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ABSTRACT

The aims of this project were to study the composition of corn cobs, the
pretreatment using sulfuric acid and sodium hydroxide as well as the optimization of
enzymatic hydrolysis for the cultivation of Clostridium acetobutylicum DSM 792.
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wmaztiesndishllsvihjewminfidgesaasein axduluviuiinensnsdswdesfisnes
Dugun nmawdaduididadedninaedebiiniadon soundeinmsindudusauisan
Fedmlnn usfitloglurdin nsudesiisdsdninalidesameluisalagqaunid 1Hnaiuny
waziiafwenivaulasenlgdndufugusseime dunsundinlumdudiosidaiida

wilfiafiwmsueulaeenledidrgyuusseneguiu (ly, 2555; 3des wavanz, 2536)
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d's 52 oy
JUN 2.6 Fatmlnadednd

i - https://www.exoticblanks.com/Corm=Gob-Ren-Blanks-Stabilized-Large.html

(15 wewnAu 2558)

Uszinalyneiduyséumn e snysulinanaavnan nneasvaigstn wingn 47lna
L") [ g @ £ v nl - - - 1 4
Suduevda s1aw 57 ub s THIUTEAT oy Ies flaranvi N s inees v il ududi
' 1 ) 0 Il.l =3 A -
dsnanluogasnaUsging vselalri o SR aae AN Selunas i U s AR A LAY

- n : ' - - L3 : ) a
wsgundnnan g stivasindatin e G ety aus o Yaqudonmeaianuis Wy &
1IN LAl MM T AN AT Waveiuaee A TLSL (s LagAnE 2550)

s lwduinmsuehsrididl sgimilo wWatmalns was A
wnzivanngilenie sTulitldisesngalumsmzdgnliun ialhIuielsinwsns
fisuvgn Fednlwa 1-2nsPanyagiitivntsving 90 222007 AR Wavianansiols
Ussanad 1,100 - 1,800 Rlansuasts Weilininasemnslidafdviviodinlie dareidy
Yaqdofisannisiiunssaiung Iﬂﬂwﬁnﬂwﬂadﬁmémfv?a‘lu'dwﬁuquu Yahugaeiu
uazFuggiou (Rlywd Wayatgs 2555; \wathdnmuaFmne, 2555) adinpdomsuay

« -l v 0 ¥ & P ' o o) P
paAUsENEUMAALva It IimlburasdTu-Naziinuunns1atwly Sasmeted 2.1

psfusTnaviiddig ez fuyariva U amusafiaerisinnsagadedninaly
qqﬁu Iﬂmw‘v‘ngamﬁ'sums'l'EmﬂT.uTaﬁLﬁmﬂﬁﬂuaﬂuwaq'[aa (lignocellulose) TinuTludie
Widnhoa dermhmalulinuse wwuszneundnvesinluisagloa ¥us \waglad (g
fiwaglaa uavdniiu Inefwaglaa sxuszneudonglaaansluianasn oglugunin &
Snwausndudulomilen varliazaroh eiwwﬁwaq’[aa%ﬁwnauﬁ’:wf'}mamuima
(Pentose) anawiin (g lelaa (Xylose) uuulua (Mannose) wazags1tlua (Arabinose)
(udu masmauans acetyl Lﬂaw\n‘[ﬁsqa%ﬁwmwﬁwaq'[aaﬁm'iumnﬁqmn warliidundn

& o oa s - o - Y 1 a_ a < a ‘ -y a
waruanNUudidIulTEnoUIowenYdugsn laun antuilunediwesvesitalnsiny
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] Jﬂ n‘ LY 13 ] L [ 4 1 o v
(Phenylpropane) flilgmslulawnsaiiganilemtasaduasiinidrdneiu Fadudiuitad

Aaudaussbiuniy (nsuimuwdamumawnuarayinendsn, 2549; yweund, 2554)

A <l 1
A15197 2.1 ssdUsEnouMaLAiivesimlng

, dauvsznaunsludnilwe Gaeazingui)
2vAUsEnay

] o
Wwaat1alne 17 lnansiln F39171nn
Tnguvia 85.0 86.1 -

TWsueasla 6.7 53 1.16

Tnwuzieaslasiu

TUsAusMm

lostu

dl
wale

//
mﬂuiatyy

L;’ﬁl 1Y

Wod

< &
17 U (

Tﬂt;ﬂnﬁu‘%u

ar  f o a
Wug warneiasgiiul

A
A15197 2.2 3dUsEnaY @@

Y

LTPTE ) ﬁﬂ%ﬁm?hmm 2 >
\9ag w anilu

vt 32.1 24 12.5
WWT1EA 1305 28.4 18
YUY 334 30 18.9
Fagmlng 45 35 15
Aulaw 37.14 30.59 22.32
susiudznda 329 13.85 26.96

i - wssadla (2545)

Q&{ @ ~ Y o [ 2 A = 1 3 1 Y o Y, &Y %
nansiiluenanshanulidmsumsldanuienisdnwivingu lueygelmhluldisylesisunism

Lidnsallagrsau Snviavhudilidaudasion uasdedsdedadivaaenarsynasaninisiluly
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2.2 §uea

o = o a
2.2.1 avwimluineanuimiuea

s

Umuea (IUPAC Nomenclature, 1-butanol; CAS no. 71-36-3) Lﬂuﬁ*}:{]’nﬂu R
Tr¥iaueanesed (Butyl Alcohol) flasdusvneuiifinnfuouiiuesdusenou 4 mvouszarh
Anueanased (4-carbon Aliphatic Alcohol) aenss Flassairaluanariiu CHOH Fagui
27 thwinliana 74.12 niudelua Dmealifid Aalalsl duveunaniifigoandalal
gauudntios (Slightly Hydrophobic Liquid) findundoadatundrsuasinduueanesed
JULSY szABLABsdenuazionly fauauldenTsisivaasihavarsdunidldiiou
yamunoganysal uAa N saueATENTINIY asiaiiduq Mluleateesdnguifeaiy
Aowuvuea (Asuau 1 ansuduiliuosrlseznaullomyga(2 arsusu) uasineniuea (3

Asuu) (Dirre, 2008; LeeAlarvams 2008)

HY_ 4 1

H-G76-67C-0H
H-H"H

sUil 2.7 Tast§viaeilvgadoniea
i http://commons.wikimedia.orgiwiki/kjle:Butanol) flat_structuce png

(17 woeIn1eu 2557)

Jamrueaatu1snuanlaainAse TINaAas Kl aNaINTs swTUN1SALS 8N 11 ABE
. - 0 v ol a a a o o &
fermentation @4lguuaiSelun1sHanazdlau UINIUa WaZLONIUDAINANTTINIA 19l
ABE Wlunszuaunisnidniuduasisuliasusnlunisndnesdlaulualioasnsulanaiei 2
- & W A v a o v P ' w o Y
Fadunszuruntsuiniliseaniseandiaudeesiinislaeniameauialulasiau lngly
nandnodlau Uan1uea wazteniuea ludnsidiu 3:6:1 dedrulnagazlduuaiie
- - = . 4 s r:‘A ¥ d'
Clostridium sp. Tumsudn lnswawz C acetobutylicum Miuaneugnisulunia
susanewug C bejjerinckii fignldlunszuiunismiinesdlau Jamiuea waslenuea @

Tinandnditiguiu (vling uazaey, 2555; quns wazAny, 2555)



15
2.2.2 anwaAgreslioniuea

- - vE woa - o a0 Y ' W v & a
loanniimsliiuihdlasdeniigaiu siainstuediannlulagiu nsldemnas

a - ! v & = = [ o ' a  a -
Fanmitenaunuuisdiureansldidemdinveadaiduiinaulesdedmialan e

= 4‘ a u‘; 1 o = o o ' J -
Wasuiisuidamamawnuiamauda luledmueaisiiunumddglugariellvendeinas

4 = = = o - <l .A’

Frnw (Darre, 1998) Tnefin1snanezdlaunazimmusasinnsminvesydunidluanaiain
geadusmnnarstanmmeniainens wu ekl adnlne wadn uasmnyiudes mas
Wsvenuauladuegragsdulsanudineg  Tuglsvuazewing Wesminnisudnaisazany
sunidlagnssuaumsmedanim anmsliqaunidwiadaaianafulszlonidedwinden
1. vV a - ] s 1 (3 as - = A -3 s A o v
TaglinalinAnuaiuuaslidudupsiasetiyud JagtutmilTeadagsiafinddgindald

Uszana 5-10 &udfy uazghedanisafludiantii Adnasiiunisidadayueatvgaiu

fe¥avar 3 aav luswidadriing wagans, 2555 Lee @Sz, 2008)

u.as%'ﬂqmwiuwﬁe*umﬁqmuaaﬁuﬁmlﬁw"uﬁ':mwﬁﬁmmﬁﬁﬁty Favitenihonuea
Aoannsoliduldowd it pdeseusilelaons g TuaeeAdoause o N Tsus iAo
AuanURuIIUEAT olybralazals o sl L A0 paL (Haksen “agaps,
2005) Weitamuoan e s T Atadeud il eensiaslsisiaretin fadanda
10 llesanniln e RN nANATo 0 WA 2t SVl RI W TOUAFT By e aeEns
11N B ol suiiEuA AU ST 1T artsattevAYa NUFUIIN oAl AI NN
IndFesruuialsduisagns luiifiasuanmionoaiuadalgdusediisungunaninds
sl iRy danani D udn s eEon ayryusaleat lilusnaddanneg 16
(Lee wasAmy, 2008) Whnsindaiianmupaaiusainhieaniuuialeddliuisdiu
Wity wu lulssmavsisalfin sldaTsralsewianeniusanasuialeduudsooay 23
uanmn‘f‘f'Lutmuwﬁﬂaiiﬂmwsxmm iauﬁeﬂivxwﬂam%ﬁaun‘%nw~1‘ij’a1‘mamwimam
ueauavuidleduiioosar 10 i Syl umusaerhsetn lUldiuidassudlag
LigasinsauUaanisoud uazlidmalng notnsesoudiay sauvtalvanssouglunis
Fuindsuduiiertunislduialedudnse usnani | nsunlvsiveariesudiiiiiimiuea
Wudruwan wuinledsiiosnnuasaanuianiveunsuenled annsaagudaldiuisuves
AslgtaMuBaNINNIeN s (TN warAue, 2555) gt

