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Abstract

Sterilizer condensate and decanter effluent are two out of the three major
effluent sources of palm oil mill. They had pH 5.1 and 4.3, 80,000 and 95,000 mg/l COD, 47,696
and 64,600 mg/1 total solid with 19,066 and 27,332 mg/l suspended solid, 1,850 and 1,090 mg/I
oil & grease, 8,550 and 6,860 mg/I total sugar, 1.85 and 3.54 mg/I total phenol with some mineral
salts, respectively. These two effluent sources (adjusted the initial pHto 6.5) were used for
cultivation of Thermoanaerobacterium thermosaccharolyticum PSU-2 at 60 °C for 24 h. Sterilizer
condensate was found to be a better source than decanter effluent with the highest ethanol
concentrations of 0.58 and 0.35 g/I, respectively and COD removals of 32.5% and 28.0%,
respectively. Studies on individual parameters on ethanol production from sterilizer condensate
revealed the optimum values of 80 g/l COD (without dilution), 0.2 g/l ZnSO,.7H,0, 0.2 g/l
FeSO,.7H,0, 0.05 mM methylene blue (reducing agent) and 0.6% NH,NO,, giving the highest
ethanol production of 0.61, 1.25, 1.05, 0.98 and 1.15 g/l, respectively. Their yields (Yp/s) were
0.16, 0.23, 0.20, 0.20 and 0.22 g ethanol/g total sugar utilized, respectively, while the ethanol
productivities were 0.025, 0.052, 0.044, 0.041 and 0.048 g/I/h, respectively. The COD removals
were 33.6, 29.0, 30.2, 29.8 and 28.5%, respectively. The effect of interaction of these parameters
on ethanol production from sterilizer condensate was studied using the response surface
methodology (RSM). Results revealed that the optimum values of COD, ZnSO,.7H,O,
FeSO,.7H,0 and NH,NO, were 65, 0.25, 0.25 and 0.5 g/l, respectively, with the optimum
concentration of methylene blue at 1.0 mM giving the highest ethanol concentration of 1.42 g/l.
Since the thermophilic bacteria PSU-2 could utilize sucrose very well, therefore, cheap source of

sucrose as molasses was tested as substrate for ethanol production using synthetic medium.

)



The highest ethanol production of 4.52 g/l was achieved in the presence of 40 g/l molasses
followed by 50, 30 and 20 g/l molasses with the highest ethanol production of 3.68, 3.06 and 2.18
g/l, respectively. Comparison on supplementation of 40 g/l molasses in sterilizer condensate
under the optimum condition from the conventional studies (80 g/l COD, 0.2 g/l ZnSO,.7H,0, 0.2
g/l FeSO,.7H,0, 0.05 mM methylene blue and 0.6% NH,NO,) with the supplementation of 40 g/1
molasses in sterilizer condensate under the optimum condition from RSM studies (65 g/l COD ,
0.25 g/l ZnSO,.7H,0, 0.25 g/l FeSO,.7H,0, 1.0 mM methylene blue and 0.5% NH,NO,) revealed
the highest ethanol production of 5.47 and 5.85 g/l, respectively. Their yields (Yp/s) were 0.33
and 0.35 g ethanol/g total sugar utilized with the ethanol productivities of 0.152 and 0.163 g/l/h
and COD removals of 45.7 and 48.3%, respectively. After distillation for 5 min, the ethanol
concentration increased to 12.5 g/l and 4.65 g/l methanol was detected but no presence of
propanol, butanol and pentanol. The properties of the distilled ethanol were as following ; boiling

point at 99.16 °C, density of 0.9252 kg/ms, specific gravity of 0.9440 and viscosity of 1.32 cP.
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Table 1. Characteristics of effluent from various steps during palm oil extraction and mixed

effluent of a palm oil mill.

Parameters. 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 54,750-60,000 22,800-41,985 21,000-45,375
COD 80,523-115934 45,360-80,146 38,246-67,567
Volatile acid 3,128-5,870 998-7,125 1,838-2,273
Alkalinity 68-200 37-1,576 86-480

Grease 16-2,449 20-1,165 4

Total solids (TS)
Suspended solids (SS)
Nitrogen

- ammonia

- organic

49,063-88,508

18,500-52,000

27-61

551-1,172

26,367-76,733

2,600-6,100

7-66.3
22-1,287

25,634-47,242

2,900-20,300

22-23
518

aExcept for color and pH all other parameters are in mg/L

A @ a 4
nu ﬂﬂllﬂﬂ\iﬂ'lﬂw’uq(’ll ‘]Jﬁglﬁﬁjjﬁiﬁw HagAme (2533)

Table 2. Proximate composition of a palm oil mill effluent.

Mixed effluent Sterilizer condensate

Composition Dry wt basis Wet wt basis Dry wt basis ~ Wet wt basis
(ppm) (%) (ppm) (%)
Total solids - 4.6 - 6.0
Crude protein (Nx6.25) 10.9 0.5 8.8 0.5
Ether extract 25.6 1.2 34.6 2.1
Ash 11.4 0.5 14.2 0.9
Crude fibre 9.7 0.5 33 0.2
Nitrogen-free extract 42.4 1.9 39.1 2.3

11 : Hwang ttazame (1987)



Table 3. Composition of the mineral in sterilizer condensate and mixed effluent of a palm oil mill.

Mixed effluent Sterilizer condensate
Mineral Dry wt basis Wet wt basis Dry wt basis Wet wt basis
(ppm) (%) (ppm) (%)
N 689 1.73 944 1.83
P 160 0.31 152 0.36
K 1645 3.19 1300 3.09
Na 31 0.06 22 0.05
Mg 970 1.88 1020 242
Ca 110 0.21 140 0.33
Fe 50 0.10 18 0.04
Zn 13 0.025 15 0.035

111 : Hwang ltazame (1987)

Table 4. Characteristics of mixed effluent of a palm oil mill.

Parameters Concentrations
Total solids 44.6 g/l
Total suspended solids 14.1 g/l
Total dissolved solids 19.8 g/l
Total carbohydrates 9.0 g/l
Reducing sugars 3.0 g/l
Total phosphate 203 mg/1
Mg 212 mg/1
Ca 185 mg/l
Na 14.5 mg/1
Zn 12.0 mg/1
K 3475 mg/l
Fe 27.4 mg/l

17 : Mustar lazaAL (2001)
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Table 5. Thermophilic bacteria that produced ethanol at temperature higher than 55 °C.

Strains Type and substrate ~ Temperature (°C) Maximum Y, Reference
concentration and pH during ethanol  (g/g)
(g/n) cultivation (g/n)
Thermoanaerobacter ethanolicus glucose, 10 65,7 - 0.40 Lacis and Lawford (1998)
Thermoanaerobacter ethanolicus JW200 sucrose, 20 65,7.5 5.04 0.46 Avciand Donmez (2006)
Thermoanaerobacter sp. (65-2) molasses, 40 65,7.5 6.50 - Avci and Donmez (2006)
Thermoanaerobacter sp. (65-2) sucrose, 20 65,7.5 4.88 0.43  Avciand Donmez (2006)
Thermoanaerobacter thermohydrosulfuricus (70-1) sucrose, 20 65,7.5 2.93 0.31 Avciand Donmez (2006)
Thermoanaerobacter thermohydrosulfuricus (70-1) molasses, 40 65,7.5 2.65 - Avci and Donmez (2006)
Clostridium acetobutylicum P262 lactose, 50 55,5 2.80 0.26 Maddox et al (1995)
Clostridium thermosaccharolyticum pectin, 15 58,6 5.20 - Rijssel and Hansen (2002)
Thermoanaerobacterium thermosaccharolyticum sucrose, 10 60, 6.5 0.50 - O-thong et al (2008)
PSU-2
Clostridium + Thermoanaerobacterium glucose, 10 60, 6.8 4.60 0.46  Miyazaki et al (2008)
thermophilic anaerobic Strains A3 xylose, 15 70,7 4.40 0.29 Sommer et al (2003)
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Sommer UAZAME (2003) AnMIHAVRIANNTNTUved s Taa (5, 10 uag 15 nSude
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Strains A3 WU larTagdanududu 15 nfusedas ansondaaeniuea ldgege 4.4 niu

A0anNI
Y
Avci 1182 Donmez (2006) ANHIHAVBIANUTUTUYINNIIATA (30, 40 1AL 60 ATH
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Nigam (1999) ANYINIHAAMIUOALLUABILBINYD AT 59 uT Ul sanTzilog
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Taoideaso Saccharomyces cerevisiae ATCC 24553 Nigugil 30 oA UsaITod LazNioY 4.5
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Table 6. pH during cultivation of thermophilic bacteria for ethanol production.

Strains Substrate  pH Reference
Thermoanaerobacter ethanolicus glucose 7 Lacis and Lawford (1998)
Thermoanaerobacter ethanolicus JW200 sucrose 7.5  Avciand Donmez (2006)
Thermoanaerobacter sp. (65-2) molasses 7.5  Avciand Donmez (2006)
Thermoanaerobacter sp. (65-2) sucrose 7.5  Avciand Donmez (2006)
Thermoanaerobacter sucrose 7.5  Avciand Donmez (2006)

thermohydrosulfuricus (70-1)
Thermoanaerobacter molasses 7.5  Avciand Donmez (2006)

thermohydrosulfuricus (70-1)

Clostridium acetobutylicum P262 lactose 5 Maddox et al (1995)
Clostridium thermosaccharolyticum pectin 6 Rijssel and Hansen (2002)
Thermoanaerobacterium sucrose 6.5  O-thong et al (2008)

thermosaccharolyticum PSU-2
Clostridium + Thermoanaerobacterium glucose 6.8  Miyazaki et al (2008)

thermophilic anaerobic Strains A3 xylose 7 Sommer et al (2003)

4 % 4
Kadar tazaaiy (2004) Seuiisunslddaduunila o S cerevisiae Migaanuiou
K. marxianus Y01070 waateniuealasldnszuiumsuinuuumsnlasuanluyag laa
< o A J < v ,
Wuihaavazmsasuihiaaiueniuea 11nmsl¥nseaiyasun 9 laaunszay
a Q{d [ 1 a cL v 3
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deiug Imsrndaenueald lndnesnulunndumasniinadon Tae S, cerevisize 11az
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NTTATHADY LAT 8.8 1AL 9 NTUADAATIIN IAAUNTZATH ATNEIAL
Cazetta Lz (2007) ?fﬂmwammqmwgﬁ (25,30, 35 1ag 37 mmmaﬁma) ANIg
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HaeNILoa IAgIgn 55.8 nSuADAAS
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P e

Figure 2. Suggested metabolic pathway deduced for carbohydrate fermentation by
T. thermosaccharolyticum PSU-2 under organic nitrogen added medium and organic
nitrogen deficient medium.

11 : O-thong LiazAME (2008)
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Factorrial design) 119911910 0HuMsNaaeuutiamessanilseauvesde 2 szauiu

] 9 o [ @ A A [ o J A 9 9 = o [ @ 4
ulllﬁ’]lﬂﬁﬂﬁlﬁlﬁ"i'W]'JLHJUﬂ'J’]llﬁﬂJWu‘ﬁﬂ3Jﬂ'JTJJﬁ'lIWu‘ﬁlsﬂ\?!ﬁ'l‘liﬂ\iﬂiﬂﬁjllﬂﬂﬂ'nmﬁﬂJWU‘ﬁ
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Y = A MY Y A o o "y o

@uﬂ‘ﬂﬁﬂ\illﬂ Iﬂ‘(’]‘ﬂlmufﬂiVlﬂa’f)\i‘ﬂﬁ”lll']iﬂ’l]gGl‘;]fllﬂﬂgﬁﬂﬂﬂﬁzﬂﬂﬂlﬂﬁﬂﬁ]ﬁ]ﬂ@ﬂ'muﬂﬂ 3 YA

[ Y
WU UANUNITNAADILUD 3 K Llwﬂlﬂﬂﬁﬂa LWILﬁ@\1ﬂ1ﬂLLWLlﬂ"lﬁ‘Vlﬂa@ﬂﬁﬁﬂa’nfﬂgﬁjﬂﬂﬁﬂ']i“ﬁ'l

. d‘ 1 Ly % 4‘ U (% d!
(rephcate) V]Lmag‘llfﬂ’l]fJLWE]Glﬁlfﬁluﬂ']iVl@ﬁ@ﬂﬂ?TM!ﬂMTZﬁM%@Q@?LEUU (lack of fit test) “l)'\‘lﬁlu
A o o o Yo 091' =\ B o SIQW A [

