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Abstract 

The aim of this research is to use cellulosic microorganism in agricultural application. 

Ethanol production by thermotolerant yeasts have been extensively studied, because 

thermotolerant yeasts are capable of growth and fermentation during the summer months 

in non-tropical countries as well as under tropical climates. The result revealed that 7 from 

25 isolate show to be thermotolerant xylose-utilizing yeasts for ethanol production from rice 

straw. Yeast-malt extract medium was used to isolate thermotolerant yeasts at 35, 37, 40, 45 

and 50 0c. SKN 2-1 was showing producing highest yield of ethanol compared to other 

isolates. SKN 2-1 could grow and produce ethanol at 40 and 45°C. The thermotolerant 
-1 

yeast isolate SKN 2-1 produced the highest concentration of ethanol 0.66 and 0.87 g L 

which was~quivalent 7.67 and 10.10 of the theoretical ethanol yield r at 40 and 45 O( using 

rice straw contained cellulose 37.67 ± 0.31%, hemicelluloses 33.36 ± 1.96% and lignin 4.12 

± 0.36% as substrate. 

Keywords: cellulosic microorganism rice straw ethanol 



- - - - --~.~- .~----------, 

II 


VI'lJ1 

n~~n11:uth~nlP1 ....... ..... ....... ...... .. ... ...... ...... ..... ... ....... ... ... ..... .... ... ............ .. ............. ..... ... ... ... ..... ............ . n 

.... 1 


U'Vlfll1ltJ€l.fll~l 'VltJ ..... ....... ........................... .......... ..... .. .... ... ..................... ......... ...... ......... .... .. ...... ...... ........ . 'tJ 


U'Vlrrl1ltJe:JJll~lel.:Jn'1~ ......... .............. ......... .. .......... ...................... ........... ................ ... ... ....... .. ....... .. ... ... ..... . . fl 

OJ .d 

&'111UqJb1e:J.:J ...... .. ....... ...................................................... ... ................................................................. ........ . 


&'111UqJ~111-3 ............ ............ ....... .. ...... ... .... .......... ........................................... ................................. .... ....... . 


&'1 11UqJJl,lYi .............. ................. ...... ........... .......... ..... ........ .......... .. .... ... .............. ... .... .... ..... ....... ...... ....... .. . . 

o -=-,v d d II" 

U'Vl'Wlbb6'l~.:J l'Wl~tJ'Vlbfl tJl'tJ e:J'I ... .. ....... ..... ... ........ .. .............. ........ .............. ..................... ........ ..................... . 1 

.c:...c::::I 0 -=-, 4 


lLil1l1b'W'Wnl1P1n~1 ..................... ......... ....... .. ...... .. ............. ......... ....... ........ .................. ... ......................... .. .. . 3 


'" t:J6'lnl1P1n~1 ... .... .. ............... ..................... .... .. .................... .................................. .... ....... ................ ....... ..... . 7 

, . 

&'1dtlbb6'l~1~11clt:J6'I .............. ... .. .... ... ......... ... ... .. .... ....... ........... ..... ......... ... .... ... .... ....... ................... .... ... ....... . 13
, 

be:Jn&'111ill.:JB'I ...... ........... .... .. .. .... .. ....... .......... .................................. ..... ...... ..... ................. ........ ........ .... ..... . 14 


th~l&h1nl~tJbb6'l~mu~ ..... ... ............... .... ..... ... .... ..... ... ...... .. ....... .... .... .. ......... ............. ..... ....... ..... ............. . . 15 




" Vi'W1 


7 


8 




III 

'VI'U1 

Jll'VWI 
d 

1 ~f1~ru~vh\l-ifl'J~thUf11';itl-ru"mVil(9]fl~U~ltJi5Y11\1f11tJJllVi 	 3, 
mViYl 	

d 
2 ~'U(9]eJ'Uf11~lbf)';il~~'VI1'tfhnrueJ\lrltl~~f1eJU"vel\l~lm~Yl"V 5 

d .. ~ ,d,q.. V .o:!Io 1vd..::::.. ,q

mViYl 3 u~1I1rubeJYll'Uel~Y1tJ~(9]Y1'U';iel'U~~(9I ~Y1elru'VIJllJ 40 el\lPllb'l1m'l1tJ~ 	 8 
d 

, " 
JllViYl 4 ~f1~ru~"vel\lEl~~Y1'U1el'Ulel1'11b~Y1 SKN 2-1 9 

JllViYl 
d 

5 ~~m~Y1u"vel\leJru'VIJllJ~ii~~~elf11Wil~ru"vel\lEl~IA'Y1'U1el'Utel1'11b~Y1 SKN 2-1 
, 	 'IJ ... 

~\lv11f11~Y1~~el\l1'UeJ1'V11';i1'111~" btJ'Unm 24 -B'lllJ\I 10 
d 

JllViYl 6 · ~~ m~'VIu"vel\lel ru'VIJliJ~ii~ ~~ elfl1~~~(9] belYll'Ufl~"Vfl\lm"IA''VI'U1fl'U1el1'I1b~'V1 SKN 2-1 11 
, 	 'IJ 

d 
JllVfVI 7 mlJlrutl~lJlrubf)Y11'Uel~~n~1~l\11 "Vel\! P. stipitis bb~~El~IA''VI'U1el'Ulel1'11b~Y1 2-1 12 



1 

~i1'U'VI'iju b6/l61~161~m~Bn1'aaB tI~611t1 b6/l61 ~1(;\~: n1'a'lhhfl.oU'lh::It1'tIu'Vl1'I bO'l3~'a 

Cellulosic Microorganism For Cellulose Degradation: To Agricultural Application 


J~l\9ll ~'Wl~f)'~rul'tJnrl bLrl~ '1llJJl'U'U ~hrul'U'Ui1 
'I "I q <tJ 'tJ , " 

Warawut Chulalaksananukul and Chompunuch Virunanond 

mFlYl~m~W!l6Wl~ Flru~i'YltJll"ll61Vl~ ~'Wlrl.,:jmrulJVn1'VlCJ1~CJ t:l'U'UYlqjl1'Vl LL'1l'N1.,:j1V1l-i b'1l~'lhpJ1'U 
m'lL'YlYl"1 10330, 
Department of Botany, Faculty of Science, Chulalongkorn University, Phyathai Road, 

Pathumwan, Bangkok, 10330 

Uqj Vll61 Jll1 ~brl fl ~€l'U LLrl~ fll1rllil rl.,:j €l81 'I I'l m ~ €l.,:j '1l €l.,:j bL VI~.,:jJ'liT'U ~ 'U1'UU;U ~D''U~.,:j ~rll~~1 Fll , 
J1JJ'U ~'UiJ ~l Fll61.,:j~'U ~'I,r'U fll ~VllbL Vlci.,:jYl~.,:j.,:jl'U1VI~VI~€l fll~~~Vl L~mYl~.,:j~'UlJ 1'Yl1il bb'Vl'U~.,:j119l~'Um llJ 

OJ 

61'UhlJlfl~'U tlh1~Yl~.,:j.,:jl'U'Vll.,:jb~elfl1VI~1 b'li'U bbn611'1ltm~ ~b'1lrl~lmYl~fl'W~'Ui~'U €l81.,:jflll.,:j'1l11.,:j~'I,x'U 
~.,:jiJfl1,)'W~'Ulfll~(:.j~()11 'Ub€l b€l'Vll'U€lrl ~.,:j1iLU'U~1'U(:.j61lJ1 'Ufl11e.J~~Lbn61b'1le:!€l~lJ1 fl~'UmlJ~1~'U19l1CJ 
b'li'U n'U fl) ~'Ul 'U fll,) e.J ~ ~ b€l'Vll'U €l rll'UUIi! ~U'U;Udi;ul ') rul (i.,:j fnllJ fllJf1 1 'Yl 1'1 191 l'U LI"I1'l3:OI"ll61()1~ 191l'U, , .. 
~.,:jLL1I'lil€llJ bb",~19l1'UYl~.,:j.,:jl'U \J1i!~CJ~iJ(:.j",l'lmlFll'1l€l'lm~'Ul'U fll~e.J~()11 'Ubm€l'Yll'U€l"',x'U lJl~lfl1()1t:l~'U, 
~'IiJ(:.jmh::;lJlru 40 b1J€l~b~'U~ UIi!Ii!D''UiJfll~(:.j~()1b€l'Vll'U€l'''li!l flJ'l~l"'VI~mb{J'I~119l~1 n~"11V1mCJ"lJul'l L'li'U, 
eJmJ -ollbYll'l Lm::;iT'U6111J::;VI~'I €l81.,:jhnmlJ L€l'Vll'U€lrl~(:.j~()11I9lV'liJ11 Fllf1€l'Uil.,:j61'1L~m1J~tJ'ULVi CJ'U n'U 