(1) nMsszme (Volatility) st Sadufiwlieandn (@ien Reid Vapor Pressure (RVP)
@ 7.5 wh dlaweuiieuiuieniuea)

(2) ﬁ’:mu@ﬂﬂqmij’umm%u 3ailAn Hysro-scopicity AN

(3) T ueallAINISAANTBUAIINTY
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va [ ' - ' a = . '

(@) nsleuamusatasaisnitenueaiiiasainiainisialn (Flash Point) ganmn
uasiiausasudulasinin

(5) HiA@anMugIN

(6) TimueailAmanugnItenIuen et ueaiian 110,000 BTURBLNAABY

= = "
Turuziantuealian 84,000 BTUsRBLNAABY

(7) annsanauTmiuiaiglsauuarsigalaauy saaau Fvirlinnslgdmueaiu
X a ol as & « o a a v v ‘Jﬂll}
Womddiauvaendy sauvisgunsel nsiiu wazsmaiiudmueadsanansaldgunsally

TuamilifuifunazsosudlagbinesUsudsulagas

= = e - [ . par
AN 2.3 miuﬁ'uumauamauummmmuaa ﬂ?‘ﬂ‘(jau waslonaueq

AR 7 Uannien| indlghu | lenuea

ATIUNUILUUNARIU (BNérey Density, MI/L) 292 32 19.6
dnsrduRaNsEIiafiuLazeanae (A fuel Ratio) 11,2 14.6 9
anuouusvesntsnaneule(Heat of apeérization,

0.43 0.36 0192
MJ/kg) »
USinuwasnu (Epergy ConteptAatue, BTWU/gal) 110,0004:=115,000 84,000
%‘ﬂLagﬂ (BOlllng pomt, Q@ (174 27921 78
ANUMUILLLL ﬁqquﬁ 2009 aiaLTEE (Dénsity:
) 0:8098 | ||07<0.8, | 0.7851

i : linn uazasy (2559); AT UathuEi2555)

Tusnriimanaidnusaleglussbuisesialipgitinasnandug Supaban )
musadiliinsmmudeszubmisitiayansiiuvent aidavannad o sitartssiuni sy
18 (Vapor Pressure) vaadiviteaitmawinil d4iaF0ias] eni 20 e uwaidoa Jailas
rieviuea 11 wi Saiianiu 45 faaimevien i2o-eiwaida Javinlranunsodiu
Tngasaiuieledulaglifinisgadesinnisseme Jshifinansenududiados wazan

AANUAN NN N-NILATIvaat I uea Masainranisuauiuigledulagliniswen

4

[ '
s

YU Tuﬁﬁlfwag;ﬁauﬁmu (iewniinsiurenilaensaissun) uatidesnmilndifostu
frolwdu Faannsaiuansiindesnnuld dlewIsuifsunsuaudom@aainmdug fu
freledu (n1319712.3) Frowmauadandns vivminiunateq vivnisaulauazamulu
Tasanisniswdantamiueaanndauia mn@uﬁm'%'&’ﬂﬁﬁmmau‘h‘lumsw%mL"gam?aﬁiamw
Ao BP uay Dupont dsilausuiietunatsasinsninsitowaznisaneilunisiauiuas

= et s < d - o
wanlulatmuealuszavgnamnisulul 2006  waviauslasinisiwendnluletmiuea
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V3nes 30,000 fusied) uariimsuudsugunsaiingg Aildfueniueaues British Sugar
ludang nasnn1sMadeuaIn BP waz Dupont i 2008 uameimisldluletiomuea
annsniunsauszwinadomddnmluielvduinnnicdesay 10 Saduyduildly
MsHassEwinsemuea (Wialeged E10) warUsAnmuaunadluaLssnuL e UATOILUR
L’fmma'[.ﬁﬁaqﬁmnﬂaqm‘%'aaUum"lunitﬁm'&'uﬁaiﬁaaéﬁﬁé’mswzhul.amuaaqafgu \u E20 %30
E85

uananmsirdmuearniudemdavarldfuindessududs damueaddl
AR RRAMNITUNIAATIINNLNY ﬁ'smuaaéuu’tumwgmﬂ%‘au"LULﬂumsﬂizﬂamaa
W% (Ester Derivative) 1y Tafiaeuastan-Batyl Acrtatesalittuassnatsluy §izen
Wil uansedeuinn wasuatssdiluduenaaniitiviveasuduansmdiuetianiienna
Tunmsiluivinazarsdmivarsiaio vt taydansieg luaeaivnssuagiiaed (Acd
Curable Lacquers uad Baking Finish) nristsusstuntl vanlsviteaiasansysenadiuq Ao
Wuiiuwes dmsunaud (Paint (Fhinner) Wteiiaiasanslud (SoWent for Dyas), L
vilnwswt waziansdne ufs Nt MsRERgARa¥@ITo YRR W BWRTILE (ARtibiotic)
o3l (Hormones) A=A At itaming) 10 Bms uana e it gitdam nealudss o]
sudug 1wy nizRnisY (Safety Glass) \aaiadihaseda (Detergents) andmnssy
LAT09d1079 LU @155 hisan ) (Eye . _Makeup) ALBamady asslurandusinaslanvuin
nanSuTi e fUgunanow e bansan i Iate wadnamas e T suee

nausa (WU LagANE=2557)
2.3 N2UUNSHIINesBTAY Uaniuna uasteniuaa (ABE Fermentation)

-4 v ;5 Iy.l = L3 &

nsuanimuealiulligyadmsdlagnauntmsatsniul am. 186 1°lnenatd wiawmes

(Jones war Woods, 1986) Aauischardingen laanuwnoSalauiiamsiiunisimisinuiu
- o v v s ' a

waed wiawaslul a.a. 1905 FalunsZvaunisminene-ClGstidiim spp. Wuitwenands

a [ N a @ o o = a
vnuaauaxaz‘ﬂﬂuum LLUﬂWLiUUQNﬂﬂaﬂWW‘LUﬂ'ﬁNamm’lwqaﬁﬂqﬂﬂu g L@WWUBﬂLﬂﬂL‘TJu
1Y) & o

wanAuginsoutamiueanaresdlau lagnszuaunisminulagniauiduitssnainlym

u
MIVALAAUENETTNYR InsTimuealuarsiiuvesnmsudatladu Faluingiundn
wpan1sudnsnsdaasiedt diuezdlautiuiinwddglunisindiuingivdmiunisudn

L |

ar = ﬂyJ IJ a “@ v L) =f '
Fagszidaluaasmlanaian 1 mendiasnsmgh auseanisosdlaudiantosas uindull
v a & a ¢ o a v v o
ArwFaINsimuearntulugaamnssuransoous Waswndimuesaaiunsaldiludai
aranowauluatsindeuisasud wavdaldiusvitazanglugaamnssunisudnuia

wagnwen Lﬂ%mﬂ’l@% (BN wazAne, 2555; quns, 2537)
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« ! mumsﬁ'nluuai

- |
"‘I {hmun‘n
g | dniueidang

e :] e

i {i‘ renne g1 Tmuemia
{ _____ % TnER WinAurimnal
'uwia ‘ﬂ i

:nai'm*m nfusnmingiu  nzuNmIwn il g

-

J - -
JUN 2.8 nszvuntndnluletimiuea

M - i1 uazAETISEE)

wisgalsfmuludeguidinvihavaaedunife s viai \Wimdndnusidyaruaz
dninltidudnhazaglighamassusng AN USRI INLA NSt orEn
tgammmmnﬁuwuﬂummwv‘ﬂmummauhamemmn lesiawazmauatglsudeiingg
vhmuﬂzauammmsmemwmmuum ATY LN SMINAER AT Az o udstd oind
wanuitiiniuflidoved AL Fermentation S8 ARmATSAAsALTarin o 1 {ilpaann
ﬂ'mmwu‘lums'l'uﬁ"zmaua'wma'mﬁmna'nh'ﬁﬂqmu Amalifinstints st win aseloy
Fu TasuvaigananiiulsiNenan As. Clostridion JanseuLRsARAluTHO IWPLb ALAL

mslIE (iR Gasrnis, 2555) wamariay i o0

U 1912, fefh 1914 vl AWusnidtchaimWeisradn) WiMaswenq@amIcs oy
wilsitfiruanu ok dnebFladiard wuen 4 AN LB EN36UaA C acetobubylicum
'[smuwamavqﬂmumnqaumawmuﬂﬂ‘lﬂmmumaenr}v'luﬂ Vi lrtlddmlnaiitiansdasy
Tuganaasasulanafeg §ramnssamisnangselr D vuea (o wda’ (ABE) Tnely
A3 Clostridium spp. Usdaupdniset i TuieusMaameaassdi 20 nsudneys
Tmu-ﬁwwuaa‘lmaqﬁuw‘%’éﬂﬁmﬁmuuuu’sﬂw’é (Pure..Cutta )0 Junsuanansiafiseeiy
qma'mnswwm‘lmﬁﬁwqﬁuw’s‘é WuidgaiunszuumMinuslvgitagnneldnnzuase
o faduusy sy mulaiumdhgnsimusslugnszuaumsminaivinl lussesusndy
mssdaielildosdlauundnsusivaniigomnis welslunsndnvuausudnissneuday
Wlrsniiweiuuansagloalunim Suduasdsnlumemdnsuindilsnudnordlmen
fqaunmuumwawhﬂumusnﬂuavuﬂmm u.a.l'sqa'lummmmﬂmawaeﬁuamamsw
ilewnmmdeiniserdlauaniosas amal'snmumwuwmﬂaqqmmwnsmmuuwaq
awnsmlanhbifiinnudesnmstonueauniu iessndamueaansaldifusai