ﬂﬁﬂl“l/li]‘ﬂ%’ﬂfJﬂTLl'JLllJ"Iﬂﬁ]g‘ﬂ']611’?ﬂWu’JuﬂﬁQﬂl@ﬁﬂ’]ﬁﬂﬂﬁﬂﬂiJiﬂﬂ “If\ifﬂgﬂ'lﬁlﬁﬁulﬂﬁ@ﬂﬂﬁ‘w&"lﬂi
IUIUNN

k = = [ g [ & ~ 1
UHUNITNADDULUL 2 urlamesea veliseavvesileds 2 szAU Felaeuinziseondn

v
[ o

5ZAUA (low, -) HAZIZAUGY (high, +) TABNUAUMINAABLY CCD INNNTNAADINGA

4

A A Y . dgl ] 9 ¥
AUINANNTONTEAV 0 HAZNIINAADIATNUUILAU (axis) vuuune s lunsiauuy

U

v o Jdou o o J J 1% v 9 @ o .
ANUTUNUTOUAVEDY 1AgITMHUAAILABLTEADUDIT 9987 18A T34 d (code variable)
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= = a )
Bandaru tagame (2006) Anwaangimingaylumsnaaeniueannuieainlasld
an = o . 1 [ Ay oy 9 [
FmsaTaou lyyl amyloglucosidase JIUNUIBD Zymomonas mobilis Iﬂ‘c’ﬂ%ﬂ“ﬂﬂﬁm 150 NIY
1T A I o 9 ag ) Y o a A a =
apan I luduaAINAI8I5 RSM Tagimualidulsoass Ao gungil 20-40 eaausaised
Wow 4-6  taza lumInaaenIuea 1520 ¥ 109 Tag2UHUNITNAADINUD central
composite design (CCD) WofAnyIHavefimilsdaszaomsnaaoniuoannuileaig woa
annzimingaulunsndaeniuea e qungil 32.4  evruraliod Wiy 493 uaza
17.24 1 T Tagldanududuvouemueagege 55.3 nSuaeans
1 Y
Balusu WazAme (2005) Anwannzimingaylumswaaemueannsag lad laodo
y_ a . .
Clostridium thermocellum SS19 A2835 RSM 1A8119LIHUNITNAADY central composite design
[ a d‘d % A [} 1 A 3} 19
(ccD) dwilsoasznfnyr s @anilsfe nTzAIENIod 10-50 NsuABANT Thwyd1Tna 2-10
ASNABAAT cysteine  HCL  0.1-0.5 NSUADAAT FeSO,.7H,0 0.01-0.05 nSu@0ans taz
MgCL.6H,0 0.5-2.5 nuanaas wun danmgitmangaulumspaaoniuea Ao nsza18nTod
Y
45 nsuAeans wrt12Ina 8.0 NTuADAAT cysteine HCI 0.25 NTUADAAT FeSO,.7H,0 0.01
niuAoaAs Az MgCL.6H,0 2.0 nfuaeans lagldnanududuvoueomuoagaga 13.06 niu
ADaANg
[ J
ngiszasn
A a ¢ ¢ o & v o o ¢ oA o A P
1. WeInsIzednlszneuvenimaninlssnuanainiviliay 2 uvwas fe 1hinanvle
A o & i A ¢
A UFOLUAIINININATOIAUAUADT
A o oA 1 :} Qy [V 3’ o J Y a
2. WedAaanunainmInnszuIumsanainiuavnlslumsnaaenivea
A = A a r;y Qy oy o J 9
3. medAnyIanzimzarlumsmaaemueanniimalsaannihiuilidy  Tagly

WUANISB¥UTOU Thermoanaerobacterium thermosaccharolyticum PSU-2
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1. 9aun3d
< .
Thermoanaerobacterium thermosaccharolyticum PSU-2 WuuuaiiSereudeunuenlann

g 2 v J o p g4 o 4 £ &
umﬂﬁqmuﬁﬂﬂumuﬂmu (O-thong et al., 2008) Lﬂ‘Uiﬂ‘kl'ILGB’E]IﬂfJﬂ'Iﬁm‘ENLGD'ﬂGlu@']ﬁ"Iﬁ

a =

DSMZ No.211 (Avci and Donmez, 2006) a1eldan1iz1¥e1mia Ngungil 60 osruwaiFod

QU

I o 1 g { I~/ 1
Wuna 24 $2Tue udro10¥ea11101M13 DSMZ No.211 Nuutle (starch) tHuvasaisuou

]
=1

Y
Ngungll 4 ossaiFed uazaoe Iniynnou

Q u

3 X
2. 9111310891V
dy di’ 9 1A v A I W [
911310841 DSMZ No.211  1szneudie (eeans): lxlaa 10 nsu dadania 1 nsu
NH,CI 1 n§3 KH,PO, 1.0 n§4 K,HPO, 0.75 N5W FeSO,.7H,0 0.15 N3V 1ag Trace elements
solution 1 Aadans @115 Trace elements solution (NFuABAAT) UszNOUAIE H,BO, 0.05
ZnCl, 0.05 CuCL,2H,0 0.038 MnClL.4H,0 0.05 (NH,) Mo,0,,4H,0 0.05 AICL, 0.05

CoCl,.6H,0 0.05 NiCL,.6H,0 0.092 EDTA 0.5 Na,Se0,.5H,0 0.066 (Avci and Donmez, 2006)

v v

o A (% : U J
3. mmiiaamaﬂﬂmuuﬂmu

Yy 9 ¥ Yy 9
o A

9 T A o A A = 4 Yo 4 a o =
UINMIVIMNMUUDNUFDUASHINNIINULATOIALAUIAD T ulﬂﬁ‘]Jﬂ'NﬂJ@lgLﬂi"l%ﬂﬁ]"lﬂ‘]JiETl RIS

Y v
Q/ % 4 I

o d o 1Y a ] !

Wiiuhay 10a Wndansed miﬁﬂuuﬂaaaummﬂ 10 g3 Llﬁglﬂﬂq%ﬁ -20 ﬂ\iﬁ"l!ﬁ]iﬁlﬁiﬂﬁ
=

a13tay

{ a 7 < a 7 < g
asainlFlumsinsziituasaliniadiniizy (analytical grade) 1¥luoanilsznou
Y

dy dy a 1A a A = o = =
Gluemmamwa L!ﬁ$’]£ﬂ'51$ﬂﬂ1°ﬁ1@ﬂ, ‘UI?J@, Wiluaznsa wazasnuoa
¢
gunsal

1. 1n5093AAINTAANAUIAN (spectrophotometer) T U-2000 U5 M Hitachi
2. INTOINYUINIBINIVANUHRN (refrigerated centrifuge) TU Universal 32/32R VTHN

Universal 32R
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3. é’a‘u (hot air oven) ﬁiu UML 500 USEN Sanyo

4. neilsn A (autoclave) 3 SS325 USHN Tomy

5. é)‘ﬂmélﬂ;‘@ (incubator) iq U BE 500 1589 Schwabach

6. m%‘aﬁ@ﬁm% (pH meter) 'i: U HK-7E UTHN Tokyo TOA Electronic

7. 304 anATion 4 e Ju BP210-s USEM Sartorius

8. 1A5 DI INATTON 2 v U HF-1200 U3HN A&D Company, Ltd

9. Lﬂ?i’)ﬁwﬁi\l (vortex mixer) i:u 1297 158N LAB-Line Instruments, Inc

10. 15041 AM30Y (hot plate) 31 HS 115 USHN Ika Labotechnic

11. 1AT04NIUUAUNINED (magnetic stirrer) T4 RO 5 U5 Tka Labotechnic
12. éjﬂaﬂﬂﬁ;jﬁ) (laminar air flow) 5:1! 527044 U3HN Hotpack

13. Lﬂ%iﬂ\‘i High Performance Liquid Chromatography (HPLC) 5:11! Agilent 1100 series HPLC
155N Shimadzu

14. 17504 Gas Chromatography (GC) ﬁ: U HP 6890 series U5HN Shimadzu

15. 19509NaUA AU (Fractionation Distillation) 1 2200 U3H#N FOSS TECATOR
ad a d
IBMIAAITILH

(Y a =Y d
1. madamssguazmsmifnadisaulwaa
Y Y v 1
Famsniyveude Iasinhminuianinisganauvouaainnuennau 660 U1l

[ o J . o oy o a a aa
a3 (0D ) dsuTUsauTumwad (total cell protein) 11114 Iagiinininisuinas 1 Hadans

660
1 ) { 4 { 1 <3
Taa914 microtube 11 T1Aalinnazneud I8 TRUNIBINANNISY 12,000 x g WU 10 U1
1 Qy o 9 4 9 ~ =~ = [ 3 Y
maulane i ldiwaauandle 0.1 N NaOH 91 100 o9fissaidod U1K 20 419 Had01niuadIg
ATNBUAIY 0.85% NaCl ualraula 0.5 Hadans veedledaiiiess laaslurasanaaey
1181502018 2% Na,CO, 14 0.1 N NaOH 50 Hadans waufi 0.5% CuSO,.5H,0 11 1%
Y 9 Y
potassium sodium tartrate 1 Jaaans uduAvaludiedis 3 tadans daneld 10 Wi 1Nt
9
a A aa 1 Y] o = I
1Al Folin-Ciocalteu's reagent 0.3 Haaans w1ty udnirnened Wunar 30 wii uda
o % 1 A ~ d’ @ g o 1 ~ 9 =l ~ [
il damimsganauudainnue1naay 750 nm vaeeniiuiiie ob #ldunlssuieuny

naesguiemanudutuvesldsduluaisazaiodiedn (Lowry et al., 1951)
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a d Yy v a A a 14
2. 3mi1:'ﬁﬂa1wumummmmuaamwwaﬂ"lﬂ

@ ]

Y
° aa o A aa ' o 1 o <
UINIDYN 0.5 Uaaand Waunu 50% H,PO, 0.1 yaaaas Lﬂlﬂ”liﬁl%]ﬂu!,lgflllslf(luu'uﬂl\i 10

)}

A o = Y Y A =~ A < A A a
UIN uﬂﬂmmﬂwmﬂmﬂaumﬂmimmaﬂwmwmm 12,000 x g 5 UM Ny 4 93

= :/l 1 a a J 9 9 9
waiBed niugaeuamzanla 1 lulnsdas nimazdanududuveuenivea Tagld
In504 Gas Chromatography (GC) ‘;ﬁu HP 6890 series U351 Shimadzu (AAtad91n Miyazaki et

al., 2007)

3. USnanimanaving @133 Anthrone (Dreywood, 1946 814 1a8 O-thong et al., 2008)
a o a 3‘ 09/’ A 1 ] 1 A A 9
WnszrvlTanihimanauanilog Tagmsianinsganauuadn 620 U1 1T 1ad

£
o ' A o

A 9 =~ ~ [ an A o
LﬂﬂTVlulﬂulﬂL‘]JiEJ‘UL‘VIfJ"]Jﬂ"Uﬂi"I‘V\'iﬂﬂijpuéUﬂ\‘]ﬂQIﬂﬁ AFNsUaH Wesazatoneu Insy

1 fiaaans laaslunaoanaasd BNAITaLa19610619N99191142 0.1 Haaans maulidny
Y

a

@ ) 9 A = 3| =} QaJJ 1 g v A Y o @
mﬂuuuﬂﬂﬂuﬂqmwgu 100 99 saIsed 1181 10 WIN INUULBIUNUN L!,muﬂﬂm

1 A A A v 09;1 ) 1 A kY = = v
AINITRANAULTINAIINYIINAY 620 W Tuuas ¥ae Nt UM OD ‘I/I]'lﬂll"lL‘lJilelme”]Jﬂ‘]J

) Y
naesuiemanudutuvenihmaluasazarodiedia

a d Yy 9 b a v
4. InNzHnNAINTUYeLhmariiania q
A o Y 9 g’ a 1 g’ Qy 9 [l dy 2’ Qy A ~
AnszrmanuEuTuveuhmarianis  luhnnudesnseuaziiininnaiod
4 1 a 4
uauaes laun ezsdlud leTlaa nglaa uazvigalaa TaglHiaTos High Performance
Liquid Chromatography (HPLC) 'n;'u Agilent 1100 series HPLC U5H% Shimadzu @4A19814

a s s A A A 4 a @ a 4
UATIZUNFUIATDINDINGIATAT UH1INYIAYTIVAIUATUNT

a d a
5. AATIZHUIFINVHAN 9
a 4 1 a 1 g} Qy 9J L] dy g} Qy d' = o 9 [
AT IEHN T IATaa 1 9 Tuihieonudesurouaziimeninniesauaumes 1aun
[ <
Twunagon (K) woawesd (P) TaAen (Na) uaaiden (Ca) Luniiden (Mg) 1ian (Fe) 1ay
dan2d (Zn) TasldnToq Inductively Coupled Plasma Optical Emission Spectrometryc; ICP

defedlinseingudinTeiioinemans unInendoasvaunIuns

a ¢ 1 a A = < o & ?:’ ] =
6. ﬂ1‘§3!ﬂ§1$1‘iﬂ1“ﬂiﬂﬂ, ‘]JIE)G], VDIUUINIHNA, UYDIUYIUYIUADY, HINUUASNIT UasaT
Wuoa
a 4 = a A = <3 oazl < 3’ o s
ﬂlﬂi"lgﬁﬂ']ﬂ']“lfj’l’)ﬂ, UI’[’)@, VDILUVININUA, VDAUUILVIUADY, UINULASNTT LaZaTT
= oy AQ" 9 [l dy oy Qy A a o ax
‘1/‘]1!’0'(3Gl‘l«luTVmeﬂTﬁJE]‘%N"ILGD'EILL'(H%L!TVI\1%Tﬂlﬂiﬂﬂﬂllﬂum@ﬁiﬂﬂﬂ‘ﬁMWﬁﬂWU (APHA, AWWA

and WPCF, 1988)
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7. YSanalulasounarna mu35U99 A.0.A.C (1990)