OJ 

Yl~'1.,:jl'U~lmLVlci.,:jJ'liT'U~'U ~.,:j,x'U~,:jb~€ln1ie.J~~e.J"'Yl"'€lCJ119l;Ulfl11.,:j'l1'U€l~611V1m~lJVI~Bl61l'lbVI~f)1 i'Vll'l , , 
f1l1Lfl'l;m ~.,:j161l'lbVlcildb~CJfl1111?lt:l~'U1J1::;bJl'Yl ~fl1'Ub'1lrlrlb6161 b'li'U "111'UeJ€ltJ bl"l'l;1~ "/J'I-ollbYlI'l 'YJl.,:j, , " 
-011 bU'U~'U 

1~t:l~'U1J1::;LJl'Vl~nb'Ub'1l"''''bmHU'Ul61l'lbVI~€l1i'YI1'1 fll1bfl~1?l1~iJ€l8€l81.,:jbVI~mYJ€l iJ11 Fll 
'I \J' \l 

~11J~::;fl€l'U19l1CJ b'1lrlrlb"'61 be:!iJb'1l"''''1"'61 bbrl~~n{J'U 1'UeJml~l'U~l'll.,:jn'U11Jl?lllJ"lJUI'l'1l€l.,:jl~t:l~'U b'li'U 'YJl'l 
'IJ " , 

-011 ~.,:jbU'U1()1t:l~'lJ1J1::;LJl'Yl~flb'UL'1lrlrlbrl61~'tlllJ11iLU'U11?lt:l~'lJ1'Uf1l1e.J~1?l b€l'Y11'U€lrl iJ€l,:ji'i1J1~fl€l'U~, " , 
bU'UL'1lrlrlbrl61 39 L1J€l~b~'Ul'lbe:!iJL'1lrlrlbrl61 27 b1J€l1b~'U~bbrl~~n{J'U 12 L1J€l1b~'U~ ~.,:jL'1lrlrlb"'61bbrl~be:!iJ 
"" 'IJ 

L"li"''''1"'61 b~€l~1'Uf1l18€ltJ61rlltJI9l1tJmI'lVl~m€l'U1'1l:W1i!~1I9lJll?llrl~?!1lJ11t:l111lJ1VliTnI9l1CJ~~'U'Yl~~Lbill1~ 
'IJ , 

e.J"'(:.j~()1bu'Ub€l'Yll'U€lrlll9l J'11?l1",~1~li!lflL'1lrl '"brl61LLrl~be:!iJL"Ilrlrl1rl?!iJ~1'U1J1~fl€l'U~611 Ani ~ €l Jll?llrln",1Fl61
\l ~ v~ \l 

LL",~Jll?llrll'1l1rl?!~.,:jiJFl11'U€l'U 6 bLrl::; 5 €l~()1€llJl?lllJ~l~'lJ ~,:j1'Ull?lt:l~'U1J1~bJl'Yl~flb'Ul'tjrlrllrl?!~::;iJJlI?l1'"
, 'IJ 

n",1Fl?!1J~~lJ1 ru 30 L 1J€l{ Lo1l'Ul'l Lbrl ~iJJ'11?l1r11'1l1r1611J1~lJl ru 17 b 1J€l1 bo1l'U ~'1l €l.,:jJ1V1'lJfilL ~'1 LL I'l1911 tJ 
" 

5~1lJ"lJl~'1l€l.,:j V61~Ii!~?!llJl~t:l'tllJ'lm"'flrllFlm-ol~ fl1~'\J1'U f1l ~VliTmYi€lll9lc.m(:.j~1?l LU'Ub€l'Yll'U €lrl119llJl n n11 
'IJ " 

f1l11-lfJlI?l1'"1'1l1rl?! ~.,:j,1'Uf1l1Al'lb~€lfl~61~~iJ1J~::;~'Y16Jl1Yl61.,:j1 'Ufll11-lfJ'11?l1rll"li Im~1'Ufl11(:.j~l?lb€l'Vll'U€lrl
" 



2 

1'Uv~#i~1"151m~O;)~tln~~1'1l1V1tJ O-xylose reductase 1~\{j'Ul'1l~'VlBm~t;1~O;)~tlnm)fl~lV1'1l1V1tJ
v v 

xylitol dehydrogenase Ulbt1'U~1'1l~It;1~''Jlmr'U''J~ d')VI f1l'H U~tJ'U bb ut;1'11Ub;J'U glyceraldehyde-3­

phosphate bbt;1~ fructose-6-phosphate boUl~m~'U1'Un1~Vlilnvn:JJun~ V!;Wi~!;11:JJ1~t\ti1J1Vllt;11'1l1t;1!;1 
boU1~m~'U1'Un1~VliIn~iin1~Pln'l!tlB ~1'1 bbi'l~VlmtJ bb,,~~lm~ tlVliInJlVll t;11'Illt;1!;1b~~1ll11bB'Vll'U B"B B n:JJl 

" 
btl'Ut~·J~VlJlru"B~l'1b~tJd AB!;11tJ-W'U~ Candido shehatea, Pachysolen tannophilus bb,,~ Pichia 
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.rr'UVlB'U1'U n1~~~VlbB'Y11'UBt;11Vl tJ.y(11U"J~U1~ nB'U1111 tJ n11bVl~tJ:JJlVltl~'Un1 ~VliTn (fermentat ion) , 
n11ni'U (distillation) bbm~fl11fh ~VlJl (dehyd ration) ~'11'Umru~lVlt\~'U~L;J'Ubbi1'1V1~BlVlt1~'U, , 
U1~bfl'VI~nl'Ub'llt;1~lm~ "J~~l-~'1ii.rr'UVlB'Un11tlBtJ (hydrolysis) bY1mU~tJ'UbtJ'UJ1Vll(lrlB'Ufl11V1i1n ~'1n11 
tlBtJlvm~'U'lh~bfl'VI~n1~b'llt;1(;11m1byjmtl~tJ'Ubt1'UJ1Vllt;1?fl:JJ11tlVl1l~VltJ1imVlVl~B bB'U1 'Il:W fl1~1imVl , " 
J 'U:UoUB b ~ tJ 'A B 1'U fl11 b n Vltllj n~ tJ 11'1B '11i ~ ruVi tJ:W ~'1 ulj n~ tJ 1 bn VI ~'U 1'U bb 1 'I bbt;1 ~ dJ 'U fl11tlB tJ~hJ 
bl:.JY'll~ bO;)l~"J'IbnVle.J~Vl.nru".ythjl'1m fl11 fI1"ll'U~ ffii~B'I'VI'U'VI1'U~B fl11 tlVI fl ~B'U"lJB'Im Vlll11~'1:U'J1rn bbY'I'I 

bb(l~ I'1B'I:U n1 1t11 ~VlJ1~'1~ bVI~ BO;) 1 n m~'U1'Ufl11~ '1:U mVi L~mJ'U Btl $l'lJ'U f1111ibB'U16!l:W~'1 L;J'U15~
'U 

tll?f'Uh bY'l11~ LB'U16!1:wii f"l11:JJ,]lLY'I1~~'1 tlljn~tJ1bnVl~?ffl11~ b;J'Unm'l hhnVI~~Vl.nru"~l111'1B'I f111 

b VliiB'Utl'Un111imVl '1'111~fh1i~ltJ1'Ufl11t11~VI"lJB'Ib~tJt;1V1t;1'1 bb(l~ m~'U1'Un11e..J~VlbB'VI1'UBt;1~DtJ:JJ1'U 

D'i]"JD'UAB m~'U1'Uf11';ie..J~Vlbb'U'U Simultaneous Saccharification and Fermentation (SSF) LVltJ';i1:JJ, 
.rr'UVlB'U fl11tlB tJ f"I ~'1?fVlYl1 tJ byjBbtl~m.J b ;J'UJ1Vl1t;1 'V'j~B:JJ tl'U n1 ~'VIiIfl ~1 tJ V?f#i1'U.rr'U Vl B'U b~ t1dtl'U bbl'l, 
m~m'Un11 SSF :Un1d1iBru'VIfl:W~'1~'1?flm1t\'I'11mm6!1t;1~V?fVl1111 b'V'j11~I:.J~J'UV?f~ffiii.'Um~'U1'Uf111 

, "" 
'VIiinm1:um1:JJ!;11:JJ1';it\ 1 'Uf111'Yl'UI'lBB ru'VIfl:W?f'l"J~'I'111~tl1~~'VI6f11Y'11'Um~'UJ'Uf111~~Vl bB'Vll'UBt;1 b~:JJ 

, 'U" 

