 23 Oil increasing after separated oil from palm oil mill effluent in various conditions.
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Table 11. Effect of pH on oil separation from palm oil mill effluent by Bacillus subtilis AH73 at

200 rpm and 45°C.
Conditions Incubation Quantity of oil in the % Reduction Dry weight of % Reduction of
time (h) Top Bottom of oil in the bottom dry weight in
layer* layer** bottom layer layer* bottom layer
pH4 0 0.24(024)  0.36(0.43)  0.00 (0.00) 39.35(39.35)  0.00 (0.00)
24 0.56(0.34)  0.29(0.41) 18.897°(3.43)  38.06 (38.43)  3.287(1.02)
48 1.85(0.75)  0.29(0.40) 19.76"%¢(7.28)  34.30 (38.34)  12.84°(2.28)
72 2.41(090) 028(0.40) 21.88™(9.33)  34.86(37.96)  11.42>(2.79)
96 2.81(1.02)  028(0.39) 22.06™(11.32) 28.47(37.45)  27.66™(4.04)
pHS5 0 0.36(0.36)  0.40(0.37)  0.00 (0.00) 36.71(36.71)  0.00 (0.00)
24 1.61(0.36)  0.25(0.34) 38.3°°(7.28) 36.10 (36.10)  1.66™° (2.36)
48 2.19(0.76)  0.24(0.33) 40.50°°°(12.33)  33.60 (34.29)  8.47°°(2.58)
72 2.63(1.03)  023(0.32) 41.53"(14.99) 3327(34.11) 9.37°°(3.55)
96 2.87(126)  023(0.30) 43.68™°(19.57) 27.18 (34.01)  25.97"°(4.85)
pH6 0 0.95(0.95)  0.41(0.39)  0.00 (0.00) 34.74(35.09)  0.00 (0.00)
24 262(1.07)  025(0.36) 39.58°°(9.33)  28.00 (34.74)  19.38"°(1.66)
48 327(1.09)  022(035) 46.54°°(11.89) 27.13(34.29)  21.89°°(6.59)
72 3.76(1.50)  0.19(0.33) 5427°°(16.97) 2643 (34.11)  23.91°°(7.07)
96 423(1.86)  0.17(031) 56.67"°(22.26) 22.32(33.67)  35.76™"(7.36)
pH7 0 0.92(0.68)  0.42(0.42)  0.00 (0.00) 34.59 (34.90)  0.00 (0.00)
24 3.80(0.92) 0.24(0.38) 44.147°(1132) 2529 (33.87)  26.89”*(2.95)
48 588(1.77)  020(0.37) 52.03°°(14.50) 24.54 (32.81)  29.06 " (6.00)
72 625(1.79)  0.17(0.35) 59.55™*(18.55) 23.28 (32.28)  32.70™"(7.49)
96 751(3.27)  0.15(0.33)  63.71°(23.40) 22.71 (31.28)  34.35™(10.38)

Note: *parameters in g/l

** parameters in g/g of sludge

In parenthesis: control without Bacillus subtilis AH73 addition.
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Figure 24 Effect of pH on oil increasing from palm oil mill effluent by Bacillus subtilis AH73.
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Table 12. Effect of temperature on oil separation from palm oil mill effluent by Bacillus subtilis

AH73 at 200 rpm.

Conditions Cultivation Quantity of oil in the % Reduction Dry weight % Reduction

time (h) Top Bottom of oil in the of bottom of dry weight
Layer* Layer** bottom layer layer * in bottom layer

37°C 0 0.80 (0.69)  0.43 (0.43)  0.00 (0.00) 33.69 (34.23) 0.0 (0.00)

24 1.64(0.68)  038(0.41) 10.96°°(3.12)  31.18(33.70)  7.45°°(0.82)

48 1.80 (0.81)  0.36(0.39) 16.16°°(9.38)  30.35(33.14)  9.91°°(1.54)

72 3.71(0.82)  035(0.37) 18.94°°(12.13) 28.54(33.95)  15.29°°(3.19)

96 472(126) 032(036) 24.99(14.93) 27.76(31.42)  17.61"°(2.37)
45°C 0 0.81(0.69)  0.42(0.43) 0.00 (0.00) 34.48 (34.23)  0.00(0.00)

24 3.80 (0.68) 0.24(0.39) 42.857"(9.94)  28.54(33.87)  17.24"°(1.06)

48 588 (0.81) 0.21(0.37) 49.85°°(14.17) 23.57(32.81)  31.66 " (4.17)

72 6.25(0.82) 0.17(0.34) 58.07°°(20.02) 22.55(32.28)  34.60™" (5.69)

96 751(126) 0.16(0.32) 62.79™" (24.86) 22.23(31.23)  35.53™"(8.77)
55°C 0 0.52(0.52)  0.43(0.43) 0.00 (0.00) 33.92(34.23)  0.00 (0.00)

24 1.64 (0.68)  0.27(0.38) 37.39"°(11.53) 29.92(33.14)  11.81°°(3.19)

48 277(1.80)  0.25(0.35) 40.93°°(17.19)  27.76 32.57)  18.18" (4.85)

72 3.77(1.78)  0.22(0.32) 49.40°°(25.26)  27.77(32.95)  18.14°°(3.74)

96 471(3.57) 021(031) 51.85™°(26.75) 2432(30.42) 28.30™°(11.14)

Note: *parameters in g/l, ** parameters in g/g of sludge

In parenthesis: control without Bacillus subtilis AH73 addition.
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Figure 25. Effect of temperature on oil increasing from palm oil mill effluent by Bacillus subtilis

AHT3.
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Table 13. Comparison of POME pretreatment from various methods.