- - ' - a S
azagnanluudeines (Lacquer) Fuluansiedouisosud 1590190199 TwauBn ety
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¥ .ll J a e W - a L3 . !»'nv = ]
Tyl aunssiadiedvdunslssumsndsvedinunid (Weizmann) laduanasdaiilsanulmie
Wavuuninaiensuanesdlaunaziomiuea MilugUu iy seainsidy uazawisnila
v Y a = v v
Tnold C. acetobutylicum \Wundnlunisuda Tugall 1950-1960 nszuuntsviiniielile

v oo

ABE  wgarsinianuansluglsuuazawinivile esanliawnsaudeduldfuisnig
Fupeimatlasnilusaneadulnewslunan@nsan ABE vaa Clostridium spp. fifaus
0.9 Nufadng WIQegn 20 nFudeding wazAuawsalun1sKER Ao 0.04 uds 0.24
niusadnssodalus arwannsaluniudn ABE Fuagiumaeteds wu daadld gungd
warvlinvasadun3dild Wusu edlsfinu mnvzuiumuaulaluiinssuiunsndaudy
mwannsalunsndnansvhazatonng feegtugmasadneg 1iesanlaovannisudn
pnudutuvosndnfusiiutudhaganiianuduiviassideadinisazauaisiv
waniuaunme iwadaxpdamsiniyasmisluiine dgmmaiiidunaniannisaaiy
yumusionan s iidaraef g U nL AN SRR S 6 AR H 2 E8EE a0
wisdulaiuisnsdaaszinaetila sinsila

oA a

2.3.1 WagaunienwinozAlaw Dav uaa nazienivas

& T - ~ - P o ) =i \ e
\io Clostridiirm / spps L iatentS oy in ultuuatSaunsaun fsysawtuon &
= v v o < g <
Auansalunswan ouilladagdanas raiduasulinouleaedtendossore) Woapsil
sUTnlivanasun s n15dITades U s uATSBRBIlARUA I g in so vl uaglud e
wandouitliivntenli drauioni Sestautaluziaes netaiei s Buna wu
fu U1 veuds a9ldu SRy vduasdn T INa el RS 0a 1das iy (Exdtexin)da iy
awnnvasnainlae s L iy C tetanus Jspea=6. botulumy spp. 1 Uuiu atizslsiin
' o ;5’ .y o r e
lugaammssuin 20 Wallostridiim spp. tesuppEaulgetTann weoggandl Matiawnselu
nswdndviazate dunstpeaWiSaaiiug C acetobutyliéum\Wes G béjjerinckii \wsne
o I ada dawo alla v P =
WasniluwuaiiiientidnonTwlidnasudaUamuealltan1nglsedasiau (Anaerobe) &4
' a 9 v v D L o a v 9
daaddonszuiumaviinlagansuvulunTiislewawelwainig iessainuniudrsailusie
Tudanineziduaimisvassiamdamin lasluanzimuizanwuaiidonguil vznda
a w ¢ v & a a : Ve o a4 O o e v o
nanduvaniduloniuea uarezdlau demnlalinniuuaiiGens 2 angiugll lasaie
Yiulsadsgansnmlunisudadivitazanedunid laun oedlou Tavnuea uasieniuea 39
wuAlTeRInaausandasvinasatedunidlavinanilulawmsavaieviin $invanula
umnalanlea (hexose) wazihaaiwulag (pentose) (¥1in1 uazAne, 2555; duns uazame,
2555)

o v w o e s g v 5 v a
PNNNAINIULINGU WURTILSE Clostridium spp. amnsalguinialavainwaiesiin

& ¥ v ) v  a o v O v & a
Lﬂum'ﬁmmu‘[umzu’mm‘mun T.ﬂtnmqﬂuwgnhlﬂumimmmmuGNLmJ'lun'iSU’Jum‘i
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winesdlaulvued uaztevuaanientsdniy Wun $lne $1iand wavtinlsd Wusu
fiail Fagaumdniuiinmdoudnegs JaldiimsAnvifiemningiumadenlmidiisiagnniy
othatu Tngavuszamuth (wilang wlatud¥a wasudafudwends) veadoanmsinyns
Jamudsldvnanisinums wa Dried distiller’s grain and soluble (DDGS) LUufu weandnaz
Hunsliuselenivnveadonanisinunsud dadunistisastiymanadendnmants
ﬂﬁlﬁiiﬂmgm‘luL%aqwaqnﬁ-mewLLﬂaﬁmqﬁu‘lumwﬂn (JuiIM1 wazAuz, 2555; Jones

uar Woods, 1986; Lee wazamg, 2008)

C. acetobutylicum HunuailGeiliseaniseendiaulunisiaiyivln (Obligate
anaerobic bacteria) foufndunsuua(Gram-positiveyfisuaTntlunvia (Rods shape) (Eﬂﬁ
2.11) vu1n 0.6-0.9 x 2.4 Tulanuas edguililasldutamaaaiseuqiead
(Peritrichous flagella) #adloulaguisuly (Oval) duntiwetayeiaeudwlumalany
waddsladramils (Sdbferminal) ﬁqguﬁ 29} hifitenladyaGar (Exgsporium), Bislsenen
(appendage) uiiiteadUsznaupae Ol -didninopimelics doid” Fnagizlaladidunyunas -
(Circular) vauliEgu-iregtlary mumdnn uonaas 3 - 5 lulpsuing duaslalatiiudaiy
Anlutiu uaslysouad (ams daseng,12555) aqnsu%m%uﬁa Ci-geetobutyticum | 3¢

o oo
Wusiail

Kingdom | : < Bactéria
" Division _» Fifricutes
Class " »Clostridia
Order s Clostridiale
Family™ : Clostridiaceae
Genuss ¢ Clostridium

Species ~:“\(H acetobutylicum

9FTINUBTNISI3YVOIUATIEE C. acetobutylicum anunsawdala 4 sUwuy Fail
as L4

ANUAENISISYIUANANALEE TR ULAZABAARBINUNITATNKGA M (Schuster WAy

Az, 1998) faguit 2.10 1éun

a a . oy '
(1) nsiastyluannzund (Vegetative cell) %wumaénugﬂimﬂuﬂau (Rods shape)
=t ) a g ¢ = = - vor ' 5 " w
FeonvvewuludnwusNiluwadiien (Single cell) wimagnuitlug (Pair) AABAIUDELLIBINY
Wuangldenila
(2) gUsruvuAaeadiiY (Clostridia)  wwadaslidnwuzadianszuanugu (Cigar
shape) nswadniluduil wadaziinsadrearswin Granulose avaunigluwadvinliigadiing

NSNaLIY



21

- 4’ e 1 4 - ] i - -
(3) Forespores  aeifindulunsdinannswindenduliminzausonsiaigiule
dwmaligadisuiinisaine Forespores uarazgnimunduadeisely
Y o v o ' ¢ o
(4) jUnuvaves (Spore) Huduiigadadnlaseadniioninavediielvauise

ﬁm%’mag’da’léﬂuamwmﬂé’am'ﬂﬁmmsau

U 2.9 SnvarFuisvesldalidy ) Gostidilm . \ocetobutylicum aelandpyyavssem
Budnmseu (Scanningzele€ronl ictoscobe; SEMELA) (Bafund [(Vecktdtive Zels) (B) avod
(Spore formed kcells)

<
VU : qUNT UagAE(2555)

Orgamc Aclls
(Acetic"Actd, Bulyric ACkl)

Sagro DN _:\, V

Gergination (4
Veqelomfe 23
ﬂ‘ Different ation

7 1
g GranthteseFormation
{Storage Matenai)
el\ uMslon
Spores

\m ar »
Spores matunng i Clostridia

% Start of '\/
\pl’)flll{i!lOf{.