:JJ1fl~'U$l'lJ'U1'U'Il'U1~tJd~'1:Ubb'UJRVlbyjB'I'11n11AVlmB'I8!;1~'Yl'U~B'U~:Uf"lJ1:JJ?f1:JJ11tl1 'Un1';iti116!l1(;1?fboUl~ 
'U 

m~m'Un11V1i1myjBe.J~Vl LB'Yll'UBf11V1 tJ1 iYl1 '1oUTJ b;J'UlVltl~'U~'1I'1'U1'U f11~e..J~Vl, 

dd " 
bBn~1';i'mnU1"lJB'I 

f111tlBtJ?f mm6!l"f11(;1~~JmB'U16!l:W'I'111~VltJ1iL'Il"mt;1mbt;1~ be'l:Wb6!1t;1mt;1?f b6!1(lmt;1?fb;J'U bB'U1'1l:W~ 
'U "lJ 'U 'U 

tlmmmm'll(lf116'l?fltlb;J'UJ1Vll6'lflt;11f"1?f tld~nB'U~1mB'U1'1l:W 3 "lltJVI:JJ1'1'11'11'U~J:JJtl'U fiB endoglucanase
" " 

'VI~B carboxymethyl cellulase (EC 3.2.1.4), cellobiohydrolase 'VI~B exoglucanase (EC 3.2.1.91) 

bb(l~ f3 -glucosidase (EC 3.2.1.21) (Howard, 2003) bb~11"J~:ULb'Uf"I~L~mW~L~ml:JJ1fl:JJltJ~!;11:JJldtl 
e..J~Vlb'll(;1"b6'l?fl~ bbl'liTntilb~B11 Trichoderma reesei bb,,~!;11tJ'W'LlLj mutant :JJl1i b~B\l"Jlfl:U 

'U , 

f"ll1:JJ!;11:JJ11tl1'Uf11de..J~Vlb'1l6'lm6'l?fl~~b'VI:JJ1~~1'V1-r'Ufl1dciBtJ?fmtJ (Ryu bb(l~ Mandels, 1980; Wyman, 
'U 

1994) ~1'U be'l:W b6!1(;1m,,?fb;J'UbB'U16!l:W~ tlBtJ?fmme'l:W b'll6'l(;11t;1?f~'1:ul'1l bb(;1'Ubt1'U €l'lrltb~ nB'U'VI~fl'l'111 m~LtJ'U 
v " 

J1Vll6'l16!llm1 tl~~nB'U~Jm€l'U16!l:W 2 "lltJVI 1mll "l fiB endoxylanase (EC 3.2.1.8) bb6'l~ f3 -xylosidase 

(EC 3.2.1.37) (Flores, Perez bb6'l~ Huitron, 1997) e..J~Vll~O;)lm~€l b'll'U Streptomyces spp. 

(MacKenzie bbt;1~f1ru~, 198n Fusarium oxysporum (Panagiotou bbf1~flru~, 2003) bbt;1~ Aspergillus 

spp. (Guimaraes bb6'l~flru~, 2006) LtJ'U~'U b'llt;1~bt;1!;1bb6'l~1'1lbbm'U?fl~:Uf111~n'l!tltl'U:JJ1n~~VI ?fl:JJldtle..J~Vl 

http:3.2.1.37
http:3.2.1.21
http:3.2.1.91
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l~'illm~e:J'Jl~t!e:JtJ~mtJ~nh.!L'lH;l~li.'l~l~~ l~mU'l'll~e:Jt!l.:J~.:J Trichoderma spp. (MacKenzie Ui.'l~rlru~, 
1987) T. reesei ~llJl';jtlC-J~l'll~.J(Wili.'li.'lLi.'l~LLi.'l~ LeJ:UL"lli.'li.'lLi.'lG1 ( Juhasz LLi.'l~rlru~, 2005) ~.:JLVllJl~~'il~" .., 
't.hlJl1.fft!e:JtJG1mtJ~n1'UL'IIi.'li.'lli.'lG1 L'I'I';jl~'Vh1mdJ~e:J.:J1.ffL~e:JVli.'lltJ~d1'Um';jC-J~~Le:J'Uh:W" m';j1.ffLe:J'Ul'11:W"iHre:J~.., 

Vli.'llmh~m';jL'I'I';jl~Le:J'Ul"ll:w"iJfldllJ-;ijlL'I'Il~L'ill~~.:JG1.:J (Wyman, 1994) 
" 

11P1t1'lh::a-1A• 
n l';j 1.ff'lh~ltJ'll'u'illn'il ~'U'Vl1~~iJ'lh~ ~'Vl6Jll'l'lG1.:J1'U m'Jt!e:JtJi:1i.'ll tJ L'IIi.'li.'lli.'li.'wh.:JoiIld [:.J~1'l Le:J'Vll'Ue:Ji.'l 

, 'lJ 'lJ 

m'JC-J~IPILB'VI1'UB6'l\l1nn1::U'J'Un1'J",aJn~dtJfjal>l'VI'U~B'U~~~n1B-11m~tJ1.gWHihdbU'U11P1t:l~U, 
1. ~dmh1W1-1cij1d~1m'U-11'U1:ijtJ 

d ., • 

1.1 n1'JbnUlil1BtJ1-1 

Lnu~le:Jt!wth.:JoiIlT'illn~.:JVl'r~G1~'U'Vl{ tll~de:Jt!l'l'Vh.:JoiIld ~l~lJl~l.:J1Vf?l~m~ LLi.'l~111hltJ-ru, 

G1m'l'l~dtJ15'Vll.:JmtJm'l'll'le:J1 u 

1.2 n1ltli'uam~1~t:lftu~htJ15'V11-1n1tJm~, 
tllvll'loilld1Ue:JU1VfLLVf.:J~e:JruVlJl:U 60 El~I"IlL'IIi.'lL6/lm'l LU'ULdm 3 1'U 'illn,r'U~~1VfiJ'1J'Ul~ 

, 'IJ 

L~ni.'l~ U~~d mrl~e:J~~'ULbi.'l~ Lrl~El~U ~i.'l~ LB tJ~l'lllJ~l#i'U LL~dtllltJ~El'U~l'Uw\~LLm~~El'U~iJ'J'1J'Ul ~ 0.4 
" 

:Ui.'l~blJW\'J 'il'Ul~L'u'U[:.J~e:JeJnlJl~.:J'il~tlllU1.ff 1'Um';j'Vl~i.'le:J.:J~e:J1tJ 611Vl'~'U~d'U~e:Jtlu'Uw\~lbm'l~e:J'U'il~ 
'lJ 

tlllu1m'Um'Jl brl ';jl~"'Vll eJ'I fitJ';j~ fl ElU'(JEl'l~dm i.'l~'II~fl~ru~'(J eN yj 1-1 oiiTl~~1'Um';jm ';jU-rU?lfl 1'W11'l t1~U, 

(n) 

m'l'l~ 1 ~n~ru~yjl'loilld~~1'Um';ju-rU?lmVfrw\t1~U~dtJ15'Vll'lmtJm'Vj, 

(n) yjl-1oi11d~tllhnm'Um~Ud'Um';jVliTn 

('1J) yjl'loiil'J1111U1m'Um';jlbfl';jl~"'Vlle:J'lfiu';j~ne:Ju'1JEl'l;gdmi.'l-W'll 



- - - -- ------------------. 
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1.3 n1~t1~'U~.f\1'W1{V\f:l~'Ut'b1l1G'VI1,Uf'1il• 
Lhth'l·hJ~~TUf11'a1.J1lJ?I[)1'Y'1~'";1tJ15'Vn'lf11CJ[)1'V'JH1L1J'Ue-J'l ml.J~:IJ1ru 0.6 n1lJ 1~f1'l1 'IJ1'UyJ 

f11?1n"U'Ul(1) 200 iif1~~~'a 'Vhf11'a1.J1u?lmyfr~~~hJ~'"JCJ15'Vll'lLAi11(1)CJ1.ij15 alkaline peroxide 

pretreatment bWlm~lJ5f11"111~,1b'Y'l1)1€leJnl"1lvl pH 11.5 ~'l1'lJ1'UyJm?lnm'aL~~m.JL~h.J5~Al1mlb'\"w1 

el'i)nl"1lvl611V11UL~lJ1'U 1 yJ~T?ln'OJ~lmtJbWl'WilUL'Y'Ie:l1eJeJnl"1lvl 7.5 Ll.JeJ{L~'U~1(1)CJl.J~mm tl~lJlru 4 

ii~~~~'j (15 L l.JeJ{b~'U~1WlCJlJ')~"UeJ'l_w"Um.ij/l.J~m~'j"UeJ'lltJbm b'OJ'Ub'Y'IeJ1eJeJfl1"1lvl) bb~')1.J1U pH 111blJu 