Methods Conditions % Reduction of oil References
Bacillus subtilis AH73 pH 7.0 and 200 rpm at 45°C 62.79 This study
Strain ST29 200 rpm at 45°C 99.04 Muneesri (1996)
Enzyme from Aspergillus  pH 4.5 at 60°C 95.00 Chantaphaso
niger ATCC 6275 (1999)

Rhizopus sp. ST24 45°C and septic condition 84.20 Pechsuth et al.
Rhizopus sp. ST29 45°C and aseptic condition 91.40 (2001)

Rhizopus sp. ST29 45°C and septic condition 76.19 Binmaeil (2548)
Flotation 55°C ~75.00 Laohaprapanon et
Centrifugation 7,000 rpm for 15 min ~94.00 al. (2005)
Chemical FeSO, 82.46

Strain SUS and SU9 pH 7.0 and 200 rpm at 30°C 44.40 and 49.50 Udomsil and
Cellulase 100 U/ml1 40°C 41.30 Prasertsan (2009)
Strain SU9 100 1 for 24 h 58.10
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3. 091N IINMaMIIENsAB WA (DNS method) (Miller, 1959)
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oxidation
aldehyde group ------------------ > carboxyl group
reduction
3,5-dinitrosalicylic acid > 3-amino,5-nitrosalicylic acid
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Figure 30. The reaction of dinitrosalicylic acid method
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MANHIN A

U

1. msnsHdWUavesuaTiSuaeWus Bacillus subtilis AH73

GACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTT
GCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGA
CTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGT
TCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGC
TAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGT
GATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAG
GGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAG
GTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGC
GGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCG
GTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGC
GGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAAC
TGGGGAACTTGAGTGCAAAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGC
GTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGC
TGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCG
TAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGC
ATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACC
TTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGC
AGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAG
TCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAA
GGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCC
CCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAAC
CGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACT
CGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATAC
GTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAG
TCGGTGAGGTAACCTTTTAGGAGCCAGCCGCCGAAGGTGGACAGATGATGGGG
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Job Title: AH73

BLASTN 2.2.18 (Mar-02-2008)
RID: XMWIWWZHO16

Databasge: All GenBank+EMBL+DDBJ+PIE sequences (but no EST, 5TS,

G858, cnvironmental samples or phase 0, 1 or 2 HTGS sequences)
6,578,446 seguences; 23,201,445,566 total letters

Query=

Length=£00

Sequences producing significant alignments:

Max Total Query E Max

Accession Description = .
P score score coverage value ident

Bacillus subtilis strain WP1-21
AY162129.1 15S ribosomal RNA gene, 1109

partial sequence

Bacillus sp. CPIS4 16S
EU447611.1 ribosomal RNA gene, partial 1103

sequence

Bacillus sp. CPIS1 165
EU442608.1 ribosomal RNA gene, partial

sequence

Bacillus subtilis strain HOB2
ELJ418600.1 16S ribosomal RNA gene,

partial sequence

Bacillus subtilis strain IV8 165
EU366385.1 ribosomal RNA gene, partial

sequence

Bacillus subtilis strain Y545
EU370261.1 16S ribosomal RNA gene,

partial sequence

Bacillus subtilis strain MJP1
EU024822.1 165 ribosomal RNA gene,

partial sequence

Bacillus subtilis strain BF20
EU360726.1 165 ribosomal RNA gene,
partial sequence
Bacillus subtilis partial 165
rRNA gene, strain JC3
Bacillus subtilis strain EAG-2
EU 61.1 165 ribosomal RNA gene,

partial sequence

Bacillus sp. 1P-D 16S
EU332685.1 ribosomal RNA gene, partial

sequence; plastid
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Accession

Description

Max Total Query E
score score coverage value

AB330409.1

EU304927.1

EU304917.1

EU326481.1

EU271856.1

EU221345.1

EU221334.1

EU221333.1

EU262981.1

EU262580.1

EUZ281634.1

EU281631.1

Bacillus sp. BAM522 gene for

16S ribosomal RNA, partial 1103
sequence

Bacillus subtilis strain 3EC4A10
165 ribosomal RNA gene, 1103
partial sequence

Bacillus subtilis strain 3EC4A2

16S ribosomal RNA gene, 1103
partial sequence

Bacillus subtilis strain 3EC2A10

16S ribosomal RNA gene, 1103
partial sequence

Bacillus subtilis strain K22-13

165 ribosomal RNA gene, 1103
partial sequence -

Bacillus sp. DN9(2007) 16S
ribosomal RNA gene, partial 1103
seguence

Bacillus subtilis strain PAB1C8

165 ribosomal RNA gene, 1103
partial sequence

Bacillus subtilis strain JM1C6

16S ribosomal RNA gene, 1103
partial sequence

Bacillus subtilis strain JM1C5

165 ribosomal RNA gene, 1103
partial sequence

Bacillus subtilis strain JM1C1

165 ribosomal RNA gene, 1103
partial sequence

Bacillus subtilis strain XJPL-YB-

50 165 ribosomal RNA gene, 110
partial sequence

Bacillus subtilis strain XJPL-YB-

Ll

(3]