MINATIEHUD 1-7 anas18azidea i Figure-Appendix 1-12

35Msnaasa

v
o %4

% A 1 Z Qq’ % d d' a &,
1. msﬂma'e)mmaeumemniswmanﬂummhamwewamamueammma

T. thermosaccharolyticum PSU-2

a Y o A X o 2 4 ¢

1.1 'J!ﬂ51$ﬁaﬂ‘lelﬂ!$‘|lf’)\ﬁ!1‘n\‘l‘i]1ﬂ‘i"i3?110‘3-1'1!‘ﬁf‘)!m31!17]@1]1?1!?\%636!&?\1!!9]95
a Jd v 09} Qy [ g} o s a o = g} o J
AATITHANHUEV0IHINI1n Iseuanaiidulay (Usyn RIC AT RIVAYSIRTFY

9 9 Y 9 E4 I
ﬁ]o"lﬁﬂ) Tﬂm‘in‘imqmﬂwﬁ’amu%mmzﬁmwmm?mﬁgmuma{ WIHIUNTZUIUMSTIAT O

[

a 2 9 3 A o o A dy Qy ] Y o a 4 1A
AL Iﬂﬂﬂiﬂﬁﬂ?ﬂﬂ']ﬂﬂ')ﬂ"l\i 2 %umam%@ﬁdﬂmﬂau%uimy LLﬁ?uTllﬂ:]Lﬂ§1$1’i‘Vi"lﬂ"IW

19%, Qﬂm{]ﬁ, %199 (chemical oxygen demand, COD), 11199 (biochemical oxygen demand,

: o < o w
BOD), ¥93LUNMINNA (total solid, TS), UDILUVILVIUDDY (suspended solid, SS), lutaznsd

Y
(oil&grease, 0&G) TasliAtuasgulumsdnsizinaninueainde (APAH, AWWA and
Y Y Y
WCPF, 1985) a51z1ia luTasnuinanua (A.0.A.C., 1990) 11mananua (Dreywood, 1946)
Y
anuduTuveuivariane 9 laun loTaa ozs1ilua nglaa uazvgalad Iinsizie
1 a [ 9 J =) = [ = == <
uIs1arian1e q laun Tmdey Tnunsdey doawosd uaarFon ununib@ou 1van uag
danzd a151senoviluean (Aaulasnn APAH, AWWA and WCPF, 1985)
X Ea TE g v X P 4 ¢
1.2 mstaga¥eliniannrsiesityeuazluiinnannniesauaunes

Yy 9 Y Y 9
ﬁﬂ‘]ﬂ?ﬂﬁlﬂiﬂﬁl@ﬁ T. thermosaccharolyticum PSU-2 Twihnsnnudesindouaziing

a [

A = 4 491 A Aaa s I o = A 491
NATOIALAUINDT LENVIUTD 10 Haaaas (10 Lﬂﬂimﬁl@]) (L@]iﬂuiﬂﬂﬂTimﬂL%@@Tq

9 Y

o = A [ dy 3| o
24 "’If’JIiN INDIUTLAYUFDUUYI DSMZ No.211 mm“lummimm Wunan 24 6153111&)
aﬂumm serum 1511035 120 ¥aaans NUo1YITI0gU¥D DSMZ No.211 WIBY 6.5 151103

9
90 fiaaans aosluaning 13e1ne TaenudeudaTulasinu (N,:c0,=80:20 iflurnan 2 mi)

a =

@ 3 ) dy A I o Y o A YA
wmmﬂuuuﬂﬂgaﬂmqmwﬂu 60 DIF BT Wunan 18 GH’JIEN LL’L‘I'JI.!T?JTH]@’I]NGlWIJ‘ﬂ"I

G

v
a

Y 4 I ng a o g a aa J 2 o
M 0.5 i Il udeisudy miu@niuge 10 Hadaas (10 Wesidud) aaluaia

ke

OD

660

Y E4
o Aa =

{ 31 Qy 9 1 S Y 9 qs;l 4
serum ﬁﬁmmmﬂwuac;umsauazmmmﬂmmumaiﬁmumiﬂimmﬂmmnuw 2 %ugﬁa

ke

o o A 3 2 ' ' v A & o ~ <
Mdadsuilousulvg vazrmumsduyosaunawlsy  Wewniu6s  ailuvia serum

v
a =

U313 90 Hadans Aosluanag1¥eorme Taonudroudalulasiou (N,:c0,=80:20 1ilu

a =

~ [ 3 o dy A < o 1 W ] A
13012 UIN) ﬁawmuum‘lﬂmﬂwqmwﬂu 60 p9F Ao 1WUa 24 ‘B’JI?JQ FUAIDYNWN
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v 9

o o @ ! a d o @ =
19810, 4, 8, 12, 16,20 uaz 24 %1 1uq i lSasiiesuazhnsigiihaiananualisau
& Y v Y o | as add ) O
MITUALASANUVNVUUDUDNIUDA Wi’f)'JJHTVI"]J‘HWﬂ1%1@@%%31%@@@%18%6\1ﬂ13La‘c’J\iLGI)"E)
Y] A 3’ Qy [ 3‘ Y s A == a a 9
ﬂﬂla’t‘)ﬂu"m\i%Wﬂﬂig‘U’JUﬂWT’Uﬂ\‘]IﬁQQTHﬁﬂﬂu"lllu‘]hail‘ﬂL!‘LI?WILiﬂl%ﬁ@tlﬁ%ﬂﬁmﬂﬂ']u@ﬁvlﬂ

0 g} = 09} Qy A 1 Aa dy <
qga (MMINAADY 3 K TﬂEJﬂJumm"lumm%mﬂmmﬂ’mﬂu)

2. amazﬁmmxaudamswamamuaamm T. thermosaccharolyticum PSU-2

Y E4

dy A A . I o A Ao oA 4 Y
QOUANSY T thermosaccharolyticum PSU-2 luunaninandaaen lanieldaniny

' IS [ 09: o J {
15019 Tagviudrouna lulasou (N,:c0,=80:20 ifunar 2 wiid) ndsoniunirlidesn

'
1 U U ~

a A I~ o
NN 60 DR UFAITIA NOWTUAY 6.5 1511781 24 2 THe qudI0819NIa1 0, 4, 8, 12, 16,

E] U Ll
v v

o y a J a g’ 09/' % v
20 1182 24 ¥ U9 Lﬁﬁ)'JLﬂ'iT%WWWﬂﬂﬂmuWﬂWaTNWNﬂ Ts@uniavive uazemuea 5NN

Yy Y
A o A A

= = =) o 2’ 1 Aa dy [~ v A
Gl)’IfJﬂ UAZWRY  (MNITNAADY 3 Tﬂauumw”lmmwmﬂmgﬂmmu) ARLBDNYANITT

d‘ a Y 1 [ d' ) = [ dy
‘VIﬂﬁ’E'N‘VIWEWIL’E)Tﬂu’é)'ﬁklﬂq%’!ﬂﬂl’ﬁ]ﬂuﬁﬂ%‘ﬂﬂﬁ]EJ‘VWnﬂﬁﬁﬂ‘]sﬂ AN

a 4 : Qw
2.1 HAVBINNNIVNVHUBIATOUNILVDIING
dy A A 1 g} Qy d' [ = 9 1Y [ 9y 9 a =
peauaniGelunranimanaaaen 1 laslsuszauaNududuuo 8150 UNT § 1
g’ Qy A [ 1 o 1T A =S 1 A
MinaTaemseaaludasiaiu 1:0, 1:1 uag 1:2 MUIUAIT IoAUDIAAZANNIIDIN
2.2 Ha¥P4 ZnSO,.7H,0
dy A A 3} ay ~ Y 9 A Y =\ a
Aeauaiizeluhisnanududuimimnzas (3n9e 2.1) Taelins@y ZnS0,.7H,0
Idfanududuganie 0,0.1,0.2, 0.3, 0.4 uaz 0.5 nSuADANAS
2.3 HaUd4 FeSO,.7H,0
dy - A c»y Qy A Y 9 A Y IS 2
AeauaiiFeluthneianududuimanzan (3104 2.1) TaelinsiAu FeSO,.7H,0
Ifianududugaiie 0,0.1,0.2, 0.3, 0.4 1az 0.5 NSNADAAT
2.4 NaV94 redox dyes
dy ~A A 3’ ay ~ Y 9 A 9 =] a
eauaiizslnimananuudunmzay 31n9e 2.1) Taglin131AY methylene
~ Yy 9 A a P
blue NANVAVYU 0, 0.05, 0.10, 0.5, 1.0 1Az 2.0 Uaa a3
\l
2.5 wavoaurad lulnsiou
Y

] A o = ng A A a A Jd 9 [
uradluTasnuiiundne luastiae Tulasiuetiunsd laun (NH,),HPO,,

g A A oy 2 A Y 9 A Y
(NH4)2SO4, NH4C1 iuag NH,NO L'(?IfNLL‘Uﬂ“VILifJGluuTTNTIﬂ'J'IiJHJiJﬂJuTILWiﬂ%ﬁ‘JJ (1099 2.1)

3

9
a

Y Y
Tasd5u luTasnunarnualuina iy 0.2% d1e'luIasnueiuniduaazwsila
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Y 9 d‘ U A Y
2.6 HaveIANNINTUVDI IUIATUNAMADN 10
dy A A 3’ Qy ~ a 1 Ao A 9 ) Y
eauaniGelininglasiimaauuras luIasnundamenla 190 2.5) 1y

S I 4 oy Y] 1 a
Wudugatie 0,0.2, 0.6, uag 1.0 lesidud (hmindeilsuag)

3. aanzitanzannemsnanemuaalaaly Response surface methodology (RSM)

F4

IBNUAINAABUEUDY (Response surface methodology, RSM) 11130 19v1szduvesilade

£
A A

= 3 amsn Y v o J 1 @
FNUAINAA VAU AT UITNAT WAUNTUOIANNTURUTTZHINAWYS

A

~ A Y
Mmnzauigala 3
a Y [ v W Ja a 4
oasy  (szavvesilate) AuAIneUAUDY (response) 18 lHITNITAATIZHNITOAN DY
(regression) tWamIAMIANMHIzaNveseayuluunaziledenanls  (Montgomery, 1999;
Montgomery, 2001)
dy a dyd Y 1
TumseenuuuNURIHaADUEUY NMInaasstiaenl¥mseonuuudiulszaunais
Y . . 4 oAk k =
Lm‘umgu”lﬂ (central composite rotatable design, CCRD) f4UNWUFIHUIN 2 unnaoisea
. k. A A 4 ) [ dyd o 9
(factorial 2 TagtiynsnaaesluuuiunuuazNyaguana dimsumMInaasildulsau
5 dutls Taelddulsanmswanisnaaeslude 2 Ao Anudutuvesslod 20-80 nTuAD
an3, ZnS0,.7TH,0 0-0.50 nsuaaans (1ug1 zn), FeSO,.7H,0 0-0.50 nFusnans (luzi Fe),
A a 4 J 3 o = 1
Methylene blue 0-2.00 Had Ina1s tag NH,NO, 0-1.00 tlosidua) (lugl N) Garisvesnny
Yy 9 A A 9 [y o a Y]
WNIUNADNATOUAUIINHANINAADIIUYD 2.1-2.6 Tasuilsseavuvesdmilsoasy 5 syay

E4

% % ¢ A
Usznouaae -1.0, -0.5, 0, 0.5 tag 1.0 aauaasly Table 7 Minaneiiliingilszasnmodon

4
%

annzimmnzanlumssdaemuoaniinnududuvesenmuoagaga auiuaulsamlu
Y Y v
MInAand A ANuuTuveueNIUea l9nsnaassnedu 32 minaass TagAnyiAdIge
nazgegavosuaazilade (Table  8) laun Anududuvesdlof (20 uaz 80 nFuADANT),
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Table 7. Independent variables and their factor levels.
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Independent variable symbol code factor levels

-1.0 -0.5 0 0.5 1.0
COD concentration (g/1) X, 20.00 35.00 50.00 65.00 80.00
Zn as ZnSO,.7H,0 (g/1) X, 0.00 0.12 0.25 0.38 0.50
Fe as FeSO,.7H,0 (g/1) X, 0.00 0.12 0.25 0.38 0.50
Methylene blue (mM) X, 0.00 0.50 1.00 1.50 2.00
N as NH,NO, (%) X 0.00 0.25 0.50 0.75 1.00

Table 8. Central composite experimental design matrix defining substrate concentration (X,), Zn

as ZnS0O,.7H,0 (X,), Fe as FeSO,.7H,0 (X,), Redox (X,) and N as NH,\NO, (X,) on

ethanol production from 7. thermosaccharolyticum PSU-2.