11.5~1CJ b"llb~CJlJ1tJmeJfl1"1lvl A11lJb_UlJ_UU 0 .5 blJm4 'OJlmT'U11111.JiJlJl'Ubfl~eJ'lb'/J~lbblJUfl1UfI:lJ€lruVl.nii
. .... ~ 

~ 35 ml"flb"ll~L~CJ61 A11:lJL~1 250 'aeJlJ~eJu1Vi blJUb1f11 24 i11:lJ":)bb~11.J1u pH LlJU 5.0 ~1CJmWl1tJbm 
A~eJ~m_UlJ_u'UneJ'U'I1111.J t!mJ?lmCJ~1mf)'Ul"lll1~B1 tl 

1.4 n1-arh)lJ~,nll~1mf)'lJl~:U 

b~:lJb"llf1m~61~1'U1U 18 cJ'u~ (AWlblJ'U 30 CJ{J~/fl1lJ"Uf)..:)1~l.l~lJ) l"llmb'U?I~1'U1'U 10.8 CJ 
" \I \.I.. '\I 

-U~ (AWlblJ'U 18 CJ-u~/fl1lJ"Uf)'l1~l.l~lJ) Lb~:;?ll'j~:;mCJb"llb~CJ:lJ~b'Vl'j~'IJ'Y'IbyJf){ fl11lJb-UlJ_UU 0.05blJm4" , 
pH 4.8 tl~:lJ1m 5 iif1~~~'a f1..:)1'IJ1'UyJf1161n~~ VlrYlbbf1~yJm(tn~b1J'U ~Wlfl1lJ~lJ~'l~1'Ufl1'j1.J1U?l.fll'V'J 
~1CJ15'Vll'l LA~b-Uf) 3 .5.1.3 '1111tliJlJ 1 'Ubfl~f)'lb"Ut!lbL UlJfI,)UAlJeJruVl.nil~ 50 f)'ll"flb"llm'1iCJ?I A11:lJb~1 

,q 'U 

150 'af)lJ~f)'U1Vi LlJ'Unf11 72 ilb:lJ'l 

1.5 n1-a1bf'1-a1:::lhfi:I.J1ruf).af>1t1-a:::m)'U"lIf)~~hl.rJ"fj'!f 

'I11yJl'l-U11~lJ~ bb~df)'Ubm~1'U~~b~VWleJ eJ fl1'l1 bb~llJ1V11'l1~:lJlru€l'lA'l1'j ~ fleJU"U eJ'l "lil 

m~_W"U~llJ15"UeJ'l Goering bL~~ Van Soest (1970) lbA'al~~Vll~l~l-11 fieJ tl~lJlru neutral 

detergent fiber (NDF) l.J~lJlru acid detergent fiber (ADF) 'l1~:lJlru permanganate lignin (PML) 

bb~:;m:lJlrubt11 b~eJ'I1111.JA1UlruVil mlJlrub"ll~~bf1?1 b~iib"ll~"b"?1 bb~:;~fli1u ~-1blJ'UeJ'l A''l1-a:;fleJU''U eJ-!l 
'U 'U 

"li1lJ1~_W"U b~V'VIqjl LL~,,~"Ui1~'OJ:;l bfl'jl:::l1~-1'V1:lJ~ 3 .ffl .rr'U~f)U f11'jlbml:;'VI1~v tlmb?l~'ll'U[)1'V'J 
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ml~~hm111~~m£J neutral detergent n · 1111~'Ubb~~~'1b~vl1'U 
6'lnVl~bm'l11rl~m£J acid detergent ... " n. b®"iJb6ilrl~1~6'l 


G'1fW1Vll£J~11~~m£J combined permanganate n,,--.. ~n-u'U 
bt:Jlltlln-----.. 


.., 
ltll 

2 n1'a~il~LvYl1'Uv6'l 

2.1 ~a'UYI~vmm'Um'a'VI~n 

~~'UYI%mm'U'Il'U1~£J~V6'lv'i 2 '!l-u~ fiB
, 

(n) P. stipitis CBS 5773 ltil-r'U:Ul~ln Centraalbureau voor 

Schimmelcultures (CBS) 111~bYlP1 b 'Ub6vi bb~'U~ 

('11) ~6'lv'iYl'U~B'Umtil~lnnl1AVl nJv'l1'U'Il'U1~£Jd 

..... JI 
2.2 OTHOU'amnL'tfv 

rilm~fl1~£J1-1f~l1l~m~m.mnn~'1'U'UB1Vfl'm~'1lB£J'I (agar slant) ~~1 YMA 'Lhll1 

'\.hJ~vruVfJl5J 40 v'lP11b6(fm;gm~ lU'ULJm 21'U bbiKlt11111bfl'UH~vruVfJliJ 4 v'lP1 1 b6(fm;gm'l1~£Jrilm~v 
, '\J , " 

~'1'U'UB1Vf111mj (subculture) YIn 3 b~v'U, 
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ciltJ'Yi'l~~B£h"l~mltJ~o(j'tJo(j''U 5 ~uB'h~'U~~~1'UBTvn116ljl~{;1 UtJ1'U{;1ml~b6(Jch~fnltJ~~1 
1BtJ 200 JBtJ~mJT~ ~ruVi.lJil 30 B~P11L6ljm~tJ{;1~ntJI'i'1B~1~'V!n'lVi~~i1bm L.;jtrrVlmWil1qjb~tJ1\9l ~1tJ 
bfJ~B~lV1rllmJ~V1n~'Ubb{;1~ (spectrophotometer) ~mltJcn1fl~'U 600 'U1b'UL:lJl'lJ 

9 oClrt. q ~ t.I

2.3.2. n1'aY'ln'Mln1'H'1'Hl.J"IJij\lmffi'VI'U'Hl'U
QI 

ciltJ'Yi'1b~B~{;1~~1~fl11:lJLo(j':lJo(j''U 5 bUB{b~'U~0~1'UfJ1VilJ16ljb0{;1 U:lJ1'U{;1[)11~L6(J~1~ 
fl1111b~1JBU 200 JBu~m.J1Vl ~ru'VI.lJil 40 B~Pllb6ljm~tJ{;1LntJI'i'1tl~1~'V!n'l'VI~~i1hJ~ b.;jtllV1nlJ 

LIiJ1qjb~tJb\9l 

2.4 m'aU~U6t.nl't'41'~n~U~·;1V15'V11\1LfliJriij'Ul.v1.'Um~u'J'Un1'a SSF• 
111'Y'11~o(j'11~UVlL1J'UI:-J~Lbtl1:lJ1 21 n1:lJ 1~~~l'w'Y'lm{;1n6(J'U1V1 2 ~~JYhmJU1tJ{;1m'V'l 

1~Q~u~1tJi5'V11~Lflij\9l1:lJ-iftl 3 U1U pH Ltl'U 5.0 ~1tJmVl1~bVlJfl~tl1m-if:lJ-if'Uritl'U1111uHi1'UmJ'VIiln 

~tl1u 

2.5 m'aL~ilJm'aij1'V11'a.yt:ijlLtJ'U~h~'1~Un1'a L'iil~ruL~Ul~"IJij\lfj6t1'i'
QI 

L'YI'Y'I1~-if11~~1'U mJu-rU{;1m'V'l1(Plfl~u~1tJi5'Y11~bflij{;l~1'Ut1~'VIiln b~:lJ{;11Jtl1'V11J{;l~1 U , 

bVlm~:lJ{;11J{;1nVl"il1n~{;1~U~lJ1ru 6 n-r:lJ{;11J{;1nVl"il1n:lJtl~~u~mru 6 n-r:lJLb{;l~LLtl:lJl:lJ~{jtJ:lJim'Y'l(Plu1:lJ1ru 


10 n-r:lJ lV1tJ{;l~mtJl'U{;11J0:;mtJb6(jL~tJ:lJeaL'YIJ(Plu'Y'lb'Y'ltl1 fl11:lJL-lJlJ-lJ'U 0.05b:lJm1 pH 5.0 U1:lJ1(PlJ 100 


il{;l~~\9lJ (RVlbtl'U 5 LUtl{b~'UmVltJU~lJl(PlJ) U-rtJU~lJl(PlJ{;1V1Vhmtl'U 1,800 il0~~\9lJ~bmrln~'U tJVle-h
, 
t1~u~mru·ibm'V'lh1{;1D'YI 1111u~~<ghL~tl~~ru'VI.lJil 121 tl~P11L6ljm~tJ{;1mllJ~'U 15 Utl'U~~B\9l1J1~D1 
Ltl'Unm 15 'U1Vl 