=y

Forespores Soivents
(Acetone, Butanol. Ethanol)

o ala ol
JUN 2.10 199599nveuuAnSY Clostridium acetobutylicum
=
#1311 : Schuster wazAe (1998)
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2.3.2 Yadivaanszuiunisnin (Biochemistry of fermentation)

sUwuvresmswinuuunzveswuaii3elungu Clostridium sp. anmnsauvsleidu 2
svee loun sresvaIn1sadnansndunid (Acidogenic phase) WAZIZHZYDINTITATIIFIV
a - ) &4 ada a = o o 1 o v )
avanedunid (Solventogenic phase) @VitinwialivenuailsenguiazingIvosiuns

= & L7 “ a ¢ L]
wWasusyWusvesasusznevlssanaislulawmse naneiunsadunid uazdviazay
o O o ¢ I3 o v a >
duwse samsingasveulaeenleduaviglalasiaumeduanddugui 2.11n uaz 2.11v

e

yiid ﬁ%ma'lunejmanha (C6) zgniaingifives Embden — Meyerhof — Pamnas glycolytic
pathway (EMP pathway) lusgwinaufisuunuafgusasuniitie Lﬁamﬁamﬂunsmlwg%n
Taguhana 1 luana avawnsandgudunsinginld 2 luaRawdouduinisuanudes
wasen ATP 3 2 Tuana wagMABH H 1w 2 hioned1s-dauhataaiulaa (C5) 92
gn metabolized fgitiwtildaviodiitn-(Pentose-phosphalépathway) uazlfighnsaing
@13 Fructose-6-phospfiate uaz Glycoceraldetiyde-3-phosphate prosdadiu feuadagin
EMP sioly nanlngigfiasatuanif Eme Regmidouiii Acayl-cod Arivaulaoonlyd
uay Reduce fereddxin lneigyldilPye(ivateferredoxin oxidoréductase ﬁﬁﬁ"-u'ﬁm@_ﬁ%&m

b
a W

& p- 4 % =‘!’ -aa o d '
Wy Coenzyme Al (CoA) My AcetVl=CoA mﬂmumnﬂgnsmmﬂaﬂ%gnﬁlﬂumsmwu

W < Y 1 P L7 <
YBWNNTA N AN R TN TRUAUATRIN 1heh ACetyl = ToA |2 Tuida uuﬂzgﬂl.ﬂaaut.flu

Acetoacetyl-CoA Bitasmavgmatlns adiinsadiisn Tagsusildiaamiien weti wifanas
Tutaeil uenanil AdetSacdylfCon Fapliuierind Acetate hugtier Atetteaugp
Wasuduezdlaunazhnsgeulaoonlan seoisglasilissul Acetoacetate decarboxylase
Uisendandrniulfisededuldls delndlsnisudnasatnuiy Giodosiuaindanse
Tasntusiinuiduiiv wagdiendn 2 UgnseiaseNAD Y38 ditsainisadd NAD'
wuaiiFeaziinalnlunisiddu Butydtesnduluiiu Butyryl-CoAuda, BhityrdCeA azgnan
sUludimueasiely woNNT SamuTmasH AR A LdRR L NnasHEREYLBaLa LT
lalasiausgaunn dwsuieniuea sxgnasiman.Aceioaceiy=C6A 1iuiu ru 2 Ufien
Tnei3131n Acetoacetyl-CoA QﬂLU?iJEJULfJu Acetaldehyde Tngioulwl Acetaldehyde de-
hydrogenase Aouf Acetaldehyde 3]BQﬂl.'l.J’:ﬂJEJ"LlLfJULBV]WUE]aﬁ'JEILBU\L‘U!.{I Ethanol dehydro-
genase wianfumsld NADH * H' s 2 Tuianaifieadns NAD' #he (quns uazany, 2555)
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pentose glucose
atp
ATP  ADP
ADP.
pentose (B giucose 8 Be—sgivcose 1 B ADP glucose ——sgranulose

&—"IG“IG s ® v.'
K— ATP ®
a0p.]
(2) gyceraidenyde 3 (®

/2!!0# Re Oae-*=omn

‘\
@ HADH 5
N 2HADM '
LT DN :

£ MNAD ¢
mgo NADM anre Ad Aed —cooane”
o ------------ I S —— 12) pyruvale
CoA Fa Os

NADH @nnom E]
NAD4 NADP+ @

Fd Red

WADH- NAD & MADH NAD 4

ATP  ADP CohA P,
-%— scatyl @_%L.m u-ul-coh—L@z—? ascelylaloehyde %—-
Coa

O \‘Col

co,

L—. sceloacelate

aceloscetyi-Co ¥
('lnl)li
0] Qs

d-nydrorybutyryt =CoA

@ N w50

crptonyl CoA

NADH

/ NAD
ATP ADP NADH NAD + NADPH NADP+

._LéL-a.u,.,- @-—L@-&-— dutyryi-CoA —L@L::uutwucm,n —LC'-DZ'——*[:—.E}

Q)

= ad o - P & aaa p= | v a
JUN 2.11 AmaiiaNvewuaAne Clostridium spp. (n) YR8 MUANwIaNAIYUANUN
a 3 - - ¢ g % _an = 2 P
WnluszozvaIn1sasansadunse (Acidogenic phase) (1) UHAseNUannggnasguau
Wnluszezyeanisasedvinazanedunad (Solventogenic phase)

7 : quns uavAm (2555)
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peniose glucose
ATP
ATP  ADP
ADP.
peniose piucose & (P)emmmsgiucose 1 ADP glucose ammmegranuiose

®

ui syceraigenyda 3 (®

L~ 2NAD+ R Ouosv=non,
.
@ N 2MADH e \
\
aADP @ '
MNAD + Fi
-ug; NADH mvj RO Red mcw--a-
- ----- csmsmea R =42} pyruvale
Cha Ffd_0a 0----‘
@ NADH .nuom \. E
NAD? NADP+ l‘@
‘J
) e

NADH MAD + NADH NAD#

ATP  ADP . Coh . - ,
-A—L—uﬂﬂ @-——&—@é—-nl uol,n-cuA-J-Tuﬂnnnhuo—-u—.

@ T O

®\C¢A

;(D_Ozl toacatate

acetoacetyl~CoA

g

I=hpdronybulyryl ~Co A

@ P

ceotonyt Coa

NAOH

NAD +
ATP  ADP CoA o' # HADH NAD+ NADPH NADP+

am-.l ® .——L®L Butyryl-Cok _.L@Z.\_ bulyralasnyde -;G)-L.

JUT 2.1 (sip) Advsdiuativeawuniitie Clostridium spp. () Ui iwanadegnasein
yuninlusrezreINsasngndunss (Acidogenic phase) (1) Uﬁﬁ%mﬁuamﬁwqﬂmﬂuﬁm
nuninlusseraasnisaswivitazanadunstl (Solventogenic phase)
P quns uazAng (2555)

wulyiinng uanamm@adnes: (A) glyceraldehyde 3-phosphate dehydrogenase;

(B).- pyruvate-ferredoxin ~ oxidoreductase; (C) - NADH-ferredoxin - oxidoreductase; . (D)
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NADPH ferredoxin oxidoreductase; (E) NADH rubredoxin oxidoreductase; (F)
nydrogenase; (G) phosphateacetyltransferase (phosphotransacetylase); (H) acetate
kinase; (i) thiolase (acetyl-CoA acetyltransferase); (J) 3-hydroxybutyryl-CoA
dehydrogenase; (K) crotonase; (L) butyryl-CoA dehydrogenase; (M) phosphate
butyltransferase (phosphotransbutyrylase), (N) butyrate kinase; (O) acetaidehyde
dehydrogenase; (P) ethanol dehydrogenase; (Q) butyraldehyde dehydrogenase; (R)
butanol dehydrogenase; (S) acetoacetyl-CoA:acetate/butyrate:CoA transferase; (T)
acetoacetate  decarboxylase; (U)  phosphoglucomutase; (V)  ADP-glucose
pyrophosphorylase; (W) granulose (glycoger) syrithase:=(x) cranulose phosphorylase
i - quns uazAe (2555) l

2.4 Mitseuiaglat (Hydrolysis)
nﬁzmum'iu'aaﬁ'"ugwﬁjwn’a’mqﬁuﬂmﬂwmaq‘iaa' debadtn 2778 (Parsi), 1989)

Teun
2.4.1 mslalaslafanionin

nslalasladdnibnssaasnsail 49U 20s=iamn Taun nostelastadamitnis i

waznslalnslagdn Jensadudy

(1) msldngniEaan elgaspiitazan Seuat’ sstznhesise | geidniuni
o o ' ¥ oy < ) ' o a v o v
MauW nzAengsUTUNuLUTHILEY REldn S it dsgiiaTANaLainliudes
I Taniivavdmivaitgdaagn yivitealesens

v v o & v a s [y W <
(2) msl¥nsainvinpszUEmsirlvanmgiion yagpflintsldasunuianziile

v

foanstvdsnnavesandmiialudenteuiis
2.4.2 mmslalasladaneulas

waglaamusssuyd  duniniianisaatediannistesveseuleiiwagiad

= a a e & - =
(Cellulase) Fanumaluluqduvisd lastawizagnavuannluest wuleliiulusiusiiania
da aaa v X e v ool s aaa Ty L S aaa =
adiTinadnvn  deiwmihnssjisenslugad  Tesweulediduiissjisead
a a P o < ' aaa v - 8 11
Usgansnmga maag’luamaxmammuwmmzauﬂsﬁﬂﬂﬂiﬂtiaﬁgﬂ‘iﬂﬂﬂﬁ’)ﬂa 10 -10
wihndlelsuiuufzeombisieuleiidudnss venanilieuleigaiiammsiwe (Specificity)
' aaa e 'Y 3 e M S [ a £ v v '
seufAtumilg wiu vilvnansueinldimmuiantge wasuiineulsivegnaiieg

