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Biofuels produced from lignocellulosic materials, so called second generation biofuel, 

showed energetic economic and environmental advantages in comparison to biofuels produced 

from starch or sugar. There are mainly two processes involved in the conversion routes: 

hydrolysis of cellulose to produce reducing sugar and fermentation of sugars to biofuels. 

Therefore, pretreatment of lignocellulosic materials to remove hemicellulose and lignin can . 

significantly enhance the hydrolysis of cellulose. The main goal of research is to increase the 

enzyme accessibility by improving digestibility of cellulose. Accordingly, dilute sulfuric acid was 

used to pretreat corn cobs prior to enzymatic hydrolysis. After pretreatment of corn cobs by 

dilute acid under the optimal condition (120°C, 5 min), the highest yield of total sugars of 24.73 

g/l was obtained. After enzymatic hydrolysis, the highest yield of total sugars of 22.37 g/l was 

obtained and the final total sugar yield reached 47.11 gIl. It can be concluded that dilute sulfuric 

acid pretreatment can be successfully applied for corn cobs to achieve high yields of 

monomeric glucose and xylose. In addition, the butanol production by C. beijerinckii TISTR1461 

was studied under anaerobic batch culture. It was found that the maximum concentration of 

acetone-butanol-ethanol products of 20.58 g/l was obtained. 
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Energy Air- Specific Heat of Research Motor 

Fuel 
density 

(MJ/L) 

fuel 

ratio 

energy 

(MJ/kg 

vaporization 

(MJ/kg) 

octane 

No. 

octane 

No. 

air) 

Gasoline & 32 14.6 2.9 0.36 91-99 81 -89 

Biogasoline 

Butanol fuel 29.2 11.2 3.2 0.43 96 78 

Ethanol fuel 19.6 9.0 3.0 0.92 129 102 

Methanol fuel 16 6.5 3.1 1.2 136 104 

-~ 
Sugars 

~N.WH ~~~~~. 
IGlycerol I+-DH..o\P"'- Glr''''~ld'bY'7 IU clk Arid I 

~ P . A ·d (2) Acetaldehyde
)TUV1C CI _______.... NADH 

3-hydl'o~ypropioIl31dt'b)'de 

~KADH + ----- ~ t . ::":'=AcetYl~COA _____ ACt'torCtiC acid fr-:-:-::E'0"~ ~

11,3-Pl·opa ..~diol l 
Act'to3cetvl-CoA 

~~ADH 
Butyrvl-CoA 

/ "tNADH 
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11il n~lJY11']nTHmtlil"rVI1tl:n1 mfl~~mllJ Lih1.1tl11ii~,]1 u.m1'1l1 mliLihl.~1i,]liiu.lu.m1 
• 'IJ 

~3JnLvltl~~IilU1YllU.tlfl 1liiuri yh']"JJ11, ,n1,1,Btl [J, oU']"JJ11Iwlil ~,]m1L~tlnl,rBu.tlcinlJ11mlu.
'IJ 

'1'1tl,] ~U.LLfl:: tl,]tltl1::n tllJfl1 [J11,1,~ ~llJl1mhm ci tl [J LU 1,1,,rlmfl1~ m1~~ Iil L;%mW~,]:n1fl1W 
,;)ln1Iiln~lJtl1::LflY1L'lJflflIfl~';)::~tl,]1im1LLIilnci tl[J~fll[J1~Iil~n1u.L'lJflflIfl~ (Lignocellulose). ,,.. , ,. 
~m,;)lriVl"1l"wtr']']1U.:n1fllW ~1tl1~IilL~~ tl~']Y11,]m1LnHm IIil[J m1rilfll[J ~,:r']L'lJfl~Luu.Iw~

• 
LlJtl1 (Biopolymers) 1tl~,rlmfl i,],xu.m1L~ tln1~1ilY11,]m1LnHm~~fI11lJmm::~lJ1u.m1 

'IJ , 

. 1... fl ~ ... 1 ' .J.d
U.llJl "1I"LuU.~111il']1ilU. lil[Jmu.m::lJ1u.m1 pretreatment 'lJ,]m::lJ1u.m1 pretreatment Yl 

il.[JlJfitlm11imliloUflmnL~tl,;)1'], m1HLlJ~LLfl::m11iLtlu.1'lJJJ m11imlil~']i'i muu.iTIcitl[J~
'IJ 

~1 [J~~liln ~lm1mh11ii m11imlil L~tl,;)l']LW [J,]tl cil']L~ [J1,;)::LUu.m1citl mUW1:: Xylan LLfl::, 
L~~tl~1U.~ LUU.L'lJflflh~H i,],xu.n111imlil L~tl,;)1,]"hlJnlJLtlu.1'lJJJ Cellulase LLfl:: 

'IJ 

Cellobiase ril1~'Iii,rlmfl11lJ1u.mmm~~,]n-h tlcil']11nmlJn111imIilL~tl,;)1,]titl[J1~1il
'IJ , 

Yll']n11LnHIil1~~fll''hliLnlil~11rJlJrf']n11~3Jn Furfural, Hydroxy methyl furfural LLfl:: 

~1tl1::ntllJ Ferulic LL~,;)::~lm1n1i1~IilIW~LlJtlflu.n111ilIiloUlJn13.i~1 m1nnl~1il1Iilllil[J
, 'IJ 

~lJlJ1clIIil[J Qureshi et al. ~nHln11'1l11[J"JJ11IWIilLUU.~11i,]Iiiu.LLfl::1imIilL~tl,;)1,]11lJnlJ
'IJ 

Ltlu.1'lJlJ1 U.n11 pretreatment ~']~fltl11n!J':hn111imIilL~ tl,;)1']11 lJnlJ Ltlu.1'lJJJ,ru. fI11lJ 

L"JJlJ"JJWlJ tl']~~Iil.nm<t1~~hutl£Jnl1 n111imlil L~ tl,;)l']LW [J,]tl cil']L~ [J111lJnlJ L1SUU. XAD-4 ~,] 
rh~Ul~lillil<J1lJ~1rJlJt,]m1~3Tn~Lnlil,;)lnn11titl[JIIil [J1imlilL~ tl,;)l'] IIil[J~fil1mhfi[J,]nlJ

'IJ 

Yllilfltl']Lm[JlJLYi[JlJn11 pretreatment 2 1TI fitl Separate Hydrolysis and Fermentation 

1 1...··1... ....d(SHF) LLfl:: Simultaneous Saccharification and Fermentation (SSF) 1il[J "1I"Y'l1']"lJl1~lfl'lJ'] 

LU U.1~1il'Yll'] n11LnHm LUU.~11i,] liiu. J,] 2 1TI1iJ,] n11il<J1flvh1nL~ tl,;)l']LLfl:: Ltlu.1'lJJJ(L'lJfl fl Lfl~ 
, 'IJ 

, Glucosidase LLfl:: Xylanase) LL~ SSF ,;)::LUu.n111~Ltlu.1'lJJJfl,]1tllu."lJm::n11~3Jn ~fl~11ii 
WlJl1 SHF li productivity "lJtl']~~Iil.nm<t1~,]nl1 SSF lu."lJm::~ yield ~fil~lnl1 tltil']11n

'IJ 

mlJn111iJ,]n1IilLLfl::Ltlu.1'lJJJLLlJlJ SSF (Simultaneous saccharification and fermentation) 

1U.n11citl[JyJl,]"JJ11~1~LLfl:: Gas Stripping L vl tl'lll~~Iil.nm<t1tl tln,;)lm::lJlJ1ifil~~Iil.nm<t1 

http:lJ,]m::lJ1u.m1
http:lil[Jmu.m::lJ1u.m1


~ h~h ~G11.LMtMl ·~G11.LUGl ·~G11.LUIt'~~~~G~GU~GlmGU::tf1tLMt~'mG11.WtGULI!UG11. 

r.l~'~~1l11G}18~r.l~mH~~::1! tlf)~fltkU £ ~ L~UULlt11.l'-1tl'-1rtLt~~G ~'~1lf)~H~~G11.LUtGr.llf)1 

Ult 'o1.tLU11.trt::W11. t 11.~~~!1 ~.l'l''IU~lf)~H~~IttUE ult 'o1.tLU11.trt::W G ~~H~~~~1tLM 
n. 

11.rr.~M ~G11.LUU1U m,tLU11.tr.l LI!J1.tL~r.lMmtLU 11.rr.uLlt11.lf)llI.o::G 'o1.tLU::I!~lI.o ,f" OCI' ..... , ,........ a,r P'''' 0 P 


U~!!!::G If)W 1t~1 ::I!~L~UULltU~~tG~W1t~'tW~~UIt 'o1.tLU11.t11.~~~ 11.~1t ~1~G11.wtGmLIt~f1 
• n. 

~1::1![]L~lf)M U~tGlf)W~tL~ 11.Jl.' ~t~~W~Grr.~UJ1.rt~flG11.~11.~f1111.r.l~f11~.l'l'm~~~H~Grr. 

11.t~Ltlf),g l'G~1G~rtll1'~G~lf)UtLU11.t 11.~ 09~ ~~W1G~Ult'o1.tLU11.U'L!f>UtLltLM[]~1 ~~L2-~ 
n. 

~~~~11.t11.L~!!~ ~lI.o'J\t L\;A~E ::~" f1111.r.l ~r'~~1~11.t~Ltlf),g t~1111.~~M11.l'-1tl'-' It LW ~.l'l''IU~~~H 

J\tL\;A::I!ULI!UG11. G~ tLU::tf1[]L~ 'o1.~~~H~t L~rtM Ult'o1.tLU ~Grr.11.~11.G~11.tf11~~U~~tG 

~WIt~1r.llf)1~G~~utLU~~1 aa, !W-unS ULr.l~W111.Q'It~~GrtLlf)It' ~Grr.11.G ~H.LUJ\tL\;A::I![]~1 

rtrt::t11.t~Wltlt' UtLU s!saua60lualllOS ::~m s!saua6opp'v' nJ1.rtUI1 G11.rr.UIt'o1.tLU11.trt::W pi kF , ...... I ,r"'" 

11.lf)~Lrr.LlttL~UU~lf) 11.~ tr.l ~111.Jl.' ~H~~11.~Ult'o1.tLU ULI!~1~~H ~ ~lI.o' ~lf)WmLIt~f1 ,...... ' F ..... 

L~U11.~rtLtl'Lfl G~1f1111.Q'UIt 'o1.tLU~tL\;A~H~~~UIt '01. 
n. . 

.tLU11.trt::W11.G~~Llf)Lrlt~'tLU11.~~~ L~t'If)G~~flGrtrt::t11.t ~Llf)Lr~tWltM::LIt'01. 1~Ult'o1.tLU 

11.t~~ Ult'o1.tLU~Grr.ut11~ltlt~ £l ~"~~rtrt::WLI!f11lf)1t'o1.~L~LrL~rtM~L~Lrlt~'[t1~Wwrt~ 

rtr.l~,~It'o1.11.I!~~~~~W1 (Ult'o1.tLU11.U-~~lI.olULI!LIt~G~111.,g) . 1'~~~~~Llf)Lr'IULIt~f1 11.~~"f11 

~~~Llf)Lrlt~1tLUL~rtM (, ~L~L~t1~~Llf)Lr'IULIt~f1l!tt~G~1fl~l tr.l~' ~Lfl G~[]~'r.l GfltLUULI! 