2.6 m'ab~~mJLe:J'Ul61fli 

l'lfl6lj~~b~{;1bb~~16ljmb'U{;1'V11~mJfh fitl Sigma (2730 bb{;l~Fluca 95595 \9l1lJ~1~U 

bVlm6lj{;lm~{;1mhmJlJ6(Jtl~btl'U1"/j~b'YhntJ 82 tJD\9l~tlil~~~(PlJ bb{;l:;16ljmbb'U{;1lJfi"ilmJlJ6(Jtl~btl'U16lj~l'vhnu 
~ I v . I 

296.36 tJu\9l~tlil~~~\9lJ ;~15mJ'VIlfi"ilmJlJ6(Jtmtl'U16lj~ 111 btl'll16lj~ bb~~~"llUVlVl1~lJ1mtl~ ~l'U"llVlmtl~ 
~ , 

{;111b.;jB1~U~BVlb~B lV1tJ1'ih6lj~~b~{;1B~6Bb'VI\9lbtJlJb'U1'U~ih'YiJ'U6(J'U1V1 0.21tJflJB'U btl'Ul'i'lmB~
" " , 

2.7 m·ae.J~~bij'VI1'Uij~'11nth\l.u1'J~·;lUm~U'J'Un1'a SSF 
A' .,.K

2.7.1 nl'H~U\ln~lL"Uij 

bitJ~fltllb~B P. stipites Lb~~~?I~'VI'U~B'U bVlmitJ~b~tl(Pl1lJB1~~b'VItJl~6'\tJ 
"illfl'!'UriltJfltllb~B"1.IUVI~~ 200 il~~~(PlJ (f1V1btl'U lObUtl1b~'U\9l1V1tJU1lJl(PlJ) {;l~1'Ut1~U~mru~1m'V'l 

2.7.2 m·Ab~b.Jbv'Ul61f,j 

L~1Ib'/j~m0{;1bb~::;1'/jmL'U?\~~1'UnlJmtl~bbtllU~lJlru 630 LL0::; 378 tJU\9l 
" '\J 

\9l1lJ~1~tJ 0~hJ1'Ut1~u~mru"!i1m'V'l "illfl'!'U111t1~U~mru~lm'V'l1U~tlntJ"iltlf11U~lJ lV1tJ~~rll1u,;rVl1~lJ 

http:m'aU~U6t.nl't'41'~n~U~�;1V15'V11\1LfliJriij'Ul.v1
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4 I <v I d ~ Q .Q 0 V . Q 

mll1bT1dB'Ub'Vllf1'U 200 dB'U~8Ul'Vl ~'l€!ru'VIJJlI 35 B'lflWIl~W1W~?l1'Vld'U P. stipitis bb,,~€!ru'Vl\lll 40 

mfllb"IJm:JCJ?l611'Vl~'U~?l~'VlU~BU bnUvl1mh:J'Vlf11 24 i1bll'lbUUb1m 8 1u 1I'lCJtl'ltl5mru~lbm~ 

2.8 n1'~·~hfld1~~~~~.nru';l1~nfl~1nm~'U1'Un1';j\otl1n 

1Um~'U1Uf11d'VliJf1 vl1mh'lmlll~d 3 iJfl~~~d 'OJ:::f:lmn'U~bblli&'l~'li1'lb1&'11'lJB'lf11d'VliJm~ml1m 
'U 

Yilf11di bFldl:::;~'Vllmmrue..J(;le..J~~'lJB'lbB'VllU8fl~bn~~U'OJl nf11d'VliJn~bmFl~m bbn?lbFldli1b'Vlf1'JTW:rJ (GC­

2010A Shimadzu, Japan) ~1CJFlB~1I'l1 OS-WAX (Agilent Technologies, USA) ~ru'VlJJiJFlB~lI'l1 

~1UI'l (Injector) bbfl~vl1~d1'OJ~'U (Detector) bVl1n'U 45, 250 bb&'l~ 260 8'lfllb"IJmB/iCJ?l mll~l~'U 

bb"~Hbbf)?l~b~CJmU'Wbbf)61vl''J'Ul (carrier gas) t:-J&'It:-J~~1I1(;ld111'lJB'le..J~(Jl.nru';r11u1ruBBnlllb1Jun~lIl1i8 

~~d 

1. flT';i'VlflG'lB'Ufl1111G'1111TH'll'Umd~~ ~Ltl'Vl1'Utl~'tItl.:lUG'l91'VI'U~tl'U 

~?l~ 'VlU ~BU~~1111 d f:l b'OJ~ fll b~'U1~1~~ vf:IJ'Vl.nil 40 v'l fll L"lJfl L:J CJ?l~U1 tlfl n L~B fllll'Vll'l ?lB'U o~ , 'U 'U 

ml:IJ?ll:IJldfl1uf11de..J~~b8'VllUB&'I 1I'lm~Bn~?l~'Vlu~m.l~'l'VI1l1'l 251Bl"IJb(;l'Vl 1I1'Vl~?lB'U1UV1'V11d1"IJlm~ 
~'liimll1bi:IJ.vU'lJB ,nJl~lfl1"IJlm~ 20 n~lIl1iv~~d ulmJlI~8f:IJ'VI.nil 40, 45 bb&'l~ 50 B'lfllb"IJmBlitJ?l bUU , " 
b1m 71Ub~B1~bnl'lf11d'VIiJmb"~e..J~~b8'VllUe:Jfl 'V'l'U'hilln~?l\9l'VlU~e:JU~'l'VIlll'l 25 18161Jb&'l'Vl ikrltJ'l 7 lB 

l"IJb&'l'Vl?ll:lJl'm1m"IJ1&'1?lbb"~t:-J~~bB'Vll'W8(;l1~~8ru'VI.nil ii 3 1v1"lJb(;l'Vl~?llm'Jflt:-J~mfl'Vll'UB&'I1~~flru'VI.nil, ,~ ~ 

45 8'lfllb61J"bBlitJ?lbbfl~~?l~~.:J'VI:lJ1'lhJ?llli1dfle..J~~bB'Vll'Wfl&'l1~~flru'VI.nD 50 B.:Jflw{lm~CJ?lll'ltJ~?l\9l'VlU, " 
~B'U?ll:lJldfle..J~~ bfl'Vll'W Bfll~:lJlf1~?l~~Bru'VI.nil 40 B.:Jfllb61Jm~tJ?l 

, , 'U 

0 0 

Bru'VI.nil 'OJ1U1U 'OJl'U1U, 'U 

(B.:Jfllb"IJ&'IbBlitJ?l) 1Bl"IJbfl'Vl ?ll:lJl'Jfl e..J~~ bB'VllUB;;'1 hJ?l1:lJl1fle.J ~(JlbB'VllUB" 

40 27 7 20 

45 13 3 10 

50 9 0 9 

http:1~~flru'VI.nD
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\9l1'j"1,:j~ 2 m:IJlruLB'Vll'UB~~V~v1'Vl'U~f)'W(:.J~\9lt~~m\J'VJ.fIiJ 40 B,:jP11L'lJm~tJ~, " 
" 

LB'Vll'UB~ 'l11\9l1~~~105 .Jl\9l1~vni'hJ n-r:IJ"lJ B,:jLB'Vll'UB~ ethanol yield 
tBl'lJL~'Vl " (n-r:IJviB~m) (n-r:IJviB~\9l'j" ) (n-r:IJviB~m) viBn-r:IJ"lJB,:j'l11\9l1~ (L1JBiL~'U) 

SKN 1-2 0.05±0.01 1.26±0.00 18.74 0.003 0.58 

SKN 2-1 0.28±0.00 1.20±0.01 18.80 0.015 2.94 

SKN 2-2 0.04±0.01 1.20±0.01 18.80 0.004 0.20 

SKN 2-3 0.04±0.00 1.14±0.00 18.86 0.002 0.10 

SKN 2-7 0.04±0.01 1.15±0.01 18.85 0.002 0.39 

SKN 3-1 0.05±0.00 1.28±0.01 18.72 0.003 0.59 

SKN 3-2 0.04±0.00 1.22±0.02 18.78 0.002 0.39 

SKN 1-2 SKN 2--1 SKN 2-2 SKN 2-3 SI<N 2-7 SKN 3-1 SK~13-2 

0.3 

0.25 1-------------------------·-------·---·­

~ 
15 

0.2 111: 
Gl

-15 ,a 
0.15.s 

11: 
Gl 
;:! 0.1 (""" 
s;:: 
~ 

0.05 

0 

~ln1J~:lJlruLB'Vll'UB~~dl~~'U"iJlnm'j"'VJl1'n"lJB,:jvr,:j 7 tBl'lJL~'VlLntJ L1J~tJ'tJ L.yjtJ'Un'U'j":::'VJ11,:j1J~:lJlru 
LeJ'Vll'U tJ~LiJm'\.JB'-h~'Uv1'Y'J'U';ht eJ1"1:l L~'Vl SKN 2-1 ~1:IJ1'Hl(:.J~\9l LeJ'Vl1'UB ~lJi':lJl n~~~"iJln LL 'VJ~,:jfl11'UB'U~• 
LiJ'U.Jl\9l1~1"1:l1G1~ 20 n-r:IJlPiel~\9l~ ~n'loJru:::"lJel~V61v1'Vl'U~el'Utell'lJL~'Vl SKN 2-1 
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http:0.04�0.00
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http:1.15�0.01
http:0.04�0.01
http:1.14�0.00
http:0.04�0.00
http:1.20�0.01
http:0.04�0.01
http:1.20�0.01
http:0.28�0.00
http:1.26�0.00
http:0.05�0.01
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(fl) 