Lad

23 165 ribosomal RNA gene, 1103
partial sequence

Bacillus sp. D4 16S ribosomal 1103
RNA gene, partial sequence =
Bacillus sp. D1(2007) 16S

ribosomal RNA gene, partial 1103

sequence

1103

1103

1103

1103

1103

1103

1103

1103

1103

1103

1103

1103

1103

1103

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
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Max
ident

 99%

99%

99%

99%

99%

99%

99%

99%

99%

99%

99%

99%

99%

99%
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gb|AY162129.11 Bacillus subtilis strain WP1-21 165 ribosomal RNA gene,
partial sequence

Length=1468

Score

Identities

= 110¢% bits (600}, Expect = 0.0

= 600/600 (100%), Gaps = 0/600 (0%)

Strand=Plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbhict
Query
Shijct
Query
Shjct
Query
Sbjct
Query
Sbhjct
Query
Sbjct
Query
Shijct
Query

Sbjct

1

71

61

131

121

191

431

421

491

481

51

541

611

GCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTETAAGACTGECATAACTCCGEGA

CEEEEETEEEET PR E e LT

CCGGCGGACGGETGAGTAACACGTGGGTAACCTGCC TG TAAGACTGGGATAACTCCGGGA

ARCCGGGGCTAATACCGGATGETTCTTTGAACCGCATGCTTCAARCATAAAAGCTGGCTT

RN RN

LHLETTT
ARACCGGGGCTAATACCGGATEGTTGTTTGAACCECATGCTTCARACATAAAAGGTGGCTT

CGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTCATEACCTARCCECTCALC

CELEERLEEETEEE TR LT T LT

CGGCTACCACTTACAGATGGACCCGCGGCECATTAGCTAGTTGETEAGGTARCGCECTCAC

CAAGGCARCGATGCGTAGCCGACCTCGAGAGGGTGATCGGCCACACTEGGGACTGRAGACACE

CEEEELEEECREET LT P LI

CAAGGCARCGATGCGTAGCCGACCTGAGAGGGTGATCEGCCACACTEGGACTGAGACACE

GCCCAGACTCCTACGGGAGGCAGCACTAGGGAATCTTCCGCAATCCGACCGARMAGTCTCACG

R AN A mmm

GCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATCEGACGAAAGTCTCACG

GAGCAACGCCGCGTGAGTGATGAAGGTTTTCGCGATCGTARAGCTCTGTTETTAGGGARGA

CLEEEEETCEEE LT T T LT

GAGCAACGCCCCCTCAGTGATCAACGTTTTCGCATCETARAGCTCTETTETTAGCGARGA

ACAAGTACCGTTCGRATAGGGCGGETACCTTGACGETACCTARCCAGAAAGCCACGGCTARL

FECLLECLCLE TR LT LT

ACAAGTACCGTTCGAATAGGECEGTACCTTGACGETACCTAACCAGARAGCCACGECTAA

CTACGTGCCAGCAGCCGCGGTAATACCTAGGTGGCARGCETTETCCEGAATTATTGGELG

CEEEELCLEEET VL CE PR LT

CTACCTCCCAGCAGCCOCGGTARTACGTAGGTGCGCARAGCETTEGTCCECGAATTATTGGELG

TAAAGGGCTCGCAGGCGGTTTCTTARGTCTGATGTGARAGCCCCCGGCTCARCCGGEEAG

RN A R A A,

TAAAGGGCTCGCAGGCGGTTTCTTARGTCTGATGTGARAGCCCCCEECTCAACCGGERAG

GGTCATTGGARACTCGGGGAACTTCGAGTGCARRAGAGGAGAGTGGAATTCCACGTGTAGCE

CLECLEEETTECEEEEE T P E LT

GGTCATTGGARACTGGGGARCTTGAGTGCARRAGAGGAGAGTGGAATTCCACGTGTAGLG

60

130

120

180

180

250

2470

3190

300

370

360

430

420

450

480

550

540

6l0

600

670
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Santat Sinjaroonsak, Poonsuk Prasertsan and Aran H-Kittikun. 2008. Selection of cellulase and

xylanase producing thermophillic Bacillus sp. from soil samples around waste water

pound of palm oil mill. The 9" National Grad Research Conference, Burapha University,

Bangsaen Chonburi, Thailand, March 14-15, 2008.
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