~L~L11.~~'o1."J1.ttLUrtUrtr.lU'Glt111.rr.~~L~1t 38'v' ~Grr. Pla!A ::~" Al!II!pnpoJdLtrtMlf)' U~H ':'" ,...., P,f" I po I " kf"
. , 

11.~1t~111.Glf)~" ~~~Llf)Lrlt~'~~~'o1.~J1.~r.l ~lrtr.l ~mr.l~f1'~G~lf)UtLUlf)J1.It~'~1 "18 la . !4samo 

Ul::J1.~r.l 
, 

'o1.UIt 'o1.tLU11.trt::W~lL\;A::1!~11.~~~tLMr.lG fl tLUU LI!~1~~L~LrL~Ut~1 f11 ~Llf)Lr 

2-~~lI.o' L~11.~~~ .l'l''IU~~~H~1..'o1.t Ult'o1.tLU11.t tL'o1.LG11.QmL~Lr2-tr.l~1~~1l11ULI!~G~' 

f11~~f1 "11.[]~f1' L~~~1lf)~f.I~r.l L~::~ L\;At~~Grr.11.t~ Ltlf),g L~f1M 

~EtL'o1.LGt~~11.t~~Ut'~tGIt~1G~' 1908 8V11I~N /!>ioufJaRaq "~ rtk'o1.L~11.~ULI!UG11. ~O~'v'8 

!!>iOUfJaftaq "~::~'1 8V11I~N !!>iOUfJa!taq wn!p!JJso/:J m'o1.L~~~H'o1.l~lI.otL'o1.LGtlf)~11.t~~~lf)1 .... r=r.... p 

!!!::G It ~1 ~G~~~ (uO!l8Jaua6ao) r.lL~::~ L\;At~lf)~HtLU11.t ~~r.l G~1tLW~~lUlt f11 G ~::UUlt 'o1.tLU 

11.U-tf11G}' Ltt::~"11.~I!~M1 G~1::urt rt"uIt'o1.tLU It L~~t1~LflG~" ~Llf)Lr ULI!11.~~~tLMl1-ttLU 

rt~ ~r.l ~'~UtMLlJ~U~::tf1~::1!~1t,!l1t11. ,,~::Urtll1, ~tit tl!:U LI!U£C 'o1.tLUJ\t L\;A []~111.rr.u.'IU lJlf)~H
,f".1t ,... " 

~~1~tL\;A[t1~1t~1[t1G~'~1'~~~~MLlJlf)~H~tL\;A[t1~U f1~G rr.~~'o1.~~~~~ ld tL'o1.LGtLM 

1t~'tLU~~tLUL~rtMUG G tt:Ltt~~M1tLl'-~~ltm~ltt~ult'o1.tLU11.t ~O ~'v'8 !!>iOUfJaftaq 
, 

":J r.ltU11.~I!GJ1.'J1.tUr.ll!t11.L~~~ ~, Ut~'01. 1~~M18 J1.1~Grr.~~HtLU'IULlttrr::~11MLlJllUM::trr 
" P' -,f'''' F .... -...,. " kF" "K _ ;.I v --I'" 

n , 

G~~M~U~~~ru~L~r.l~1!(l11.Q'1l~U11.~I!G}1 t~'01.' ~~M'G}'~~HG~'UIt 'o1.tLU11.trt::W11. t 
n. n. 

r.l t~11.~~~tLM11.t~~ ld tL'o1.LGt~MIt\!1~G~11.Q' L~ULI!~G~' JUtrtltM~LflG 

n. 
~1~Gmtlttl!:uLI!r.l L~::~ L\;At~lf)~HlJtLItLM[tVE~~11 M~l~UULI!11.~~~tLM2-ttLUrt~~r.l ~1~Ut 

to' 
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L~uml:JJl,j:JJ,j\U~:JJ;1\l.nilJij~~y'hli5ml nT'H,;)1qJL~lJ1~-;)IL.,.n::~~~~ 1\l.m1~lJ'n1~[Jli 
.J' d.d, ~ ~ VI" ,

L'lfu c. saccharoper butylacetonicum ATCC 27022 ('1l~L'lful1~~~lJ1m\l.u~ L~mnml C. 

acetobutylicum) ll~::livh~,jl1 LU\l.~11~~~\l. L~u 1 i (NH4hS04 "h:JJ11lJ nl\l.n:JJlJ'\l.~~i~m1 
ciu tiliU1mrni1r11~::~1 EJ11:JJL~:JJ;1\l. Ll~::mn;1\l.a m~m~:JJ FeS04 1\l.1::wjl~m1~lJ'n 
L'Ylf11\l.hnm1~lJ'nu';)';)u\l.l\l.1::~lJ u~ ~1~ m1:JJ lU\l.m1~2Tn LllJlJ ~mIf.u~~ ~1i ~~~.nrn-n, , 
mn n-.hLLlJlJn::n~ 20-50% lL~,jm;tI"ll u~m1~2TmllJlJ~m If.u~~ uml :JJL1il~t1t111\l.m1~~~ 

llf.u~,;)lnLllJf1YiL1mm'lf::u un,;)lm::lJlJ iIru~I~~n~11 em lln~1 tlm1r111ilLlJf1YiL1t1 ~~~~lJ\l. 
~ ~ ~ 

l~~~~\l.u n,;)1 m::"1f1 til~ :JJL~(i EJ11l1W Ll~1 £J~r111i~1 ~~~.nrn-nl~ :JJ,;)lnL~:JJa n m n 1~[Jf1u\l., 
B!li~~~.nrn'Yl1\l.m1~~~~1r11 ~::~I[Jmnnl1Lf11~'1l1\l.n~ 10 Lyh 

1\l.m1~ 2Tn LLlJlJ~ m If.u~J"\l. ii~ ii~~,;)::r111il'1l~ffijml:JJL,j:JJ,j\l.uci~ ~ u~n ~lll~::r11 
~ 

liunn1t11ijl~t1t111l1W~~J"\l. lJ'nijm1 immobilize l'1l~;~~lJ\l.1~~~ij1W1\l. ~~ Sun-Mi lee 
~ . 'I ~ 'I 

LL~~~m1lmtllJ l YitllJ1::'Vdl~ m1~2Tn ~1iL'1l~ffLL"ll1\l.~ util\l.~1 n~l~nlJ L'1l~ ff~ijm1 

d~ ,d.cl 1"""immobilize ~~lJ\l. polyvinyl alcohol 'Yl:JJ~W1\l. WlJ111::lJlJ'Yl:JJm1 im!1lobilize ~ml:JJL"ll:JJ"ll\l. 
.cr. ....... _ I d .co. ....... .d 


"llu~~~~llrn'Yl11:JJLl~::lJ1m\l.u~~~n11 11:JJtl~ productivity LL~:: yield "llu~~~~llrn'Yl11:JJ'Yl~~ 
. ~ ~ 

nl1 \l.umlnJ"\l.5~11H1\l."llu~u:::n1~wU1m\l.u~ ij~llU~[J\l.LLU~~LU 1~[JU1m\l.u~ij~1 

immobilize l'1l~ff l"1f\l. Coke, · chitosan matrix, Calcium alginate, Bonechar 1~[J~~"llu~ 
..11 " !'I....... VI " , ..I 1 ....!'I.... ..I ..
Qureshi et al. 'Yl 'If Clay brick lu\l.1~~1u~'ilJ L~mproductivity ~~'Yl~~ ~[J';)~ lu\l.1~~'Yl:JJ 