10.0 pm 

m'Vl~ 4 . r;rfl'M'ru~"{lfJ\I~G'1\llYl'\.J1e)'ulfJl"/1l~'Vl SKN 2-1 

(fl) u'U~hv!':h€J1V1l'Hl~.:J YM 

("{l) .flltJ1~mifJ\I~~'Vl1·H'1,jfi'1r;r.:J"{lE.l1tJ 100 lyh, 

.g Q..da I Q Q c:::t ~ II

2. n1';jt'lm~le.1am::'VnJ'tIB,:mru'll!mJ'VIlIe.lii'I"'eJn1':iL;)':iruua::n1';je.lii'll9lLeJ'VI1'UBa'tleJ~EJa I9I'VI'U':ieJ'U 
• " Q/ 

fll'Jf1fl~1c..J~fl1~'VlU~eJ'l€lruVffl:WVirJ~Gl~eJf11db~~ru~eJ'l~?f~vrU~erU~lrrWti5 SKN 2-1 vllf11d' 
't 'U tV 'I 

'V1~~fJ.:J1'U-d1.:J fJruVl.f1ih::;wJl\1 35 - 55 fJ\ll"l1l"llm"li~m (:,J~fl11Pifl'M'1'VluilfJruVl.f1:W~~G'1\ll'Vl'U1fJ'U~fl11
9 'lI 'I 'U 

l~~rul~ul"':!J1fl~G'1~ ~fJ eJruVl.f1:W 40 eJ.:J1"11l"/1m"litJG'11~tJ~~lfl~lfnllJ-d'U~fldllJtJl1f)~'U 600 ml'UllJ"'1 
Q) If 'f 'U 'U" 

ll~::: fl1Wil~ru l~U1"'"{leJ.:J~G'1\ll'Vl'U1tl'U ~:::~~~.:J l~eJeJ ruVl.f1:WG'1.:J~'U ~.:J,r'U1'U.:Jl'Ul~tJ.n~:::yhfl11Pifl'M'1
It) 't 'U 'U 

fIdllJG'11lJl1f11'Ufl11(:,Ji;1l'lbtl'Vll'UeJG'l'llfJ.:J~I:1\ll'Vl'U1tl'U~fJruVl.f1:W 4 0 tl.:J1"11l"ll~l"lim'l ltitl.:J~lfliJ~~U'Ufl111i 
, 'U , 

~1:1",1'UfJ"'1:11V1m1lJfl11(:,Ji;1"'bfJ'Vll'Utl~~:::1ifeJruVl.f1:W'lh::::!J1ru 30-35 fJ.:J1"11l"llm"liClI:1 ~.:JltJ'UtlruVl.f1:wmlJ 
'I 'I 'U 'I 'U 

lVI:!J1::;l:1lJtlUfl11b~1qjl~Ubl'l"{ltl\l ~i.'1\ll ~\lvTl1~(:,JG'l(:,J~"'"{lfJ\I bfJ'Vll'U fJ~ ~UI~U~:!J1ruiffJtJ bb~~ fl111if~I:1~'Vl'U 
1tl'U1'UeJ"'G'11V1m1lJfll1(:,Ji;1"'bfJ'Vll'Utl~,r'U~:::ci\l(:,J~(i\l ~'U'Vl'Ufl11(:,J~'" btieJ\l~lfl m:::m'Ufll1(:,Ji;1", beJ'V11'U eJG'l1'U, , 
iJ~~U'U~lbtJ'U~tl.:J1ifm:::m'Ufl11'V!~m~'Ub~e:J1~~i.'1I'i?fl:!J11m~~rub~u1",1~ ~.:J~l1if~lCl1 'Um:::U1'Ufll'J , v 

VI~m~'U~~'U'Vl'UI:1\1 ~.:J,r'Ufll11if~I:1I'i'Vl'U1B'U1'Um::;m'Ufll1(:,Ji!i"'1:11:!J11f1~~~11i~ltJ1'Um~m'Ufl11V1~B 
, 'U 

lEl'Uu~:::m::;Ud'Ufl11flc;i''U1~ 
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1.2 T---.----- -------------"-",,--------,,.-.-------------- ,,-----.,,--------­
i 
; 

1 ...~--.-.---"''''- -- ....--,, --­

08 ~___. 

0.6 rI ---­
0.4 ---------",,---.-------"''''---- ­

0.2 -------------------------_._------" 

o J-----..:......-,-"----"--,, --,,----·-T'------T"·--·~~- r-, =~...-..... 
30 35 40 45 50 55 

.fl1~~ 5 t:-JG'1m~'Yl'\J"1JeFlvruVl.nlJ~iJt-Jfll'lvnT~b"~ru"1JeNEhWlvl'lj_rv'\.Avl'tlbfl'Yl SKN 2-1 ~'1'VhnTJ'Yl~f1v'l1'U. " ... 
B1V11'J1"1l1m1 bU'Ublf11 24 il1lJ'I 

n1'J~m~l t-Jflm~'Yl'\J"1J v'lvruVl.n:D~iJt-Jfll'lv n1'Jt-J~mv'Yll'U€lfl"1J€l'l~61~'Yl'U-r€l'U1€lb'tl bfl'Yl SKN 2-1. " 
1I'ltJ'YlI'l61€l'UA11lJ611lJ1'Jt:'I1'Un1'Jt-J~l'Ibv'Yll'U€lfl~€lruVl.n:D 30, 35, 40, 45 bbfl~ 50 €l'li'1w/Jm~tJ61 ~'\Jl1. " 
~61~'Yl'U~v'U1€lb"llbfl'Yl 2-1 611lJ1'Jt:'It-J~l'Ibv'Yll'Uvfl1~tJ~lJlru61'161I'l~vruVl.n:D 40 €l'li'11 b'tlm~mlbbfl~611lJl'Jt:'I'lJ" , 'U 

t-J~l'Ib€l'Yll'Uvfl1~~vruVl.n:D 45 v'li'11b~tJ61 ~l'U~€lruVl.n:D 30, 35 bbfl~ 50 v'lP11b"llm61ltJ61 El61~'Yl'U~v'U1€ll'tl 
" 'U , 'U 

bfl'Yl 2-1 1li611lJ1'Jt:'It-J~l'Ibv'Yll'U€lfl1~ 

http:t:-JG'1m~'Yl'\J"1JeFlvruVl.nlJ~iJt-Jfll'lvnT~b"~ru"1JeNEhWlvl'lj_rv'\.Av
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0.3 

G:' 
0.25 

6 
~<iO 

Gl
-6 0.2 
)~ 
S 
<iO 0.15Gl 
;::! 
(""" 

>= 
Gl 

0.1 2 
(""" 

::<: 
~ 0.05 

0 

25 30 35 40 45 50 55 

m"i~n'&l ~r:=1m~'VlU'1JB-:JB ruVl[):lJ~Bm"i b9l~ru bbr:=1~ m"ie-J~1'1 bB'Vll'UBr:=1'1JB-:J ~?f~'Vl'U~€J'U1€Jb"llbr:=1'Vl 2-1 
''IJ v 

'V'Ju'h~?f~'Vl'U~€J'UlBb"llbr:=1'Vl 2-1 ?f1:1J1"im91~ru bbr:=1~e-J~l'1bel'Vll'UBr:=11~~€Jru[):lJ 40 bbr:=1~ 45 €J-:J~lb"llr:=1 b'1ltJ?f ~\I 
v , 'IJ 

btJ'Um1.!Vl[):lJ~ bVl:lJ1~?fWlU m"ie-J~ 1'1 b€J'Vl1'U€J r:=11 'U[):lJ€J1 m ~'1Jel\lLb~ b'Vl ~1 'U b'1J1'1~€J'U b~ tJ ~1'U1Vlru m"ir:-J~1'1 bel 
~ 'U 'U v 