Trials Parameters
X, (@) X, (g/) X, (g/D X, (mM) X, (%)
1 65.00 (0.5) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0)
2 80.00 (1) 0.50 (1) 0.00 (-1) 0.00 (-1) 1.00 (1)
3 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0)
4 50.00 (0) 0.25 (0) 0.12 (-0.5) 1.00 (0) 0.50 (0)
5 80.00 (1) 0.00 (-1) 0.50 (1) 0.00 (-1) 1.00 (1)
6 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.75 (0.5)
7 20.00 (-1) 0.50 (1) 0.50 (1) 0.00 (-1) 1.00 (1)
8 50.00 (0) 0.12 (-0.5) 0.25 (0) 1.00 (0) 0.50 (0)
9 20.00 (-1) 0.00 (-1) 0.00 (-1) 0.00 (-1) 1.00 (1)
10 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0)
11 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0)
12 50.00 (0) 0.25 (0) 0.25 (0) 0.50 (-0.5) 0.50 (0)
13 35.00 (-0.5) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0)
14 50.00 (0) 0.25 (0) 0.38 (0.5) 1.00 (0) 0.50 (0)
15 20.00 (-1) 0.00 (-1) 0.00 (-1) 2.00 (1) 0.00 (-1)
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Table 8. Central composite experimental design matrix defining substrate concentration (X,),

Zn as ZnS0O,.7H,0 (X,), Fe as FeSO,.7H,0 (X,), Redox (X,) and N as NH,NO, (X))

on ethanol production from 7. thermosaccharolyticum PSU-2. (Continued)

Trials Parameters

X, (g/) X, (g/) X, (g/) X, (mM) X, (%)
16 80.00 (1) 0.00 (-1) 0.00 (-1) 0.00 (-1) 0.00 (-1)
17 80.00 (1) 0.00 (-1) 0.00 (-1) 2.00 (1) 1.00 (1)
18 20.00 (-1) 0.50 (1) 0.50 (1) 2.00 (1) 0.00 (-1)
19 50.00 (0) 0.25 (0) 0.25 (0) 1.50 (0.5) 0.50 (0)
20 20.00 (-1) 0.50 (1) 0.00 (-1) 0.00 (-1) 0.00 (-1)
21 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0)
22 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0)
23 20.00 (-1) 0.50 (1) 0.00 (-1) 2.00 (1) 1.00 (1)
24 80.00 (1) 0.00 (-1) 0.50 (1) 2.00 (1) 0.00 (-1)
25 80.00 (1) 0.50 (1) 0.00 (-1) 2.00 (1) 0.00 (-1)
26 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0)
27 80.00 (1) 0.50 (1) 0.50 (1) 0.00 (-1) 0.00 (-1)
28 20.00 (-1) 0.00 (-1) 0.50 (1) 0.00 (-1) 0.00 (-1)
29 20.00 (-1) 0.00 (-1) 0.50 (1) 2.00 (1) 1.00 (1)
30 80.00 (1) 0.50 (1) 0.50 (1) 2.00 (1) 1.00 (1)
31 50.00 (0) 0.38 (0.5) 0.25 (0) 1.00 (0) 0.50 (0)
32 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.25 (-0.5)
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Table 9. Characteristics and chemical composition of sterilizer condensate and decanter effluent

of a palm oil mill after filtration.

Parameters. Sterilizer condensate Decanter effluent
Color Dark brown brown
pH 5.1 4.3
BOD 77,000 93,000
COD 80,000 95,000
Total solids (TS) 47,696 64,600
Suspended solids (SS) 19,066 27,332
0Oil&Grease 1,850 1,090
Total nitrogen 700 1,101
Total protein 4,375 6,881
Total phenol 1.85 3.54
Total sugar 8,550 6,860
Xylose 600 0
Arabinose 7,910 3,500
Glucose 30 780
Fructose 0 2,580
Mineral 2731.70 3091.00
P 171.85 220.70
K 1624.25 1779.00
Na 22.00 35.50
Ca 140.25 120.35
Mg 673.00 798.75
Fe 82.80 135.10
Zn 17.55 1.60

aExcept for color and pH all other parameters are in mg/L
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Figure 3. Effect of sources of POME on growth of T. thermosaccharolyticum PSU-2 (a) and pH

changes (b) during cultivation at 60 °C for 24 h.
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Figure 4. Effect of of sources of POME on utilization of sugar of 7. thermosaccharolyticum

PSU-2 (a) and ethanol production (b) during cultivation at 60 °C for 24 h.
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Table 10. Effect of sources of POME on growth and ethanol production of 7. thermosaccharo-

Ivticum PSU-2 cultivated at 60 °C for 24 h.

Parameters Sterilizer condensate Decanter effluent
Initial pH 6.50 6.50
Final pH 5.03 5.45
Initial total sugar (g/1) 8.55 6.86
Residual total sugar (g/1) 5.14 4.15
Total cell protein (g/1) 0.55 0.45
COD removal (%) 32.5 28.0
Ethanol (g/1) 0.58 0.35
Y, (g ethanol/g total sugar) 0.17 0.13
Ethanol productivity (g/1/h) 0.024 0.015
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[ 9 [ k4
emuea ladind1 Switaamdlod laandieTasTiSum TUsAunmuagage 0.32 uaz
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Figure 5. Effect of COD concentration of sterilizer condensate on growth of 7. thermosac-

charolyticum PSU-2 (a) and pH changes (b) during cultivation at 60 °C for 24 h.
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Figure 6. Effect of COD concentration of sterilizer condensate on utilization of sugar of

T. thermosaccharolyticum PSU-2 (a) and ethanol production (b) during cultivation at

60 °C for 24 h.
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] (=Y o w 1 < o w Y
0.23 NSUA0ANT MUE1AU AT Tonanad 16.7 uaz 11.4 1lo51Fud aud ey doanasdny
H 1 4 a oy Qy
MIANEIUDY Mustar tazAE (2001) ANUN BAA C. wilis awnsonTy luiimeanlssu
o oy Y s A 19y a A 9 0911 dy <3 [ .
anaiiuthavi lidelinise01918 lumsnaaesnsHveiun 7. thermosaccharolyticum
a a 3’ Qy d‘d a =4 "9y A = = [ Y
PSU-2 3yuazmaaomuea linhinailansdunidgelas lideudears (@ Ted miny 80,000
o 1 A A S S R o ' a
Asuaeans) uazilsailuea 0185 osiFud FadiniUSuavesInalusa (1-1.24
S I o, oy Qy o g’ o @
wesidud) luihinenlsenuanaiiuuenon (Tsonis and Grigoropoulos, 1993) Tagna 'l
- 4,

= =\ I a 1 4 A d Y a [ 3 a a =
a15Uszneuduealianuunyaosaaauns g "b’d‘ﬂﬂ‘ﬂlﬂﬂﬂﬁﬂﬂﬂﬂﬂﬁ]ﬂiiuﬂlﬂﬂﬂau'ﬂi811!

Q

9
Y [ ~

Il Y Y
ALUIUMIE0AANY (Hamdi, 1991) Falinansafiuinuiumsnaasatl aaiiu 3aenunsaleni

E4 Y
a v o @ < a
mmﬂmiﬁﬂﬂumuﬂmﬂumiwamamueamﬂ T. thermosaccharolyticum PSU-2 Iﬂﬁl@i\i

Table 11.  Effect of COD concentration in sterilizer condensate on growth, ethanol production

and COD removal of T. thermosaccharolyticum PSU-2 at 60 °C for 24 h.

Parameters COD concentrations (mg/1)

80,000 45,000 32,500
Initial pH 6.50 6.50 6.50
Final pH 4.87 5.75 5.90
Initial total sugar (g/1) 8.55 4.25 2.85
Residual total sugar (g/1) 4.65 3.12 1.75
Total cell protein (g/1) 0.54 0.32 0.23
COD removal (%) 33.6 16.7 11.4
Ethanol (g/1) 0.61 0.28 0.21
Y, (g ethanol/g total sugar) 0.16 0.24 0.19
Ethanol productivity (g/1/h) 0.025 0.012 0.0008

2.2 Wavdy ZnSO,.7H,0

a =

mswsguazmninemueaieugiquewuaiisedeanssnemsvied
iuite Wwadansansald aznaaenuea ldUSinaiigeiy wu s lddansd el
M3111911v030U T3] alcohol  dehydrogenases amnsana1gai (Avei and Donmez,
2006) Hsenumsanuidnyazvowuou lad alcohol dehydrogenases (ADHs) 910 thermophiles

. £ /. aa = = o A a
uag hyperthermophiles mmu"lcmu%zuﬂﬂﬂﬁﬁamqmaznmmmmcluﬁmazmqmwguqﬂ
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1 a 4
Radianingtyas 118% Wright (2003) ANBINGNYBY ADHs Y999aUN3d%¥0U30U 118y NAD(P)-
£ . v o o J ] £ 9
dependent group HINWIN thermophilic ADHs %%‘UG]QﬂulﬂUﬂQMﬂ@WmﬂﬁzﬂﬂUﬂjﬂ
a’/‘ J <] 1 o
zinc-dependent  ADHs, @M8dUVY0Y  ADHs 1aeIAlsZNoUVRIUHANADNITNINIUVDY
E4
ADHs uonani Bryant Uazaale (1988) ANBIABLHUIBVDY primary Il6i¥  secondary
k4 9
alcohol dehydrogenases V0410 T, ethanolicus % Zn Uszana 4 ezpen aaiulums
= qgj dyd o = = [ = 1 a dy
ANHIATIUIININTIANHIDINAUDIAINS o (ZnSO4.7H20) ADNITNANLIDNIUDAUDILYD
Yy 9 k4
T. thermosaccharolyticum PSU-2 Tuiieainniioaindo Iaelin15iau Zn as ZnSO,.7H,0 111
v Y 4 4
mmw{’fm’fuqﬂﬁw 0,0.1,0.2,0.3, 0.4 1az 0.5 nSuaeans (Fudulwihmannnionudedl Zn
-2 Y 1A v A A g -2 9}31 Qy ~ = a
MIH 0.0175 nSuReans) TasdSuiomsudy iy 6.5 (Asinan lulinsau ZnS0,.7H,0

a =

| dy A IS ) . ' a
WuganIunw) MeaNgurnl 60 odrwaiFed Hual 24 42 1u9 (Figure 7) WU MSIAN Zn

U

Tug1) zns0,.7H,0 Annududiu 0, 0.1, 0.2, 0.3, 0.4 uaz 0.5 NFuAPAAT IMNTNARDNS
iy TaelidTunalusAusianua 0.54, 0.48, 0.65, 0.32, 0.41 1AL 0.35 NTUADAAT MNAIN

uazdewaliinmsnaaeNIUPAgIgAING 0.57, 0.84, 1.25, 0.42, 0.18 Uaz 0.15 NFNADANS

@ <

H ! 2
Ay szuITinaiminzauves Zn  lugil znsSo,.7H,0 Aiv 0.2 NSuABAAT FaLTo

i
a [

Y Y a =\ 3 [ T A a
w3 laangalaelilsnaTUsAunamuagega 0.65 nsuAvans LazNAAIONIUDATIA 1.25

Y

NSuNDaAS (Figure 8) HONINY HawaAMIUoa (Yp/s) 11N 0.23 NTNLONIUBAADNT Y
Y F4 [ v '
wananwinangnldly uazdasimsnaaioniuea (Ethanol productivity) 71 20 2 Tug Ay

o 1A Vo A A = J < 4 1 Y 9 A
0.035 nSuaeanINaTI 1ue Tuvaznad loAanad 35.2 11/o51FUA (Table 12) AMANUAINTUN