, " , 'I 

11mtlnLl~::~1L~~It1 
~ 

~~~.nrn-n~L~,;)1n m::lJ1\l.m1~ 2Tn"ll u~L'1l~ ff,f\l. 5~'ilH1\l.~1LU';):: uci~u'i::mrn u:::n 
~ 

hni: ih'Yll\l.u~ : lu'Yll\l.u~ lyi1nlJ 3:6:1 1\l.'i::lJlJL~mnmrnU1'Yll\l.u~mnnll 10-13 n1:JJ~u 
~m ,;)::r111i1::lJlJLU\l.~M~m'1l~ffLL~::m1l';)1rul~lJ1~"llu~L'1l~ff';)::tln £JlJ rf~ ~~,f\l.~~ijm1

~ ~ 

ri\l.f111~liim1~';)::"bD1m\l.u~uumlm::lJlJ L1il1,;)::LU\l.inm1 Adsorption, Extraction, 
..:!II d Ad ... .J"d..,.eII " 

Perstraction, Reverse osmosis, Pervaporation ~1u Gas stripping '1l~111~~'Yllt1\l.JJ"llu~, 
mn nl1in~\l.~ uL1iL~lU\l.lLfi l ~ [J~inm1~';)::li.1U1'Yll\l.u ~ u u n,;)1 m::lJlJlL~ £J~Lu\l.m11iLLn~ 

• r;! .. .d .. .dl " "..I ,
Lu1[JlJl'Y1[JlJ'i::~11~ Reactor 'Yl:JJ'i::lJlJ Gas stripping LL~::'Yl 'lfm'in1\l.mtllmu~n~ WlJ11 

, . 1" ..,.J' 1 .d ... , VI ' • l.d • I ...
Gas stripping 'lf1Vm ~ productivity JJmti~"ll\l. \l."llrn::'Yl yield :JJm L:JJLu~V\l.llu~~mn\l.n 

~ 

http:m::lJ1\l.m1
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- ~ ..Y ofl L ::., ~ d • .. 'IJ. 11 '"I 0Lfl1"nTll,;)rJ\l. Lu\l. m"n1111l"LLl1lm::::Ul\l.n11~f1I1l,;)\l.n"n11u1::::rJnl1ln11\l.1 w "II• 
LU\l. 'r'l ;""1\l.'Yl11l LL 'Yl\l.LI1l rJ Hi,uJ nmr1~\l.LU\l.:n\l.V!1tl~ L"lJf1 L~ tlliLU\l.,r1~\l.LLnffL"lJrJ tl ~V!1tl~ 
L"lJrJtl~ 

d .,/ 1 - ~ ~ 1. n11f'1my1V!lffn11::::"r1LV!m::::ff~ \l.n11 pretreatment lff~LV!&'Itl'Yl"'Yl1"nT1LmYm 

d .,/ 1 ~-
2. n11f'1nN1V!lffn11::::"r1LV!m::::ff~ \l.n11~&'II1lUl'Yl1\l.tl&'l 

3. n11~nN1flru.ff~Ui'll tl",r1~\l.~Hff~1~L~mi.1l111iLU\l.L~tl L'r'l~", 

d r, .Jao "'- dl'" ,
1. '. f'lnN1V!lffn11::::'lItl"'lI\l.l1ltl\l.n11 pretreatment 'Yll1lff1V!1Ulffl1lLV!&'Itl "II'Yl1"n11knNI1l1LLI1l • 

d did d 1 - 0 - ­2'.: f'lnN1V!lffn11::::'YlI1l'Ylffl1l \l.n11~~n ff1V! 1U n11V!~ n LLuuh:::: • 
3. ~nN1ff~u'11'l1 tl"L~m'r'l~" Hff~~l~,;)l n n11l'bUl"r11\l.tl&'l m'Yll1l LL'Yl \l.n111iL tl'Yl1\l.tl &'I 

4. ff111 ~ &'I n111,)t1LL&'I:::: Lii tJ\l.U 'Yl m1~L~ tl~" ~w~'r'l1 \l.111ff11\l.1 \l.l"I11~• 


.. ' t ..~ I 1 ILl....


1.6 lh~ U~"'Yl~l~'lTij~ ~"1J 

1. ~"Lff1~1~ii;;1\l.m1 ~-rt\l.n111iul'Yl1\l.tl &'I LU\l.L~mYl~" LL 'Yl\l.L tl'Yl1\l.tl &'11 \l.111:::: L 'Ylf'll 'YlrJ. . ~ . . ' 

2. ~"Lff1~1~i:l n11 L1r.mf~11HilI1lUl"r11\l.tl&'l,;)ln1in11V! ~n;"~l",;)lnm::::ul\l.nTll\l. 
~ 

http:tl'Yl1\l.tl
http:l.n111iul'Yl1\l.tl
http:ii;;1\l.m1
http:tl'Yl1\l.tl
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.d 
1..Jflfl 2 

n'l,)e.I aCit litvt'ria" tl'l fl'l " va 

ihm'Uaflij;tIL1t1niHi'I'HI1t1;a L"Ii'U butyl alcohol ~1a biobutanol 1'Umrn~~~~1l1 
.. "_ .:'1 .. ..t .d. 1 ., .. 

"1 nm::U1'Un1"n'11~'nfl1"'" Ul'Yl1'UaflLlJ'ULLa fl natl a fl ..... 'U!1'U'YllJ1::n aU~1 t1~1 t1f111U a'U 4 

i1LLfl::~ ltltl~1an;fli (OH-) ;~mm~~11~111Lflnfl C4 HgOH i'iTYl1'UaflLU'ULLafln atlai"l!ii.~" . 
.d .:'1'" .. ::.. .d ~ 1".:'1 ~ ..... .d ~ 10 

~'U~ LlJ'Ull~1111"lJ1aa'U'} ~~lln "l!Lu'U~1'Yl1fl::fl1t1 ll~~L~a~ ~~~flVm~fll'n~1 'U~fl11:: 

un~"::mi1'U~fl11:: "lJa~m tl1 LLfl::1::l~t1hn1t1 ihYl1'Uafl~11111C1~~Lvtl~~1t1 ~~~11l11C1hi 
" .:'1 ..t -LlJ 'UL"l! tIL ..... fl~ 

U1'Yl1'Uafl C1 n1i~i,.j,1'Uinl!trn::"lJ a~~Ty'h fI::fl1t1a [h~ n11~"lJ11~1'Ua~~1~ m111~~'Yla" . . 
LLfl::tI~~~m1mflij iin.,f~1iLU'U~11:~~'U"lJtI~Yi'UL 'Uaf iin~~rT~1iu1m'Utlfl1'Um1Lu'Ui1• 
0.,1.... . ... ~ .err. .d A "",f. 

'Yl1fl::fl1 t1'Yl~ tI~m1m11::mtl"l!1 L'Ua~"1 nU1'Yl1'Utlflll"~L~tI~ ,,~~ fI tim~ fl1'Yl~~ n11 Lll'Yl1. . " 
I 

·· .... .J'- .. 1'" 1., .:'1 ..t - ..t.d ­
'Uti fl LLfl:: LtI'Yl1'UtI fI 1'UiJ""U'U'UU1'Yl1'Ua fill LL'U1 'U1l11 ,,:: C1 n "l!LlJ 'UL"l!tIL..... fl~ 111 n"lJ'U 'll~ U1'Yl1 , " 
'Uafl~11l11C11,n'ULfI~tI~t1'U~1~1~t1~1~1~t1LliLU'Utl'U~11 t1~tILfI~a~t1'Ui~U11l1 rnu1m'UtI fI 

fI11lJL-llll-ll'U 85 LUtl1L'll'Ui ;~1'UfI11m-llll-ll'U~~U11l1rnd"lJa~Ltlm'UtlfI,r'ULli~1l11C11H1'U" . . 

LfI~ tI ~ tI 'U~1~~ tILli ~tI ~i~ LLU fI~ LfI~a ~ t1'Ui U1'Yl~~a fI ijT11 fI11111tI'UlI1 nnl1La'Yl1 'Ua 

. 

~LLfl::ij 
~ ~ 

T11f111111tI 'U1 n iL~ t1~nu LL n ~1'll~ 'U (L u'Urn-'U) LLfl::~1l11m111i1nmi.11J'ULU'U:fi'ULLfI ::li.11J'U 

~ L'llflL~Lu'Umh~~1Wt~nH1'U~~1l LLfl::Lliu11n!lm1LLtln~1ti~ LL1T:~~~L1'U1'U ~~1ilU'U 

L:5tIL..... ~~1~t1~1~1'U1ULLUU~1~ ') i~d 
" ., ~ 
0- _ o-...d 

1. 'Yl ~ LL 'Yl'U'U111'ULU 'U'll'UU.fI::'U111'U~L'llfl 

2. li.1LU ~~ll nuJ11J'ULU'U:fi'U'Yl~ LL'Yl'ULtI'Yl1'UtI fI L~J11J'ULLn~1'lltltli (Gasohol) 

3 . li.1LU~~llnuJ11J'U~ L'llfl'Yl~LL'Yl'ULtlm'Utlfl L~J11J'U~1'lltla~ (Diesohol) 
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'" ..2. m::lJ1UnT)' fermentation ~1m~~1513J1fl (biomass)• 
~ .. ..I ~ 	 1 if '" ... 1 '" .. .. .. ....I d..,1JiY1U[J3J U ~~lJU Tltl fermentation ~[J 15LLlJTll'lL1[JlLfl::[J~~l'lLl'3J1::~3J "11-lL1[Jn11• 

ABE 	 fermentation 1~[JlLlJTlYh1[J~liun~::dJuLLlJTlYiL1[Jlum::nfl Clostridium L-rlU 

d~ 	.. ~ 
'II 

.... 1 ..¥ol"Clostridium butylicum LLfl:: Clostridium acetobutylicum "11-l L~3Jl'lUULLlJTll'lL1[J um::nflU 15 
'II 

Lvltl~~~ acetone ~1n~11,h.,.nnLLil-l ~-lL~ij1mUtlfl Ltl1'l1UtlflLUU~~~JlUl...1113J ~L~ 

tltln3J1~1nn11l'Un ~-lib1'l1Utlfl~L~~U3J1n~tl~3Jm1 luif~~uu ABE fermentation ii• 
m::lJ1Un11~-lit;;tl Lntl~1i-l~U L-rlu !ltl[J ,l1mfl Clnl'Um11"llJ~~IIiLL~1L~~fl~~~LUULtl 

'II 

mUtlfl 	~tl3J1 anaerobic bacteria ijL~~~~~fll';n 3 15\i.~ ;;tl acetone, butanol, ethanollu 

i~Hhu 	3:6:1 LLfl::l~ butyric acid, acetic acid, hydrogen, carbon dioxide LUU~fl~fltl[JL~ 

1uif~~UUn11.,.r~U1L l'lTilUlfl~~-l;ruYhl~lJ~~l'll' fl1[JlJ1~1'l L-rlU Dupont, British 
• 	 'II . 

petroleum, British sugar operation 'Ul.h::LmHr-lnq~ ~u3J11~m13J~uh~n~1n11~~~ib 

mUtlfl LL~m::lJ1un111um1~~~tfU£J-l LUUm11.1;lJ ' LLfl::lJ1-l~1Utl tilu.ffW'lltl-l m11,)[J~1 [J 
. 'II 

... '" 2.4 	 1IP1Cl~U• 

Liitl-l~1n,l1uuiJl~1 L~ [J1.I~-lLUULLl' ~-l~;"-l1~L;BtlL~~"l';n"lJtl"lfl niiU13J1Ul.fl~ 
,xtl [Jfl"LLfl::ii11m~~,,;rUl'lnil 11mr"iim13J~umU·l.nn m1l'1~ ;""1Ul'l~ LLl'lU~;""1U~1n

'\I • 

,l1uuiJl~1L~ [J 3J~"LUU~,,-;j1Luumh"ri" l~Cl~i1J~li~'~~ L;Bm~~";11l1~ L -rlu LtlmUtlfl LLU"• 
.:'1 .1 l' ",.t ...tltl mull. 3 u1::LIl1'1 l'ty ') ~"u TI tl 

1. 1~Cl~lJU1::LIll'lLLiJ" L~LLri iruvh ,)11 L-;)1 ')11~1~ ,)1')1~~ ,)11lJ11LmJ ,)11Y-l1" · ~ 
LLfl::~1nvh~1 L-rlu uUfhu::l';" uutJ-r" UULl'lf'l LiJU~U 

2. 1~Cl~lJU1::LIl1'1,l1mfl L~LLri !ltl[J mn,l1mfl iim~ ')T)Yl1"l'11U LiJU~U 
• 	 'II 

3. 1~Cl~lJu1::LIll'lLiul[J ~1ull'niLiJu~fl~fltl[Jl~~1n~fl~~~1'l1"m1Ln~m L-rlu Yl1"· 	 ., 
,)11 151UDtl[J .u",)111~~ 11,)11 Lf'I~L2J Lf'I~m::m~ ~L~tl[J 

., 
1~~m~tli1"1'l1"m1Ln~~1 l'1tl ";13J1fl" L-rlU 151U!ltl[J mnuu LLnfllJ ~13J11mb3J1• 

'" .. d.:'1 .., • d d • I .., ...
LiJU~;""1UL~ ~fl""1U1513J1fl~"LuU~ fl""1Ul'l~ LLl'lUtl [J1"l' U""11" u1:: L l'lf'l Ll'l [J 3Jm13J 

L~Lm[JlJl'fl1 [Jtl ti1"Liitl"~1nLiJUU1::Ll'lf'l~iiin [J1l1~1um1~~~;1mfl~" 1~[J;13J1flij
'II 

tl"~U1::ntllJm"LTlii L~LLri L"11flfllfl~ LniiL"11flflh~ LLfl::~n\i.u iiTlUl.~3JlJl11'11"m"LTlii~" 
'II'" 

LL~~"1um11"~ 2.1 

http:umU�l.nn
http:niiU13J1Ul.fl
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i :r::f,"'vi" Tn. .if. r ",vi" ,,,.,,,,, Ltl~.ft
I Proximate analysis ~ ~ ~...... ...i lha3J lha3J l.ha3J '2.11'lT'rt\Pl '2I1'lT'rt\Pl ~1t.J:::l'ia\l13Je~1" 
I 

1 
I48.40 ' 78.40 I 40.00 I 41.70 I I 60.00:Moisture, % 58.60 59.40 

I 

lAsh, % I 2.03 
1 

1.20 0.70 0.90 3.70 1.50 I 2.44 , 

~olatile Matter, % I 30.46 1 38 . 70 116.30 45.42 46.46 31.00 28.00 
I 

I I I I 4.60 I 
1 I 8:10 I:Fixed Carbon, % I 8.90 11.70 13.68 8.14 9.56 

; 

I I I I IlUltimate Analysis 
I 

!carbon, % I 21.15 I 23.90 10.13 28.19 27.83 18.76 I 18.60 

~YdrOgen, % 
-

2.56 3.04 1.25 3.36 4.06 2.48 2.12 
I 

loxygen, % 1 15.34 1 22 . 91 I 
9.44 

1 27.42 I 22.47 17.50 16.68 . . 

;Nitrogen, % I I I 
--

I I 1 I0.27 0.56 0.07 0.12 0.13 0.32 0.15 
I 
,Sulfur, % 0.04 0.06 0.02 0.03 na 0.04 0.02 , 

~hlorine, % 0.16 na 0.12 0.05 na 0:05 0.10 
I , 

1
Ash, % 2.03 1.20 0.70 0.90 3.70 1'50 2.44 
}-----­

I 1 48.40Moisture, % 58.60 78.40 40.00 41.70 59.40 60.00 
I 
~ 

I Ib
ther 

! haracteristics l I 
f--­ 3 ! I 1 IIBulk Density, kg/m 380 na na na na 250 na 

IHigher heating value, 9,196 9,370 . 3,908 . 11,298 11,704 7,451 6,811 

;kJ/kg , 
ILower heating value, 7,240 7,556 1,760 9,615 9,830 5,494 4,917 

!kJ/kg 
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1Um1~,1 Lml::~iJ1mumr;J1n1~Cjl L~~tl~,1,;)lnm1LnHm ii1Cjltltl1::~,1~L~m.t1 
L'llflt'l 

~
h~lu1~Cjlm~tl~,1m,1m1LnHm:lJ1citl[JliLumrlmfl1~b~ (Reducing Sugar) L~tl. 

1.inLtI~.hum::U1um1~JJn (Fermentation) ,.bLtl~~CjliJTY11Utlfl~aLtl 

,y,"fflv,"ii 1 m1tl-rU~1l1W1Cjltl~U (Pretreatment)• 
,y,"fflv,"ii 2 LUwffU~tlum1Ltl~[JuLLiJ,11iLuuJlmfl (Jlmflnfllfl~) (Hydrolysis) 

~ 

L~ tlliii~111W L~:lJ1::num1~ JJnLtlmUtlfl~1tliJT(J1Utlfl~1 [J~ ~'iilwffu~ tlLtl lCjl [Jl~m1ci tl[J 

uiJ,1tll';)limCjlcitlrJLLiJ,1 (Acid Hydrolysis) ~1tlliLtluL'lllf (Enzymatic Hydrolysis) :J,11nm1 

dl'" .., ....I. iJ::' .., ...... - . ..I tl ......
l'l "llLaU L'll)JLWtl [J tl [JLL ,11.1.1.1.,;):: LmUfl11)JU[J)J:lJ1 nfl'll LUtl,1,;)ln~::m nLLfl:: 1::~[J"CjlUl'lU

• 

,y,"fflv,"ii 1 lU,11Ul-;)[Jd~nHlm1tl-rU~1l1W1Cjltl~U (Pretreatment) ~1[Jm11iLfl~tl,1
• 

tl~mlli1ifl11)J1tlU (Autoclave) LLfl::mCjl.nfl~n :J,1tl1::ntlU~1[J 3 ~1UlI\trnc;l,1d 
..I 	 ~ 

• Lma,1fl1Ufl)Jtlllill\l1)J (Temperature Control) 
•• 'II 

• "1JCjlfl1Cjllifl11)J1tlui)J~1[JUU1unuml)J1tlU (Coil Heater with Ceramic• 
Plate) 

~ 0 	 ~ ..d ..J. , _!' ~_ tr 

';)1 nuUl'll m11'1Cjl ~tlU1::UUl'l,1~)JCjl LLfl:: fI n Hl~1 ~1111::1'1L~ )Jl::~)J Cjl tl m 1~ flCjlUl m fl1m ~ 

,;)ln1~CjlLlI\~a~,1m,1m1LnHm :J,1L~LLritlllill\l1ij nt'll ml)JL,j)J"jjU"1Ja,1mCjl.nfl~1n, 	 , cu ,. 

1: oJ "'1"'~'" .., .. ..1.., .... ...I ::'..1 1lI,"fflvwn 2 Ltl m Lfl'll~mrJLtlUL'll)J L)Jtl L"f'lnHl~1111::l'lLlI\m::~)J,;)ln"1JUCjltlUl'l 1 um1 

~~CjlJlmfl1~1~ ,;)In,rUL~nHl1CiltlliLtlUL'll)J1Cjl[JL~nHl~1111::''1Ja,1tlllill\l1ij nfll LLfl::fh. ~ 

ml)JLUUmCjl'iil,1 ~~,1 ~fl~ tl m1cia [J L'llflfllfl~11.1.1~Cjl L lI\ ~ tllil'll,1m1LnHmL~1,;) ~)Ju1mLL~1
~. 	 ~ 

1 . 	 Autoclave 

2. 	 Incubator shaker 

3. 	 Oven 

4. 	 Water bath 

5. 	 Glassware 

6. 	 Perkin Elmer Series 200 LC/S/N291 N5060508: High Performance Liquid 

Chromatography (HPLC) with a refractive index detector using an Aminex­

HPX 87H column (300 mm x78 mm, Bio-Rad Lab, USA) 

7. 	 Scanning Electron Microscope (SEM) 
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8. Thermogravimetric Analyzer (TGA) 

9. X-ray Diffraction (XRD) 

10. Gas Chromatography (GC) 

11. Corn cobs obtained from Betagro company 

12. Sulfuric acid (H 2S04 ) 

13. pH meter 

14. Citrate buffer 

15. Filter paper 

16. Enzyme (Novozyme, Genencer) 

17. Standard glucose, xylose, arabinose, galactose and mannose 

2.7 i6n'",)'YI{PHHJ\I 

2.7.1 nTltl1U~[nVi~1[Jm~Him.t 

ttl~11l ril.J.n.J-lll1 1 Vi~~ ii"lJm~ LYI1 ti'tu.mh nTltl1u ~fllVi1~ [Jm~.nflYh1n 

L~mJ1.Jlll. Autoclave 1~[J~~1I~11lril.JoD.J-lll11Vi~num~oDflmnlll.5ml~1ll. 1:15 ~ 
'II 

llnl.Vlfliiill ·:JLUll.L1fll 4 -E'1111.J LLfl::~n'bl-lmll1L-llll-ll'l.t"lJll.Jm~.nflmn~mlm-llll-llll. 2-10 % 
• 'IJ 'II 

(v/v) 1lnl.Vlflii~~n'bl-lllrilwri1.J 100-160 °c 1::[J::L1fll1ll.n11Y1~f'ltl.J 5-60 'l.tln Vl5.J,;)lmrll.
• 'II 'IJ 

'ti,m11~tl1mm,r'~lfllmflnflL~[J11~tJm11iLYIflufi HPLC• 

2.7.2 Enzymatic Hydrolysis 
~ ""'1'l.tm1Y1~flll.Jdt~ n'bl-l.ffll.~ll'l.td'l~[JliLllll.'l"lf3f Cellulase "lJ1l.JU1'b1-Y1 

Novozyme 'tiln11Y1~flll.J1~[Jlb~11lril.JLLfl:::nLm~ UWLWllll'l.tamlfi'm 1:30 LLfl::tl1U 

HfllVimlmUll.m~~I.J'l1~ pH = 4.8 ~1[JH11f1::fll[JUWLWllf (0.05 N citric acid-sodium 

.,j ~ ° citrate buffers) Y1llnl.Vlflll 48 C 150 rpm. 
• 'II 

http:ti'tu.mh
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nTl1Lml::~v,1fh.h::nvlJ"llv,1i1vcil,1-n,1,rl11~~~lJll ~mmnu~ijL'lH;Hlhuunn 
'II 