'Vll'U€Jr:=1Hm?f~?fltJ~'U5, 5. cerevisioe 1'Um~ul'Um"ir:-J~l'1b~tJ~?f~?fltJ~'U5, 5. cerevisioe btJ'U~?f~~'VI'U 
~€J?ffnl~bb1~flmJ~l\11M~ bb~btJ'U?fltJ~'U~~'1l€JU~ruVlJJ:lJLh'Uf1m-:J f1\1 bb:iJllU1-:J?fltJ~'U~?fl:lJ1"im91~qj 
l~~~m1.!Vl[):lJ 40-42 B\I~lb"llr:=1b'1ltJ?f bb~m"iVl:Wflbel'VI1'U€JmnIil1~~~elruVl[):lJb~tJ\I 33-35 €J\lmb"llm'1ltJ?f 

'I 'U 'I 'U 

~-:J1~ ~'V'J €J611Vl-rU f11"iVl:Wn b €J'Vl 1 'Uel r:=11 'U'tJ"i~ b'VI ~1 'VI tJ~el ruVl [):lJ?f\lI'1r:=1elIilU b~tJ fllll1 ~€J'U~ ?f\l,!'U'U€J n911 n 'l ~ 
'I 'U 'U 'U 

1I1911 n€JruVl[):lJ'1Jel\l?f[) 1'V'J €J1 nl ~~el'Ubbfl11 'U m "iVl:Wn b€J'VI1'UBr:=1 b~Bile1I'1"il m"iVl:wn?f-:J91~ilmlli ~el'Ubnlil~'U 
, 'IJ 'IJ 

1\Je1I'1"il~?f\l ~l tJ f11"ir:-J~1'1 bel'VI1'Uelr:=1~1 tJ~?f~?f18~'U5~11'tJ~\I:Wfib tJ'U~?f~~'1l€Ju €JruVlJl:lJ'tJl'Uf1r:=11\1 b~ €J 
'U 'I 'I 'U 

€JruVl Jl:lJ?f\l ~'Ufllll1?fl111 "i1l1 'U nl"i e-J~1'1 bel 'VI 1 'U€J r:=191 ~r:=1Iilr:=1\1 vl-:J'!'U f1 1"i1o1f~?f~~ ?fllll "i1l b9l~ ru bbr:=1~ r:-J~ 1'1 bel'VIl 
'I 'U 'U v 

'U€Jr:=1M~~€JruVlJl:lJ?f\l91~'lh 8 b ~1I'tJ"i~~'VI5Jl1'V'J1'Uf11"ie-J~ I'1bel'VI1'U€Jr:=1?f\l~'U bbr:=1~'tJ"i~b8'1lU'1lB\lf11"i1o1f~?f~~ 
'I 'U 'U 'I.J 

'VI'U elruVlJl:lJ?f\l611Vl-rU m"ie-J~1'1 bB'Vll'UBr:=11 'UB l'1?flVlm"ill A €J r:=1 ~m"i1o1f"i~UUVl~B b~'U ~\lyh1~ri11o1f~l tJ1'U 
'I 'U 'U 'I 

~l'Udr:=1~r:=1\1 btJ'Ue-Jr:=11 ~M'U'VI'U f11"ie-J~l'1bIil8"illlr:=1Iilr:=1\1~18 'U€J f1911 f1,!'Uf11 "iVl:wn1'U~BruVlJl:lJ?f\l~?f~91~ile1I'1"il 
, 'I 'U 'U 

m"iVl:wn?f-:J V111~?fl:1J1"i1le-J~l'1b€J'VI1'U€Jr:=11~b~l ~\ll'tJnll'!'UCJ\I~18r:=1liluruVllm"i'tJ~'tJ'U'1Jel\l91~'U'VI~~~'U1'U 
'IJ v, 

"i~Vl'~1\1 m'ie-J~1'1 bB'VI1'U€Jr:=1 

b~mll'v~ l\lo1fl1~ ~1'U m"i'tJ -ru ?fJll'V'J ~l tJe1r:=1fll1r:=1ub'V'J eliel€J nl"llvl bb~lVl:Wf1~1 tJ m~Ul'Uf11'i SSF 

bliltJH~?f~ 2 '1li1~Ael P. stipitis bbr:=1~~?f~'VI'U~el'Ul€Jb"llbr:=1'V1 SKN 2-1 b~m~tJ\lf1~lb~el~'i~tJ~blm~ 
bVl:lJ1~?fllvl\lf1~11 b~lI bel'Ul"ll~ 2 '1li1Iil~ e-J~1'1911 n T reesei TI STR 3081 A€Jb"llr:=1r:=1 br:=1 mbr:=1~ l"llr:=11 b'U?fr:=1\1hJ 

'IJ 

bbfllVl:wn~~ruVlJJ:lJ 35 €J-:J~lb"llm'1l8?f611Vl-rU Pstipitis bbr:=1~~ruVlJJ:lJ 40 bbr:=1~ 45 el-:Jmb"llm'1l8?f 611Vl-rU 
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V6'lt9lVl'U~e),Ubtll'1lbG'1'Yl SKN 2-1 bth.Jb1m 7 l'U~~b~\J~~J1rubtl'Yll'Utlmb6Wl'l~\ll9ll'jl\1~ 3 tl~~lrun1'jbn~Htl 
'Yll'UtlG'1~b1mI911\1'Utl\l P. stipitis bbG'1~ V?lt'i'Yl'U~tl'Ubtll'1lbG'1'Yl SKN 2-1• 

mUVI.niJ SKN 2-1 P. stipitis, " 
tl~~lru n-rlJbtl'Yll'Utl~ Ethanol tl~~lru tl-r~btl'Yll Ethanol 

btl'Yll'UtlG'1 I91tln-rlJ yield btl'Yll'Utl~ 'Utl~l91tln-r~ yield 

(tl-r~l91tl~I9l'j) 1l9ltl~hJ (btltlib~'U) (tl-r~l91tl~I9l'j) 119l~~'lJ (btltlib~'U), 
35 0.44 0.021 5.11 

40 0.66 0.031 7.67 

45 0.87 0.041 10.10 

~ 
IS 

fli" 
Gl 

-IS ,a 
s 
c<; 

Gl 
 -+-SKN2·1 at4S'C 
;l 
r 
s:: 

-It-SKN2-1 at40'C~ 

P.stipitis at3S'C 

0.8 

0.6 

0.4 

o 20 40 60 80 100 '120 140 160 180 200 220 

n1'j~~191 btl'Yll'UtlG'1~l tl'Wl\1.ul1~iitl\l Atl'j~ tltl'lJVI~mu'Ub<iJ~G'11G'1?1 bbG'1~ btliJb'1lG'1G'11~?I~1 bu'U~tl\liin1'j
" " ~mJ?lmtJtl'lAtl~~ntltJ~'ln~11b-rltl1~mnmU'U']ll9ll"n"lfl?lbb"~b'1ll~?I~'llU'U,]119l1"~~~bJl~ltln1'j ~tl tJ 

" 
?lmmU'U~1'U1Vlqi b-rltl~~~'l11,]119l1G'1~\I?ltl\l'Ui'J~d~lV1:umu'Ubtl'Yl1'Utl~ bbG'1~1iV61t9l'Yl'U~tl'Ubtll'1l bG'1'Yl SKN 

2-1 VI:Un~tlruVl.niJ 40 bb~~ 45 tl\l1"11b<iJm~tJ?I blG'1~1i P. stipitis VI:Utl~tlruVl.niJ 35 tl'l1"11b'1l6'lbegtJm~tl
'I '\J 'I " 

bU'U{i)1btl~tJ'lJbYitJ'lJ ~'lJ'.htl~~lrubtl'Yll'UtlG'1?1'l~?I~~~~19lUil~tJv?lt9l'Yl'U~tl'Ubtll'1lb"'Yl SKN 2-1 b vhn'lJ " , 
0.66 bbG'1~ 0.87 n-rlJl91tl~I9l'j ~tlruVl.niJ 40 bb"~ 45 tl\l1"11b"/lm~tJ?I f1~bU'U 7.67 bb~~ 10.10 btltl{b~'Ut9lbtl, " 
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'Vll'Utl~L~mY1t1'Un'Ufl1';iFil'Ulru'Vll":}'Vl'l~5 LL~~'\.FhnruLtl'Vll'Utl~~":}~~~~e.J~\9l1~~t1 P. stipitis L vi1n'U 

0.44 tl-r~lPltl~\9l':i A~LtJ'U 5.11 LtJtliL~'UiiLtl'Vll'Utlm~mY1tJ'Un'Ufl1':iFil'Ulru'Vll":}'Vl~~5 L~ml1tJ~~lruLeJ 
'Vll1..m~~~~ii'Vl'U1e:J'Ultlb~L~'Vl 2-1 ~1~l'Hle.J~\9l1;]~lLtJ~tJ'ULYltJ'Un'UtJ~~lruLel'Vll'Uel~~ P.stipitis lIl'Ull 

