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ABSTRACT

According to the crisis of the petroleum’s current price, the importance of the renewable
energy has been increasing, especially the production of biodiesel in form of methylester
produced by using chemical transesterification processes. One of these processes’ by-products
was 10% glycerol, which has been increased with the growing trend of biodiesel production.
Howévg;: b;'_:p?oc_iuct, such as glycerol, could be transformed to higher valued products and
reduced the cost of by-product elimination. There have been several reports to use glycerol as a
substrate for the production of butanol by biotechnology process. Hence, this study was interested
to cultivate Clostridium acetobutylicurn TISTR 1462 ana Clostridium beijericnkii TISR 1390 in

glycerol for the production of butanol, which could be renewable energy, industrial solvent and

feed additives.

When using Clostridium acetobutylicum TISTR 1462, the fermentation studies were
conducted in shake-flasks with anaerobic conditions in the medium at 200 rpm and 30 C.
Sampling was carried out every 24 hours. The maximum growth of microorganisms (1.33 x 10°

CFU/mL) was found at 120 hours of cultivation. Furthermore, in order to study appropriate

glycerol amount for growth, the varied concentrations of glycerol (10, 20, 30, 40 and 50 g/L)



were added in the medium. The study was found that microbial cells were maximized when the
concentration of glycerol was 40 g/L. After cultivation of 144 hours, the maximum cell number
was 4.80 x 10° CFU/mL. Then, the sampling’s supernatants were analyzed for the amount of
substances occurred during fermentation by HPLC. The result suggested that no main substance,
which should be generated during the fermentation process, acetone, buthanol and ethanol, was
discovered. However, methanol, one of the intermediates in the hydrogen metabolism wz;s

obtained in the sampling gained from the addition of glycerol as substrate in the medium.

After medium alteration to GYCC, however, Clostridium acetobutylicum TISTR 1462
was cultivated in media containing glucose and glycerol as carbon sources in 250-mL flasks, 2-L
fermenter with and without agitation. The maximum amount of cells (2.24 10° CFU/mL) was
given in GYCC medium containing glycerol in 2-L bioreactor without agitation at 120 hours. The
pH of the medium decreased from 6.76 to 5.98 after 72 hours of cultivation and increased to 6.04-
6.06 until the end of the cultivation (144 hours). Moreover, the butanol concentration of 0.063
g/L was found since 24 hours of the cultivation in the same condition. Furthermore, while
Clostridium acetobutylicum TISTR 1462 was cultivated in GYCC medium containing glycerol in
2-L bioreactor with 200-rpm agitation, the butanol concentration of 0.117 g/L and the maximum
amount of cells of 2.30 x10° CFU/mL were obtained at 120 and 96 hours, respectively. In

addition, little amount of 1,3-propanediol was discovered in all 2-L bioreactor cultivations.”

Clostridium beijericnkii TISR 1390 was cultivated for the production of buthanol.
Glycerol was by-product from transesterification (biodiesc! process). The fermentation
investigations were conducted in 250-ml flasks with anaerobic condition at 370C. Sampling was
carried out every 24 hours for chemicals analysis and viable cell plate count. The addition of 60
g/l glucose to the medium was resulted the maximum growth of 8.33 x10° CFU/ml at 24 hours of
the cultivation, while the maximum growth of microorganism (3.93 x10° CFU/ml) was presented
at 24 hours with the addition of 20 g/l glucose. The addition of 20 g/l glycerol provided 4.78 x10°
CFU/ml at 168 hours. Subsequently, the supernatants of thc samples were analyzed for the
amount of substances occurred during fermentation by HPLC. The maximum concentration of

butanol (8.11 g/l) was found in 120 hour and acetone concentration of 1.65 g/l was found in 168

hour sample with the addition of 60 g/l glucose. The addition of 20 g/l glucose gave the

VI



maximum buthanol level of 4.70 g/l and acetone concentration of 0.793 g/l at 144 hours. The
addition of 20 g/l glycerol gave the maximum butanol level of 3.796 g/l and acetone couldn’t be
discovered in the samples from the fermentation. However, ethanol couldn’t be obtained in the

samples from the fermentation.
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MI9UAUTD Alfred Nobel IdAnduiimsnanszibalaurlud (dynamite) Taoldndiveseai
I ' = = . . A o v aa e dyd o
ieglugdluTasn@weSu (nitroglycerine) iiothuwerufuFam (silica) s afideiu

Y Ao w

suAuiding lumsthniwesea ldszynd lugaavnssu (ews garru uazame, 2550)

0
l"zcl:’o“( e

31,0
H(,:—O-{ A pos— T>
-
H,C-0 O
1 O Hg(l_:"OH
o . HC-OH
OH {
H,C-OH
O :
Fally acid Glyeerine

v t4
51 2.5 aumsusnamelasnde lsddloti luaniznsa
4
i : ows uazAuz (2550)
232 Usglumivesndivesea

a ] T t a §
AfI¥0T0a 130 1.2.3 propanetriol 1I1119aN080R0E13910 (simple alcohol) FilAWila
& o q ¥ ¢ o & s a 4 o & s
Falmsldlse Temiunne Mgaamnssuiniesdiens & (1394807 1ATBITUA 0IMNT BITY
1] 3 ' 1 ¥
nd¥AITY Monsza 1nSeantls uazdene uaasdels1ei 2.5 uenanil nfieseadegnly
~{ 3 9/ ° s a a1 ] 9/ a
dlumsdadu (feedstock) dmsumsnAamsmiiare wu 19 lunswda 1,3-Tnsmulaeea

(1,3-propanedial) lAonAY (Biebl Liazasiz, 1998; 1999)
233 goauiAvenaiosea
2.3.3.1 QQENTANNNEMNYBINABDID

AAWD50ANAUAUTANIIMENWAINATI 1IN 2.6
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a Al o a dl a ¥ oo
NAFDTIDAUFDITUANTHAUAUAIT 1N 2.7 llazuqmiiﬂiqf’fi’]@ﬂ’mlﬂu@]q

v
=t

weraalugla 2.6

a15191 2.5 M3 155z Teminnnfmesoa

, msi ¥ Gowaz)
dunavi e ,
[y 2y a g
. aAUIg glsy atlu i
s lovei
(160,000 Auavil) | (190,000 Ausell) | (50,000 AumAvll) | (80,000 AuABL)
& 39.5 23.1 34.0 52
9 15.8 25 53 73
pareIH Insezdian )
ND 14.4 ND ND
(glycerintriacetate)
915 14.5 5.6 ND ND
Twadimosueanaasan ,
10.5 13.1 11.6 52
(polyether acohol)
=
4 9.2 13.1 19.5 49.0
irala (cellophane) 2.0 4.4 .38, 1.5
52(1@ (dynamite) 0.6 3.1 1.9 3.1
gAY ND ND ND 16.0
n3eddiond ND ND ND 6.3
ou 7.9 20.6 23.9 7.2
a Y 1 L] Y a =) ] ~
WYL JayaduIngirinnnnienuvesguiteyaliningsualiursszmeaiu

(Chinese Chemical Engineering Information Center)

ND 931910 no data (hifidiaya)

13 : Wang taznaiz (2001)
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M157199 2.6 AUAVTANNMENINVOINAITDTOR

AMENTANIINENIN asifines

AUz Youummila
o 14
a : Tor Lt
pau-5a Tifindu ualisannu
ihmiinlinaga 92.10 nSusie Tua

A ‘ a a = a
ANNKHA 1,400 Tadthania I

Vg :’ 4

pIsazay azaw'ldd lniwazuoanoged

yod g P ¢
azaw"lmanuﬂﬂuames "Lﬂﬂﬂﬂl“lfu

uaz liazanslumsdszneulalasaisvou

AMMENTAN MBI Ams1fiaes

o 1 = o
anuiiunsa-a1 (pH) 5 ¥1 20 09A s

- =)

9AINRA 290 DIAUVAITHA
gAragNITa) 17.8 oasIT AT o
ANUEIS UL 1.26 ASURDGALIARITURINAS
anuaule 0.0025 fiadlson # 50 e uTON

13 : dalasa1n Mallinckrodt Chemicals 18 The Columbia Electronic Encyclopedia, 6th ed.

Copyright © 2007, Columbia University Press
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M1519h 2.7 guauiiamaniiveandesen

¥® TUPAC 1,2,3-Propanetriol 139

1,2,3-Trihydroxypropane

¥onaly Glycerol ; Glycerin

%v’v’mé‘w‘uq . D-glycerol, L-glycerol, Glyceritol, Glycyl
alcohol, Trihydroxypropane, Glycerin mist,

Polyhydric alcohols, Propanetriol

gaslaanga C,H,(OH),

i http://msds.pcd.go.th/searchName.asp vID=1568 (25/04/2554)

HO OH
OH

s 2.6 gaslaseadvesniwosea

#13: Richard, Rusty (az Myers (2007)

234 ﬂ]‘ifﬁlﬂ‘i]zﬁﬂalmﬂiﬂﬁ

2341 nszviumsneannnanasdld  (by-product) 08A9INNITUIUMS

wan lulafiranse1ngammnIsaniiiu

& ;Y = a  w d yda a a &

iflesdendresonifiuninfusinaseld AifaninnszuaumsniswialuTefirads

L] 1 Q % { a QJ(; 1

adlngezmumsaih Il Tomilddeuilowinndwesean ldlanuuTaniai ua
= Aa a = 3 9 g 3 9 1 Y 1

naweseaniAuLTgnigeq uannseh lflfdiuasddulunssuaumsdien lded

t 0 o 3 a o o v
wannans lihesdiumsih W lddumsddulumssdaon hlddlumsieay vie
s/ o 9 a o 3/ 4"4 = . a aad ° Y o = a =y
ufnseialFlunswdnsziiia Sromaiisedimsinitiesilindesealinnuuigniuin

ndd'clsl a

d? A a ] a ] Y - My s

TuRemuyarveandmesoa TasnszuaumsuazitnldlumsimlduTqndldud iy
waq ¥ d A S a o o Y v (& Y Y Y

anmauauidldidunsaiensnduvesnfimeseaivlviu Tagldnsadayaduduooas

u

o o [ & o 4 5 v
5 ‘Viﬁ\‘i%‘lﬂuuﬁﬂﬂﬁ')ﬂﬂ'ﬂ’l’la3ﬁ‘lﬂlﬁﬂllﬂﬂﬁgﬂﬂuﬂlﬂ\?lﬂﬁﬂﬂﬂﬂ %Wﬂﬂ'livlﬂaﬂ\‘ﬂﬁﬂvnllﬂ
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ndiweseaiinnuifunsaogii pi 2-4 seiiduveindivesoauuneeniniosas 38-40
Tashmin waziferihundinssdniesdisznouannnasgiu BS 5711 wewuhinduesoal
amSgniogiideuas 80-85 Failnrmsgnidemefiazannsai 14 ugasmns sy
o) uazamnsaiiiuyaswesndwesenld yazNAsgIMvRINSweTeaiiutanugamns sy