~~~~V1V£H'l:: 42 .60 "llV,1tilV1ll'mLi,1 1v,1fl,1m~mJ1mrnL'lHHl1fl~ LLfl::mmrn~nU\4~v1v[J
• 'II 

fl:: 39.04 LLfl:: 7.56 "llV,nrlV1ll'mLi,1~11HhilJ LL~~,11\4m11,1~ 3.1 

Chemical components Dry solid (%) 

Cellulose 39.04 

Hemicellulose 42.60 

Lignin 7.56 

Ash 2.19 

nTl1im~-nflmnci v[J~fll[J~111.h::nvmh~1n;1mflVl1v~n1\4L"I1flfl1fl~';)::iv,1h1\4 
'II 'II 

1..l1mrn~LVlm::fnJ LitV,1,;)lnl~C1~lJi.m~111..l1::n vlJi1[J fln\4\4 L~n~\4 L~iiL"I1flfl1fl~ 
• 'II 

L"I1flflh~ LLfl::11..l1~\4~mm,1~11,1LLlJlJ'Yl~[Jl1ij LLfl::1m-l~11,1LLlJlJVl~[Jl1ij til1iciv[J~fll[JLi,. .. ,. ,. 
[Jln .,f,1~\4riV\4m1civtJ~fll[Ji1[Jm~-nflmn ~,1'hdJ\4~iv-lii"ll\41~LVlm::~1.ILLfl::1m-lrll,1~

'II 

dJ\4~~n ~flv~,;)\4LiJ\4m1L~1.Ivt\4~1\4m1i1.l~~nlJm~-nfly.j1n ~-l~11fl::fll[Ji,1n~11,;)::
'II 