42
Mugauued zn  1ugil ZnSO,.7H,0 9InMINAaeddl (02 N3NADAAT) dOANADINLMA
= . d‘ 1 a [ = [ [ =Y o Y S A

MIANEIVDI Avei 1182 Donmez (2006) NWUNMFIANTINGT 0.22 nSuApans M lvuuanGe
Thermoanaerobacter thermohydrosulfuricus (70-1) mmmwﬁmamuaa"lﬁ’qaqw 5.8 NTUAD

ang
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Figure 7. Effect of ZnSO,.7H,O concentration in sterilizer condensate on growth of
T. thermosaccharo- lyticum PSU-2 (a) and pH changes (b) during cultivation at 60 °c
for 24 h.
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Total sugar (g/l)
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Time (h)
—e— control —a—0.1 g/l ZnSO4 —a—0.2 g/l ZnSO4
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Figure 8. Effect of ZnSO,.7H,O concentration in sterilizer condensate on utilization of sugar of
T. thermosaccharolyticum PSU-2 (a) and ethanol production (b) during cultivation at

60 °C for 24 h.
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Table 12. Effect of ZnSO,.7H,0 concentration on ethanol production and COD removal of

T. thermosaccharolyticum PSU-2 in sterilizer condensate at 60 °C for 24 h.

Parameters Zn as ZnSO,.7H,0 final concentrations " (g/1)
control 0.1 0.2 0.3 0.4 0.5

Initial pH 6.50 6.50 6.50 6.50 6.50 6.50
Final pH 4.86 4.90 4.55 6.07 6.18 6.25
Initial total sugar (g/1) 8.55 8.55 8.55 8.55 8.55 8.55
Residual total sugar (g/1) 4.74 4.35 3.11 5.65 6.84 7.12
Total cell protein (g/1) 0.54 0.48 0.65 0.32 0.41 0.35
COD removal (%) 25.4 29.0 352 23.5 18.6 1.75
Ethanol (g/1) 0.57 0.84 1.25 0.42 0.18 0.15
Y, (g ethanol/g total sugar) 0.15 0.20 0.23 0.14 0.11 0.10
Ethanol productivity (g/1/h) 0.024 0.035 0.052 0.018  0.0008  0.006

a
g/l of Zn as ZnSO,.7H,0

2.3 Wavd9 FeSO,.7H,0
= a d' 1 a da'
Anylsmnanminzanyed Fe 1431 FeSO,.7H,0 A0MIHAADNIUDATD YD
T. thermosaccharolyticum PSU-2 Tagtdy Fe 1ug1 FeSO,.7H,0 15261 0, 0.1,0.2, 0.3, 0.4 Lag
v Y Y Y Y Y
0.5 nSuaeans (Tuaulinihnannniieaudell Fe 1M1 0.0828 NTuaand) Usuiitewiing

a =

a [ dy { 4 [ o ' 4
SUAMININD 6.5 AouFoNgungil 60 oswaFeod (Tunal 24 2 Tua (Figure 9) WU 150

U

a dd‘ a ‘;y Q" d' a Y] 1T A 9
wIyaNgatazkanenIUeagaga Iy Fe Tugil FeS0O,.7H,0 0.2 nSudoans Taglv
v
s Tds@unanuagega 0.58 niudeans tazgANduTUYDIONIUDAFIGA 1.05 NTUAD
Y 4 I

a3 (Figure 10) HARAADNIUDA (Yp/s) (AU 0.20 nFuemueadenimihmansiuaignldy
1) nagdnsimsnaaenIuea (Ethanol productivity) N1 24 %2139 19117D 0.044 NSURBANTAD
) A1 A = S 2 4 ) o a

%7109 Tuvaznadloaanad 30.2 1Wos1FuA (Table 13) 115 UMIAY Fe Tu31l FesO,.7H,0

Y 9 k2

Usua 0, 0.1, 0.3, 0.4 1az 0.5 niu@eans luing wu weniy laves S Tdsiu
9

NINVAMINY 0.54, 0.48, 0.32, 0.41 1Az 0.35 ATuARARTNAISY taz I ANuTuduY UM
UDAGIGANIND 0.57, 0.64, 0.54, 0.28 1Az 0.24 NSuADAAT ANAIAY FOANADINUNMINAADY

= o dy a < dy dy v A Y A A a
Taalitiaraastl maaumranadluoms@ourerzduasnnuuaNFsnaANIUAINNTA

ovdan Taomanaziludilng lamdasuilunsaeydanuaz laTasnu uazdifiewdinga
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Figure 9.  Effect of FeSO,.7H,O concentration in sterilizer condensate on growth of
T. thermosaccha- rolyticum PSU-2 (a) and pH changes (b) during cultivation at 60
°C for 24 h.
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Figure 10. Effect of FeSO,.7H,O concentration in sterilizer condensate on utilization of sugar of

T. thermosaccharolyticum PSU-2 (a) and ethanol production (b) during cultivation at

60 °C for 24 h.
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aa . < @ QaJJ {
azdanuaz lalasmu sznasuliitueniuea (Balusu er al, 2005) #9171 ANUTUTUN
MUz auYed Fe 111 FeSO,.7H,0 A9 0.2 nSuandns Fegennaimmzaud msumspan
Y 1
PNUOAVDNUTD C. thermocellum $S19 luan1ig1¥o1met Falin1 FeSO,.7H,0 1M1A1 0.01

nsuADaAns IMIEMUBAGIYA 8 NTUADANT (Balusu et al., 2005)

Table 13. Effect of FeSO,.7H,0 concentration on ethanol production and COD removal of

T. thermosaccharolyticum PSU-2 in sterilizer condensate at 60 °C for 24 h.

Parameters Fe as FeSO,.7H,0 final concentrations ¢ (g/)
control 0.1 0.2 0.3 0.4 0.5
Initial pH 6.50 6.50 6.50 6.50 6.50 6.50
Final pH 4.87 4.90 4.75 4.95 6.15 6.25
Initial total sugar (g/1) 8.55 8.55 8.55 8.55 8.55 8.55
Residual total sugar (g/1) 4.65 4.35 3.25 5.45 6.95 7.15
Total cell protein (g/1) 0.54 0.48 0.58 0.32 0.41 0.35
COD removal (%) 26.7 28.4 30.2 23.5 19.8 16.7
Ethanol (g/1) 0.57 0.64 1.05 0.54 0.28 0.24
Y, (g ethanol/g total sugar) 0.15 0.15 0.20 0.17 0.17 0.17
Ethanol productivity (g/1/h) 0.024 0.027 0.044 0.023 0.012 0.010

" g/l of Feas FeSO,.7H,0

2.4 #aVU93N redox dyes
MSIAY redox dyes aalunszuumsvinenuea Jaun neutral red (NR), methyl
. . = s A g A
viologen (MV), benzyl viologen (BV) ta¢ methylene blue (MB) Mﬂﬂﬂﬁ SAIAUNDADINTITINY
Yy 9 a Ay v o o Y A A
ﬂ'J']iJL‘U?J‘U1!!,LagNaNaﬂGUENL@VI']u’t’)aﬂllﬂ{ﬂ']ﬂﬂiglnuﬂ'ﬁﬁuﬂ Iﬂﬂ redox dyes MUUINITAUDU
I v v ad 09/} 1T ad @ { [ 1
Lﬂumaiumaﬂm@uﬁlumu@eumiﬂmmmaﬂmau ‘ViﬁNﬂ']ﬂﬁﬁﬂ'lillﬂ\‘lﬂ@]i'lﬁjueuﬂﬂ
- Y a a 1 a a S
NADH/NAD C]N‘Vl11WLﬂﬂﬂ?ilﬂﬁﬂullﬂﬁﬂ@@ﬂﬁgﬂjuﬂ']i!LiJVIT]J@ﬁ“]fllleﬂQi!ﬁuVﬁﬂiﬂﬂ@ﬁ\i
{ 1 I { 1
(Hipolito et al., 2008) mqwaﬁ!ﬁaﬂ methylene blue (MB) (51231 MB 194 redox dye TEGR E/h
k4 v
AU +71 mV @AIngIgaluussan dyes NMNA) UaN1IZA oxidized state ANGA Ay
o {3 . (] A g 1 Aan . .
MB i reducing agent Fronszdumsiniyvewie laoid1sanluiljnsen oxidation-

1 E2 9 1 )
reduction B4 1¥Aums@suie luaniiz 1¥o1mea 1111% NADH/NAD Mindoainmslsnenis
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a dy 1 a E=Y a d? d‘ = a tﬂy

msnyumwa"lﬂmmm“lwumiNamfmm@aMﬂmumaﬁﬂmmmamamm@ammwa

3‘ Qy 9 1 dy d‘ = Q' 9 [ Y a

T. thermosaccharolyticum PSU-2 Twihnannnded e nUsuNewsuAY 110V 6.5 Taaan
~ 1] A A 4 9}3‘ ay ~ 12 a I

MB 05281 0, 0.05, 0.10, 0.50, 1.00 taz 2.00 Haaluars (AFinan liinsey MB Huaga

a =

4 4 <3| o . ' & a Y=
AIUAY) AYINYUNHY 60 DI B AL Wuan 24 Falug (Figure 11) WuN L“lff]ﬁ]iillu“lﬂﬂ

U

Y '
a

~ 3’ a A =1 [ Aa A 4 Y a =3 q’j [

Ngaluthnan@y MB N5zau 0.10 Had Tuars Taglnalsunallsaunanuagaga 0.65 n3u

1T A a Yy g’ Qy d‘d a d' [ a A 4

ApaNs azHAMEMUa 1AA 1ININTINITIAN methylene  blue NT2A 0.05 Tad Tuals

(Figure  12) Tagldanududuvesomuoagege 0.98 nSudoans nanaaen1uoa (Yp/s)
v Y H

DY 0.20 ﬂ%’mamuaa@aﬁ”ﬂ%maﬁmmﬁgﬂ%ﬂﬂ LAZONIINITHANDNIUDA (Ethanol

1 a

L. A ] o o T A1 A a

productivity) 91 24 ¥2Tu9 19191 0.041 NSUARAATATI TNY TuvmzNa 13 ToAanad 29.8

I 4 ~ a 091 Y A a A a
osidua (Table 14) Tuvmgnaninniyluihneiiiy MB 0, 0.05, 0.50, 1.00 1az 2.00 Uaa

4 a 3 Y [ A
Tuans 1é7es TagliSuaTusAunaruaminy 0.45, 0.58, 0.48, 0.40 1AL 0.38 NTUADANT
Ay wazdawaliHanaaeMuoagIgAMINg 0.58, 0.98, 0.75, 0.65 LA 0.55 NTNADAAT
Y v

awday asiuszauanududuves MB Aldaanududuvesonuoagega Ao 0.05 N3N
1A £ 9 [ 1 Yy 9 A A a A S A Y
ADANT FIADANADINUAINNUVUTUNHUIZ ANV neutral red A0 0.05 Taad lua1s Nlvan

(BNUDAFIYA 0.46 NTUADANT (Hipolito et al., 2008)
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Effect of Dye concentration on on total cell protein of 7. thermosaccharolyticum

PSU-2 (a) and pH changes (b) during cultivation in sterilizer condensate at 60 °C for
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Figure 12. Effect of Dye concentration on total sugar of T. thermosaccharolyticum PSU-2 (a)
and ethanol production (b) during cultivation in sterilizer condensate at 60 °c

for 24 h.
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Table 14. Effect of Dye concentration on ethanol production and COD removal of

T. thermosaccharolyticum PSU-2 in sterilizer condensate at 60 °C for 24 h.

Parameters Dye concentrations (mM)

0 0.05 0.10 0.50 1.00 2.00
Initial pH 6.50 6.50 6.50 6.50 6.50 6.50
Final pH 4.92 4.75 4.82 5.05 5.15 5.29
Initial total sugar (g/1) 8.55 8.55 8.55 8.55 8.55 8.55
Residual total sugar (g/1) 4.62 3.58 3.15 4.35 4.31 4.35
Total cell protein (g/1) 0.45 0.58 0.65 0.48 0.40 0.38
COD removal (%) 24.7 29.8 29.5 26.4 25.7 23.1
Ethanol (g/1) 0.58 0.98 0.92 0.75 0.65 0.55
Y, (g ethanol/g total sugar) 0.15 0.20 0.18 0.18 0.15 0.13
Ethanol productivity (g/1/h) 0.024 0.041 0.040 0.031 0.027 0.023

2.5 waveaunaslulasou
) Y Y 4

HeAAYINMINAANIUBAVOUTD T, thermosaccharolyticum PSU-2 lurhifnaninvile

] di’ d' T A = A Y [ Y a 1 a ad Y 1
Ao (1 11d99919) USufitemsudn iy 6.5 waziAuurad lulasaueiunidas q 1dun

Y 9 Y
(NH,),HPO,, (NH,),80,, NH,Cl wuagz NH,NO, luihnsninndeainie Iaglsulsum
us.:’ g’ ay | 4 a 1 o 1
Tulaswunualushnaiu 02% welddSunalulasmumiiulusaazganisnaaes
9/2’ ay A 1 a ' IS dy A a =~
(g ldtinmaauunadlulasnule o Wuganiugn) @esigungil 60 osruaaidod
[~ ] ' da' a . a . y :I Qy A A
Wunai 24 2 Tuanu o195y (Figure 13) nazwanoniuea (Figure 14) laalusinani]
a Y a = 3 [ T A Y 9
maan NH,NO, Tagldi/suma Tisauianuagaga 0.59 nfuaeans uazanududuveson
Y
UBAYIAA 0.85 NTUABANT WAKAAIBNIUBA (Yp/s) 1N 0.17 ATUEMIUBAABNTNIIAA
4 1 H i
nanuafignldll nagdasinmsnaaoniuea (Ethanol productivity) 11 24 2 Tu 191117 0.035
v 1A o A1 A = J < J 1 a tﬂy
nsuapansaod) e Tuvuzna®slonanad 34.8 1Jo51HUA (Table 15) AIUNTIVTYUDIUTD
Y E4 Y v
T nsnnudesindeMan (NH,),HPO, tag (NH,),S0, imssyiieslas ldlSunaTdsau

Y
PNINVANIND 0.45 1ag 0.48 NSUADANT AN IR
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Figure 13.