' v o [ w oo 3 v av a .
muluwad Lmﬁmmmanﬂ'oanm'[mwulm-uutﬁﬂanULuaaq'luwaa (@uITEINeAans
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uaswealulaBuisuszmalne, 2551) woulsiiililuufidonstevaanowaglaa fe tavlul
=+ s s a - a 1dda ° v o ¢
wagiad (Cellulase) Fuduaulaimlugdunidvareyila windonhunldndneuluiwag
@ fe wuaiide Trichoderma reessi lnsioulesiiwaguaaiiandfdu Multicomponent
- o ¢ « a o ' W o n v a
enzyme #ailosAUsznauveeulal 3 glaviiausiuiuluy Synergisticaction fell (@dnn,
2541)

(1) WulangAiua (Endoglucanase, Cx)

o v dw w v a %) ¢ 1 |
viwihisianussiudn 1, 4 melumeswaglaansauinulasainezueiilaotiadu
(Randomly acting) vinlviiinUanedasyiu dsesiseatalulaa, lodlniwaglaa uavnglaaly

Uunauditiossnn
(2) LﬁﬂTﬁHQﬂﬂLua (Exoglcanase, C1)

° v o a w1 w) oo
wmifidegaansladlongrm s wEdtitgsvan idwagladtivaewiuaalalulea

lngazgovaansa N Iude8indReducng End) vosmeldwagla
(3) win-ngladioa (Blelleosidase - €b)

vmiiigovaawalalilbalivaiudinglag Savui-ngladie v duide
duasunisvinauvestulmngrania tedddlangaitia ilvgedamoldnginauiniy ms
tiaaammjaqiams‘l.ﬁ'\'ﬂ‘%u')mnglﬂau"lnw“iaﬁaaﬁu'ufﬂ”uagﬁué’mﬁawmmﬁﬂ-nQiﬂamﬂ'l,u
wagiaainvziiu i olioy ﬁqfvmulﬁﬁﬁ’aﬁﬁqﬁﬂuqtyu%ﬁwé’m_,'lumia’aaamamaa‘laarﬂuﬁ']

manglaa

asfUsznavvedteliigiiagiaa (Fan Lavhinis/ 1987) Uszndumengliveeulsy

(Complex enzyme) fivianisadify fa
(1) woulesl C1 w3e Hydrogen bondase

° v o v A 2 = - o g v '
vimiwinssquvteuanaaiewaglaaliliaguivinzay Ae vinliiusslalasiaugeu

P o v
aa taiuanssswuveagagiad (Fan uazanz, 1987)
(2) oulwi Cx w39 B-1,4 Glucanase

, o @ - v ¢ = U Mo
Wuwagiaandesaarewusylugaglaa viseyiudveuvaglaaniazanetils wilii

' L | v w v [ - - e
annsagevaaivansianuniilassassdudould nguis 3 ¥iin Ao (Fan wavAnz, 1987)
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(2.1) Endo-B-glucanase (B-D-glucan glucanohydrolase, EC.3.2.1.4) agvimiinil
dot B-1,4-glycosidic linkage wuudu nanmstesiliansluanaveusaglaaduasegig
599157 wmsﬁmﬁﬁ'sﬂﬁﬁmﬁuﬁuadmﬁﬂ Isnandnfe nglaa uag Cellotriose toulefiihides
Cellobiose uaginy Cellodextrin L‘ﬁﬂ@‘[ﬂﬂﬁﬁﬂmiwmﬁ? Carboxy methyl cellulose (CMC)
way Hydroxyl-ethyl cellulose (HEC)la Ltﬁzﬂﬁﬁ‘%mmaammL:‘Zl'amaimaqawag‘[aaéguaa Tu
msnsrvaeuoulmiilerld CMC wag HEC Duansdadu (Fan uazans, 1987)

(2.2) Exo-B—glucanase (1,4—B—D—glucan cellobiohydrolase, EC.3.2.3.91) %38
cellobiohydrolase ﬁ’mﬁ’]ﬁ'dam‘daqiaaﬁm non-reducing end taulssiiannsades
waq‘[aa’tugﬂwﬁﬂ (Crystalline celletCse) W?ﬂt.‘uaqiaaﬁ'lﬁaamﬂﬁ‘l (Insoluble cellulose)
Indnstusiiu Cellodextriplia® Cellobiose a17amsdsaauioultintnanslétheediva
(Avicel) uaz Amorphaus€ellutose (Tnasaann Belsiaumaianuydusylesiazanas
dlemnevsansdadfidas uonynnusiwy leules enddgtucanase\nanag (FanwazAs,
1987)

(2.3) B-glucosidase (B-D-glucohydrolase E0S.2070 wviisas Cellobiose
wae Cello-oligosacehatide 1ﬁuﬁmﬁmﬁtﬁur@1ﬂa ‘lﬁmmméaawa@ham‘%e cellodextrin
Imaaouioulsdilanld Eetiobiose: n-hitrophyryBLa-glicosideisa-saticin FHuansda

Aunsdesaayasaiulaaisagian (Fan Aot 1987)

i oueuldiitgagias  Usynpubiay (/2 Tudondoie Jumoulaniu
Prohydrolytic stap\ fnaneldAnHydreslucosd ﬁmgﬂﬁﬂﬁmuﬁu Snaeufn Hydrolytic
cleavage U9 IWALNDS ﬂalrmﬁv‘hmuﬁ'ummﬁaq‘[aﬁqstﬁﬂmuﬁa (Swellipe)nipuruil
msaanoiusy lelasou MR AR5 U BfABY Endoglucapese walFxoslucanase
vgovaauagladliuaedasiadat dxaglycanase Azfvluinngwdicellobiose 9an91N

UaeBsgneesanesiolilng B-glucosidase Tutsimeamglaaddsy daguit 2.12

Crystalline Exo-P-1,4-cellobichydrolase (CBH)
cellulose

C,+CBH

Cellobiose

Fndo- B-1,4-glucanase (C,)

B -glucosidase

Glucose

Amorphous
or Modified

celluloss K=~ oo o usan shacahydroiaas "

P o aaa "
JUN 2.12 nalamavihuisemsdesameisaglaavesszuuieulsivagiad
<
7 : Fan wax Lee (1983)
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) ¢ 5 a  ae¢d a X d a
nstevamewagladlauieululisagiaauesgdunidiu sfintudleiliwaglaa 1a
< cd & ' Y v
lalulea violndusamlsdduniluanavenglaausenevegiludnszdu (nducer) lag
a ¢ v ¢ e Y
auvddarairaeulenl Ox uaz C1 Jailu Extracellular enzymes fusemnuenivad uay
) a A€ 4 J’Iud o ' v ¢ a AaMy v
dovaauansduviadmanillvifiouimdnas suannseidllugaduesgduvidla wdsn
& o s v e '
Sueules! b Fadu Intracellular enzyme Jadwihnmstesameisalalulealmidunglaa

‘< o ' 4 o aaa o 4
Tenalamavihuvesssulmiwaguaauazsiwmisidwin§isen sguin 2.13

Endo-glucanase .

i :
Frosfiacanass " l Shorter'Cellulose Chains
(S-S

Cellulose-cham

1 Cellobiose fragments

‘%’ V—w Glucase

g ]
Beta-glucosidase —aee

Ethanol

o ® < < B ° aaa
31Jﬁ 239 na‘lnm-s-.n1a'mu,aam1Lmuwuau1w-uummqf]L‘Ehmﬂgnsan
- v [

YA oRnite (2552)

° « = ar a‘.‘r v - a c‘ ea c:’ ar A‘
nmsvinuvedeululigangiod QNN SR TS TSRAP YL A Tl B-
= L 5 v = J q’ ; c‘ =l . l‘." 1 J e ° Vel
glucosidase azgnifudamatFmnglaaniniu Fyeeiinadudianodne raWiimsagau
b OF 4 il S o LW ° «
vpagalaluloaiinry  Fwaiusdudnisinmuueneulal - Endoelucanase | hag

Y M o v = | o ~ |
Exoglucannase ¥AlMUZN 3o T aadealLings adun 2:14
waglaalunssimd

% X
l S tanTvioady

owipglag

________________ walalulon

* l o T B—glucosidnse

< ' v U o ¢
Jun 2.14 nsgeswaznstiugaimanusessuluivagad
<
M wistd3la(2545)
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a :‘ﬂl ' o « v
Uadeniinanemainuveeulsl Usznaume

(1) gaunnil (Temperature)

Y a aaa ¢ = o X ' ad o X
dannsiiaufizeveseuleivsiidnivduiuaavilunnggunaiiidindiy 10

A
)
ar - aaa = 4 = 4‘ I ' G‘J
ssmialdea lngdasnsiiaufitendiigeaniigungiinia Bondt Agamalinunzanlu
o . “ = < 5 " A:f ar = aan

M13¥191U (Optimum  temperature) Favngaumpiigavionningall dnsinsiiauiisen

v d - ot . < '
yanauledardias wiasnaulwiiianisideanin (Denaturation) maagﬂuamwﬁ‘lu

=

mnzanlunsifaujisen lngeuluiigagiaasnianindvagufisumaivszuna 80 aem

v

\walted (Fan warame, 1987)

(2) ArAaudunsanig

¢ o Ve A o & ) ) = = f i v ' o
wulnihauldgnaanamimgungasdinnvas S s _aaulidasasie 9

° . - = 4 o %o -1
nzanlunisvinaly/optimem) pH) 89 - famaariiiiunans 1 finagavs osininenil
a : . ! L3 L4 0 Vet =l <
Aanssu (Activity) gouauleitvanas Tnetedluiigag\aadsiaamigaiaansaaasiiunse

AN SEWIN2 5.0:90 (Fan WarAaiw,1987)
(3) ANMULDNTUL A UALRSY (Substrate)