Yilfll[J1m,1~11,1~dJ\41y.jLlJvf 

1\4m11im~-nflmn111.1nlJf1111.11v\41\4 Autoclave iim1~m~ni1LL1..l1 3 i1LL1..l1 
'II 

liLLrl nTl~mYlml1.1L,r1.l,r\4"llv,1mVl-nflmn111.1nlJml1.11v\4~LVlm::~1.I~am1civ[J~fll[J,
'II 

m1~nMl1::[J:: L1 fll~LVl1.Il::~1.I~ vm1civ [J ~fll[J1Vl [J1imVl-nflmn111.1nm1111.11im 1\4 
'II 

m1~nM1L~1.Ii\41imVl-nflmnml1.1L,r1.l,r\41V[Jfl:: 2-10 1Vl[Jmmm~vmmm 5ml~1\4 
'II 

1::Vll1,1mVl-nflmn~vmmrn.n,1,rl11~VlL 'r'ilnlJ 15: 1 L1fll1\4m1civ[J~fll[J 5-60 \41Yi hw 
'II 
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~1'U1VI nh:dim~.u~mn~ iiml11 L,y11,y'U~11 'UnT'Ici a [J ff~l [Jl~ tl~U1.h:; LllY1~1111~ Liia.J,nn 
., 'U 	 , 

1 "" dd "" "" 	 .cI_
nT'I 	"Jjm~Y111f111m"lJ 11"lJ'Uff.J,;):;11 a'U~11 [J

'U 

,;)lnt:.J~m1Y1~~ a.JWlJilt:.J~t:.J~~til~l~L'IJl~ffff.Jff~"lJ a.J1'U~1'U"lJ a.J"lJ a.J LVI~1~ a 17.58 
'U , 

n111~a~m VI~.J,;)lnm1U1lJff1l1W.u.J,yl11w~~1[Jm~.u~mnml11L,y11,yWrtl[J~:; 5, anmlliJ 
'U 	 , 'U 

~ 120 tl.Jf'f1L'IJ~l:fi[JffLL~:;L1~11'Um1Ln~ulin1[Jl 5 'U1Yi tlcil.Jhn~l11 til~1~L'IJ1~ff~L~,;)ln 
m1U1lJff1l1W~1[Jm~.u~mnfl11m,y11,y'U1a[J~:: 2 tlnmlliJ~ 120 a.Jf'f1L'IJ~L:fi[JffLL~::l1~1

'U 	 , 'U 

1'Um1Ln~unm[Jl 5 mYilL~::m1U1lJff1l1W~1[Jm~.u~mnmlm,y11,y'U1a[J~:: 2 tlmVllliJ~ 
~ 	 ~" v 

120 a.Jf'f1L'IJ~l:fi[JffLl~:;L1 ~11'Um1Ln~ulin1£J1 15 'U1Yi WlJiliit:.J~~t:.J~~1niL~[J.Jn'U 

III 

~ . 6 H 10 

-- ------ -- ,,..--- ­

3 b 

I 

I
I 

II 2 ~ (, S 10 ' 

(·Iln«·nt ..... tion of H,SO, (\'/\') ! -- ._ - --- -_ ._- -_...__ . ---------~ 

_ 20 

i.:~L _ s~ 
U 1 ~ 6 8 10 

("onc~nt ...tlo,,·ofJ:1 SO,~~~) _ _ __ ~·on~~Dfna~n"f.!'.l~' _~{\:>_ 

I~ 100"C - 120 DC -- 140 °C -- 160 · C I 


"nJ~ 3.1 til~l~lmfln~l~[J1L'IJhff1'U~1'U"lJtl.J"lJa.JLVI~1 VI~.J';)lnm1U1lJff1l1Wl~[Jm~.u~vJ

~, 	 'U 

1n (U1111m / mmm) ~L1~11'Um1Ln~ulin1[Jl (a) 5 'U1Yi (b) 15 'U1Yi, (c) 30 mYi, LL~:: 
(d) 	L1~1 60 'U1Yi 

1'U~1'U"lJ a.J"lJ tl.JlVI ~1V1~.J,;)ln m1u1lJff1l1w.u.J,yl11w~ [J.Jiitilm~lm~n~L~[J1"Jjii.~
• 

~'U') 	 L"li'U til~lf1n~lf1ff (Glucose) LL'fl:;tilm~a:;11U1'Uff (Arabinose) t:.J~LLff~.J1'Um11.J~ 
'U 

3.2 	 LLff~.J1iL~'U,rl~1~J.JVll1~~L~VI ~.J,;)lnm1U1lJff1l1W1~1I1im~titl'U 'Ua n,;)lmr'U[J.J 

'U 

LLff~.JBnilm1Lvil1;t'U"lJa.J a nmlliJVl1tlfl11m,y11,y'U"lJ tl.J m~ ~.Jt:.J~1im111m,rl~1~lm~n~ 
- " '\I 

oJ ,,;,..f 1 :' 1 :' ~1 
L~[J1LWl1"lJ'U ~£JLuWl::'Ulm~n~ f1ffLl~::'Ulm~tl::11lJ 'Uff 

" 
A 1 ., • I ~ 

L'Ua.J,;)ln1l1[J ~1l11::m1u1lJ 

ff1l1W~1'ULL1.J;t'U rh1ilUiJl'IJ~~hffffl1J11tl citl[Jff~l[Jn~l £JLiJ'U,rlmfllm~nflL~[J1L'IJhffL~ 
• 'U 	 • 
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. .- ~ ::. 1 . ~I:- 1 .,j 1 ~ 
fltJ1,HUJU1n1. '1'1 tl-.1,;)1 nu\WIHHI tl~';):: [1 n tI fltl ntl1 muUU1 mtl JJ Ltl n tlL~ tl1 ntl fI~LLtl:: E1::11U

" ,,\1 , "U 

lu~ LiJU~U (Lloyd LLtl:: Wyman 2005) 

'I'Ii-.1,;)1nm::U1Un11£iElm'lJtltlh~~1mElui.'lJ~ 'lIfl-.1L'1'1tl1 (Hydrolyzate) ~i.~,;)1n
'II 

m::U1Un11i-.1nti11 [1niLm1::~'I'I1,r1~1tllmtlntlL~tlT,j1W1 n ,r1m tlntllf1~ ,r1~1tl i.'lJh~ 
'II , 'II 

LiJU~U ~tlLL~~-.1i-.11t1~ 2 ~tl~~~,r1mtlntllf1~LLtl::,r1mtl~-.1'1'1JJ~~-.1~~~1~i.~1U 
\I . '\I 1.1 , 

Hydrolyzate i.~ 14.48 n1'JJ~fl~m LLtl:: 22.38 n1'JJ~fl~m mmhiu i.~,;)1nn11t11'u~Il1W 
~.,j

~1tJm~itlyJ1nm1m,rJJ"lruffltltl:: 2 flnl.'I'IflJJl1 120 
'II , 'II 

Li;~t1!imtJ1 5 U1l1 ~tlLL~~-.11uJtI~ 3.2 

GlT'rl"fi 3.2 ,r1mtllmtlntlL~tl1 ntllf1~LLtl::E1::11U1Uff1uf{1U'lIEI-.1'l1fl-.1L'1'1 tl1'1'1i-.1,;)1nn11t11'u 
, 'II 

~ll1wi-.1,r111W~l~tIlim~riflu 

Sulfuric acid Temperature Time (min) Glucose Arabinose Total 

concentration (0C) (g/l) (g/l) sugar 

% (v/v) (g/l) 

2 100 30 2.16 6.21 24.93 

2 120 5 3.34 3.17 24.74 

2 120 15 3.42 3.58 25.97 

5 100 30 2.97 5.31 25.73 

5 120 5 3.58 3.46 25.53 

5 120 15 4.49 3.49 25.17 

10 120 60 2.63 1.39 8.23 
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·n..lti 3.2 J1m~1:m~n~L~£Jln~1m~-huhwlJ[).J Hydrolyzate ~i.J-':)1nm::1Jl'Um1citJ£J

~ ~, 
L'I1~~h~1~r.JLtJ'Ui.'I1~ 

~ 

25 

E' 20 
~ 
'-".. 15 
~ 
~ = IJJ. 10 

5 

0 10 20 30 40 50 60 70 80 

Time (h) 

'itlti 3.3 1fh..l1rnJ1m~rf.J~1.I~~LtJ'Ui.'I1~~~~i.~i.'ULL~~::'h.Jn~1 ( -- ) ,r1~1~n~1fl~LL~:: 
~ ~ 

:' ::.( ~ ) 'U1m~'YI.JVll.I~ 

10 



t.~~8~It!U ~ ~ °L17 ~1t~Uo~blL~Lr'l1lLIt~~1L'~ ~L'I1. 9 Lfl~gf1~~1t.LU'I1.t 
n.. n. 

LblU:;bln ~fl~mJr.1L~L'8 O~~ !:LJ'd'IU8~ ~ ::blfl8}UBAblE-~t.UNHr.'I1.,lT-It,lT-mLt~~8~blL~Lr~~t-:I 

t.LU'I1.t~~lAlt~::LIt'd 1 lA::tLLJLt flMt bl11 ~It'dL'lAlt tW~l (ltlIo' '11. 81fl t~~bll~blJr.1fl8 fl t.LU 'I1.tfl::t.U F" F" ' ... ";: ", k.... • 
• n. I'! 

UL~L'~'d~~L'~blL~Lr'l1lLltSf1~::tLLJ) ~L'I1. 9 Lfl~\;!!o!f1~~1t.LU'I1.tLblU::bl11 ~fl~mJr.1L~L'8 OU 

!:lr'd'I1l~~ ~ ::blfl8}U~blE-~t.UL'81T.'I1.,lT-It,lT-mLW::bl11 ('11.8 ~~t.Uflt~MLLJ~fl!f1t.LUUL~L'~'d 
" r\ I"'! 	1\ ~ 

~~L'~blL~Lr'l1lLltSf1~::tLLJ) ~L'I1. 9 Lfl~\!!o!f1~~1t.LU'I1.tLblU::bl11 ~f1~1blJr.1L~L'8 	O~~ !:LJ'd'l1l8 

~ 9 ::blfl8':U~blE-~t.UL'81T.'I1.,lT-It,lT-mLW ·~L'I1. 9~ Lfl8:!gf1~~1t.LU'I1.tLblt1::bl11 ~fl~mJr.1L~L'8 
n. • 	n. 

O~~ !:LJ'd'l1lG~ t.~LIt~f1G~t.~LltSf1f1~l ~ :;blflG,: U~~blE-~t.UL'GIT.'I1.,lT-It,lT-mLt~~'I1.8~~t.Uflt~ 
. 	n.. 