TMUn15199 2.8

=)

M 2.8 VIATPIUTRImInaeseamugamnassuAtmai 1%

wingma  wasguiildlunsdrdiqudnyusveniresea  As  wiasgu
wﬁﬂﬁmcﬁqummsu (190.337-2538)[13] A British Standards Institution (BS 2621-5 : 1979)

fn : naspumskdafauaigammnssunfeeIuusan’, uon 377-2538

o ATTHATIN .
naANbaE — ; masymnlimaaoy

il [lawhd | o | ewis | mf

adu sidi Uifi ith ] - BS 5711 Part 19
T
afirosen {aunz lnoriniin ] B |
A 99" 90 —[T9sT 9 T[T [ BS3TITPAR R -
Bitaunt
i1y fowas Taminnin hdu - - - . 0 | 150 2097- 1972
i RHINE - - - - 10 | 180 2098 - 1972
dEarka Fooar lagsiniin
. 0.01 0.01 0.01 0.01 - 150 1616 - 1976
Dy
anaunisilildndseina
Y . - - - - 25 | 18O 264 1972
fauns Tapinitinhiiu
AN ding
- a Lo - 2 -
figanigh 20:C20°C 126104 | 1.2618% - 1.26103 . 180 2099 - 1972
¥
1.264 1264 1.264

B . . 314
figanigfi 25°C25 °C 1.249
Asnatuasiaanimiy
ava fiaddaliaudda 100 | 00& 0.32 - 0.32 - BS 5711 :Part 3
adihid
avivy faaainaei laniy )

3 5 2 BS 5711 :Part 1O
asd imdnhikiohlann 1
’ . i : - |BS2621-5%
s
aag'lydfosas Tasinnin i : i
. - 0.01 0.01 0.01 - BS 5711 :Part 12
i
Ao nofimiudaiiuaud
fiaddadrnaudda 100 0fu | o.64 0.64 - - - BS 5711 :Par1 21
Tiefing
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a = o_ o 9 = a v,

nanszuumMsnaa luTeda SulludewsnnfivesoanenainluTofwalinua
a S a4 =) [V Y a a v A L ' P 4 Jd
ingiiundesenss lilgafauazdene i Sinudad ladluve loduns oseudvazmn

3/ 1 ~a a a 3 o
Infiganinln@idndan Taedndnisndnlulefmaudazases Idndweseatszinadovay
- 4 . 2

10-15 lawlTmas Faziinsesnesnlddienisilfuenduseninlulefwadsay
unpAvaIn MUY Ty TeRwalinnumuuniv 0.86 fudegauiadimudives Tuvmsi

1 [ 1 o a o o ] 3
ndlresoalANUMUILIY 126 nfuAsgMNARUALAT T wam“l.?’i’ﬂ'ﬁwasamwﬂmagw

'
aa

b4 ¥ [
druazluTofiwaegtuuu ludiuvesduniweseadinaiqudotuduldun lulefiva
lasndimolsd lanfiwelsd Tulunfwelsd wniuea nfeusanssedildluifise:
] ¥
TwidoulansonladnSeTdunmFon leasenladFalfitludus wlgiso ayjuasin Hudu

Whuwah dnaweseaniuon18se liaunseilUldss Tendld

o a ¢ . A A e o

Yong uazamie (2001) Mimsdnsizimiesdisznovvosndiwesoaiiiunaasusl

Y a P=} :a Y 4 I A A @ dy P=1
naovlannaszurumnda lu Tefanmihiuilhdy wud TUSinavesasaeil ndmesea

v 1 ]
fovaz 202 161deuay 64.3 1hivsaz 3.0 uasmBunsdouq fluldndwesenovay 12.4
uazey (pH) 12.8 uazilousndudotulasldnsadaf25nuds nuinfweseafi ldnnaiu
a A" g 1 A Y a d’al By ‘ v oo . 9
USgnsIndu nanfe TAnfmesoauSgnisovas 33.9 n3aluiuAy (crude fatty acid) $ouaz
1] t o o Q’
105 uazinde (sal) Sewvaz 652 wazfanud pH fwadelSuimuazanuuSgnives
o @ P a a o t Ao
naresoa 1ANIYTunlaeuie (pH) vesmsazmend@wesoainiioy (pH) 1-7 WuIAN
Y a a g 1 A a A 9 Yy 9
¥ (pH) 12 MnAweseauSqnigega nanfe Undreseaiosas 54 i1ievas 7.4
Sy a o oA T 9 @ P @ '
15000z 7.5 uaza15ounsdouq 7 lulvndreseadesay 31.1 ndsMindiwresoaninaln
Tnduuuuganeee19418 (simple vacuum distillation) f1ALAY 4 x 10759 4 x 107
a o o ; v d' LY a A a g Y A o s
ladu1s uaz pH d1nd 5 etlesdumsifiavlesninayiifadu) 1dndireseandudieanun
{ a o i a I'd a g
Mgl 120-126 sarnadon iodinsizvestalszney nunfwesoauSqnasosaz 96.6
oy a P o 1mq v

ihdvuaz 0.03 1h¥evas 2.4 uazasdunsdouqn lilvndresoadesas 2.4 uasiifiey (pH)

Ay 3.5
2.3.4.2 05ZUIUMSNIAT (Myers Uaz Myers, 2007)

Tuil a1 1940 finnudesmsnBimesoaninunassssuanaaiey e ldlumsadnm
a ' Sd4. A a a a ad o iy [ o
uaziou luysamensiulanasai 1 Gulimsndaniwosoalaeismsninnimbniaundn
Ao a a ad o ¢ vl a
uennnldlindannInnss UM MUAlSIFUAs 12101910 T IWAYU (propylene) Taunis
[ a 3 3 1 3 a a o Vv a g
wnszvnnTns Indulifunswsndoumnsiulanasen 2 uazmsnaalu@amsdisudy

Fuludl a.q. 1943 Taelsemeeo il
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o 7/ ad 4 ] oy <
myduaszrndweseamuniiiusuainmsiaasiudunuilelasinuozaouves
] 14
Tns ndu Idifumsdadananlsd (allyl chioride) awaumah 1 minduilgiindunsa

leTinaosaez 18y 1,3 lanaslslansu (1,3 dichlorohydrin) A3aun13M 2

H,C=CH-CH3 + Cl, ——— H,C=CH-CH,Cl + HCL (1)
Cl OH
l

H,C=CH-CH,Cl + HOCl » H,C — CH-CH,Cl 2)

4
nnudvmsazmelydoy usounamonlslasoonladaslu 1,3 lanaslslanTu

9214 dfnae 15 laaTu (epichlorohydrin) AaauMsh 3

cl oH
N

0
2H,C——CH-CH,Cl+ Ca(OH), — > 2 HZLACH-CHZ-CI +CaCl,+ 2H,0 (3)

¥ ¥ .
U§ATetunougatoiudiinasIsleasuszgnlalasladlldy ndweseadie

P=1 o 701 R y
Tw@eoulanson'las nio lu@ounisueme deeun1sh (@)

O OH OH OH

Cl—CHz-H/\ CH; +NaOH + H,O »H,C — CH —  CH; +NaCl (4)

as P v a i
msdansiznaanianile Ae sadanaelsagnielasladdrolndonlansenlydld
v a 'd g a = 9 a
dlusadaueanesed (H,C-CH-CH-0H) nniwdAunasiuezldluTunanlslaniu
. a . . & g a3
(Monochlorohyerin) iaz'lanaals 18asu (Dichlorohydrin) Fuisnesvzgnlsiasladde

Ty@eyluasuomalindwosea
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2.3.43 AITUIUMINNTINN

da Silva Uazasiz (2009) na1ted Tasdoudunivdndaaiignldlfifndss Tond

nniigalulan ualidnvaziidedldedsiiia Suhlddemuvamdsnuiihinduun 14 1na
£ o { o 1 1 4 a o . v 4
18 Fudlufauledusdiauin senudomassIniw (biofuel) U 8N 1U0a uaz luToRwa 4
o 4 v A - dy a a . A P
duldeundanieg e ldunuiveatemdsoada (fossit fuel) luTeRimasusounui
= = . a v o o :’ L & 3 = o
VTas@oudiara (petroleum diesel) Hanv1nluiudaiuaziduiy Fesadrendwesoaiiu
I:lal ) :’ o 4 a = - 9 ‘g
aanape 1 (by product) Uszinmiesas 10 Tamhmiln Fednufuvedndeseangnaileyy
I~ a b3 M 1 o
pvvzaauiiuilymidunedey sunszianfwesea liamsagnianis Idnua Ty lu
a o) i ° 1
Funedon Juful1dfseimanindesealyld Tnsenldidiuundsnisuou uazmse

1 @ a a a a X a d =
llﬂﬁqwaﬂxﬂu%'Iﬂﬂ'l'iLi]iiymUiﬂﬂlﬂﬂi}ﬂuﬂ?éclu%ﬂ%ﬁjﬂﬂ1@ﬂﬂ'I‘Hﬂi'ilJ lﬁﬂﬂaﬁlﬂuﬂ15lﬂﬂ

q 9

3
= ]

Tagldaszurumedinmmidlyanigediv iy 1,3-Insiwulasea (1,3-propanediol)

'1nlans0nTos T AU (dihydroxyacetone) (ONUDA (ethano!) FAFIUN (saccinate) 1Tl udu

o <2 A = a a Yarst ~ A Y]
Ws1ERsU RUMIANYINIHANTIINAYDI0a IAg 1T TN1TN19FINIW tWoaan s 14

= a o ; . 2 a a Y
UTnsi130u A93 Benito  uazAMy (1994) AANINITHAANDIYDTOA lAYTAI1IZAITHNN
v A w a S 9 S 2 a o
nuvaeiidesludalfnssiininuuuinaiua (packed bed) Taolwiradaiaveidad
Saccharomyces cerevisize AANTONAANAITDITOR IAnMIdUd UG 30 nTudedas Taoll

o a I~ s " a " @ o a [l

danmananilu 36.6 nfursdnsaodd Tus Ngumngll 28 saruratod ANuTuNTAR1a (pH)