Wem kil Wudaam i uaRsinasiiatfngch e oulgieiagaiuetig
' = o ﬁa.l’ - ar aan
Tl dadandraaianiitiiuresduan gy Aulingnsms Whdeaufisen

LiWuTudn (Fanwashny, 1987

(@) Usunauaulal

a0

ar o aaa o A =t ' ¥} 4 aaa &
dnsuivesufiseadaiitldpuiarngan wuin dnsmiTuegdfAsenssiidniu

dndrulnensanuanududuye tedlesl (FanuasrAniy, 1987)
(5) nawesarstiudanisvinauveeulasl (Enzyme Inhibitor)

- ar = = a o ' o &
Wumuwdsuilsilgluniseduienszuiunisvirnuvaseula anuswizassoulsi
AedualnIn wazdnwusvemyiinduy Musn Active side yiilviidinlauwazanunsemuay
-J - ::‘ i dl ¢ - =1 d' ar 4=i't=l '
nsvvaun1IieTuUle  esanneulosidulusfusiiania Uaduidinadonisidean nuas
Wsavdadinanamsidean mvansuledsie iy anudau anmeanudunsa-aig i

o o e

ava1wduvid gide auieuieiddansililewan (usy '

é, aren a Ad ' o L3
uanINlaniivesduansnninananisinauve e lbl (Fan uwazAtuy, 1987)

Usenaunae



30

| o q v ' a yy &
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:rc‘nuvvgnlnuu ' O = d a aaa
(2) uiinduda Srituifadudasewirneuleifuduanmiiinn Tenaiifaujise
NN INAIYEUNY
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a a o aw v o
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nsasng Sinasenisyieuresoule orImeALTLuN AR wWatuwaufisndntios 919
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(3) navesdosulansuazansdudinsinnuveseulel

s 5 o ' = Rl ar o a
asfudanisvitnuveasulsl (Enzyme inhibitor) Wumuuswilsildlunsedue
nalnnisyineuveseulsl anusmzasssulydfeansiamy wazdnwueues Functional

d a . . o 8 v W da X
group MU3m Active site yiliidlauazanunsamvaunssuuNSIAaYUlG

o = - ' i ¢ W ' v '
A1TNN 2.4 LlﬁEJUL‘V]UUNﬁﬂLLﬂﬁNﬂLﬁﬂlﬂﬂ’]'ﬁﬂ@ﬂﬂ?ﬂlalﬂ‘ﬂu AUNTIYBYATLNIA WATAN

AR Ay
n. am*azﬁ'l%’%qqmwgﬁ wazamnudunse | n. Tngausealdfumsuivanwnou
ainalaiquuse B tiaaa A annsadusisudinns
v, UjFGodianusunne viiidaefiusi | dayfisoseluls treduct inhibition)
ifimn3gvidge o ddoGetteily (evaingngadu
A. wdnfusilabivdediduasou tadsorbed) Virlaniigos
1. aunsavhnsvliftinaiidemty 3 AdpsdonnsUultiew fcontaminatien) v
wiouiunstogld CEe e My
2. Lisuduseslifptinifuubenain 1 /fesuiiiasitiidae i 2R3 a0y
n3ou Ledieaalad-nisandu onigURASy Myanas

- st (2852)
2.5 msU%’Uﬁmw’i’mqﬁuﬁaumsdaa (Pretreatment)

waqﬂaaﬁﬂmﬂlﬁtﬂuaﬁﬁy’qﬁu%aq’lugﬂﬁai’luwé’wmmsuwnaUL%QE‘&ou (@omplex)
fuanilu uazeiiseplda wduiinlia s Ae-dmyoudagiaduiniu dmudiaouusnis
fowenisiivaglon udsantupenanlaziawesingaution esaandullstneuvisans
vl lunsiauiRseaiUtegleianas SnvisapiulugimmsnpediiAnnsduds
nsiauveneulel vl ssdmsaanTimsdebbaiompe@idinviniasuazdadu
guassasiansminge dauiuinquszasATamasdsvaniingaunountsudn Ae heuen
anflu uazisiliwaglagoan wandumsuivlassainveseaglaalegluan wmnzausenis

a aaa ' v « a a R oo , o =
e fAsenstenmeieulel TnsdsnsuSuanmuidlditu 4 38 (Hagum 2.17) Ae
(1) MsUSuanmemedsnianen (Physical Pretreatment)

& v a 0o § v v A &S K da
Wunisasvuievesingdu  wazvinbidulagaglaauanesniveliuiungalunis

WaUfiseliunntu wu nsua wiensiganuieu
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(2) M3vFuanmmeiSmaail (Chemical Pretreatment)

v - a - ' - -
Dumslimsasanensaiaiinysyvinmlunisdesislivaglaa ins1zieliwaglaa
' va 1 o qv ' 4 o
annIngevaneluasararensalddnineaglaa  visldarsararsdraeiuyiuimunis
- ) -l d o v a a
avangvesligaglaauariniiu wisevldarsararsusnluilifordndniy

(3) MsUFvanmmigIimaniinand (Physico-chemical Pretreatment)

Al Emamenmiwtumsldansall Wy Warsavareleienlensonles

shufumuiou

(4) nMsuFuanmeeismadann (Biological Pretreatment)

Wumsldieuledan 93 Wagulaseaineniegy aglaalvieglugule
nsuardrvanemung \\\\W ///
i
- d i) L4 o= -
2= 0% A =N
] - \ 21

w1
=
L
I

LA

10n45

| - {1 - g‘)‘“
1
i
MiuA | malonld
mai iduidia Vel AT
AIRN Hau\l‘ﬂn(\ -
milleh h’lwﬁxn 3
AIMIAY yiie  uonTinily "maiuiludia
[ETETERHILATD) Yuvnasiuilu
Tmdounaelid

ufenaosu

U 2.15 Bnsuivanmingiu
i1 - wesnidla (2545)

whanstluenarsianulidmsunisldnuiionisneiriniu lleygslmihluldusslemisnunisdn

Lidnsallagraau Snviavhudilvidaudasion uasdesdsdedadivadenarsynasaninisiluly
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- Y ¢ o a = a
nswiouigaglaa  (Pretreatment)  fiTguszasdiiieusndniiuuasieiivaglad
sunanmadunidnveawaglaa  uanfunsifugniuvesingiunisyivanimsisain

v =

1 s Jd 1 1 =X o
bWINEINATTNY naniu LﬁﬁQIﬂalﬂuﬂﬂiﬂuﬂﬁqu wIWse wazenAaNIsEaYdaNY QQ’QWL‘T’:]UG]ENH

- v ' o i ¢ v ot o aaa Vel alalal v ¢
naMIENNITIiBDUNAY elieuluiidnfanasifisenlad (88 wuauiuv 91,
2555)

2.5.1 38n15@38un19n1901 (Physical pretreatment)
(1) Machanical Comminution

& w a aa ) . &, = -
HdumsanmuningivlagiBershin-nrson thommeaditiundnveusagladuastii

' v v v v a a » vy v
nstiesaangld wuniildanamsfnasdvuiesgiin /1030 faduisdmuianlaainnis

ualiwunnyUszanu 0.2-2Alatmns(Sun wae Cheng, '2002)
(2) Pyrolysis

Funssddinso e foianAuTl g vnligeusyirt ,200-6001 piri@amdad, u
nsguaum s AT RO Wl B AR AN Al RN UauA TIMIETag AT Btus Tyt Aued
Faghu vt grivnd vy AR eVt E e LRe B iSeray-30 < 50 fiwfeas
20 veswanludBuVEaaasl 18 4 200 dteaRine naslistuaniyiagladlag
nszvaunsinlsledafnauiipiiguianndd, 300 swramasa idlisaglagadiodngdie
sidlefsuasn Eonaoldas sdaasi ek sl AgulSuwaeifibsos

az 80 - 85 uawiinglpatianninTeuoy 59 (Sun WAgEheng;2007)
2.5.2 3515 38un AN AN (Physico-Chemicat pretreatment)

(1) Steam explosion (astohydrolysis}

=Y

nmssulaingiusheletn Wumalamstslevaniigiigiiguwazanusiugs lunsly

& as as o = «Jf(}!/ = a a 4 o
narduundmiuuenian Wuwmelanldisioudnluaglaa lasazisungungiigansyainm
160-260 DI waldea Audu 0.69-4.83 fiadurama (unamangiunfisutisauni

(Sun war Cheng, 2002)
(2) Ammonia fiber explosion (AFEX)

6w = < a ) &
Wumsiningdvldluansazareuenluiisngungiigauarauiuganiniuann

ar 1 [ - v as a v H L7 < o s VoW = i as
fustnmai dazadeiunssadndigleun Wueulinde 1-2 Alaniudedingiiv 1 Aland
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gamgiivszann 90 sswaidvd W 30 i annsaldifuniedn Fadnalua v Wy
n3enad \usiu (Sun uaz Cheng, 2002)

(3) CO, explosion

AEaRumsIsdamelathuasnissadadmeusulie Tay CO, szmiloutunsami
voiln dwiuilgnsznadald 1 Alandu CO, solwiuas 1 Alansu Ay 5.62 Haauranaa

uarlelasladashaeuleiifnglaasesas 75 fiian 24 ks (Sun waz Cheng, 2002)

2.5.3 8n1sw3uamaail (Chemical pretreatment)

WO I.W.‘»JW'U'VIN'J anAIULY

lgreulansonlenanuisaananil

- - v A’ b L= v
nsldnsaideansausoandniivvesliiieldninninfie Jevag 26 (Sun wag Cheng, 2002)