Effect of nitrogen source in sterilizer condensate on growth of 7. thermo-

saccharolyticum PSU-2 (a) and pH changes (b) during cultivation at 60 °C for 24 h.
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Figure 14. Effect of nitrogen source in sterilizer condensate on utilization of sugar of 7. thermo-
saccharolyticum PSU-2 (a) and ethanol production (b) during cultivation at 60 °C for

24 h.
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Table 15. Effect of nitrogen sources on ethanol production and COD removal of

T.thermosaccharolyticum PSU-2 in sterilizer condensate at 60 °C for 24 h.

. a
Parameters Nitrogen sources

control  NH,CI  (NH,),HPO, (NH,),80, NH,NO,

Initial pH 6.50 6.50 6.50 6.50 6.50
Final pH 5.87 4.85 4.82 5.05 4.85
Initial total sugar (g/1) 8.55 8.55 8.55 8.55 8.55
Residual total sugar (g/1) 4.12 3.54 3.65 3.58 3.42
Total cell protein (g/1) 0.42 0.55 0.45 0.48 0.59
COD removal (%) 29.8 31.5 30.2 31.6 34.8
Ethanol (g/1) 0.35 0.75 0.64 0.62 0.85
Y, (g ethanol/g total sugar) 0.08 0.15 0.13 0.12 0.17
Ethanol productivity (g/1/h) 0.015 0.031 0.027 0.026 0.035

*0.2% of N for every nitrogen sources

Y 9 [ o 1A o w A
HAZANMINVIUYDILONIUDANINDY 0.64 1AL 0.62 NTUADANT AINAIAL NANAALDNIUDA
Y 2 v v
(Yp/s) 191100 0.13 1az 0.12 nsuemusadensuiiaansnuangnly 1l audau n1sh
S A 9 Bldd' a A A a 9 ~
puafFoawnsald NHNO, ladnga e1unannuuaiizelinsniyuay ldueu Tudioy
< ' ~ < A Ay y
looou nazoyya luwasaduuvasluTaswu vonvniilumsdease luanznlFemalu
o A o ad L v o {
miavzimihindud1dodnasou (Hipolito er  al, 2008) avtiveyyaluasai laain
09/’ dy 1 = 1 a A A 1 Iy a
NH,NO, lunmsnaasiniail Uvglnadon1snigvosuunnGouazdinalninisnanon
9 dg’ I <] < 1 Y @ . . A
uoa 1AgITL 9619 15NMIN UM TOAAABINUNITNANOIVDI Hipolito tazAME (2008) 7
Y
[ 1
1089 Clostridium saccharoperbutylacetonicum N1-4 (ATCC 13564) T@ﬂi%’ﬂgiﬂmﬂmmm
o 1 tﬂy 9 Qldd' A = @
Mivou WU e u1snld NHNO, ladfigaiiomeudy NH,Cl,  (NH,),HPO, uag
Y
(NH,),SO, EFUASIND Rijssel 4% Hansen (2002) WU \¥® Clostridium  thermosaccharo-
. = dy A a I ' J = I 1 A
Wticum Fudosluormsnlmaduduuvnasnisveu wazl NHNO, iuuvaslulasioui
1 a a 4‘ a ] [ o =\
ManzauaenNsIyuazNanenIuea tesan lulasnuiidiugielumsdunsigi Tlsau
14 dy dy 9 1 a a dy Yy
waziad nazmsiaeude ludaniz 1eimasyyalumsaszduasunisniyveuso 1aa

Y
v o a

1 [] 9 dy a de?l
aviumsauuas lulasuasly sgaseliirensy ldavu
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Yy v \ d‘QJ AN 4
2.6 HAVRIANMYNTHYBINHA U IASIIUNAAEeN A
ieendsualulasnuinademsnaneniueaves 7. thermosaccharolyticum
~ dy g‘ Qy Y ] dy [ 091 Y 4 =® =X Y 9 A
PSU-2 e lutiineninvdiesinyeves Issnudanaiiiiuiay eanwmanududun
Y ]
MU AUADNTHAADMIUDAVDIYD Taaidy NH,NO, innudutuganisveslulasiou o,

a

J 3 4 = 31 ay A g [ dy A [e) |
0.2, 0.6 tag 1.0 Wosua YSuNenhMuTuAMNIAY 6.5 1@89NgUNYl 60°C 1ual 24
) J di’ a . a Y . g’ Qy Aa a
23 T4 WU 1¥0193%Y (Figure 15) HATNAAENIUDA 1AA (Figure 16) Tuinanamsay
~ o S I 4 Y a ~ 09: [ [ 1A
NH,NO, #1521 0.6 1losigua TaolduSumTdsaunavun 11y 0.65 niusodans Lagaam
[WUTUVRAUENIUBA 1.15 NTUADAAT HanaAeNIUea (Yp/s) M0 Y 0.22 nSUABNY LAz

AT INTHAAENIUOA (Ethanol productivity) 11 24 2 114 (MIAV 0.048 NSUADAATADY I 114

E4
a

A1 Aas A s2 o 4 Ao A 73 &
Tuvznaid lofanas 28.5 1WosiFua (Table 16) TuvaeNININNMIAYN 0.2 1Wo5FUAVDY
Y Y v
TuTasnulu NHNO, (ganauan) ldwanaaeniuea 0.95 nSuaeans dautimen luduy
v ¥ I 9 Y Y v
NH,NO, nuldwandaionueadiniinganil (0.56 niuaeans) saunuiiiafidy NH,NO,
= Y] < I 4 @ 1T A 1 <3 a A Yy 9 9
N3zau 1.0 wlesigud (0.75 nfuavans) 0813 lsau M3Ay NHNO, alanududugaiiie
' o 72 29 Y |a a o " o
o4 luTagumIn 0, 0.2, 0.6, uaz 1.0 Wosidua 1915 TsAuiaruaming 0.45, 0.58,
0.65 1Az 0.48 NTUADAAT MWAIAY LazdUATUMIHAAENIUDA TR lAd1gIgaMIND 0.35,
v v Y
0.95, 1.15 uag 0.75 nfuasans mudwy asiu luTasnuinnnu lileninadudimsniy
1&Ta8 Hill taz Thommel (1982) WU MsdueN Tudisunuanune i lidSuaTlsau
4 dy A =\ [ 3 9 a dy [ 3 a
luaaveuseanad iesnuon luHendugan1sI¥nsaosd ITUVe ¥ AU N15IAY
= o Y dy a P < v Aa 3’ Qy A (A
NH,NO, tnuzanagiildidonig laa 1innisnaaeszmuat anluiiinedldsuim
3 Y] 1T A A A Y] S I 4 Y] 1T A o Y
TuTasnuianua 0.7 nSuaeans Womuszan lulaswu 0.2 Wesibud 2 nsuaeans) 1wl
A (A it v 1 A A A a A 2 A A Y v
e lulasnunsvua 2.7 nfudeans Welinissyiudu iWermua1nduduue
S 3 4 [ T A =\ 09/’ [ T A a dil
TuTasau 0.6 losigud (6 NTUNDANT) (u"luimmumwm 6.7 NTUADAAT) NTIITYUDILYD
o A dgl A A o S Jd A (a qgj
Fanaudiuay uailamuszavvedlulasnu 1.0 osidud GiUSualulasnuinaua 10.7

Y Y
@ 1A o Y a Y Y 1" v ) 1T A
nfuapans) hlvminsyueudoanas Tasli Isaunauamny 0.48 niunoans
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Figure 15. Effect of NH,NO, concentration in sterilizer condensate on growth of T. thermosac-

charolyticum PSU-2 (a) and pH changes (b) during cultivation at 60 °C for 24 h.
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—o— control —a—0.2% NH4ANO3 —a—0.6% NH4ANO3 —e—1.0% NH4NO3

Figure 16. Effect of NH,NO, concentration in sterilizer condensate on utilization of sugar of
T. thermosaccharolyticum PSU-2 (a) and ethanol production (b) during cultivation at

60 °C for 24 h.
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Table 16. Effect of NH,NO, concentration on ethanol production and COD removal of

T. thermosaccharolyticum PSU-2 in sterilizer condensate at 60 °C for 24 h.

Parameters NH,NO, final concentrations * (%)
0 0.2 0.6 1.0

Initial pH 6.50 6.50 6.50 6.50
Final pH 4.87 4.82 4.95 5.08
Initial total sugar (g/1) 8.55 8.55 8.55 8.55
Residual total sugar (g/1) 4.20 3.47 3.25 3.87
Total cell protein (g/1) 0.45 0.58 0.65 0.48
COD removal (%) 23.6 29.0 28.5 20.6
Ethanol (g/1) 0.35 0.95 1.15 0.75
Y, (g ethanol/g total sugar) 0.08 0.19 0.22 0.16
Ethanol productivity (g/1/h) 0.015 0.040 0.048 0.031

" % of N as NH,NO,

WENMIIABATIZE T thermosaccharolyticum PSU-2 Tuhisnnndesiuie
ANz aun35Und (conventional method) TaafiarnduduvesdTofity 80 niu
apans 1N Zn 1131l ZnSO,.7H,0 0.2 Niudpans Fe U3l FeSO,.7H,0 0.2 nSudA0ans
methylene blue 0.05 daalua1s N as NH,NO, 0.6 1losidud Taoldu5inaTlsauianun
A 0.72 ASUABANT LATANNIVUTUVDUBNIUDA 1.38 NUADANT WAaNAANIUDA (Yp/s)
WA 0.25 n3UABN3Y AL SATIMINAAIONILDA (Ethanol productivity) Tt 24 2 Tua 11w

Y] (=Y [ o d' L= = S 3 4
0.038 NFUADANTADY 11 TuvaE AT loRanad 32.7 1esigsua
3. annzimnzannemsnantenuealagly Response surface methodology (RSM)

Lﬁ"ﬂﬁﬂBTﬁﬂleﬁﬂ/illTxﬁllﬁl@ﬂ”liﬂamﬂﬂ"luﬂaﬁllfﬂﬁ!%@ T. thermosaccharolyticum PSU-2
Tao14 Response surface methodology (RSM) Failasefidntnlsznendsnnududuuesdie
@ (20, 35, 50, 65 LAz 80 NFABAAT), ZnSO,.7H,0 (0, 0.12, 0.25, 0.38 1AL 0.50 NTNADAAT)
(Tug1l Zn), FeSO,.7H,0 (0, 0.12, 0.25, 0.38 1Az 0.50 nFudeans)(1ug1 Fe), Methylene blue

(0, 0.50, 1.00, 1.50 1182 2.00 Jad 1ua1s) way NH,NO, (0, 0.25, 0.50, 0.75 t1az 1.00 11o515ud)
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[ VoA A [ dy Yy 9 S )
(Tug1) N) wadaaaaluTable 17 Wu1 DAz auaal ANudNIUYe% 10d, ZnSO,.7H,0
[ Y [ 1T A o w a o,
1agFeSO,.7H,0 AL 65, 0.25 1Az 0.25 NTNADAAT ANAIAY methylene blue (e133A%)
Y a a 4 [ ] 4 4 a o
AU 1.0 Had Tuans tag NH,NO, ti1nu 0.5 losidua Tasisenaaoniuoagaga 1.42 5y
=) 4! 1 1 [ 9 1 dy a a Y g/ Qy
apans Funnminaasauaazleselude 2 wui Fensyuaznaaeniuealaaluing
d' A A 7 1 a = d' (% dy % 1
1ilims9e919 (80 nSuAndns) uazlimimimnzawasil zn Tugil znS0,.7H,0 0.2 nSusio
a [ T A a A 4
ans, Fe Tu31/Fes0,.7H,0 0.2 nSuA0oans, methylene blue 0.05 Nadluwans wag N lugl
S I 4 [
NH,NO, 0.6 tlosidua lannudnduvesemusagegaminy 0.61, 125, 1.05, 0.98 uaz

1.15 A5UA0AAT ANAINY

Table 17.  Central composite experimental design matrix defining substrate concentration (X)),
ZnSO,.7TH,0 (X,), FeSO,.7H,0 (X,), Redox (X,) and NH,NO, (X,) on ethanol

production from 7. thermosaccharolyticum PSU-2 at 60°C.