L g . . <) v e
6.9 1A 9n71A15199919 (dilution rate) 134 1.22 av%2 Tug

. a o Js g O
Bisping Ua% Rehm (1986) inyimswnannasesealasldivadtad Saccharomyces

& 2 ' a s i A Y o
cerevisiae ¥19NAT90¢IUTWIABI NG (sintered  glass) NRYUIAITUAIFUINAI 60-100
1t a . = v o Yot & 4 o
1uTnsiuAs WUITURBTNAH (sintered glass) HaNumnsalumssnfurad lad Fuiior
msnAnnAwesealuaa1rzmIndauuunaeLiiod (semi-continuous) 8 50U I WNTANAA

a 4 =2 v ot a
ﬂﬁl"lfﬂi'i]allﬂ 26.2 ©1329.5 NTUNDAAT

Guo LaZAME (2006) ANYINANTENUVBIMIIAIUANLI IUBO A TuRnyiiad1e Niina
] a ¥ L4 a,
AoN1sHAANAIYET0aVDITAR Candida kusei 1aun Txdsunaslsd (Nacl) Tndediaulna-
] a 9 ¥ 9
ABA 4000 (PEG 4000) Haznalwesea (glycerol) WuNauNsanaandiwesea lannududu
v 1 a A Y] ™ a a v Y ¥ oA
qiqa 179 nTuADans ma1%ﬁ15ﬂauquuimuaaaimm‘ﬂuﬂawasaa TAanududuiio
80 niudedns uazluganisnasssmiugui llims@uasatuguussduesa luana1wso

nannayesoa e 41 nSunedng
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Zhuge uazAne (2001) ANYIMIHAANTITOT0A1AY Candida glycerinogenes c't?m'ﬂu
Badfinudous suoea Tufnga (osmotolerance yeast) Tudamsinvuna 30 dns wuhaned
minzauRemsadandweseao figamgll 2933 esnwaiFua uazfiey (pH) 46 Iav
pmisimuzaudmiunaaniiweson UsznouludiongIna 230250 nfuredns giSe
2 nfudedns uaziurdaTne (com steep liquor) 5 faaans Famelufiommailszney
55-65 finansudedas wuniina ldveanfiveseagegaiiufevay 64.5 Taeviwifn nazaa

Yy 9 =) [ o 1 a
Lﬂn%uﬂl@ﬂﬂﬂl‘ﬁﬂi@ﬂq@fxﬂlﬂu 137 NTUADANT

. .
Yalcinl 4az Ozbas (2008) fnmiwaveSuimwadeniinemaniy@yla uas

¢ a_ a 4 o eday a ¢ o
ﬂﬂuWﬂﬁ'llei"U’éNﬂ'I‘iﬂﬂﬂﬂﬂl‘lfﬂ‘i’é]ﬂlm'ﬂﬂﬁf"llﬂQlﬂf'ﬂﬂﬁﬁ‘ﬂﬁl‘ﬁﬂﬂﬂqﬁu MOWUT Saccharomyces
b4
cerevisige Kalecikl (10 Saccharomyces cerevisiae Narince3 TagsiimsfAnulsuuiuie

J

¥ 1 ¥

fauadeuaz 2.5, 5.0, 7.5, 10.0 uag 12.5 nwududleldFmaiugedosay 2.5 dimsumeiug

Saccharomyces  cerevisiae  Kalecikl 3zl anunsondnndivesen ldnududugga
) ¥

8.6 NTUADAAT AIUFOWUT Saccharomyces cerevisiae Narince3 (ilo 145 maiuyoagluiia

seneforns 2.5-7.5 azenusanaandiwesea ldnnududugega 7.6 niudedas

= a a Y Ay
Spencer uAzAMY (1956) Anyimsndanfisesoalauliiye derobacter aerogenes Tu
annziidanududuvesnglaage nuhansondanfiwesoaldfesas 3.2-4.8 uaziiio
Py a = g ' =] [~] a o 4
Mmmsfnuimsnaandareson lael¥e Torulopsis magnoliae WuNNAIOIOAITUNAR NI

] ¥
Lﬂﬂ?ﬂﬂaﬁﬁuﬁxﬂﬂﬂﬂﬁﬂﬁ’ﬂ uazwamawema"lﬁ%’aﬂax 17

¥ 3

Liu uazamue (2002) ﬁﬂ‘H'lﬂ'liNﬁﬁﬂﬁl“b”ﬂiﬂaiﬂﬂﬁﬂ'I’Jxﬂ'.lil‘w'I&’L%ENLLUUWU'I“U’ENL%’EJ

1 a =} J @ 1 a dy ' ] a

Candida krusei W‘U’ﬂﬂﬁmiﬂ“ﬁlﬂﬂnﬂﬂﬂ"hﬂ 40 NTUADDAT ﬁﬂl!’r)'lﬂ'lilﬂﬂﬂl%’r)%:ﬁ‘]f’wl?‘lil

a = = [ @ 1A
ﬂin1mﬂ1iﬂﬂﬂﬂal‘h’aiaﬂﬂ1ﬂ 16.5 lﬂu 47.7 ATUADANT

P Y
o = Y o a

Wiai mifinyninedesfumskinndwesenajleglumieh 2.9
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235  (UNVDATUVDINAIBDIR

Glucose
Glucose-1P p
40 NADPH NADPH + CO,
6- F’hospho- }
Fructose Glucose-6P —i) glucono- «—> 20 Ggﬁg%sn%?g —Lﬂ

; \ \; d-lactone Ribulose-5P
ATP ~>» Biomass

Mannose-6P<—1> Fructose-6P < ... 22 23

“ e :

1L ATP 3 ATP W Ribose-5P  Xylulose-5P
Mannose Fructose-1,6BP ;

24
Glyceraldehyde-3P Sedoheptulose-7P

Biomass «—<«—Glyceraldehyde-3P %) Dihydroxyacetone-P

NADH
8I\> NADH 6 1’

26
Fructose-GP Erythrose-4P

1J

1,3-Bisphosphoglycerate Glycerol-3P
9I\> ATP l 7 , '
. Biomass
Biomass «—-«— 3-Phosphoglycerate Glycerol

5

Giucokinaze (GLK) and Hexokinase (HXK}
Phosphoglucose isomesase (PGI)
Phospliofiuctokinase (PFK)

Aldolase (ALD?

Triosephosphate 1somerase (TP
Giycerot-2-phosphare dehvdrogenase {GPD!
Glyceroi-3-phosphatase {GPP)

R B

L

.l

o as AT A S Y a
‘ilh'l 2.7 UMUDABUYDIPAUNTUNTINAALIYDTDA

31 : Mostafa (1995)

107 2.7 FuwmueiFuveay yAunsfficusandandiseseald 1wu Tad uas
WUAT3 08614 Lactobacillus lycopersici U Bacillus subtilis augAuv3dannsaniaydula
Tugne lifeimasunameseadediunumidluuvdsmveounazuvamdanu Junue
NABYIA 19U Citrobacter freundii (Homann 1tazAMe, 1990; Daniel LALAME 1995; Seifert LAY
AME, 2001) Klebsiella pneumoniae (Forage 1ae Foster, 1992; Tong UazAME, 1991; Menzel
HazAMY, 1997b; Biebl LazAMY, 1998; Németh uazAME, 1998; Biebl, 2001) Clostridium
pasteurianum (Luers UaZAME, 1997; Macis LLaZAME, 1998; Biebl, 2001) Clostridium butyricum
(Abbad-Andaloussi UazABLE, 1995; Biebl, 1991; Biebl uasAty, 1992; Himmi UacAMe, 1999;

Malaoui (ta2 Marczak, 2001; Colin HaLAMY, 2001) Enterobacter agglomerans (Barbirato HaiY
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Az, 1996; Bories, 1997; Barbirato UAYAMZ, 1997a) Enterobacter aerogenes (Ito LUAZAME,

2005) uaz Lactobacillus reuteri (Talarica saznle, 1988, 1990)

‘lug 'l.lﬁ 2.8 Klebsiella, Citrobacter, Clostridium Wy Enterobacter NALOTO ag nldluw
muaﬁ-cﬁwaqgauﬁ'ﬁmdﬁr 1’%&1]ﬁﬁ?m’ﬂ@ﬂ‘?mfu(oxidation) UAESANTY (reduction) (Zhu
uazAmE, 2002) U oxidative pathway 921 NAD' Liidase ou'la glyceroldehydrogenase (EC
LLL6) nszduldifamsfouuasvesndimesealhiflu dinydroxyacetone uazdaun
toulayd dehydroxyacetone kinase (EC 2.7.1.29) 15 aﬂﬁﬁ?mmi Wa# phosphorylates (Daniel (a2
AMY, 1995; Luers uagAMe, 1997; Macis tazaAme, 1998) cfuﬂuﬂﬁﬁ?m"lﬂﬂﬂ"la%ﬁ
(glycolysis) e77U reducing pathway WHNNT zé’uTﬂ arou larsd glycerol dehydratase (EC 4.2.1.30)
fiReams TaowloalifuSmiiud 12 (coenzyme B -dependent) uagifvadosiuionlal diol
dehydratases (EC 4.2.1.28) (Toraya tazne, 1978; Forage Uai¥ Foster, 1982; Knietsch LAzAMS
, 2003) ﬂﬁwasaagmﬂﬁﬂu"lﬂzﬂu 3-hydroxy propionaldehyde (Toraya UM, 1980;
Tong UAYAME, 1991; Seifert (LAZAME, 2001) naziou lan] 1,3-propanediol dehydrogenase (1,3-
propanediol-oxydoreductase, EC 1.1.1.202) ﬁ'ﬁ’mﬂﬁ NADH+H" (NADH+H" dependent) 9571
M33aT 3-hydroxypropionaldehyde Tahilu 1,3-propanediol iaz e $14 NAD" %’Tuflmi (Macis
UazAML, 1998; Skraly uagang, 1998; Ahrens (nzAMe, 1998; Veigo da Chuha Uae Foster,
1992; Németh LiazAfz, 2003) Aa31I7i 2.10 HAnsmusTgahe fio 1,3-propanediol (1,3-PDO) ilu
Waﬂﬁmﬁﬁﬁﬂ’ﬂiﬁﬂs'ILW'I‘&;’HI'Ig‘i]\if'?'lﬁgﬂﬂ'liﬁﬁﬂﬂal‘ﬁﬂﬁﬂﬁ (Homann tagatde, 1990; Deckwer,

1995)

T4 K. preumoniae (Forage Wag Lin, 1982) Uag C. freundii 810UNI5(5896919030U
gatheimihfgouTosuaznszsduionlod glycerol  dehydratase  (dhaB),  1,3-PDO
dehydrogenase (dhaT), glycerol dehydrogenase (dhaD), 11 dihydroxyacetone kinase (dhaK) 51? 3
gndouseuTAY dha regulon (Zhu uazAmME, 2002) A93Y 24 dmTunguiu 1,3-PDO o3
C. butyricum 3215200U80 3 Bufiuandrsiu feten 1wl glycerol dehydratase (dhaB 1), 1
f1n5eduTalsAu (dhaB2) Uz dhaT (Raynaud HOEABE, 2003) Tunuafiei o'l gycerol
dehydrogenase 1n211704 11000 ATIIUBEIITUNT Fazswsumiuradvesinfiuddy
GRGIA RS (vitamin-B , independent) (Saint-Amans ufazfM, 2001; Raynaud HLAZAWL, 2003;

Gonzalez-Pajuelo L1aZAME, 2004, 2005a,b, 2006)
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GLYCEROQ

N

Giycerp! dehydrogenase Giycerp! dahydratase
(GhaD) (ghad)
L NAD"