~M1tL2-L'E>MLLJ~fl!f1t.LU ~11~1L'~'I1lLIt~f1!:~~It'dL'~lttt.blL~Lr £o~ ~L'Lt.L~'I1.tL'~~11L'8 bl~lA 

t.LUblt-:l (aIeziloJpAH) .!flIo1'I1.81fl t~~bll~~lIo1flGrt.LU'I1.tfl::t.U::m1 (aIe.zAIOJPAljaJd) '11.8 ~~t.U 

fl t~fl t~f1' fl8U::t.f1L'Jr. 'I1.G ~'I1.1T. ~ ~MltLIT.L'Jr.MLLJ~flt.f1t.LUUL~~'·lA~1t'dL'lAbl L~L'I1. ... ... 1.\ P ";l ... -.." ... ~p ~ ,: 

(Je6ns alqelUaWJa.::llelO.l) l1.1l.t't1.GmL~~t;!lBt;!.Il.1IlGIl!:.LU't1.Ln.::!:.U ~ ~ . 
::m1't1.G ~~!:.UB L~~M.lLL~"~M.LU~n.~IULUU L~"~L-\~I1"U\~t;! LI4l L!l1U LI1~ P"£ 

0" " 

fl~L!;l1t L~ .!fJr.1'I1.81L'G IT.t.LU'I1.tfl::t.U::tmMLLJ~ fl!f1t.LUL'~~~t-:lblt-:l 
n. 	0 

UL~L'~'d~~l~Ubl L~Lr::bl11~~llIo1~L~LrL'~~It'dL'~lttt.rl ~lMLLJ~I1!f1t.LU'I1.t MLlJ!lA~::t.f1 
• 	n. 

'11.!:' ::t.f1L'8~'I1.IJ' L~}:~'d1flt~ .!fJr.1'11.81 l'81T.~ ~l~blJr.1fl Grt.LU ~t.~~It ~1t.LU L'~It tt.L'E ~11 
n. 	0 • 

~bllbl blJr. 1~~1~!-LVt.LUL'fl ~1'I1.1J'~W1~M 1 L'L2-l'E-MLLJ~fl!f1t.LUl'G IT.~L'~ ::t.f1U ~~'11.	.!\L'~ 

" 

(~~o~ 'Ole Ia 

n. 	n.
6u!ppa~) .!fJr.1'I1.G1 l'G IT.flL~~flGr UL~l'~'d~~l~UblL~Lr~~t-:I~t-:l1t~18 ~1~bllbl~Jr.1t!a1~!-LVt.LU 

• 	n. 
'I1.lJl'~::t.f1U ~~fl~l't.~l'~ .(tJr.1'I1.G 1L'G fT.'I1.LL'L!rl-t.LU l'Jl flEt~'I1.IJ'~bllbl blJr.1!:a 1 ~!-LVt.LUUL~l'G~1 

n. 	n. 
'I1.~It~m;tt1t'l1."!:.!fJr.1'I1.G1flt~~bll~~Jr.H18rt.LU'I1.G~'I1.g.'I1.~1~~~1blU~L~Lr~~t-:I~t-:I 

900~ •"Ie Ia lj::l!uel\ueljdwns 
n. • 

flU L'8 bl~~8~blt-:ll'Jr. L'ltltlT. 917 lA8 ~ltJr.' '11.81 L'G fT.~ ~lblblJr.H1G (]t.LU'I1.t~~lAlt~::LIt'd1lAL~t1'11.'I1.N~ 
-... P '? F" P".9 kiF" F' ~ ...,. 

• n. 
L'blf111'11.fl~f11f"1~It 'dL'~~L~Lr'l1l LltSf1'11.~ULH~'d L'ltltf 917 ~8~~1~~t-:I.(tJr.1'I1.81~~~l'~ 

• 	n. 
~L~Lr'I1l LIt~f1L~~1f1t.~~t-:I Lblt1 l'qr.::bl ~11'11.~1~~t-:I.(tJr.1'11.8 1~~It'dL'~~L~Lr'I1l LltSf1L'~~"f1t. 

9~ 

http:flEt~'I1.IJ
http:fT.'I1.LL'L!rl-t.LU
http:bl~Jr.1t!a1~!-LVt.LU
http:MLlJ!lA~::t.f1
http:L~LrL'~~It'dL'~lttt.rl
http:LL~"~M.LU
http:tL2-L'E>MLLJ~fl!f1t.LU
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19I1"i1\1fi 3.3 LL~c;h1t1'1mru."hm fI~']"UJ~~1.~'11 nm1t1flJ~1l1't'l-n']'1J111't'lVl~1 [) m~ Btl"H.LLfI:: 

m::lJ'mm1ci tl [) L"llfl fIh~~1 [) Ltl"H.1."ll~ 
'OJ 

Sulfuric Tempera- Time Acid Pretreatment Enzymatic hydrolysis Total 

acid ture (min) Sugar 

concentra­ tC) (gIl) 

tion Xylose Total sugar Glucose Total 

% (v/v) (gIl) .. (gIl) (gIl) sugar 

(gIl) 

2 120 5 17.05 24.73 14.48 22.37 47.11 

2 120 15 17.57 .25.52 12.23 18.79 44.32 

5 120 5 17.41 25.97 12.88 21 .11 47.09 

3.5 ~anl"iAnlt1El\lfflh:::nmn!El\li\ll1TlT'Vi¥l-n El,"nl"itl-iu i1In1'Vi~'l1l n"i~ £i El,"ua:::l'Ia\l 

n"i:::u'mn1"iUEllli1la1m"1l'aaTai1l~'lmEl,"l"11'»f'... 

1"H.']1"H.ii[)~Mmf1m1~qJL;[)1fhJ1mJ1l'\1.rn'lltl,]-n,]'1J111't'l~ (Weight loss) ~flm1 
'YI~fI tl']LL~Vl']liL~whm1~ruL;[)1..rh.l1ru.lh~'1un-ntl,]-n,]'1J111't'l~~fI~fI,]tlci1']L~"H.1.~i~ Ltltl,] 

'OJ '" 

,;)lnm1fhi~'lltl,]tliru.21Wr~~ (Amorphous materials) 1~[)Lu't'll::LvijL"lffl~h~ m1~qJL;[) 

mmru.J1~un'll tl']oU']'1J111't'l~~tlflJ~1l1't'l~1 [)m~Btl"H.iitl'1m ru.~~,]nliil11t1flJ~1l1't'l~1 [)
'OJ 

J1LYi[),]tl r.i1']L~[)1~~1l11::L~[)1!l"H. ~flm1'Y1~fltl'] LL~~']1"H.m11']~ 3.4 H1"H.mmru.'lltl,] 

L"llflfl h ~1.~1.~flJ~fIm:: 'YIlJ ';)1 nm1t1flJ~1l1't'loU']'1J111't'l~~1 [) m~Btl"H.~,]~tl~~ fitl']!llJ']l"H.'ll tl,] 

L"H.tl'],;)lntltltl"H. 1~tlW'lItl,]m~"llflf'l1n ~lm1mL'YI1m'll1 L "H.'t'l"H.~1'lltl']"ll']'lJl1 't'l~ ,;)In"H."H. 

'OJ . 

Kostic et aI. , 2008 m1n1iVlLVijL"llfifih~I~[)m1t1flJ~1l1't'loU']'1J111't'l~~1[)m~Btl"H.
'OJ 

..I - 1t1 ... ..r.! ., "'til ..¥ - ... ., 1 ~ 
'OJ 

c;itl~1[)m::lJ1"H.m1 De-acetylation LLfI:: Hydrolysis m3J~l91lJ ~,]';)::91~vi"H.1i:: ~-(1,4}-
glycosidic 'lJtl']LvijL"llfifih~nfl1[)LtJ"H.J1mfl13JLflnflL~[)11."llh~ (Chen et aI., 2011) H1"H.

'OJ , 

mmru.'ll tl'] ~nU"H.1.c;\l~ n n n1i~ tl tl n L 't'l11::ml3J LLii']LL1,]1m']rl1']1"H.vi"H.1i::'lJ tl']mflJ tll-t­
'OJ 

mflJtl"H.l"H.I3JLflnfl'lJtl,]~nU"H. (Pejic et ai, 2008) , 
~fI m1~n'lf1 ~113JLtJ"H.~a n'lJtl']L"lffl fIh ~1.~1"H.m11']~ 3.4 ml3JLll"H.~an'lJ tl,] L "lfflfl h~ 

'OJ 'OJ 

LtJ"H.~ru.~3JlJ1i~"lTlru~ii~fI c;i il m1'Yi1']1"H.'lJ tl,] Ltl"H.1."lllil "H.m1r.i il[)L"llfi If1~ (Mosier et ai., 
, '" 'OJ 
".J" ' ..¥ ' 

2005) 9l,]u"H.ml3JLll"H.~a mtJ"H.911ti']"lfm1i~L1[),]911'lJil,]~am"llfi fIIf1 ~ LLfI::LYl3J~']'lJ"H.Lij il 
'OJ 'OJ 

ri1i~H1"H.~Lll"H.iliru.;i1"H.l~[)LU 't'll::LvijL"llfifiIf1~LLfI::~nU"H. (Gabhane et ai, 2010) 113Jn']
u 'OJ 

http:91~vi"H.1i
http:c;itl~1[)m::lJ1"H.m1
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m1ri1~1 [J~\l.li::1tJ1mL';)u.J.Jlu.LL~::1::Vli1.Jn~ lIL'1I'~flhH i.J,ru.m1rhi~LtJijL'1I'~~hHlu.m1 , " " 
1.l11JHm~~i'1[Jm~ ti tJu.~.J~ flllfi"lfum111 LUU.~~ nH.J;fiu 

.4 .., tr"_ f:t " • .., I 

~~m1"'nM1,;)1nn~tJ.J,;)~'Yl11",u.tJL~nmtJu. (SEM) ~1J11~nMru.::'Yl1.Jm[Jm~ntJu., 
m11.l11JHm~~1[Jm~titJu. rtu.~hJ.JtJ.Ji'.J-ll111~~il~nMru.::L1[J1JLL~::13.iih~1U. ~lWD.J" , 
-ll111~f1~~.hu.m11.l11JHm~il[Jm~titJu. (i.JLLH~.Jlu.11.l~ 3.4) ~U.~l"l.ltJ.J'l1.J-ll111~~il1~1U.

" " , 
mn;fiu LrttJ.J,;)1nm1ri1ifl-;i1~ln~.JLLl.lflnl.l~tJlI~'1.3.ihiL'1I'fl~hH, H11tJUU.'Yl1£J, 1"1.l LUu.iu. 