Trials Parameters Ethanol (g/1)
X, (gD X, (g/) X, (g/) X, (mM) X, (%) Predict  Experiment
1 65.00 (0.5) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0) 1.41 1.42
2 80.00 (1) 0.50 (1) 0.00 (-1) 0.00 (-1) 1.00 (1) 0.48 0.48
3 50.00 (0) 0.25(0) 0.25 (0) 1.00 (0) 0.50 (0) 1.25 1.21
4 50.00 (0) 0.25(0) 0.12 (-0.5) 1.00 (0) 0.50 (0) 1.19 1.20
5 80.00 (1) 0.00 (-1) 0.50 (1) 0.00 (-1) 1.00 (1) 0.43 0.43
6 50.00 (0) 0.25(0) 0.25(0) 1.00 (0) 0.75(0.5) 1.18 1.19
7 20.00 (-1) 0.50 (1) 0.50 (1) 0.00 (-1) 1.00 (1) 0.17 0.17
8 50.00 (0) 0.12 (-0.5) 0.25(0) 1.00 (0) 0.50 (0) 1.19 1.20
9 20.00 (-1) 0.00 (-1) 0.00 (-1) 0.00 (-1) 1.00 (1) 0.45 0.45
10 50.00 (0) 0.25(0) 0.25(0) 1.00 (0) 0.50 (0) 1.25 1.22
11 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0) 1.25 1.23
12 50.00 (0) 0.25 (0) 0.25 (0) 0.50 (-0.5) 0.50 (0) 1.19 1.20
13 35.00 (-0.5) 0.25(0) 0.25(0) 1.00 (0) 0.50 (0) 1.15 1.15
14 50.00 (0) 0.25(0) 0.38 (0.5) 1.00 (0) 0.50 (0) 1.17 1.18
15 20.00 (-1) 0.00 (-1) 0.00 (-1) 2.00 (1) 0.00 (-1) 0.27 0.27
16 80.00 (1) 0.00 (-1) 0.00 (-1) 0.00 (-1) 0.00 (-1) 0.75 0.75
17 80.00 (1) 0.00 (-1) 0.00 (-1) 2.00 (1) 1.00 (1) 0.38 0.38
18 20.00 (-1) 0.50 (1) 0.50 (1) 2.00 (1) 0.00 (-1) 0.18 0.18

19 50.00 (0) 0.25 (0) 0.25 (0) 1.50 (0.5) 0.50 (0) 1.19 1.20




Table 17. Central composite experimental design matrix defining substrate concentration (X,),
ZnS0,.7H,0 (X,), FeSO,.7H,0 (X,), Redox (X,) and NH,NO, (X,) on ethanol

production from 7. thermosaccharolyticum PSU-2 at 60°C. (Continued)

Trials Parameters Ethanol (g/1)
X, (gD X, (g/) X, (g/D X, (mM) X, (%) Predict  Experiment
20 20.00 (-1) 0.50 (1) 0.00 (-1) 0.00 (-1) 0.00 (-1) 0.27 0.27
21 50.00 (0) 0.25(0) 0.25(0) 1.00 (0) 0.50 (0) 1.25 1.22
22 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.50 (0) 1.25 1.21
23 20.00 (-1) 0.50 (1) 0.00 (-1) 2.00 (1) 1.00 (1) 0.18 0.18
24 80.00 (1) 0.00 (-1) 0.50 (1) 2.00 (1) 0.00 (-1) 0.23 0.23
25 80.00 (1) 0.50 (1) 0.00 (-1) 2.00 (1) 0.00 (-1) 0.24 0.24
26 50.00 (0) 0.25(0) 0.25(0) 1.00 (0) 0.50 (0) 1.25 1.30
27 80.00 (1) 0.50 (1) 0.50 (1) 0.00 (-1) 0.00 (-1) 0.19 0.19
28 20.00 (-1) 0.00 (-1) 0.50 (1) 0.00 (-1) 0.00 (-1) 0.24 0.24
29 20.00 (-1) 0.00 (-1) 0.50 (1) 2.00 (1) 1.00 (1) 0.15 0.15
30 80.00 (1) 0.50 (1) 0.50 (1) 2.00 (1) 1.00 (1) 0.27 0.27
31 50.00 (0) 0.38 (0.5) 0.25 (0) 1.00 (0) 0.50 (0) 1.17 1.18
32 50.00 (0) 0.25 (0) 0.25 (0) 1.00 (0) 0.25 (-0.5) 1.19 1.20

‘Readings are average of three determinations.

b. . .
Values in parentheses are coded variables.

a d Aaa 1 Y/ [ d‘d 1 [ = QaJJ =
NMITAATIZHAINNEDA (Table  18) WuN Javeninasiunulaeling p<0.05 Uil 4

] o Y] 1] Y] & < 1 I
1998 Ad Redox N1 Substrate, Fe N1 Zn, Redox 111l Zn 1A% Redox N1 Fe H¥99iuI1 N 11y
Padei litinaswiuiuiladedu msrzindia p>0.05 Tasaumshldimnenananveaom
1 { ] @ 4
uoalu Table 18 Tag1¥an regression coefficient g4 (R* = 0.99) vz lansluaasnnuduiug

9 1
5ENI9A TN H30AUTABUAUDY (response variable) NAMNUA 4 NFIN FaEAIANY
Yy 9 AN Y o o a v A o .
[Wuduvouomuoai Ia nudnlsoaseaoedine Redox azduaiasn (Figure 17A), Fe tag
< 1
Zn (Figure 17B), Redox 1ag Zn (Figure 17C) 182 Redox 10 Fe (Figure 17D) 3ZiHUINNNW
A o I ; a KX v A ~ 1 ~ =
yoswanoudueslanvaziuiuiy JainGengiiuaasiiveswanouauesinlasn liam
Y
ﬂwmﬁ’guﬂiaaiz’n ﬁumwamuaum (response surface)
A = ~ ' ' = ~ a

HorlFouMILHINEAMINAABINOUANEITANIZTIHVIZTY HAZANIZRIZAN

] = A vy 2 y A A Y 9 N
(Table 20) WU nouANEIEN e ImIIzad IaglgimennrdeonuFena NUUNIHYe s 1o

= o 1A o < :} Qy (] [
780 niudodns idwnzd man uaglulasou lurhnsedud iy 0.0828, 0.01755 uaz
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Y v v
0.11 NFuADAAT WU tFoaNsaraaeMUDa lagada 0.58 NTuADAAT UAloANIAN1IZN
vy 9)3 Qy Y ] d" A Y Y = =

manzad Tesldihnsnnuienuyeninnuvuduve s Ioa, ZnSO,.7H,0 Hag FeSO,.7H,0
1w o 1A o 1w a A 4

A 65, 0.25 1A 0.25 NTNADANT AINEIAY methylene blue MAD 1.0 Hadlua1s uay
S I 4 1 4 a [ 1A ) o

NH,NO, 0.5 nfosidua wud iseannsonaaeniuea lagga 1.42 nsuaeans d1msuga

J L. . 1 g’ ay 9/ 1 ; A Yy 9 = =

AUINAN (compos1t1on of center pomts) NUIN LlTVNi]TfWilI’EJGJJ1LG]f’EJ1/13Jﬂ’J1ilLGU3J6UWIJ’EN°‘BIE]ﬂ,

ZnSO,.7TH,0, FeSO,.7H,0 iag NH,NO, 1111 50, 0.25, 0.25 tag 0.5 NTuAaNs Muany

k4
-2 a A 4 1 a o
1182 methylene blue 117D 1.0 dad  Twas Wy Wedwnsonaaeniuea lagaga 1.23 nu

CRGIGE

Table 18. Analysis of variance (ANOVA) for the experimental results of the central composite

design (cubic model).

Factor’ Coefficient Standard DF’ pP°
estimate error
Intercept 1.25 0.009840 1 -

X, 0.34 0.072 1 0.0033
, -0.0075 0.072 1 0.9204

X, -0.0025 0.072 1 0.9734
X, 0.022 0.072 1 0.7651
X -0.016 0.072 1 0.8288
X/’ 0.10 0.096 1 0.3253
X, -0.28 0.096 1 0.0285
X32 -0.28 0.096 1 0.0285
X42 -0.24 0.096 1 0.0496
X, -0.26 0.096 1 0.0375
XX, -0.019 0.009531 1 0.0967
XX, -0.019 0.009531 1 0.0967
X, X, -0.024 0.009531 1 0.0470
X X 0.010 0.009531 1 0.3345
X, X, 0.027 0.009531 1 0.0279
XX, 0.037 0.009531 1 0.0077
XX, 0.019 0.009531 1 0.0967
XX, 0.042 0.009531 1 0.0043

XX 0.014 0.009531 1 0.1992




Table 18. Analysis of variance (ANOVA) for the experimental results of the central composite

design (cubic model). (Continued)
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Factor” Coefficient Standard DF’ P
estimate error
XX, -0.00125 0.009531 1 0.8999
X/’ -0.27 0.073 1 0.0098
X,’ -0.050 0.073 1 0.5190
X’ -0.070 0.073 1 0.3747
X, -0.090 0.073 1 0.2638
x’ 0.025 0.073 1 0.7437

‘X, = COD concentration (g/1)
X,= ZnS0,.7H,0, (/1)

X, = FeS0,.7H,0 (/1)

X, =Redox (mM)

X, =NH,NO, (%)

*=Degree of freedom

‘=*p < 0.05 are significant, R*=0.99.

Table 19. Regression coefficient (Rz) and regression equation for ethanol concentration.

2 . .
R regression equation

0.99  ethanol = 1.25 +(0.34X,) - (0.0075X,) - (0.0025X,) + (0.022X,) - (0.016X,) +
(0.10X,”) - (0.28X,”) - (0.28X,”) - (0.24X,") - (0.26X.) - (0.019X,X,) -
(0.019X,X,) - (0.024X X,) + (0.010X,X,) + (0.027X,X,) + (0.037X,X,) +
(0.019X,X,) + (0.042X,X,) + (0.014X,X,) - (0.00125X X,) - (0.027X,’) -

(0.050X,") - (0.070X,) - (0.090X,") + (0.025X.”)

X, = Substrate concentration (g/1)
X,= ZnS0,.7H,0 (g/1)

X, =FeSO,.7H,0 (g/1)

X, =Redox (mM)

X, =NH,NO; (%)
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Table 20. Optimized medium composition for ethanol production by 7. thermosaccharolyticum

PSU-2 at 60°C.

No Parameters Ethanol production
X, X, X, X, X (g/D)
1 80 0.08280 0.01755 0 0.11 0.58
2° 80 0.2 0.2 0.05 0.6 1.38
3¢ 50 0.25 0.25 1.0 0.5 1.23
4 65 0.25 0.25 1.0 0.5 1.42
5 65 0.25 0.25 1.0 0.5 1.41

X, = COD concentration (g/1)
X,=ZnS0O,.7TH,0, (g/)

X, =FeSO,.7H,0 (g/)

X, =Redox (mM)

X, =NH,NO, (%)

* The values before optimization.

*The optimization values derived from conventional method

‘ The composition of center points.

‘ The optimized values derived from RSM regression and ethanol production in this study.