#,0
e NADH,

p
[DIHYDROXYACETONE| {3-HYDROXYPROPIONALDEHYDE|
Dihydroxyacetone -~ ATP NADH, i 1,3-propanediot
] y . e 1,3-pro io
kinase {drak} ,\\-; o /ﬂ dehydrogenase (diat)
NAD* 4™
{DIHYDROXYACETONE-P| Y

NAD" e ADP 1,3-PROPANEDIOL]

NADH, 41 "
[PHOSPHOENOLPYRUVATE;

57 2.8 nmmsnsinnfiweseaidauniiuiiumsasie 1,3-PDO
#1301 : Bouvet LALAME (1995); Barbirato Llazfiue (1997b); Menzel Uaznte (1997a); Biebl

(2001)

o dA

WS, cerevisiae ua:fgﬁuwsﬂauq ﬂﬁwasaaﬂ:gmwm‘ﬂu dihydroxyacetone Y
glycerol-3-phosphate mugﬂﬁ 2.9 (Wang uazfe, 2001) ilmﬁﬁﬂﬁﬂfu nﬁwasangn
Lﬂ?;flullﬂl‘ﬂ‘u glycerol-3-phosphate Aoy largd glycerol kinase (EC 2.7.1.30) ﬂlmzﬁmmm%’f
sulasuniauiluasdidudimivasdunssdlufunfonsnlaouulaslifu
dihydroxyacetone phosphate ua:mmimﬂ?ﬂ'ﬂuuﬂm‘lﬂlﬂu glyceraldehyde-3-phosphate Tag
tou Tl triose phosphate isomerase (EC 5.3.1.1) “luﬂﬁﬁ?m"lﬂaiﬂ‘lm‘ﬁﬁ (glycolysis) 130
amsanldiumsdadudmiudunseiiumueasudug (Wang  uazame, 2001)
milouindmsy glycerol oxidation (g/p regulon) gﬂuﬁm“lu K. pneumoniae (Ruch UagAML,
1974; Forage llag Lin, 1982) Gluconobacter oxydans (Bories Lz, 1991; Claret LasnAM,
1994) uaz C. acetobutylicum (Gonzalez- Pajuelo UazAYE, 2006) ﬁﬂgﬂﬁ 2.5 914
#70 Ruch uazAne (1974) éﬁa glycerol-3-phosphate L‘flu@’fum@f?m?umiuﬂﬂﬁma:ﬁﬁ
DINIATDINAH050a1U K preumoniae (1UABUTO1110 K. aerogenes) Yz fise

[~ S o T 3 y
dihydroxyacetone (Hudumadmiumsuonane luflonmavesmsdsfuil

3
Y

L% =] & o 14 ]
msniinnnndwesealiidueniueansediniuealae C. pasteurinum lituogiy

Y ‘f' uly . L N.L o Ili o ¢ A
NTNITIUUVUHNANADY ﬂ(by-product) (Biebl, 2001) 3UNTENIAIWL LT ﬂmumﬁuuimmagn

gy & 19 ad R a8 o ' £ d
ﬂi]dﬂlu1ﬁu1u3ﬂ (Biebl lazAe, 1998) 9NHIDYINUUIVDINTEUIUNTT redox-balanced Lﬂu
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31 ad

2 a o . . . a
msulaﬂuuilmﬂawaiaa"lﬂmu succinic acid UNIIDTMTVIONIUDAUAY saccinate UA1
v a4 [ :/’ A a y o ad . A
(MAY redox-balanced NiNE2ToIAUN MR FIUMT 1FWAIUUDITD ethanologenic N A9

[ a 1 1§ P I ' -
1ATP Slunandadeudas Tulanavesndwesea Fegnildouludiueniuea vusfimandn
@ ad . 0 o [ 4 .
#Au 3% saccinate szgadinaliifunruausalunisade proton motive force law

fumarate reductase (Dharmadi lazAMe, 2006) ﬁdg 1 2.1

Giyeerol

LN . [DIHYDROXYACETONE]

Glyerret-3-phospirete NAR®
Jehvdrogenase ..

* NADH,
DIHYDROXYACETONE-P|

Tadwmsumsnsyuazmsnda DHA Tas C oxydans T1nA1w8 790 membrane-bound

Cat
=
=h.
~
o

glycerol dehydrogenase irldgnisnanueniradues DHA wazldeangnidy

a3 Uﬁﬂ‘l’nﬂ‘u‘ﬂQ’ﬂlaﬂﬂi’ﬂuuﬁuﬂﬂu‘ﬂ'lﬂﬂﬂﬁ'iﬂ'J‘IfIﬂElﬂHﬂaﬂ‘UfN Ubiquinone LAY
Cytochrome O &7U DHA-P gﬂﬂsmuiﬂﬂmmawmm pentose-phosphate

#1101 : Bories ttazntie (1991) 11ag Claret iLazAME (1994)

a dy ¥ a a a J 3’ s =3 s
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a

P-4 J v a A s v o a =] & b4 o =
ulﬂﬂﬁl‘lf’ﬂul'iﬂ o Llﬁxﬁﬂﬁﬂ'ﬂiﬂﬂ‘u"l ﬂuﬂuag ﬂ'lﬂ’nﬂ’ﬁl‘lf’ﬂiuﬂii’f‘i’l"ﬁﬂﬂﬂiﬂ&lu'lﬂm%”ﬂi’ﬂﬁ

Q
b 4

o aan o A Y Qs & v v a A

ﬂJ'Wl'lllf,]ﬂ'iU'lﬂ‘Uﬂﬁﬂ leﬂﬂﬂa'lﬂlﬁUﬂiﬂul‘llﬂJuuﬁzlﬂﬁ'ﬂ NWIDUNUAUTITASDULTNITUIND
S & ' Y S a a o o _a o ul a '

azmﬂﬁmaﬂumm Glﬂllﬂﬂ@@ﬂ%'lﬂ“ﬁuﬂﬁl"lfﬂﬁu AMNUUUINALTOTU lllﬂﬂJNQﬂ'luLlﬁzﬂi'ﬂﬂ

Y a o o & o J o Y a =) a =% ~
RN %z‘lﬂﬂaﬁh’ﬂiuwiﬁﬁ$®1ﬂ WoNAUDUDANDEDADDN ﬂi)xulﬂﬂm‘lf@iu‘ﬂi’LIﬂﬁiu‘VItIﬂ
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GLYCEROQL

NAD" = o
taoi,<~"

DIHYDROXYACETONE|

e RTP

e

P

7 T ADp

[DIHYDROXYACETONE-P|

HNADY e _‘ e

Nnom, = arp
Y ADP 4TP
PHOSPHOENOLPYRUVATE — OXALOACETATE
s, NAUH, e
- AU b=
T are NAB®
Y
NAD* HNADH, Piruvate
) . Y. eee—— “
LACTATE =~~~ PYRUVATE .. A
Lo Fde o
e 5.
O Cupani
ATP  ADF v
ACETATE =« -~ ACETYL-COA
Atetyl-CoA Ve
» :J’/ \'.{‘:-,_T\_\_m .
o7 :
A\ *can
[ACETOACETYL-CoA
2 HAOH o e
;]
ZNAD <~
e ADH,
Cor w -5 Nvee NaD
e e EY
BUTYRYL-P BUTYRALDEHYDE!
FUT I Lo - NADK
AR ‘, """“«; AD"
Y
BUTYRATE: BUTANOL f

S d

Ui 210 amsawvesnanasyl@iionnlalumsldqaunsdanag sevdamsmiz@osday
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GICREEN

i1 : da Silva HazANE (2009)

a P 2 @ g =1 vy 1 [ n’/’ a
aswanluToRmadefudunszuaunsnliduainmsasgu daniulumsiazveie

2 o

a = ' o o a ' a
nszuaumsndalulofwaldgszdugaamnssy e uiuszdoalimamuyan1voINanae

v q s tan| o @ a a o Yo o
Wﬁi’)ﬂvlﬂ IﬂUClUﬂiS'U'JUﬂ']TVﬁ111?(10'&1171055V‘llﬂ‘ﬁuuu%zlﬂﬂﬂaL‘ﬁﬂﬁﬂalﬂUNawaﬂﬂ‘lﬂﬂﬂuu



30

a a 4 4 ° a & A {
mnfaluFursugeanfuuavil e maindmesealiusgniifiefive 181415z Temian

a LS

=) 5 J a d a 3 t o o
ﬂawaiaauum"lﬂ AAEDTOANUIANTISUIIAIPINIUUNADUADT

=R <] U [ & [ 9/ v A kY Qs
ﬂﬁl‘ﬂﬂiﬂﬁlﬂﬂlmﬁﬁﬂiw&ﬂﬂiﬂﬁ1ﬂ1iﬂﬂﬁﬂﬂﬂ‘ﬂﬁﬂ %QlﬂuWﬁWﬁﬂﬁlblﬂ‘UfNﬂﬁﬁlJﬂ

1 b4
a4 a

a g ¥ 4 v o A
onuoaniang lnavSodlunanase lavesnszurumsiliduaeusuduain luduny uaz
s v o a4d o a/ a 1 a 1 o a
Tusfudad fuuaiGedwmnandnndwesea ligaisall wu Janvuea toniuen ozd lau
aa = d' = l& Q' 1
NIABLEAN UAznIALARAR MuZUN 2.10 Datuamaniislunsiuyanivenannoy laves
a = a [ oA a P
arzuumskanlulefiraie msulsyUndweseanu Ididluaisyanuiy Tavmsasuna-

ioseallifuimuea Fufududuiige

24 ﬂizﬂ?ﬂﬂ]iﬁﬁﬂﬁ)z“dﬂiﬂu Tamuoa tomuoa

a

2.4.1 aun3dnidlumsnin

famueailunaniaiildeinnszuaumsniin o2 Tau Tamuen emuea 910
aszuaundnuuy ldlde e lasunafiso'lalde1n1e (anaerobic bacteria) 19U Clostridium
acetobutylicum, C. beijerinckii Ua¥ C saccharoperbutylacetonicum Hhudu Iﬂ&lﬁ’)ulﬂlmﬂﬁﬁﬂ
C. acetobutylicum 15 ansinuile thaaenlaa wiemulad duesd Tau Sanuen em-

uon 1A Taondaludasiaau 6:3:1 (Spivey, 1978)

wuaRSolungu Clostridium 1HunuafiSounsuuangyviou dnyusa 10619
v ¥
nuaSeluTiaamgf 2.1 wadiinnvendwa 3-8 fafiuas uazniie 04-12 fiaddas
o3| o Ay Y . = Ao A
ShuwanuuafiFenTildorna (obligate anaerobes) n3oTuwInunuafiSeinueime
' A a9 et 1 o A Y ¢ a
(aerotolerant) A lnajindouialrsuvaneaainiiegseudd Tanuannsaluainalesvia
4 o 4 = 4 Y
oulaa)od (endospore) Fudumtesiatrsiumolurasuuaiife awgyi 2.12 mawing
alesvowuafisoi Iduuafissamnsanuniuegluaniizuiadend limuzauld wy
& ¥ s ' Y a & dy 1 a
msvaasons iudu adedaz isentnaamwininzau An anwi lileandiou
L) v b Y Ay g4 ' o a .
adasTaumumuasanuiou anuude uazmsial lAanIuyadUnd (vegetative cell)
as =t Y o a & aa gy %
ansanugungiing 120 eseusaion i 10-15 WA WenuanFoadaes wm-