(4) Oxidative delignification

msaaeanluwaglaaselalasaueiesnled mamisuyudesladldlalasiou

« v ' - <a v - iJ
Wedsenlediosar 2 awnsodesaarsaniiuldiesas 50 guuail 30 sarLwaldud Aaan 8
o a4 o ' v < o q v < H v =
Flue dlondesdueulwiwagaa vinliwaglaawdeuitnimanglaatesay 95 ¥

gounnil 45 DIANTaITYa Tinan 24 9213 (Sun waz Cheng, 2002)

&z = ¥ o [ £ = =2 & 1 2 o £ ¢ v
nansiluenanshanulidmsumsldanuienisdinwiwingu lieygelmhluldusylesiaunism

1 a ~ O L A Yy ey ve =4 Y Y a = v & ° ]
ldnsallagnsdu Snvisnudilidaudasilon tazinsdrsddudnvesenarsunasaninisiluly
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2.5.4 33M51w38aM19820 W (Biodegradation pretreatment)

Tumswdendnlugaglaasmeisnawisunstinmlaelygaunid Wy swmdvn-
Uwna wazsgeu luniseansiniuuaziwaglaa lag s1ndvn awnsaaansdniluudiaey
a = H ; =~ v %

\agladeonun swdiiaa awnseaaewaglaaudsuiuiimanglaa uazdadaswini

maliduleniusarsly (Sun waz Cheng, 2002)

av o d W
2.6 MUIVYNLNYIVDAN

A3NuA uazAe (2536) iﬁﬁn'ﬁﬁn"aﬁmqﬁuﬁmuwau‘lumsmumsmmgmLﬁa
rwampzdlau Jamuea waztovuia b lode Clostridium butytictine NRRL B592 uasiia
Clostridium acetobutyligtip?” ATCC 824 \3guiitvaznaissud 1z vagas Sudzndadi
dausotouls uiluifdflynd wasinauafiife synIBns A HaTINNINAAIRNYIINSHITN

va o o a. ¥ 2w @ a Y, ~
TneldiudUzndsdanAndamaalnig 50 sugeiny WsmaTimweagaam(il.1-11.3

o '

a o a o o/ = ' -
Fusodans) NtNLNANARA UV lAERTINA NN ST URLINTNER B TARAIINIZAA LN
- i a o~ 2 A o o | °
nanezdlau UIvnues wastavaueau veoilesniionsdigas Reunduslilvd-a10150vin
v al la & < 3 an \ | B
WemsnsnaRmIETLWY 207 i1 BN TN BB U Y Cay 4.6 MBSt e

WUUABLLDY

anan (2536) 'Lém’ﬁnmmsﬂ'i:qnwﬂﬁnssmumsmwmﬁmuuwiatﬁm Tun s sns
nsuandyinagesuhszurinasinne A Bsion Ao alay Domilon eeianiea Ui
C. acetobutylicum ATLC 824 Iﬂaﬁnmﬁ‘szﬁ‘fufwmaﬂgiﬂammﬁuﬁu 50 ghlnoans
muv«]uﬁ'\mﬂm{‘]unimﬁwﬁ 4.8 uaxqmwgﬁiumsmﬁmgmﬁ 35_A3raalud Auens)

- o o IEJ o o= . Q'J
NSHERAIVIATAWE TN 0763 R LRI (6

da3 (2550) léiwu:i']mnmxnauLéanszmmﬂu%ﬂmaﬂismﬂEniuma@aa il
sdfUsznoundn Wuwaglaa 51 wWeoitiwea-ialiwaglad 39 wWosidud uasdniy 7
Wefidust (vaniwiinwiy) dniudalauiululigiunmiluduingiuiiendnieniuea
wasndudonimsuuanmiusurouilerioiiuussans nlunisudnenuea lunisuiu
ANMNNAENBUE BNTEANWIURUSENIAT 89N amwﬁ'muﬂsauﬁam{l'ﬁ'ﬂiﬂ%’avﬁﬂﬁama
ANNTY 2 Wesidun qquﬁﬁlﬂunwﬂ%’uamw 120 s ngadoa (Juan 60 ui
uf'hﬁ'lmvi1uni=mumsU'aaLfluﬁﬂmaﬁwtauhm‘daqma (Mannzarnudunsasig 5.5
grumgil S0eamwaidoa Wuszaznan 10 i) Waduiniadfnd 76.05 fadniuseniy
Wonszawwazdiowminlagldsas Saccharomyces cerevisiae \isduleniuaa 21.50

a a w2 [V | a = Y o a
uaanIUnanIULLanIcAIY TﬂﬂLﬂﬂLE]%']uaaQQE!ﬂﬂiﬁEJ%L’)EYW!JJﬂ 60 talue  Amdu
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- ar d - - 1 =
JsEavisnmniswin 70.59 Wesidud dlafimsasmuduiviaoidusruaadeulansenles
1 L] -~ ﬂ' : - - L Ll ar d - :
aslunuivhimismenueaindudy 27.55 fadnfudensuitonseane lnsiiaeniuea
" o v - - a v o
gegavisvoznamiin 40 Falus Ambuusvdvinmniswin 88.24 Waidud fululunisan

anuduvlamsigarsdadunsiudsunaenusatasdisanssainanlunmsviinas

v 1 v ar L7 A o v
INNISANYIVDY Gu uazAme (2009) lasreauinnsisutaivdlsndamasume

= ¢V

a a W o a . <4 '
wouluivuesdian Tunsudnmvinazaredunidme C acetobutylicum EA 2018 @anuin

s - s " = o v .n - II:I - - ey n' sy ]
ms’l'&":mqmumnmaunam’lwﬁmwamnsmauw"’ié vansnezdfnuaznIalansniiugaiuedi

] ' 1 =l - - o o o - =l ¢ .J'
wnlugaausn neuszgnldllegradivseansnmlunisnandviazangdunid Faazwuns

v
o

nandmueanazerdlaududiuunuasimsEasla T TTomRetAat sy

Tul 2010 Thang Lt 1uide- InsasnumsiannsavewuAisy_Clostridium
saccharoperbutylacefoficum_N14_duthuanevuginanieulyilunquianisagosutsls
Tutinann TasllohsAnwsi Widsiudusudilunshbaininazaiedundd nquinide
wu msldudaiuduzuadiinim@mmavisazaivaunidnisiuanie Iikasmguyiaiuns
Thimanglaatas atisordamyadmeligds | 2021 niwseanidazlvaranan
Favun 41-a6 WeoRdus Fediounhiun it TunasAnuniisnun
(Nimcevic Lagpius,-1998 Ezejittavaniy; 2005) uanﬂﬂnﬁﬁqwuiﬁfiwauﬁmﬁ‘lﬁﬁagan1"1m'i
WutwiudUsndavaluuniiae Clostridiun ocetatutytictnn, 267 SO FlMAMWAHAN

e 20- 3d Wiy iy

V. A w " /
Abd-Alla Wagafly (2012-Anwanistanadupnduniings (Pheonix dactyifera L.)
ﬂ‘.’l v :J - = - t
Wuaisawuiien1sndnedeiau UIniuea Lasien uea (acetone-butanol-ethapol, ABE)
S 5 i i
Tasnsmnziasanvunangay & acetobutylicimy ATCC 824 way.Bacillus subtilis DSM
4451 ne B. subtilis 3728 uMSlYaaABRLANYLA WasinE a1 WisBeNTIauE 19U
P a > <t v . a w oo
Wen1IHan ABE lne C. acetobutylicum Bvhidasnasaanaatiinastasg naduvndunuinds
Uu 75 ndusedns anunsandn ABE laviavum 21.56 niusedns 8nsINSHANGIGATDY ABE
1 Lr] ar 1 - 1 ;'J ] v 1 (Y] J
Winfu 0.30 N3UABARTHBTIIN WarANalATaY ABE Winfu 0.42 TauNISINIZIaEIMUUNEY
Tavlidaadudsmduazuialulasiou dnsiiuaisadadad 5 nSunedns visweuludivuly
v w1 a ar a w o y <, a a ' =
WSNAMNULNTY 1.6 ASUAREANS NuNadunkaumundsUu WunNISRNN1INEn ABE 8819l
ar ar ot ) = =l o v - lh. J ar
Wodrdty nsswiuvssasanndadn wazuenlnllouluwsnyinlinisudn ABE Ny NAANS
¢ v ' a w o= - a a v a v " v
fuansliiuiuadunnaumundeiivssansamlunisldnds ABE Talun1anisan nnslifes
- o e 3 " 44 ar J A” - - o -l :
\FuF3A9 (reducing agent) AlistAmaiuemsiasnide wioduuialulasiau 38n1sliae
-3 v ar e = v - - s V o J -
Mlinsningduniduuulieandiauvamadunnduiulsendauiniu uazaanun1snan
ABE
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3 ¥ o d = ' ar o [
Kai uazAmz (2014) 1eavinasAnwinisuan ABE 97nn1staedadnilng tiveyvinnis
WgLae Clostridium saccharobutylicum DSM 13864 lagldarsazanslaienlansonlan
L4 ar o Vv ] ' v s cJ 5 a d‘ L
0.5 Tua1s lunsuSuanmddninanaunistasmetaulay dadunsunisusvanimiianidn
Antlularanataining ilamaldvaniimadmgvavun winnu 917 asusienlansy way

o pu Y ' ' & s A a o e Y
wansilaainnisgesithingnnzneusenuuwizidsadoiiondn ABE  IasfiuSunmtiaia
55.22 nSusedans leusunundndueisyinazals whdu 19.44 ndusadns wasiiuSuiaitim
weapgi 12.27 niuredng TagazAnluamalavas ABE AU 350 ndusianlansy waval
DNIINTSEAR WU 0.54 nSuednsaad i ai':ut*qmmuaumsmawﬂums’[sﬁﬁ'\mawma
FUAUIUI 55.22 nSUmaans 38 laUIuaae-ABERY.16.81 NSUABARNS BadiuSu L)
NUDand 10.26 NSUFADARS lnaatiatdlod ABE vy 300 Mudealansy wazdnsinisg