" .J' ~ .J '1" ... VI" .J'..I ....... ... .J'..I~ 

tJtJn,;)1n~u.m'1l'.JH1m1Cl"lfl [J u.m1L"I.l1Cl.J LtJU. L'1I'lImn"l.lu. Lu.tJ.J,;)1mH~"lflm~1I~u.'Ylmmn, 
..k .:l::1 '" .d .., .-.co. " 
"I.lu. (Gabhane et ai, 2010) L~tJLuu.m1Hu.1JHu.u.~~m1"'mY1,;)1nnfltJ.J,;)~'Yl11",u.tJL~nfl1tJu., , 

~""1". ~ .. .J'..I~ .~ "" 
'Yl1.J.J1U.l,;) [J ~'Yl1 m11 Lm1::VlVl1~U.'Yl ~l, u1mm"l.l tJ.JJ~1ULL~::"I.lU.~.~"I.l tJ.JJ~1U. "I.ltJ.J'1I'.J 

-ll111~~ri tJu.m11.l11JH.n1~LL~::VI~.Jm11.l11JHm~il[Jm~titJu. ~~~1iL~HfI.J1U.~111.J~ 3.4 

~1Ji11.l11JH.n1~il[Jm~titJu. ii~~~tJm1L~1I~u.~~1 LL~::.n11::"I.ltJ.Jm11.l11JH.n1~il[Jm~ 
I .cl ~ .A' ..JA I '" oct ,

tJtJu. 'YlLVlm::HlIH1m1m~1I~u.'Yl~1,;)1n 0 .994 m11.JLlIm~tJmll Cl.J· 3.87 m11.JLlIfl1~tJ 

n111 (Chen et. aI., 2011) 

http:L'1I'lImn"l.lu
http:lu.LL~::1::Vli1.Jn
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t9l1"a1".yj 3.4 ~flm'-~nl!n 1l\l~'l.h::n 1llJ"lJ 1l\l-n\l,],,'J t V'l~ri 1lUm'-U1lJ ~1l1V'l~..;ltJm~ ~ 1lULLfl::VI ;\lm::lJ1um,-ci 1)[.1 ~fl1tJL'1ffl fl tfl ~~1 tJL1lUL'1f~ 
" 

Composition ( Acid Composition (Enzymatic 
Physical properties b . d

Weight pretreatment) hydrolysIs) 

Sample loss Particle 
Cellulose Hemicellulose Lignin Cr( BET Cellulose Hemicellulose Lignin 

(%) 2 size 
(%) (%) (%) (%) (m Ig) (%) (%) (%) 

(nm) 

Untreated 39.04 42.6 7.56 29.07 0.99 7.34 

Acid 

Pretreatment 
a 65 67.63 4.06 25.53 33.19 3.87 5.85 38.38 3.18 38.53 

Water 

Pretreatment 
a 14.85 42.01 40.36 9.63 31.42 1.36 7.12 38.93 38.33 12.36 

a 0 
The sample were pretreated at 120 C 5 min 2 % of H2S04 

b 
Each value is the average of three replicates and calculated on the basis of dry weight. 

C Crl (%) =(l002- lam)/1002 *100 where -1002 is intensity of the 002 peak at 20 =22.4
0 

and lam is intensity of the background scatter at 
0 

- 20 = 18.7 (Kim and Holtzapple, 2006). 

dAfter 48 h of enzymatic hydrolysis 

http:t9l1"a1".yj
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Liitl,r;l1nm~liLL'VIti~ tl1'V11~~L~'l1n m~ci tlr.rrH~L'VI~tI1iYn~nTHm~m (.n~,r'11~~) 13.i• 
H1m~n fnUfl:IJtI~Thh::ntlUHI~tl1'V11~L~tlci1~H:lJU~m l\l,m~'Yl~fltI~~~L~tln~~::L~:IJ~\l,~l£Jn1~li. 

.... .. ~ 

tl1'V11~H~ Lm1::'VI 

n tI\l,L ~ tI~mmm"ll tI ~~~~nru<t1~~~ ~L~1\l,m~-;i, n~ H1~tl1'V11~ LLfI::H~Yi1 £J~~1itl1'V11~~L~~1nm~ 
~ . 

ci tI £J.n~ 

,r'11~~~1:IJnUtl''V1'~LH~:IJ 1~£Juti~LiJ\l, 4 m~'Yl~fltl~'VIin i~d 
1. ~m~,mmru,r,mfl1:IJLflnflL~£Jl~L'VI:lJ'::H:lJnUL;tI C. beijerinckii TISTR1461 • 
2. ~n1Y1m~L~:lJmmmn1~~~~1~r.Jtl1U1h~Hmtl1'V11~.~ 

3. ~n1Y1 n1~tl1utl~~ tl1'V11~1 wff\l,n tI\l,~~ ~1~L 'VI:lJ1::H:IJ nU".!fii~"lI tI~,r,m fI~litwff\l,~~~
• 

4. 'YlWlfltl~~~Wlih'Yl1\l,ufl1W1 r.J1iLL'VI ti~,r,mfl~1~~,nm~citl r.J.n~,r'11~WI 

1 t. .,:... ... .¥.J l·Y 1'" ~"1 ~ \l,"lI\l,U~m~:IJ:IJ m~LfltI m ".!ftl'YlL'VI m::H:IJ \l,m~~1m ".!f~ flWI tI::"1J WI\l" Ul'Yl1\l,tlfI LLfI::LtI'Yl1\l,tlfI 

1~r.J~1\l,m::ul\l,m~ ABE fermentation ~~liuci1~LLW~'VIfl1r.Jhtr~~u\l, 1\l,~1\l,1~r.JdL~tlm;tI~1n• 
Hmu\l,1~r.Ji'Yl£J1f'11HWlfLLfI::L'Ylfl1\l,h~LL~~tl~::L'Y1f'1L'Yl£J -;i,\l,1\l, 2 Hlr.JWWIT fitl C. beijerinckii• 
TlSTR1461 LLfI:: C . acetobutylicum TISTR1462 LL~::ti.1mlinuH~~tl1'V11~ P2 ~~linu C. 

d .:'1 .¥ ~ ~ '/I '" 
~ 

... '" .J 1 .,:beijerinckii BA101 "1J~L lJ\l,H~~tl1'V11~LLfI::L".!ftlH1 m~n~fI~Ul'Y11\l,tlfI LWlfnl:IJL"lI :IJ"lI\l,mn'YlHWI ~m 1:IJ 
~ . 

-;i1nWlm:lJ1ru,r,mfl~ 20 n1:IJ~tI~mL1~J\l,mmmL~:IJ~\l, 

10 .,------------,. 2.'i 

20 
~-___-_t ~ 

------. 

Q a_-----l--""'.---.4..-...........--. Q 


o 20 ~ ~ ~ 

IocubatlGa Prrlod (b) 

,.tl~ 3.5 LLH~~fll1:IJ'VI \l,1 LLti \l,"lI tI~ L"1JfltfL~ tl1W1~1 £J UV-Spectrophotometer LLfl::m~flWl fl~"lItI ~,r,~, fI 
~ 

n~1flH"::'VI"h~ (-) C. beijerinckii TISTR1461 UfI:: (--) C. acetobutylicum TISTR 1462 
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15.----------=~----_. 

~ 
~ 

0.8 8 
" G 

_ 10 
:s -c 

0.6 ~ 
.=! 

0.4 ~ 
c
:E 

0.2 ~ 
" e 
0.. 

o o 

Aid ........ - - f" ....!' .d1"

1uYl 3.6 LLff~\lml11L"lJll"lJU."lJthl~~~llrn'YILL~::m~ Yield, Productivity LL~::1mm::"lJil\lu.l~lflYl "If,. 

:::. . .J ........ !' " 

Yl\l~ll~ 1::~11\1 C. beijerinckii TISTR1461 (YlmllJL"lJll"lJu.u.l~1~1mm:: 2, 4 LL~:: 6) LL~:: C. 

. . .J.... ....:-- .... 
acetbbutylicum TISTR1462 (YlmllJL"lJll"lJu.U.l~1~1il[J~:: 2) 

.,j , .d • .K::' ~.¥" .¥.K a ~ .,j 
,nmtJYl 3.5 YllJ11LllElU.1L"lfElYl\l 2 "lfu.~L~[J\lm[JEll~11L~[J\lL"lfilffmL~[J1nu. (P2) LL~::Yl,. ,. 

mlliL-nWnlt"lJEl\lJlm~1lJL~n~L~[J1n~1flfftJ1lJ1nHyhnu. ( 2% 1~[JJ1V1l!n) YllJ"hTh~~n~u.LLff\lL~El. ,. ,. 
~.,j .d 1 a, , 

1~Ylml11U11fl~U. 600 ltl ltLll~1"lJEl\l C. beijerinckii TISTR1461 llfl1lJ1nn11 C. acetobutylicum 


1,,« '" .. ..J ~ 1 1 .¥.K a , dF- ,,~
TISTR1462 LLff~\I VlL~U.11u111lrn"lJElWn~~YlL~lJ ~ ltEll~11L~tJ\lL"lfEl P2 lllJ1rin11"D\lffEl~flflEl\lnlJ 

111lJ1rnJlm~~1i 1~ [J1lti1El cil\1~iim1l,;)1qJL~lJ1~"lJil\lL"D~~lJ1 nn11ffllJ11rl1iJlm~ 20 n111~El 
~m~1l~1l1 [J1u. 24 -E'1111\l"lJil\lm1~lTn LrlEl~~~"lJEl\l~~~.nrn.n~L~,nnm1~lTn1lt1tJ~ 3.6 YllJ11,. ,. 
ltElmln C. acetobutylicum TISTR1462 ,;)::L,;)1qJL~lJ1~L~13.i~1lt~~1Ell~11"lfU~dLL~1 ~~~.nrn.n 
~;n~L~ihii ltm~L~[J Lilu.R1u.1~ qj~\ILl.i1'liLihVllJ1 [J"lJEl\l ~~~.nrn.n~~El\l m1 1~ [J ~ ~ffEl~fl~El\lnU nTl 

LtJ~[JU.LLtJ ~\I"lJEl\lfi, ml11·Lilu.m~-~l\11u.Jl~lTn ~L3.i ffllJ11rl LtJ~[JU.LvJff,;)l nm1~~~m~Ltlu.nTl~~~ 
ffl1~::fll[JL~~111Ylrt'lfiJ 1~m1[Jn1111n!Jm1n1i\lmh111 "Acid Crash" \ 1lt"lJrn::~ C. beijerinckii 

~ a1'" \'I!'I • ~ ..I a \'1".....1 ..TISTR1461 ffllJ11rl~fl~ff11fl::fll[JEl::"D ~u., lJ1YllU.ilflLLfl::lElYllU.Elfl L~ Lu.u1lJ1rnYlLYl[JU L~nUYlll 

m11l[J\llU.1U.111ffl1U';)';)Ult (Lrl ElLYI [Jmt\l Productivity LLfl:: Yield), 
i\lJ'u.1u.m1Yl~flEl\l~illll~\I~n'lflLUYll:: C. beijerinckii TISTR1461 LLfl::LvimfilJ1rnml11 