Y

a s A A a @ 9 =2 [~ o a
VI THUUDIUUANITIISHYATIN imﬂ‘szmﬁmwumaamwmzﬁmwaﬂ%mﬂuwaaﬂnﬂ

(2597, 2541)
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-

5101 2.11 EnyBIzYpa C. bejjerinckii ICM 1390 szninamsniinluemisgau (P2 medium) (o
doarunanIganssenialemasets 100

#1301 : Spivey (1978)

Spare of Cbederinelii

< o 4 o :’ M 4 1 1
5 2.12 Snuaizmilosues C. begerincki ICM 1390 Fagnfiu 13 lnindudiedosriindes
N5 SRR 181ve16 1000 (117

an Spivey (1978)

d” dslv 0 3 3/ a t 19 & d” & Al
msmiziasaresi1ldluanmlioondiou Tasdrlnglamadodluemisudanil
] o A 3 ]

AIUNANYDUADA (blood agar) LAz BIMISLUAINTAIUNTLUD 1A (egg yolk agar) TuanIw
et g o Py 3 et 1 A o
Nitiomedunar 48-72 91T Ialatinnomsudsnliadunauyo@on au150dIN

aaa (] o A Y =S 1 d:’ a a & da
asvglRsuimsdesantodiadionuns uazdnpuzlalall daudeinigluemisuinl
drunauredliuad ansaasnimsiiauveaeu lmied R (ecithinase) 1AsgoIn
) 4
Snwazanaznouguunluiloiu uazanemmsihauveseulyllanla Tasgninany

[~ la ¥
(A114141 (iridescent sheen) NRINTI ¥

M ¥ o , ] . . . .
MsusnEe Closridium vnNYodUNLzUeY (Primary isolation) #11d At

[ 1 3 kY A = & o g a 1 1 4
GI’JE]U'Nllﬂﬁﬂ’J'IJJiE]u 80 o3I EaUIU 10-15 UM LWE]‘VI'I’L’I'IEJL‘ITﬁa‘lJﬂGI LLﬁS‘UJJhl’J 37
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=} \ ; T A o Y L] L
Ao noui11JAe90e  (subculture) 1u®IMIT  WI0UIAI0619 laluvivis

1 14 v
thioglycolate broth Aing Taa vu'ld 24-48 §2Tus (¥ Clostridium vzildoung Tnalddunsa

LY

P ul o o a aa ! Y
N9y ‘lIEJ‘lJENﬂ’IiLi]itllu'ilﬂ\‘m“ljﬂmiﬂuﬂiua‘uhlﬂ

o Closwridium Huwan@i Wiflszunlolas Tasy uaznalnmsdienendidnasen
dondemsndaau ATP Sufuns18ude ATP Sadesrunszuoums Fumasniana-
WoarT¥-51a%u (substrate- level-phosphorylation) . M5 $adwanlussauitiaoeniluailsd
e oz Idquantdluduanueunselumslfquauialuduanuannsalunisldms
WA 199 Wuunaswd a1 1 C. cellodioparum Uz C. thermocellum a3 aMInIag las
wdr MWinailunsaoz®an (acetic  acid) ATAFAFUA (succunic  acid) LON1UBA (ethanol)
mfveu'laoenlad (Co,) uaz'lalasiou (8, 990 C buricum  C. pasteurianum C
perfringens UDE C acetobutylicum niimiata uil wazumndu Weadnidluesd Ty
(acetone) TINUBA (butanol) 18N1UBA (ethanol) 101w TWTWIUDA (isopropanol) NIATIINIA

a o
(butyric acid) N3ABETAN (acetic acid) M3 vou lavanlya (Co,) uazlalasiou (1)
2.4.2 N5ZINUMINTUANVRIN1IHID

SnuazveIMINanaafaal lusenInssuIumInlnosd Iau damuea en1uoa
] by 1 Y a o ¢ a 4? 1 a4 kY a o o
ansouaIdiiiu 2 99 mudnyuzvewdai U AATU FIWUNUUANIT BT AT IHIA NN
A d?, a 1 ;l a aaa . . .
fiflunsavuGone3iian ez FladtFeila  (Acidogenesis phase) laonglamazgn
wasuiiuez3-falawe (acetyl Coa) azozFaalaw srgnilfowdiunsaozBan (acetic acid)
o a 4 { [~ a aa . [} ¥ ~{
-uazdia'lnsaTlaw (butyryl CoA) nowasuiilunsaiansn (butyric acid) Tugaeiianuily
1 d” dy &' TaAa A a Y s o Y o
AIARIIUD991IMISIREUTEIzanal MINTuHLARGrezldsundadusitiilunsaliilu
a o oA o o 1 Aaa A o a 1 a aa
nansuandudiazawaieg Taonsaozdanzgrilasutluesdlau aiunsaiansnoy
- [~ a aa { [~ aov A 4 a o
grifdouriiudionivea uazezdaa lnewfewiues3iiadlad (acetyldehyde) FeozFiian
] b4
leaazaowdueniuoa Songa9iian  TwaruIndfdFama (Solventogenesis phase) Tu
H g 0o q ¥ 1 ' 3 A ° a ad ¥ o ' & 1
Funsuivziildmanudlunsadrgeiuuazezlimainsadunidunluiuwediu g
arudunsaaei oz ladiFamanlfoudu TvanuTniugama Gonh ganfasuninnu

@ 4

o 1 ar o 1 . 4 a
Whunseais (pH transition point) %59 agan1ANLUNTARNIY (pH break — point) FAHAA NN

q Q

o o a

A d a ad a IS ad & aa 7 Y v a ad
ﬂlﬂuﬂiﬂﬂuﬂiUﬂ3E]ﬂlﬂaﬂuqﬂlﬂuﬂaﬂTaga'lUﬂuﬂiU FIUWHOADIFAAUDYNIINTADUNTY

d” 3 o o Y ) 4 4 a d? Y ad
uﬂﬂ‘fl'lﬂu‘luizW'J]QﬂSSU'JUﬂ'ﬁﬂMﬂENﬂJllﬂlelgTﬂilﬂullazﬂ15Uﬂu1ﬂ@@ﬂ1“}fﬂlﬂﬂﬂluﬂaﬂ P13

msadeezd Tay damuea e uea ueaddagy 2.5
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2.4.3.1 M1IAIAU

o

a o o o { v 3 [ { ’ v
SagAvf 1 lumsndnigimihiduumnasniveuves Clostridium g4 1dun

:’ J 1 3 { { a 2 °
nnauazatsns lulansalugidie wefidfuTuanaReaaz Indwes Feeredwunld
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faf Uszinniinitafunandanamanzas 1aud $12817 Shamilen 41 Twa fudnlevds
aztume fudu szianiiges ilutaquie 19 Tsaaugaavns sy Taun nmina
warn Sy iasalsznnfiow dufaqmasnminnsinuas 18ud vhed1uazdadninn
dudn
Robinson (1922) fAny1AsZUIUMINGADL T lau-Uan1uoa wm'mﬁ‘l%’l‘fwmaﬂgiﬂﬁ
wiya Taer wans Tua g Taser uanTae ufls uazmnadudldedraauysel daunuanlad
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Yo Tae o5 Tua 5A Tua wiodlag Suydu unuiineagn 19 liiMsaued uazhana

visg Taa usuTua wiluled ndiwosea Tugnldlumsnin

4 3 A a a 4 aaa ¥ a a
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Tunsusne=d lau-1amuea-teniuoa Hs1eud1 msidalsuianisveuilu
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2.2.3.3 QNN

McCutchan 1@ Hickey (1954) fnmsanugamgiilumsniinhlinadonswaadai

o a oo o

a a o a o { a S as 3
ﬁ%’;ﬁWﬂu‘ﬂ?é’ ﬂi1NﬁNﬁﬂﬂ’J‘V]1ﬁ$ﬁ1Ui‘)uﬂiﬂLLﬁ%Nﬁﬂﬂmcﬁ’ﬁlﬂﬂﬁuh‘lﬂﬁﬁllﬂ JdJﬂU»‘lTLl’H

[ a

:’ < ad 1 1 '
m3ldmmiaiaiiusagay naguugifmuizauzegluriesznineo sswuwaFoauay

4 3

]
=} a

T a 5 v o
33 E]Qﬁ'll“]fﬁl”?iﬂﬁ UANITHARITARDULDYUY U 37 ’GQ?IHWNQU’&T %Qﬂﬁﬂﬂﬁ@dﬂﬁ1ﬂﬂﬂﬂﬁ

nAavIMINInlue M FUATIZH (synthesis medium)



34

2ADP 2A

glucose PihM»fay (2) pyruvate

2NAD+ 2NADH

Fd-Ox -

NADH NADPH
COy NAD* NADP*

Fd-Red

ATP ADP CoA Py NAD(P)H  NAD(PY*
@ acetale&—zn acely!-PL—J(Z) acetyl-CoA (2) acetaldehyde
AK PTA
CoAT NAD(PH
CoA
NAD(P)*
aceto- acetoacetyl-CoA @ ethanol
acetate
AADC NADH
BHBD
NAD*
acetone
+ B-hydroxybutyryl-CoA butanol
CcO; 4
CRO )
mo MR
butyrate crotonyl-CoA
ATP NADH NAD(PYH
BK NAD(P)H NAD(PY*
(PY
CoA P BCD
ADP U NAD*
butyryl-P € p— butyryl-CoA “AD > butyraldehyde
CoA

31]‘?; 213 Tamsadieozd Tay Samuea en1Men ¥03 ¢ acetobuticum 3a1szavuda
oulaedn: HYDA unu'lalassiua (hydrogenase) PTA unusloaliniuaezdiima
(phosphotransacetylase) AK Lmuax%m‘n"lmuﬁ (acetate kinase) THL unu'lnToae (thiolase)
CoAT unuocdlaozdfa-lam:ecdian- Dansa:1aons UmWeIT e (acetoacetyl-
COA:acetate-butyrate:CoA transferase) AADC UNUBEH lADLHIAN dmsuendiad
(acetoacetate decarboxylase) BHBD Lmuméﬁ-”l8ﬂ50ﬂ°§ﬁ’3ﬁ?’3—1ﬂl’0 ﬁ“laim’%ma (B—
hydroxybutyryl-CoA dehydrogenase) CRO unuIas Iniue (crotonase) BCD unudanga-law
2181ATSIUa (butyry-CoA  dehydrogenase) ~ PTB  unuwoalWnsuaiaisa
(phosphotransbutylase) BK ~ unufafiisn laiud(butyrate  kinase) AAD unudan lad/
woanesed alalassie (aldehyde/ alcohol dehydrogenase) BDHA&BDHB unufianioa @
18Tasdue 10 uazdimuea alelasvuald (butanol dehydrogenase A & butanol

dehydrogenase B)

f131: Ruchir tazaniz (1999)
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Af1de wansuaidiulvaMifaduse

o

ar v o o 1
Tumaassdudrisnymanuiluanuiunsaaial
o @ o a ad =1 1 ol 1 P o 9t a L]
Wudvhagarsdunsdedialsnamrivesanuiunsamenzi lniimsnanemsazaooy