P Y w 1 a o o\ q . [ - &
ndn Wiy 047  n3useilany wamlitiudanisldtaulelinedosimiupiavzituais

v I3 o s a
NITAUBIAYITNBULNINIUIUUTINISHEAR ABE

Lijuan waghgie (2015) laAnsnmsUsdan s uminageinastosnisalsaganeda
= ¢ =) p 2\ T -
alalnuvadong oshanaiud Wa s s AN Yaune s 1R asai savan g Inunaldoy
wWasweniun Sendnn auvaiilassh s dnsandngaviagaasagase (SLR) Invdnne
GJ at L . - X =i - L i
uzavlunisvivaniwiaunsess 2 arsararslninasgniasun AU WUty 2
WosidudlasthminastSnanuasensndueiny L e 10 leaeyhdsdudunars dalus
o = =l ar . 0 ,&’ e Nl ) ' =
Mgl 50 eeA LaaLdgd AaRaaN RUIVANMRBuNITg e gl UStadwaglaagdnail
ar ar ¢ < = b I3 Iy a v ldug o ot
odhty 94.56 WRSELS wadlaliitaglad 8147 wWosWui duanilundWnoofliig 46.79
¢ g & A o L A o v ) = o
Wasidus laaudioshatiasitiunasyuananedd asarang dae latilwi aidies U shand
' [ « ° Ve 8 o ' ak Y Lo A 4 o '
walugesmetaulmingyiniilaUsianinsaiasfnayinnu. 8:39 asiadans waziliewnistes
v P o Voo " = e ) 3 W =
soaulsidn 12 9aluawudIeg 1N sYsTaRainddsazarddanalatilnunaideoy
. -t H N 4 ' A @ w ' ) o
WetwrsniuniBinatha iy 1 adive dadisufussdiabilatrsuSuanin uaz
- H - o e ' = ) W v a4 e
FUSuNuIMaLTUEe 1.29 Wi WismdUAvRasUsuaaawetaasaraiansn wasiileniinig
ALY LarUsluanN YN NNIEAINYINEN waslATIaT19veagat i nant I un15USU
v Y fa & : 3 o P ¢
AN AIENABITANTIAUBLANATBU (Scanning electron microscope; SEM) \ATaaenaLie
- s . d‘ = & o o 3
Avlunsndu (X-ray Diffractrometer; XRD) 1A3aavgiiginiudneiubunsusnaalniiines
. - s [
(Fourier Transform Infrared Spectrophotometer; FTIR)  &4n038UUNITUIVANTNANY
[y o [ aY [) o :J ]
asarargdamladlnunaidsuasuuanusiiilunszuiunisivg leeunsyuiunisigae
tulseansamlunisdesinlugaglaameisuluiiiavindwaresiflsznavnazinuuy

Tassasnvesdnluwgaglaa
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=
unn 3

A5N1IAEUIY

3.1 Jaguazgunsal

3.1.1 {aqaun3d

o = d"ﬂ i . v 4’
Lﬂamﬂumiwmmmﬂu #9 Clostridium acetobutylicum DSM 792 Tnaifiundniie

4 o

1
YU WazNINIINLLYDYN 4

Tua s DifcoTM Reinforced Clostridial

FUan

3.1.2 d@5\Adl

L’i‘d'\'gﬁu (Resazurin)

@ Wes (acetate buffer)
nsnlalasaaasn (HC)
Tedaulansanlyn (NaOH)

3.1.3 guninl

NITUDNAN wauuelstn 913 (Anaerobic jar)
¥ g g
INUINAU \A3BLYENans (Vortex)
¥ ¥ ¥
VINDIMINABUTD lgaANAY
@ o ' - =Y &
YiUieLIg nsesannlaslwlndines

nansuiduenansnanulidmsumsldanuienisanyiniuy leygalmhlulddsylesiaunism

Lidnsallagrsau Snvihudilidaulasion uasdedsdedadivaaenaisynasaninisiluly
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VIAFUBUY i
Tnines fovauioy
&
IMzEs e Faonide
nuifeauanaand Anaerobic chamber
4 X d o .
anue ww3nsinAmmiiunsanng (pH meter)
v ) - y <
YaURNAS wsatuvIBe
J A “J ‘o’ L% - o 1
WYRWAANANT WAtV IMATIEN 4 Funue
VADAVIAADY faielulnsiounasinona
a |
Uiun IATBIVAGAT INNTTU
L4 sJ o ’0’
ANUNYAANT viiatonlaud
bl . = :
nasatumes WiugnBantiau (Anaerabie cult)
ndd palatnine
NITUNTITOU WS 50 A

méaﬂﬂwﬂmnswﬁﬂaammau'isnuzga (Highr pérfarmance-liquid

chromatography)

3.1.6 F397lna

<

) P Vo . € = a o s
ansnasunliluenndod 85 uaAeuesinnaallsens dndaue lngansiiid
¥ J as « " _ ar . - 4 x s
dnlnadesdnd (binsustauaaneifug)anaanlsutiosms Taveglugunesiguizmea
v w ‘v oW w s ! A N ° o
Janiaaszuin FaeduTantudaniannanasinens waniUudanndshiiingsuannlyussloni

' - | & e v o & ° Datas
BUMNLAUN IﬂﬂLUU‘EN'U'I‘)I‘WWWN']U“'Wﬂigﬁ’]":‘lluaﬂ LaSyIINasanIntniian

&
3.2 mwmamn%a

321 27913 Difco " Rainforced ~Clostridial (RCM) (e siitatsiwwidaves

A - &
Clostridium acetobutylicum DSIM¥2 Haqudszhan il

ansanadias (Yeast extract) 3.0  NSuURDARS
" X i

A15anmAnNLle (Beef extract) 10.0 NSUNDENST

wWulau 10.0 n3usedns

nsnerliludawmdu-nialalasnasin (cysteine-HC) 0.5  n3usadns
Tuiisunaslsn (NaCl) 50 nsureans
leifunesding (Sodium acetate) 3.0 A3usRaEnT

N 0.5 nuMedHNI
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Tagavatgdiunauysuin 38 N5 1WMefuMmEuINAuYsHINg 1 803 Lasviinng
ar, . v . v Y ) ° R - W ¥
YSuUsumsueeamas ROM Wil 1 35 shendu wasiluisidemenieiisdnloun

o = = s g e =
(autoclave) NYUnNU 121 paAnealged Anuau 15 Yaunnan1snaun Wuan 15 ui

3.2.2 mm-aniﬁﬁ—ﬁaﬁaﬁﬂ-m%u-%amﬁu (Glucose Yeast extract Casein Cysteine ;
X X - : o
GYCQ) Wuesmsiavade Clostridium acetobutylicum DSM 792 Tﬂﬂmmuﬂaqqﬁlimms

3 J nﬂ' = ar 1 J‘
AEUYe97n Badr warAny (2000) Feildrunay samelull

quanqiﬂa 50.0 n3usiedns
ansannandan 50  ASuAedns
wau lalaslaln (Caseinhydretysate) 150 n3UsDanNT
nsnoziludamdu-lalashaoin (cysteinetdl) 05  NINeoans
Talnunaweulalngiaunoain (RgHPQ,) KO NIUADARS
Tnunadonlglalasuwedoln (KHPO.) 1.0 niueiadng
Tofeunaalin (Nach 25~ nSilvipaas
Vswgau (Resazurid) 0,00 L-n3usieRns

Tnsazarddius auliareRuauangy wawinisu5iuSumseese s Gved i
a v 9 v ° S (T = Y - ~
Wu 1 ans mobnaudduhludeddefonieiontods (autoclave) Mol 121 99N
= ) . P o i
waldea AU 15 Uaunnesnialy, Wdhar 15 uaf ngazviannaiegioddsagans
- ' o Vo W ¥ &y v o v
Wmauenaisanilsemave sl uasmn it i e @ e s u AElansileainnis

goudatrlwaunungslahaangies Trssfiounat i ulanasimany S0Rsufanns

o y T . =l =
yigamuaulagistieate Clostidiumiacetabutylicum DS 792 fanmizils

1 a 4 qvl & Y v ow = v @ H 2
wazliifieandiau Feliihatangleatipaisneiu lnswdsummitiuiugeiananglaaiu

50 NSUADEANT

3.3 AN5LABUTIVII NG

aw S a4 o v o

Y v " 4 g a & X &
arsseuildlunuddeil Aeduiminadssdnd Ahunnlsaundaneimsiaesdnd

= “ v v

° as ar ar v [~ o v ° v
uneesyuizma Tminaszui Fadudidnilnaiiiunisainuiues lngazisnualiiu

v A‘J o ' v 1 )
HIBIATBIUARAMASSY LasiunTouMmenzunITauues 50 (BuIntes 300 lulasiwns)

3.4 n1sUsuaN DIt e

& w P 1 Y% 5 ) d e -
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