*The predicted optimum values and predicted maximum ethanol production derived from RSM

regression in this study
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1.44591 1.24852

1.28808 1.08457

Ethanol @ 1302 Ethanol gn, 092063

0.972424 0.756687
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000 20.00 0.00 ~0.00
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Redox (g/h 0.50 0.12
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0.00 0.00 0.00 0.00

Figure 17. Response surface plot of ethanol production by 7. thermosaccharolyticum PSU-2 as

a function of Redox and Substrate (A), as a function Fe and Zn (B), as a function

Redox and Zn (C) and as a function Redox and Fe (D).
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a 3,' Z n: [ 3,' Y d a
4. avaamaumminmaluinslsanuanaiuihandemsnanemuea

= A ' o 9y 9 o ' Y
ninMsAnEaaziMunzauveaazade (4o 2) ntaz RSM (99 3) Wi wud laem
A Y Y o 1A o v & o o a s 2
UBANUANUANIY 1.25 LAz 1.42 NTUABAAT ANAIAY F6I61 91nMTAUAT IR 52N
31 ay 9 1 dy = a 9 1 a
Youhiannndesnde nunlidusasnuateyialdun ozs 1 lua nglad wazleTaa lu
a v 1A o o & oy :/l a dy dy I ¥ !
U519 7.91, 0.60 1Az 0.03 NFuABANT MUAIAD Fuha1aNn 3 sialFoa 1o s 19 e
I ¥ A /3 I A a Jd 1a g’ ~ A o o ' 3} = A A
14181 50 losimud WedmsziilSinanhmanmaondmanidn wud aafiie Ao
4 ] v
92311 lud 1My 3.5 nfudeans auiu iietulszaninmmsnaaeniuea 391935msau
1 Y
duaasniie T thermosaccharolyticum PSU-2 asalFlaa Ae Glﬂﬂiﬁ (O-thong et al.,
a J < =T ' 73 o a
2008) Tasmaaumnimadelsznoudley Insaiudiulvg 3o wosidud) mindiuu

J o /2 o
HINNANINUA 48.8 L“lJfJ‘iLG]SuGl

4.1 HAVBINNUAVNTUYBINNHIMAADNITHAAIBNIHDA
s A ~ Ao
Q8UYD T. thermosaccharolyticum PSU-2 11911115 DSMZ No.211 #W19% 6.5 NUAW
Y
[WuTuveanmMimamiy 0, 20, 30, 40 uag 50 ASuaeans MeldaniiglFema Taenude
(2 ~ a = = I Y 1 M
und luTasau (N,:C0,=80:20) Ngmvnnil 60 osruTAITOE WO 6.5 INVAI0E199)N 6 B2 TH

] 9 k4
odamiiey tazmImsnsyvewuaiinelasmsianuyu (0D,,) Ysuanihmanivua

660
a 4 1 g’ A (A cy 09/’ a I L 4
HazleNIUea Han13AATITHNUIININIAIaNUSIahmanavua aadlu 48.7 1lesigsua
TaglAunInNy 9.75, 14.60, 19.50 ag 24.50 NSuABAAT AMNA 19U
A = ~ a A A Yy 9 J v A A
WonlseumeunsnTyue ureNANWINTUYDININGINIG 4 55AU Ao N1 20, 30, 40
[ 1A 5 1 1% a
way 50 NTNABANT (Figure 18) IMUIN T. thermosaccharolyticum  PSU-2 ﬁﬁ]@]ﬁﬂﬁmiﬂuj
v Y Y v Y Y
gANNAIMIDeTe 36 2 Tu9 A INTuMsesYanas sEAuANNdLTUYININIAIA
1 % 1 a = 1 a da' d‘ 1 = d’
11923 20-50 NTUADANT UNAADNITITYVOUFD tazMsasunlasvosaiios NA
Y Y v
WUYUYRINNGIANA 40 ATUADAAT (11A1ANIHNA 19.5 nSUABANT) THANMTUTUYR DM
v v 1
UOAFIFA 4.52 NTUADAAT 5998911 AD NANUdNIUNMMIIATIE 50, 30 AT 20 NTNADAAT F
Y v v
ionanoMuoa lagaga 3.68, 3.06 LAz 2.18 NSuABAAT AWEIAY NIa1 36 9 Tud (Figure
Ay v Yy o HAq v & L a
19) wah ldaeandosnumsnaaosi191¥e Thermoanaerobacter ethanolicus TW200 BUITY
a Yo A ~ Y 9 J v 1 a A A
uagraaemuea laangaianuduiureInIniinia 40 nuADAAS 3998901 A NAIN

Y
Wuduvesmniiaia 60 uag 30 nsuaeans TnanududuvoueNIUBATIFANIND 6.50,

3.50 1A 2.85 NTUABANT AINA1AD (Avei and Donmez, 2006)
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Figure 18. Effect of molasses concentration on growth of T. thermosaccharolyticum PSU-2 (a)

and pH changes (b) during cultivation in DSMZ No.211 at 60 °c.
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Figure 19. Effect of molasses concentration on total sugar utilization of 7. thermosaccharo-
Iyticum PSU-2 (a) and ethanol production (b) during cultivation in DSMZ No.211 at

60 °C.
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Table 21. Effect of molasses concentration on ethanol yield and molasses consumption of

T. thermosaccharolyticum PSU-2 cultivation in DSMZ No.211 at 60 °c.

Molasses Total sugar  Total sugar  Ethanol Y, Ethanol
(total sugar) consumed  utilization (g/D) (g ethanol/g productivity
(g/) (g/) (%) total sugar) (g/l/h)
20(9.75) 5.79 59.38 2.18 0.38 0.060
30 (14.6) 7.85 53.77 3.06 0.33 0.085
40 (19.5) 10.55 54.10 4.52 0.43 0.126
50 (24.5) 10.70 43.67 3.68 0.34 0.102
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X, = 40 g/l of molasses in DSMZ No.211

X, = Sterilizer condensate (80 g/l of COD + 0.2 g/l of Zn + 0.2 g/l of Fe + 0.05 mM of
methylene bule+0.6% of N)

X, = Sterilizer condensate (65 g/l of COD + 0.25 g/l of Zn + 0.25 g/l of Fe + 1.0 mM of
methylene bule+0.5% of N)

X, = Sterilizer condensate (80 g/l of COD + 0.2 g/l of Zn + 0.2 g/l of Fe + 0.05 mM of
methylene bule+0.6% of N + 40 g/l of molasses)

X, = Sterilizer condensate (65 g/l of COD + 0.25 g/l of Zn + 0.25 g/l of Fe + 1.0 mM of

methylene bule+0.5% of N + 40 g/ of molasses)

Figure 20. Effect of addition of molasses (40 g/L) in sterilizer condensate on growth of
T. thermosaccharolyticum PSU-2 (a) and pH changes (b) during cultivation at 60 °C

for 48 h.
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X, = 40 g/l of molasses in DSMZ No.211

X, = Sterilizer condensate (80 g/l of COD + 0.2 g/l of Zn + 0.2 g/l of Fe + 0.05 mM of
methylene bule+0.6% of N)

X, = Sterilizer condensate (65 g/l of COD + 0.25 g/l of Zn + 0.25 g/l of Fe + 1.0 mM of
methylene bule+0.5% of N)

X, = Sterilizer condensate (80 g/l of COD + 0.2 g/l of Zn + 0.2 g/l of Fe + 0.05 mM of
methylene bule+0.6% of N + 40 g/l of molasses)

X, = Sterilizer condensate (65 g/l of COD + 0.25 g/l of Zn + 0.25 g/l of Fe + 1.0 mM of

methylene bule+0.5% of N + 40 g/ of molasses)

Figure 21. Effect of addition of molasses (40 g/L) in sterilizer condensate on total sugar
utilization (a) and ethanol production (b) from cultivation of T. thermosaccharo-

Iyticum PSU-2 at 60 °C for 48 h.
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Table 22. Effect of addition of molasses (40 g/L) in sterilizer condensate on ethanol production

and COD removal of T. thermosaccharolyticum PSU-2 at 60 °C for 48 h.

Parameters X, X, X, X, X,

Initial pH 6.50 6.50 6.50 6.50 6.50
Final pH 4.75 4.87 4.84 4.65 4.52
Initial sugar (g/1) 19.50 8.55 6.85 28.05 26.35
Residual sugar (g/1) 8.95 3.03 2.15 11.47 9.64
Total cell protein (g/1) 0.97 0.72 0.85 0.76 0.88
COD removal (%) 30.5 32.7 35.6 45.7 48.3
Ethanol (g/1) 4.49 1.38 1.44 5.47 5.85
Y, (g ethanol/g total sugar) 0.43 0.25 0.24 0.33 0.35
Productivity (g/I/h) 0.124 0.038 0.040 0.152 0.163

X, = 40 g/l of molasses in DSMZ No.211

X, = Sterilizer condensate (80 g/l of COD + 0.2 g/l of Zn + 0.2 g/l of Fe + 0.05 mM of

methylene bule+0.6% of N)

X, = Sterilizer condensate (65 g/l of COD + 0.25 g/l of Zn + 0.25 g/l of Fe + 1.0 mM of
methylene bule+0.5% of N)

X, = Sterilizer condensate (80 g/l of COD + 0.2 g/l of Zn + 0.2 g/l of Fe + 0.05 mM of
methylene bule+0.6% of N + 40 g/l of molasses)

X, = Sterilizer condensate (65 g/l of COD + 0.25 g/l of Zn + 0.25 g/l of Fe + 1.0 mM of

methylene bule+0.5% of N + 40 g/l of molasses)
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Figure 22. Ethanol concentrations after distillation using fraction collector at 78 c’.

Table 23. Characteristics of ethanol from T. thermosaccharolyticum- PSU-2 cultivated in palm
oil mill effluent supplemented with molasses (40 g/l) and distillated using fraction

collector for 5 min.

Property Ethanol (99%) Distillate
Boiling point (°C) 78.2 99.16
Specific gravity (at 20°C) 0.7905 0.94
Density (kg/m’) 0.7890 0.92

Viscosity (cP) 1.08 1.32
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Table 24.  Type of alcohol from T. thermosaccharolyticum- PSU-2 cultivated in palm oil mill

effluent supplemented with molasses (40 g/1) and distillated using fraction collector

for 5 min.

Type of alcohol Concentration (g/1)

Methanol 4.65
Ethanol 12.45
Propanol 0.00
Butanol 0.00
0.00

Pentanol
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Table 25. Optimum condition for ethanol production and COD removal by T. thermosaccha-

rolyticum PSU-2 in sterilizer condensate at 60°C for 24 h.

Parameter Optimum Ethanol (g/1) % COD removal
COD concentration (g/1) 80 0.61 33.6
N as NH,NO, (%) 0.6 1.15 28.5
Zn as ZnSO,.7H,0 (g/1) 0.2 1.25 35.2
Fe as FeSO,.7H,0 (g/1) 0.2 1.05 30.2
Methylene blue (mM) 0.05 0.98 29.8
Mixed component - 1.38 32.7

3. annzitanzaunensnantenuealnald Response surface methodology (RSM)

~ ' a ] A Yy 9 = =
am:mnmmmmamswama‘ﬂmaaiﬂﬂh RSM fo mmmmummcﬂaﬂ, ZnSO4.7HzO

1ag FeSO,.7H,0 111 65, 0.25 uaz 0.25 NSuA0anT MNEIAL 143U NH,NO, 10y

73



74

<3 4 1w A A o g
0.5 1WosIHUd 1ag Methylene blue 1M1 1.0 Taaluas 1aei¥e 7. thermosaccharolyticum

PSU-2 ansonanenuea lageaa 1.42 nuaoans
a 3,' Z : [ 3,' Y d a
4. avaamaumminmaluinslsanuanaiuihandemsnanemuea

Yy 9 g’ { 1 a {
mmmmummmﬂmmaﬁﬁwamamiwamamuaammz%T. thermosaccharolyticum

PSU-2 agidatanaly Table 26

Table 26. Effect of addition of molasses (40 g/L) in palm oil mill effluent on ethanol production

of T. thermosaccharolyticum PSU-2 at 60 °C for 48 h.

Parameters X, X, X,

COD removal (%) 30.5 45.7 48.3
Ethanol (g/1) 4.49 5.47 5.85
Y, (g ethanol/g total sugar) 0.43 0.33 0.35
Productivity (g/l/h) 0.124 0.152 0.163

X, = 40 g/l of molasses in DSMZ No.211

1

X

,= Sterilizer condensate (80 g/l of COD + 0.2 g/l of Zn + 0.2 g/l of Fe + 0.05 mM of
methylene bule+0.6% of N + 40 g/l of molasses)
X, = Sterilizer condensate (65 g/l of COD + 0.25 g/l of Zn + 0.25 g/l of Fe + 1.0 mM of

methylene bule+0.5% of N + 40 g/ of molasses)
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Figure-Appendix 1. Standard curve of standard solution protein BSA analysis by Lowry method.
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Figure-Appendix 2. Standard curve of standard solution glucose analysis by Anthrone method.
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Figure-Appendix 3. Standard curve of phenol solution.
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