1 Y & t o o a = o o/
Tugranie Feduegfumeiuivesgdunid uazan1az lunsniin Jones LazWoods, 1986)
[} 3 { o/ 1 1 o 1
Frannuilu nsadesilinsadwasasmeineglugannuiluniaaie 3.8-5.5 (Bahl 1oy

AMY, 1982)
2.2.3.6 IMAH

a a a o o
1uTofu (biotin) HazNTAWIT1-021 Tuuu 148N (p-aminobenzoic acid) UAWTUTIU

Y

' i 4
dmsumsnsyuewaunsdiaivezd lau-dmuea Famsemamaiilieglumsafiann
[ a o a a {1, d . . o 4
Bad (yeast extract) W30 ingAuNUsznoy ldredaiiundutu (essential vitamin) (WIaTUNS

UATEIYY, 2548)

2.2.3.7 Clostridial degeneration

E4

Fldnn ()

nalamsfaanugapdsanuannsalumssiadniazaiedunid

msadransafinafunessrinamsnsyluag ms@uTauuun3nig (exponential phase) &9
' v o &

Eva tazanie (1995) 18510971 C. bejjerinckii NCIMV 8052 1ims 19ng Inalumsniindgaey

N ]

a a a 'Y { } a o o a b [~
1&nsaezdanuaznsadiinsn lusasiminaiimskiadaiazmedunis e inanudly
nsaasanauazmad lamsowldeulleglugisvesmanindiinazais (Solventogenesis

=t a H =4 [ w d
phase) IBuaziimsadeatesifiatu (2) Hugh uag Chen Tud 1995 lAdausnmeiugnaty

é =) ' =4 a o
V0 C. beijerinckii NCIMV 8052 mnmmwumummmqnﬂuammummmﬂlumiNamm
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o a a s 1 da = 3 [}
Fazaedunsd 3) ImsmanzudBuAILANYDa C. bejjerincki ATimsgaudoanmudaly
o A 1 a 9/ dy = 7 o
ansonduAuganrmanldlumsmiz@euuy Alumuan(chemostat) uag (4) lwaaiiie
anwazutadreddeiiisslumsninuuudeiiowauzivaan liideaniwosngauiad

udsudsuadldueuleates
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L] a tilv a ad <
2.5 AU THINYTIVDNYDY Hﬂiﬂﬂi‘fﬂﬁﬂ]‘iﬂﬂ‘i&ﬂ

Kingdom : Bacteria

Phylum : Firmicutes

Class : Clostridia

Order : Clostridiales

Family : Clostridiaceac :
Genus : Clostridium

[ 1 = :/l 1
Clostridivm 1PunuafiGounsuuIngnou aduavesd wadlanuendue 3-8
a a Y a a o . - [
liadlms waznin 04-12 Hadwas Wuwan Obligate anaerobes n3olawINIu
1 A Sy ' Aot a g ] EY o
Acrotolerant gy Ingjindounidrounanwamiiliegsouds  aesaz lusendiamami
munzay o anwit ifeondiou mdeinuanuieulddannsanuguugifia 120 sam
b4 3
wadealduuds 10-15 Wil mymzdeuderidluanmifeondiou Tasdmlngldms
dy 8 124 IS @ . =y
G031 Blood agar iaz Egg yolk agar Tuan liflomeiuna 48 - 72 421uq Tnlaiinin
14 1
Blood agar anainaegujasemsdesamuiiniionas dnunzlalall diudonniey
Tu Egg yolk agar mwisaasrvmImamiavesouled Lecithinase TasavIndnuuy
i 9 4 ° <
anazneuyuvnhuiieu uazarivmmanhauveveulsl Lipase lasguinaiwidum

' ¥
(Iridescent sheen) ‘VIW’J‘H‘LTW o

MIUBAEE  Clostridium aaﬂmﬂuﬁa%"uﬁﬂzﬂuoé (Primary isolation) 11dTay
et ianudou 80 ssruraFea w10 - 15 Wi ievaowadind uazy'ld
37 pwmuraien ouihlU@ueio (Subculture) luemis wieihdaed ldluemis
Thioglycolate broth Aiunglne vn'l3 24 - 48 $2Tus 3o Clostridium sznfavunglaaldii
ﬂsﬂﬁaz‘lﬂﬁué{amm?iywmmﬁﬁmmimﬂﬁ' wennniideannsmidaedaldly
Chopped meat medium Tarhaiindau  Pertrolatum wﬁ_wmﬁu“ﬁ'ﬁ 37 oIrITaTYe

Y < o g £ a4
118799 Subculture "l‘iJENEJW‘ISLaUQL“IﬁJ%uﬂEJu
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v
a o @ J 4 1
anyasTAYves Clostridium usazad ¥d Ao anuansalums Ferment 1hata
] A o yy g . a o vy P 3
agiaduld wennil Clostridivm 1ns¥iiadagnnsalifannane fesiunldlums
b 4 1
Swun@old  Clostridium sp. Tumumdrdeylumsdevamuomnaiy anndad wyldialuly
s a A o P | o a o 1 8 o 74 y 7 =
W Ay munadnaeg veeladidudelsehinulud ldvesdnidosgndiotiy uazdl
o { o a ' =1 o_ o a
iios 2-3 aUFF ludrldnildiRalse wu Clostridium bomtinum Huaumgdfavoaluya
1y (Botulism) Clostridium tetani ﬁﬂﬁllﬁﬂiiﬂﬂm‘l’l&’gﬂ (Tetanus) U Clostridium perfringens

o Ya o =
MlAaMBUnINTY (Gas Gangrene)
15aNA1N Clostridium

Clostridium botulinum Clostridium perfringens Waz Clostridium tetani 1 Exotoxin
P o g Y a Ay ¥ & & a R
suussmnsonezih Idifa Tsaneuseld fe Tsnomsuiy Botulism gas gangrene Waz

vangdn

2.5.1 Clostridium acetobutylicum

- ! .
’o. -...‘i /
L /\,./ .
s FlGT -
- L /7/ J,» \F
'y' - }1 e -u....:_:__/‘j,
e = e
! [ ’ - i/ =
e
. ’ fg L g \ N
. 1
NS L L v W
i b4 — NF. Ty S
S =g i
e g AT
- P
v B
N -

511 2.14 A MUBS Clostridium acetobutylicum

U

ﬁm : www.scribemedia.org/2007/09/18/nanologix-clostridia/ (25/04/2554)

Clostridium acetobutylicum 3Us10i v sns ¢ awituaaalugydi 2.14 ndoui lagly

pertrichous flagella #as1Tuz U4 agaonlinalatmad Aadunsuuan SnyazInladlly

b 4
&

o ' [ Y a o J {
adiuewe v TUswaaiiudu niylddntesluemis NB uad i v lamsafido
s a Y s’ a o oS Y @ an a a a a kY o
invznsey 14a niinnaadusin ldennisndalnsaoddn 429230 Tamuea uazairaosd

Tau awnsansada lulasou woaldluau

v
~ [ =

' - o [ = At o
Clostridium acetobutylicum ag‘lu%uﬁ Clostridium \WUnuaNFeNLAN UYL
&

v 3 ~ a y| . o
MIALENIN  VNATIAVBNTOEONUUANGoYIIATI  “Wiezmann  Organism”  wududo

~ \:’ . . Ay s A = d" =y o 9 = 1
N1y Chiam  Weizmann mﬂuwmmﬂmswuﬂuiuﬂ 1916 1 UIEIAUNUDNIN
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wnansiiduenansianubidniunislynuieonisfnewniiu lueygsinildlydsslesuaunisan

lunnsdllagsau Snvinudilvdaulauilon waznesedaiuaivetenarsynasminisintuly
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2.6 NUIYNINYIVIINUMINAALIMUDA

3
v aw t a a a 4 a 1
Wnidovareninldinsdnyiniseiadiniueaninideyaunidvnarsyiinedia

4 asd

s/ = a 3/ a ; a 3 a a o ' P
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Q
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MINTTHAALYDINAIYINTNA NN meﬂumsaﬂﬂunumumqﬂUﬂ“l“mﬂumimﬂuclumiNaﬂ

S Y /o o da @a -
Tagnaunumsdadudunsizidisoginfisinume s lddueaaiiyminanzinn

wedngAy  imdeldvinvmamsinyas

a L4 a = a 1Y)
JIMuUAuazamy  (2544) Anyivant (malulagn1sWER n-butanol 910 TTANIA
A aqueay A& a o o A 7 o P o a o
manvas e Mibudemdsdmsumiowuaduaidnely msfinuriagavitnnzayly
aszuaumMIntinezd Tau danuea Taeldise Clostridium butylicum NRRL B592 uaz
Clostridium acetobutylicum ATCC 824 Lﬂ’%’ﬂmﬁﬂmzwﬁwiﬂqﬁu Judidevideaa du
o ar Qs 1 3/ ' % o a o YRR | 9
d)svdandegeodioou oy utlaiudidend nazAnaurnvasgssalonsa #avInNn1g
1 b4 1
nanoanunmsuin Tasldiudsndaananimasudy 50 nsudedas  IfDanuea
q9ga (11.1-11.3 nsusedas) Mstiunanaamn i lasmsiamInszuIunIsHaR 910013
naaemineyd Iau Tamueanvuaedeaninmsdeunduveusadaisonilionsims
> - 4 P a
aamidy 20 eV UASIATII UDY 4.6 WIvBLLVUABITIB WUNAIZ N TUAB AN

y o 2 v 1 a
HUUVHUINA 52 NTUADARNT

Gheshlaghi uazAmy  (2009) WuunaNLfind1fuunivedduves  Clostridiun
acetobutylicum Hunuaiei 1190 1na a1useldarsdeduldunainnai
(heterofermentative) a31301/051# (Girbal 110 Soucaille, 1994) M3nifnozFIau danuen 1
1108 (acetone butanol cthanol, ABE) HUUMUY (Batch) 3¢ a 1015 auLia 1da1uumiuessuves
C. acetobutylicum voniludediniiignuuznme o tuvoens iinananiiilunse uaz
Suvosmanaafiiiumsazats (Johnson UazAMEL, 1931) mmzﬁogﬂu‘ﬁuusm%u wadoziyIa
619990657 nazadrandasusilugtiusvensamiuendan (carboxylic acid) Fadmlng
szihiorFimauas Tamian nsamaiindueenuezsih ¥ pH mouonanas ﬂ'imwfhf’:gﬂ

° 9y @ @ o A o g a A 4
u]ﬂﬂ‘lﬂﬂuﬂj‘ﬁﬂuﬂuﬂi$‘U'Juﬂ'l'i‘lf'3'd¢lmi1511‘1]0\1?”'ia&’a'lﬂfluﬂ'iﬂiﬂﬂmu"l‘ﬁﬂ

1% Y
Y a:l’ XK 1 3

v ¥
TunszurumsninduAaeq (BalLongue azane, 1985) nsaninadumnounihiieg
Y o s N Sy o w a i
agud lUGurad uazvimhmdua1sAsdus 1 (co-substrates) dIMTUMIHAANITRZAUN
1 Ed ¥
1Funat (Fond nazame, 1985; Kell uazaaiz, 1973) iiswndeludunouil nszuiunisnina

n:y as a a g n:y 1 [ 1
ﬂimzﬂuqsﬂmw?wq ﬂumsmtymuimmmaaﬁ%:ﬂug@mwuﬂu Hagf1 pH Y9391113
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§ a 3 4 Jd
wAou iy ileswinnsagnganiivud 1y Tumad (Terracciano tag Kashket, 1986; Spivey,

[

4 d 1 ! a > 1 ¢
1978) ‘?Qllﬁﬂqalﬁllﬂuq']ﬂ'lilﬂaﬂu‘lﬂ‘ll@\?ﬂizinuﬂ'ﬁWaﬂﬁ’]iaga'lﬂuu ﬁf]ﬂ’]iﬁl‘ﬁﬁaﬂs‘u@?