~~ii'Vl'U~tl'Ultll~L~'Vl SKN 2-1 ~l~l';i(1e.J~\9lLtl'Vl1'UeJ~l;]~ltltl';h P. stipitis A~LtJ'U 50.59 LtJtliL~'U1'i 

tI .. " ~J'~ LU'!~1vl'H1!eJ~ 

fl1':i~tl~le.J~ m~'Vl'U"1Jel..:}€lruVlJJijlPltlfl1':i L~~qJ bL~~fl1 ':ie.J~\9l LeJ'Vl1'Uel~"1Jel..:}~~ii'Vl'U~el'U1 tlb ~b~'Vl SKN 

2-1 ~elru'VI,flij 35,37,40, 45 LL~~ 50 eN~lb~m~tJ~ 'V1'U'·h~~I'i'Vl'U1el'Ulell~L6'l'Vl SKN 2-1 b~~fllLL~~ 
, " o~ 

tll':i'Vl ~~el'U fll1~m:lJ1';if:11'Ufl1';ie.J~\9lLel'Vll'U el~"1J el..:}~~ii'Vl'U~tl'Ulell~L~'Vl SKN 2-1 ~elru'VI,flij 40 , " 
Lb~~ 45 eJ..:}mL~m~tJ~ b~tJ1oUy,Jl..:}·ihl~1Je:J,,:}rltJ':i~tlel'ULtJ'UL~~~b~~ 37.67 LtleliL~'U1'i L~lJL~~~bi;'\~

" " 
33.63 LtJeJiL~'Uii ~tlij'U 4.12 btJtlib~'Uii ~.:JeJl'Ufl1';itJ-r'U~my.j'r\9lf:1~'U;]ltJ15'Vl1,,:}tl1tJmlll 15'V11.:Jbfl1J;]ltJ, 
alkaline peroxide LL~~~eJtJ~~lt1b~tJliLtl'U1~d1L~~tjL~~LL~~l~mL'U~LL~l lIl'Ul1 ~~ii'Vl'U~tl'Ulelb~L~'Vl 

SKN 2-1 ~lm':i(1e.J~{9}Ltl'V11'Utll:ll;]~.:J~~tJ~~lru 0.66 LL~~ 0.87 tl-r~lPleJ~\9l':i A~LtJ'U 7.67 LL~~ 10.10" , 
L tJeJiL ~'Uii"1Jtl":}LeJ'V11'Utli;'\~e.J~{9}l;]L~mY1 tJ'Un'Ufll'Vll'l'V1~~5 \9l1~~1~'U 

" 'tJm~tivuti::: 

1. fll'i~tl~l LL 'VI~..:}~~mel.:J1'VI&.lj~1Jfll1~'VImtl'VImm~~~'UL~tlA'U'VI1L~el1'VI&l1~~1~1';if:1 
LL~~ e.J~{9} LeJ'Vll'U tl ~l;]tJ~:lJ1ru~..:}1 

2. rn'i~tl~1~ml~~L'VI~1~~~~tltl1':i'VIiJtl1'U5..:}tJnmru~lmlllL~eJ1~L~tl~~~mml;]e.J~{9}LeJ 

'Vll'Utl~1;]L~lJtJ';i~i:1'V16mlll 

3. rn 'i~tl~lLb'VI~..:}~~~'I11lJl1oUL tJ'U~l';i~":}!9l'U~L'VI:lJ1~~~L~tl1~tl1':itJ~{9}Ln~tJ':i~i:1'V16m'V1 
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Chulalaksananukul, W., Virunanon, c., Soucaille, P. 2005. Screening of Cellulolytic and 

Solvent Producing Clostridia from Natural Resources in Thailand. Biomass Conference 

Program and Abstract. Paris, France 



23 

, 

• 


Virunanon, c., Chulalaksananukul, W., Soucaille, P. 2006. In silico and In vitro Cel48A 

engineer in Clostridium ocetobutylicum ATCC824. Clostridium IX, Rice University, 

Houston, USA, May1S-21. 

Marie Demuez, Olivier Guerrini Sophie Mondeil, Chompunuch Virunanon, Florence Saint­

Prix, Christian Croux, Philippe Soucaille et Laurence Girbal. Clostridium 

ocetobutylicum : une usine abiohydrogene. Posters Resumes - MicrobioToul2006 ­

11 Avril. 

Virunanon, C. Croux, c., Soucaille, P., Chulalaksananukul, W. 2007. Optimization of 2, 2­

Bicinchoninic acid methods for reducing-sugar detection in anaerobic cellulase 

activity assay. International Conference on New Horizons in Biotechnology (NHBT­

2007), NIST, Trivandrum, India, November 26-29. 

Chompunuch Virunanon, Christian Croux, Fabrice Sabathe, Frederic Lopez, Laurence 

Girbal' Philippe Soucaille, and Chulalaksananukul, W. 2007. Two of the three major 

cellulases of the cellulosome of Clostridium ocetobutylitum are active on crystalline 

cellulose. 12th Biological Sciences Graduate Congress (BSGC) "Science Empowering 

Life", University of Malaya, Malaysia, December 17-19. 

Chompunuch Virunanon, Christian Croux, Philippe Soucaille, and Warawut 

Chulalaksananukul. 200S. Gene-disruption process for cellulosome modification in C. 

ocetobutylicum ATCCS24. Biotechnology of Lignocellulose Degradation, Biomass 

Utilization and Biorefinery, Shima Spain Mura, Shima-Isobe, Japan, September 1-5. 
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~Vl'Yi11m'ln1')i-:5'£J'IJ')~ fI tlU fl1') L~'U tl"lJ tl -!l'U'IJ')~ lJlru~l tJ 

3 . 	 ')~'U-rrtllJ~LVl£J~~ LBtJVll'ULb~~~~J-rrvmh-:Jtlfl~tl'lbb~~fl,)ufll'U~lJmru byjtl'IJ')~LtJ"IJ'U1'UfI1,) 
" '\J 	 '\J 'lI 

'IJ,)~UJ'U~~ 

4. 	 mriTIfl,)'1f11')i-:5'tJ~iifl1,)L-rri1Vll 1Vf'IJl)U'1iVlllJ':iJ'),)tJ1'\J"j')rufl1,)1ii1Vllbyjml'UVI1-:J 

iVltJ1P11~Vl{ ~mi-:5'mbvi-:J"lJl~ (e-!'Ulf1 11) Lbm~-:5'Vl'V11bvfl~1,)bb'UUVlllJLbUUWtl1lJl'U~'U')B'I 

l'U~mfl 12 ~l'UTU 1 "lJVl, 
5. 	 mrulm'ln1')i-:5'tJ~iin1')'Vhl-:5'tJ1'Ufl'U1V1'tll)'IJ~VlllJ':iJ~tJ5,),)lJn1,)1~£J1'Ufl'U (e-!'Ulf1 13) 

bb~~ ~Vlvll bv f1~1 ') bb'U U VlllJ bb u'Uw tl1lJ1 u-r'U') tl-!l fI 1 ,)eJ 'UiT~1VI~l L'ii'U f11,)1-:5'tJ'VI~ tl, 
Certiftcate of Approval ~vtlfllVltJflru~m,)lJfl1,)':iJ~tJ5,),)lJn1,)1~tJ"lJtl-!lG1mu'U (e-!'Ulf1 

14) ~l'Ul'U 1 "lJVl, 
6. 	 mruLm -:J f)1')i-:5'tJ~ii f)1')lil1 b'ii 'U f)1')i -:5'tJ~l'U fll1lJ'IJ ~ tlVl.tltJVll-!l"1il.f)1y.j1VI'lJl)U~VlllJ 

Lb'U1V11'1'IJl)~L yjtl mllJ'IJ~ tlVl.tltJ'VI1-:J~lmy.jG11V1~U fl1,)~lL'ii'U'Il'U~l'UL'VIflL'Ul~ti~lmy.j 
G1iftJ1VI:U'VI~eJ~'U5i mm,)lj (~'Ulf1 15) bb~~~VlvllbeJflG11 cHb'UUVlllJ bb'U'U'Y'ltl1lJ1'U-r'U,)tl'l, 
fl1,)eJ'U~VI~lL'ii'U fI1 ')i-:5'tJ~l'U fll1lJ'IJ~vl1l.tltJVI1-:J~l.fl1y.j ~vv fIlVl tJ flru~ fI ,),)lJ fI1') ~1'U, 
fll1lJ'IJ~vl1l.tltJ'VI1'l"1ilmy.j"lJB'lG1m'IJ'U (&.J'Ulfi 16) ~l'UTU 1 "lJ11I, 

\~ 

•
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