L-nwnlt"lJEl\lnfl1flff LrtEl\l,;)ln~mllJL-nll-nlt"lJEl\lJlmfl 20 n111~El~~1 L~El C. beijerinckii TISTR1461 ,. 
ff1lJ11rl1iJlmflL~~1l~1l1[J1u. 24 -E'1111\l i\lJ'u.~\lLvillmllJL-nll-nu."lJEl\lJlmflLilu. 40 n111~El~~'l 

... , ~ 0 ... ... 1 tJ .,j _......,j\'l .,.. :::. .. 
LLfl:: 60 mll~Elfl~1 ~l11fll~U ~flm1Yl~flEl\l~\lLLff~\I lt1 Yl 3.6 ~~~llrn'YIYl L~llYl\lffl"fl::flltJEl::'l!,. 
1~u., U1YllU.ElflLL~::LElm ltElfl L vilJ,]u. 1u.m1lvillffl1i\l~U.LLfl::1i~1l~~1~1lJmllJL-nll-nu. 40 n711~ il 

~m ~1~1lJmllJL,ylJ-nu. 60 n111~El~~1 ~L1fllL~[J1nu. iim,.1iffl"~\I~u.lJ1nnilLlfl::L~~~~.nrn.n 
lJ1nn11 LLfl::Ll.iL~iffl,.i\l~u.,;)lt~lJ~lrlElm1~lTn~ltff~, 
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,nml [J\l1'Um1~mnL fi rJ1 nunTH~:JJ m1~~~~11 fl::fn [J tl::<fil~'U ihm'Utlfl LLfl::Ltlm'Utlfl 

. 1.,j ,J • 1 .,.. • I,J ~., .. !'I 
1~mw:JJm~ Acetic LLfl:: Butyric fl\l 'U~mtll~11LYWL~'U[Jl'Ul ~:JJm1Lufl[J'U~fl~lHlI.'mu'U
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ABE 
ABE ABE 

Substrate Hydrolysis Culture -1 
(gL ) yield 

productivit Reference 

y 

Rice straw Alkaline 

. C. saccharoper 

butylacetonicum 

ATCC27022 

20.40 0.35 0.24 
(Soni et al. 

1982) 

Defatted 

rice bran 

Dilute sulfuri<; C. beijerinckii 

acid . . NCIMB8052 
13.19 0.44 0.37 

(Jieun et al. 

2009) 

Dilute sulfuric C. beijerinckii 
Wheat bran 

acid A TCC55025 
11 .18 0.32 0.16 (Liu et al. 2010) 

Corn fiber 
Dilute sulfuric 

acid 
. C. beijerinckii BA101 9.3 0.39 0.10 

(Qureshi 

2008) 

et al. 

Corncobs 
Dilute sulfuric C. beijerinckii 

acid TISTR1461 
. 20.58 0.45 0.44 This work 
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ABSTRACT 

Biofuels produced from lignocellulosic materials, so called second generation biofuels, shown 

energetic, economic and environmental advantages in comparison to biofuels produced from starch or 

sugar. There are two main processes involved in the various conversion routes: hydrolysis of cellulose 

to produce reducing sugar and fermentation of sugars to biofuels. Therefore, the pretreatment of 

lignocellulosic materials to remove hemicellulose and lignin can significantly enhance the hydrolysis of 

cellulose. The main goal of research is to increase the enzyme accessibility by improving digestibility 

of cellulose. Accordingly, dilute sulfuric acid was used to pretreat corn cobs prior to enzymatic 

hydrolysis. After the pretreatment of corn cobs by dilute acid under the identified optimum condition 

(120 °C, 5 min), the highest yield of total sugars of 24.73 gil was obtained. After enzymatic hydrolysis, 

the highest yield of total sugars of 22.37 gil was obtained and the final total sugar yield reached 47.10 

gil . It can be concluded that dilute sulfuric acid pretreatment can be used to achieve high yields of 

monomeric glucose and xylose from corn cobs. 

*apanee.J@chula.ac.th 

mailto:apanee.J@chula.ac.th
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INTRODUCTION 

lignocellulosic materials can be used as substrates for the production of bioethanol because of 

abundance, cheapness, and renewability (Gabhane et al., 2010). Normally, lignocellulosic biomass like 

corn, cassava, sugarcane etc. is mainly composed of cellulose (38-50%), hemicellulose (23-32%), and 

lignin (15-30%) of biomass material on dry basis along with smaller amounts of extractive and ash. 

Corn cobs are the most abundant agriculture waste around the world and the amount available in 

Thailand has been estimated to 3.85 million tons of corn per year Therefore, corn cobs are 

considered to be an attractive source for bioethanol production (Chen et al., 2011). The most common 

processing of lignocellulosic biomass to bioethanol consists of four majors; pretreatment of raw 

materials, enzymatic hydrolysis of the pretreated materials into fermentable sugars, fermentation of 

the fermentable sugar into bioethanol, and ethanol separation (Lin et al., 2010) . 

Pretreatment is an important step for enzymatic hydrolysis required to alter the structure of cellulose 

and to make it more accessible for enzymatic hydrolysis. Therefore, the main objective of 

pretreatment is to remove both hemicellulose and lignin and to enhance the surface area of 

substrates. Pretreatment methods are either physical or chemical. Among the chemical pretreatment 

methods, dilute acid hydrolysis is widely used, since there is the fermentable sugar known xylose after 

acid pretreatment in the aqueous phase. Moreover, this method is an effective and inexpensive 

method. (Gabhane et al., 2010). 

The objective of this work is to improve the production of fermentable sugar (xylose, glucose, and 

arabinose) of corn cobs, by using dilute sulfuric acid pretreatment and enzymatic hydrolysis. 

EXPERIMENTAL 

A. Pretreatment 

The effect of pretreatment conditions (reaction temperature, acid concentration and residence time) on 

the sugar yields in the hydrolysate liquors was investigated. Sulfuric acid concentrations of 2%, 5%, 

7%, and 10% (v/v) were examined at temperatures of 100, 120, 140, and 160°C and residence limes 

of 5, 15, 30, and 60 min. 

After pretreatment, the reactor was cooled. Then, the samples were filtered for solid and liquid fraction 

recovery. The liquid phase called hydrolysate was stored to investigate the content sugar. And the 

solid residue was washed by tap water until neutral pH and dried for 24 h at 65°C. The pretreatment 

procedure flow diagram is shown in Figure 1. 

B. Enzymatic Hydrolysis 

The solid residue was transferred to a 250 ml shake flask and then the pH was adjusted to 4.8 by 

adding 50 mM citrate buffer at 3% (w/v) solid loading. The flask was put in an incubator shaker. The 

enzymatic digestion was carried out at 50°C and 150 rpm for 48 h. 
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C. Ethanol Production 

Saccharomyces cerevisiae is a high efficiency ethanol producing yeast strain. Active yeast was mixed 

with sugar solution after adjusting pH from 4.8 to 7 in ratio 1:10 and transferred to an incubator 

shaker at 37 ·C for 1 day to 3 days. After this process completed, the solution was stored in order to 

analyze the ethanol concentration by a GC instrument. 

RESULTS AND DISCUSSION 

A. Dilute Acid Pretreatment 

Figure 2 contains four graphs corresponding to each residence time. Each graph shows the 

monomeric xylose measured in the hydrolysate. The results showed that the effect of combination of 

temperature and acid concentration because the effects of temperature and acid concentration offer 

the greatest influence, about 25% (Redding et al., 2011). The highest yield of xylose measured in the 
. . 0 

hydolyzate of 17.58 g/l was obtained after the sample pretreated with 5% H2S04 , 120 C, and 5 min 

residence time. 

Corncob 

Presoaked \ ....ith acid solution 

at least 4 h 


Solid/Liquid Enzymatic 
Seperation Hydrolysis 

LiquidElecnic power (heater) 

Tot.al sugar 

Figure 1 Flow diagram of dilute acid pretreatment and enzymatic hydrolysis 

Figure 2 also shows xylan Oligomer content at the point of the highest total yields when corn cobs 

were pretreated with dilute sulfuric acid. The amount of xylan oligomers as a fraction of the total 

solubilized xylose was greatest at short pretreatment times, coinciding with the breakdown of the fast 

xylan fraction (Esteghlalian et al., 1997). After the optimum point each condition was under harsh 

conditions, which were too long residence time and too high reaction temperature, carbohydrates are 

degraded into furfural and HMF which in turn are degraded into levulinic acid and formic acid, 

respectively (Redding et al., 2011). 
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B. Enzymatic Hydrolysis 

After the enzymatic hydrolysis, the hydrolysate was analyzed for glucose, xylose and arabinose 

monomers. Figure 3 shows the monomeric glucose measured in the hydrolysate~ The highest yield of 

glucose and total sugar measured in the hydolysate were 14.48 g/l and 22.38 g/l, respectively, with 

2% sulfuric acid at 120°C for 5 min. The acid pretreatment gave high glucose yields because 

hemicellulose is removed from pretreatment. 

C. Total Sugar 

The total sugars (fermentable sugars) were the summation of the xylose and glucose monomers 

found in both the prehydrolysate and the hydrolysate. The highest total glucose and xylose yields 

were obtained with the sample pretreated at 120°C with a sulfuric acid concentration of 2% and 5 

min reaction time. At this condition the total sugar 47.11 g/l was obtained. 

-- ---- -- ---------------, 

d 

o 4 6 10 

___~_ . <:~-"--,=(:nl.".I~~n ur "15£C?~(, ~,)


I -+- 100 "C -- 120 DC ....... 140 DC ..,.... 160 "C I 


Figure 2 Monomeric xylose measured in the pre hydrolysate after pretreatment as a function of sulfuric 

acid concentration (v/v) and temperature for (a) 5 min (b) 15 min, (c) 30 min, and (d) 60 min 

residence time. 

D. Ethanol Production 

After hydrolysis, the sample was fermented with Saccharomyces Cerevisiae, the highest ethanol yield 

of 5.6 and 7.0 g/l were obtained from prehydrolysate sugar and hydrolysate sugar, respectively. 
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20 

0I-- 100 "C --- 120 ( --- 140 O( --- 160 ¢( I 

~igure 3 Monomeric glucose measured in the hydrolyzate after pretreatment as a function of sulfuric 

acid concentration (v/v) and temperature for (a) 5 min (b) 15 min , (c) 30 min, and (d) 60 min 

residence time. 

CONCLUSION 

the dilute acid pretreatment studies described above satisfy and meet some of the more important 

. requisites for an effective pretreatment process. This dilute acid hydrolysis is to maximize the xylose 

conversion and to destroy the corn cob structure in order to. enhance enzymatic hydrolysis. Our study 

shows that there may be opportunities for further process optimization, finding .the right pretreatment 

temperature, reaction time, concentration of sulfuric acid and lor enzyme combinations. Moreover, 

this research also shows that the ethanol production can be obtained from the fermentable sugar. 
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