4 3 { o w d a a o d  a
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a 4 dy = I~ o q
ﬁiiﬂJ‘mWUfNﬂ'IiT‘Ullmﬂiﬂ HAgaNIITNITINISLIAU mammm%qmiLﬂaﬂuuﬂamﬂumm
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azawiiianyliuiueu uenvinil msveunazdidnaseuiuddnuagdunuveadai
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dl 1 =1 1 o d' o
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YBUTAT (Moreira llazaANe, 1981) wazwaunaluwad (Vollherbst-Scheneck LazaAn, 1984)

ac =l oA a a o o @ a a3 Y
'Jﬂ‘V]'l\'i"]f’JlﬂlWlﬁﬁ1ﬂﬁﬁWUiuﬂi&’U?uﬂWiNﬂﬁﬂiﬂﬂu‘l’liﬂ HaraIniasaIesunIy Ilﬂ
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muTnalaigdnsvoanulaaweaida (Ounine Hazane, 1983; Cynkin AT Delwiche, 1958)
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aszuaumsaatemulae 3 Tua luidlulwgia 9219 ATP 5 Tua wae NADH 5 Tua (Rogers,

1986)
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(productivity) 31321313 0.17-0.21 nSudpAATABE Tug uaziloiimsdsuanmalunsooy
o = o = 1
drdunsoluvesdnlna drvunaideulensonled [CaOH),]  (FsndinszuIums
a I'4 o =Y o/ T oA 1
Overliming) 3AUWI a5 oNTADE lau Uamuea muoald 26.67 ATuADANT MTUDY
(IR} ar a o/ ; a a 1
Wa switchgrass TaeliiumsUsuanimezi ldwavesmsniind uazadunsdlimuse
wanoza Tau TaMu0a ENIUANINAI1 148 NSUADAAT HTDUINIAY 14.61 NTUADAAS
o 3 =3 91 ar =t W ] ) ] P 9 s 3 q',/
guiusanusaagy1di msdfuamwaisiinaa luannsoneengansasamsguganin
kY A g & 4:’ a a o T o 3 a a

manmInaasdld niedalsemsnils @eydunidnuaemsiuduwazaunsonaninivea

{ 5 o o o . ¢ @ o A q dy
Tdnanududugen FonlFdmuduuiamalunsivyenssurumsnidnous Ty

Turkish (2008) Aamimsiunandadamuealasld Closridium acetobutylicum 0
o o Y 4 4 i A4 a ada o &
aaewuf laoldemis@oudeainmniinaluannziieqauns dinansnaisnugnms
awsadgans1lalean nisnareWuglaoldars  N-methyl-N-nitro-N-nitrosoguanidine
b4 v
(MNNG) 1A ethyl methane sulphonate (EMS) Taetinis1§mmiranafifianududu 120 a5y
1 a { a o dsl 4 ° s a a a =
dodnsnAuuaamsun1svouaiiuems@vaie imswinludamdnuuia 14 das Tagh
a i [} o 4 g o/ a

pH Suduit 6.2 uas linruguanuiiunsawaveemis Goaieaasanszuiunisnin @
o @ LY A Yy a = o o A =
ma'lelasnuludminiie Idifaanizlasaoendau Mimsnunnguygu 3242 031

wadvaiiuna 96 Faluseznuiimsnesidgansilalema uazns 19a19N-methyl-N-
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nitro-N-nitrosoguanidine (MNNG) lifinanssnuaemsmandmueauamsianens ethyl

b r
methane sulphonate (EMS) iufinviuanunsalumsiiumswandmimealdzesas 20

[
aa

¥ []

Qureshi azAnE (2008) AnwIAsMdamsdudimsvinnuininwhavesdudnaan
1 Y] g 'S o ] 9 o k2
iumsladantlaiinessenlonuazdosdroon'lad Tavld Clostridium beijerinckii 11

c:’ A a a w a =1 sl: [ 1 o a

mizi@sunerantamuealudmnuuune Taslims ldihwang lamfuuvasaisueu
asmiinluluvradundertlaving 125 Tadans Mnsndaduna 48 42Tus Tueninzls

[ =} s ] T oo q LY v o ]
ome WumsnlSvudusznivaguiildng Inalumswinuaznquinldvhednimangnoes
HazAvaINAe 9z WU E T ONAR BE Tau-TImuoa-leniuea 19 21.37 uas 22.17 Asuae

ans mudiey

. [~{ = 3 a
Gheshlaghi tazame  (2009) (uuna1IuNna 1D UUMUOAFUUY  Clostridium

[~ =1 i ] :/’
acetobutylicum WunuadSenldlFeraa erusaldarsasduldvainnare
(heterofermentative) @03 19a189 19 (Girbal 1A Soucaille, 1994) MIHINOLE Iau T1n1uoa 19
NIUBA (acetone butanol ethanol, ABE) UUUUUY (Batch) AT UVI M UIUNIVBS FUVDA

Q y  dae Z a dd
C. acetobutylicum voADUTDITMATAABUZIRWIE A Tuveams IinandaiTiunsa uaz
: a Ad =) U :;J :/J o a

Fuvenanaaiiuasaza1o (Johnson uazame, 1931) vuziogluduusmiu wadsz@ula

1 < 9 a o J Jd as . . & v
DYIITIALGY LLﬁzfﬁNWﬁﬂﬂﬂlmqugﬂllﬂﬂ"ﬂ@ﬂﬂiﬂﬂWiU@ﬂ“ﬁﬁﬂ (carboxylic acid) ﬂfﬁﬁ?uﬂlﬁﬂj

b4
a =1

[~ = o v LR o ' . 1
willuszgaaiazdinias ﬂiﬂlﬁﬁWﬁ‘ﬁ U@@ﬂﬂﬁfz‘i’lﬂﬁlﬂlpH MyUINAATI NTIALMAIUYN
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° ¥ g v @ o A o g a o o o
u']l"ﬂ‘]ﬂﬂuﬁjﬁvﬂujiuﬂixﬂjuﬂ1i ‘U'Jﬁ\uﬂi'Ixﬁsll@\'ifniaga'lﬂauﬂiElﬂ’lﬂl@uhl‘]fl’

N v ¥
T3] f.61. 1997 Fermanek wazamie WUII5ZAUYDITIMIURALAZDLE IauNNLTY

[l o w9 a ad A 3
daald ldnavesdamuoauazditazarvdunsdiiniudie 1ao C. beijerinckii BA101 1oy

NCIMB 8052 miowuinousfinielu omsiaoute P2 Aude Fuszneuluduwenla
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BAI01 annsondadimueald 19 nfuredas lenfvuivumsndadmmeasznuieme
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o d o Qs Y J Y s t
Wuf NCIMB 8052 uazaeiug BA101 SagnnsoldmsTulansaldoteauysainnniime

Wuf NCIMB 8052
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a a aa 9y 3/
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o

N Y s 4 a 1 % v
Tuszdvdidednaduae uaz ldwa ldvesdmueaganiimsninuuunzyszum 1.5 mh

4

[ 9 o a a o o

uonniifelAdasinandndamieas ume (specific butanol product rate) 1NAT1 0.10 ATY
aanfudodasinal 39 41 Tusvesmsniln Wedasimsdiuszninnsainiauazng lna
Y 1.6 uazwunmsiaunsaiafise uazmsnivquanuiunsadieliedluszaud (leou
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’ = = 1 3
HanoE IAUMIIY

Tuil n.71. 1982 Bahl wazAnzTIBUIIMIALNTADEAN LazlianTa aslumandn
£ dq ¥ . . 0. q¥ v o o 2 4
wuunangnld C. acetobutylicum WAy C. beijerinckii M ldwaldvesdrharaanuiu aoun
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Y a a a o v
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Hudugalaomsmzifouradnanududugademniwadnduinslvl uaznishuzan
t o (] 1 A - 124 9 ¢ o 3/ t Ao A
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1 o 3 L= 1 ﬂ'l o 1 o/ T ﬂ'l é
mueagagaIiy 110 nfudeansaedaTueil Sasimalenaiiy 0.85 dedalue gans
o d” a [ a =} o a a 3/ &
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@ 1T a & g g a 9} 1w I T a £ 9 o :/’ 9
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a a

.. o @ 1 a Vo 3 o ! ]
(productivity) 181511 031 nsudefnsdedaTus msnfSeuienilezdldmuiimsdosvedn
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¢ oY o (o & g a & ad A & a A
msadarnsadays avenuiluiyaomsmiziasagaunse oaanaveIn U uNENo19
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o Y LY o 1 T Y a
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° 9/ Y o o Y v =} a a0 Y
nesi g msusndszaunadguse uazanududuveses ¥ lay damuea lemuea #la
VoW ) " a & = Y t s w 9/ L4 P
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t 3/ s a r-3 ;-l - Aw..‘ Y 3/ :’ a' S/ 1w
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3.1 IyagauNnId

3.1.1 Clostridium acetobutylicum

d a v o Aaw a g

Clostridium acetobutylicum TISTR 1462 mmﬂquﬂaaum‘?{f ADIUUIVWYINYITTAT

]

= 1 =1 =) a
uazinalulaturaszmalne TaeMulue s reinforced clostridial Nguugu 8 M

a i)

P2 v o 1
warded wazlinsdaiulu glycerol stock NG -70 DAFUBAITYE

LY

3.1.2 Clostridium beijerinckii

Clostridium beijerinckii TISTR 1390 1nnnguiqdun3d aniuiteinnmaniuaz

' 0 ' § o =
meluladuvalszmalne  uazdimsmedenn 4 ddamuaziiuluems  reinforced

a a

clostridial Nigaunl 8 BIFUTAITEE

G

=y
3.2 MIny

(A% (Casein) Cystein-HCl
TsiRounas 156 Resazurin
NAITIOA ) laTwunmFeoule laswunsaia (K,HPO,)

TwmmFenlalalasmunema (KH,Po,) laweuTudisdama ((NH,],S0,)

uuniliFusamia-7-lamsa (MgSO, . 7TH,0) unaiFouaanlsa-2-lawmsa (CaCl, . 2H,0)

Tnveadaanlsd (CoCl,) mafanndad

nua Tan)dTau s afaINIlo

A ) Ju  w

BATI0 (EDTA) mosSadamla-7-lamsa (FeSO,. 7H,0)

uamilanaelsd-4-lewsa (MnCl . 4H,0) astilesnaslsdlalamsa (CuCl, . 2H,0)
Vo3 ARTA (H,BO,) TsRouTudthan-2-lamsn (Na,MoO, . 2H,0)
finfanae’lsa-2-lamsa (NiCl, . 2H,0)  TeFama-7-lensa (ZnSO, . TH,0)

n3ABLTAN nglae
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4 7 F4 F
darna fintnos NUIWIIROUFD
4 a
VIAUAVBIMI5 (Duran ®) HaDANARADY NaDANAABIHUNAY?
. . v 9
Anaerobic jar UMALNIAY ATZUDNAN
= s g & A&
aziNvuloanagon Wudoie naoAvYA
thila N6YAN13 1A
Y I'd y = [~ ar '
ynonatlavania vasailumieg YIAUNUAIDY
A ' 9 1 = A y o
GRS duiy 30, 37 oAUz AT e adumius
YIAGABNY nsosalnlas I Tndlines wiletlsdalo
v Y A o
gl daufier luTasou 1AT09%
A [ o
IATBAUVHINNNITIFI (Vortex)
L4 4
= &
3.4 9119183190
3.4.1 21115 mSunSeNa/es Reinforced Clostridial
Tuomis 1 885 Yszaeuday
@Fou pu'lriniia lalas lama 10 aSu
(Casein enzymatic hydrolysate)
¥
5anAINEID (Beef extract) 10 Asy
’cTﬁﬂﬁ’ﬂi]m?JfWT (Yeast extract) 3 ATy
o o [
Msazaoand lad (Dextrose) 5 Ay
a1sazate TyRon aae 5@ (Sodium chloride) 5 sy
myaza1eTaAey o2¥ian (Sodium acetate) 3 A5y
1580104119 (Starch soluble) 1 asy



woa-Famdu lalasaaslsd
(L-Cysteine hydrochloride)
"g'u {Agar)

49

0.5 PRV

0.5 N3y

& ' 3 TS a 2 & 4 a
Fadwmilsznouaie wazmoihngu Usulsunsldle 1 Gas e gungd

a o ' g 4 o
121 ssrwamos w15 wd meldanudu 15 Yeuddenisiaidn lunieiledale

34.2

BIMI0UTD Clostridium acetobutylicum Qﬂiﬁ 1

¥ ¥
DM15R0UTO C. acetobutylicum (Andrade 1182 Vasconcelos, 2003) idautsznouilu

S e i A oa o
MU UNDNUIANTAIU

b4
as

TwunadonlaleTasnudoala (KEH,PO) 0.5
laTnunadoule lasnudoava (K,HPO,) 0.5

uuniliFvugame (MgSO,.7H,0) 0.2
eFndaa (FeSO,.7H,0) 0.01
NTAOLFAN (acetic acid) 2.2
luTedu (biotin) 0.04

AgANIS 1024 1wu 1490 (P-aminobenzoic acid) 8.0

s

yaansu

o a J g & 9 v 1A A P
‘VI1ﬂ1iLG‘ISJLmﬁ\‘lﬂWS‘UE]‘L!TﬂULﬁ’GﬂGl‘UﬂQTﬂET {glucose) 50.0 NTUADAAT HIDNALIYDTON

(glycerol) 50.0 nfudoans wdnirlsud ey (pH) 1914 6.3 Tau@uaisazais NH,0H

Wutueuaz 30 nieasazaw 1,80, dudu 5 Tuad

343

9IM15(A8TD Clostridium acetobutylicum Qﬂi‘ﬁ 2

td } 4
~ o
9IMSRBUTO C. acetobutyricum ( Badr, Toledo 1Az Hamdy, 2000) ¥3901M130g Ina-Oa

[ a A 1 o :; 1
ANA-AFU-FaNU (Glucose-yeast extract-casein-cysteine, GYCC) lidudsznoulutimiinge

a as d”
1 an7 AU

nglae (Glucose) 10 niudedns
Yaaade (Yeast extract) 5 ATUADARNT
13U (Casein) 15 ASuADARNS

Cystein-HCl 0.5 niu@oaas
lalnunadoylslasnudeaa(K2HPO4) 1.0
Tnunasoulalalasouneaia (KH2PO4) 1.0

Tw@ounaelin2s  nfudedns

ATUADANS

ATUADANS
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Resazurin 0.001 ATUADAAS

° a 1 g = £ v A A L=}
1’1'1ﬂ'lilﬂlll.l‘Hﬂiﬂ'liﬂﬂ“l—!TﬂEJlﬂﬂﬂ%fﬂQIﬂﬁ (Glucose) 10.0 NTUNDANTNIDNALYDIDA

(Glycerol) 10.0 NTUADANT
344 91M151A8NIY0 Clostridium beijerinckii
4 4 o 4 4 . ~
DINITREUYD P2 Nuuaoayo C bel_']'erinckii (Qureshl 1iaz Blaschek, 1999) u
1l [ d’l
dausznouasll
Tumsazate 1 a3 Ysznoudae
DLHAN ﬂ"l"hﬂi]i( (Acetate buffer)

KH,PO, 05  nsY
K,HPO, 05  n3u

wouTuitloyosdian (Ammonium acetate) 22 ASY

3
&

3 v 1 [
Fagaulszaoudaieg azateaeir 1 aasudnih ldiaiurenguugil 121 eem
a o a Y o g1 ay
At unan 15 U nolannudu 15 Youaaan1s1ein

158281099104 (Vitamin solution)

AsANIS 1023 Tu-1uT4dn (Para-amino-benzoic acid)  0.001 N3
915U (Thiamine) 0001 Ay

TuTedAu (Biotin) 0.00001 nSY

) v 14
Figmlsznoud1eg azatedeil 1 ansviniunsesdisazameiuiHunIoslasa

2
1o 11 0.2 luTaswas

fIazananLs (Minerals solution)

MgSO,+7H,0 02 A3y
MnSO,H,0 001 Ay
FeSO,*7H,0 0.01 a3y
NaCl 001  n5y

;1 v T 1 :’ = : ' 1 lﬂy
mmuﬂizﬂanmaqa:awmem 1 ammnuunimmia:awmuuwuniad‘ﬂaaﬂwe

w11 0.2 luTasns

v A 4 Y
F1TanAuaa (Yeast extract) 1 asy
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351 MAASENTUTD Clostridium acetobytylicum
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{0 Clostridium acetobutylicum TISTR 1462 TAEmsiaTeuiaufosuduainmsmivy

4 & o A 4 & dy ¥
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¥
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¥ F3
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9

35.2 MRS UY0 Clostridium beijerinckii
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.. Y [ i a a aan °
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Watfa v 250 adAnsHfio1M1s Reinforced  Clostridial — NHMMIAUFOUAUTIIAS
a aa 1 o v < g v a
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3.6 NSTUIUMSTINZIALUTD

3.6.1 ASZUIUMIMAWNZAEuTe  Clostridium  acetobutylicum  Tugas

o
211N 1

a d & da =L A ¥ o 9 a
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ANOVA
cell (CFU/ml)
Sur’n of Squares df Mean Square F Sig.

IBetween Groups 3.985E16 7 5.693E15 51.728 .000
Within Groups 1.761E15 16 1.101E14

Total 4.162E16 23

Post Hoc Tests

Homogeneous Subsets

cell (CFU/ml)
Duncan? .
Subset for alpha = 0.05

growth_hr N 1 2 3
Igrowth_0O hr. 3 1.9667E6

growth_24 hr. 3 2.2000E6
Pgrowth_1 68 hr. 3 2.6567E6 .

growth_72 hr. 3 1.6667E7 1.6667E7

Qrowth_144 hr. 3 1.7000E7 1.7000E7

growth_96 hr. 3 2.4667E7

growth_48 hr. 3 3.2333E7

Jgrowth_120 hr. 3 1.3300E8]
Sig. 131 A 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
cell(CFU/mL)
Sum of Squéres df Mean Square F Sig.
Between Groups 1.865E21 7 2.665E20 9.137 .000
Within Groups 4.667E20 16 2.917E19
Total 2.332E21 23
Post Hoc Tests
Homogeneous Subsets
cell(CFU/mL)
Duncan®
Subset for alpha = 0.05
glucose_growth_curve N " 2
glucose_0 hr 3 1.4267E6
lglucose_72 hr 3 2.3333E6
glucose_86 hr 3 2.6667E6
glucose_168 hr 3 4.3333E6
glucose_48 hr 3 1.3333E7
glucose_24 hr 3 1.8000E7 .
glucose_144 hr 3 2.1333E7
glucose_120 hr . 3 2.6667E10
Sig. 997 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
CFU/mL
Sum of Squares df Mean Square F Sig.

|Between Groups 5.492E14 3 1.831E14 44.601 .000]
Within Groups 3.284E13 8 4.105E12

Total 5.821E14 11

Post Hoc Tests

Homogeneous Subsets

CFU/mL
Duncan®
Subset for alpha = 0.05

gly 10g/L_96 hr 3 300000.0000

gly 10g/L_120 hr 3 536666.6667

gly 10g/L_0 hr 3 1.3733E6

gly 10g/L_144 hr 3 1.6333E7
Sig. 551 1.000
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ANOVA
CFU/mL
Sum of Squares df Mean Square F Sig.

|Between Groups 8.528E16 3 2.843E16 10.590 .004
Within Groups - 2.147E16 8 2.684E15

Total 1.068E17 11

Post Hoc Tests

Homogeneous Subsets

CFU/mL
Duncan®
Subset for alpha = 0.05

ﬂgly'20 gL 1 2

gly 20 g/L._O hr 1.2133E6

gly 20 g/L_96 hr 7.7200E7
laly 20 g/L_120 hr 1.9733E8
gly 20 g/L_144 hr 2.0067E8
Sig. 110 .939

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
CFU/ml
Sum of Squares df Mean Square F Sig.

Between Groups 6.405E16 3 2.135E16 29.415| .000
Within Groups 5.807E15 8 7.258E14]"
Total 6.986E16 11

bl
Post Hoc Tests
Homogeneous Subsets

CFU/ml
Duncan®
Subset for alpha = 0.05

gly 30 g/L_O hr 1.1300E6
gly 30 g/L_144 hr 1.0000E7
gly 30 g/L_S6 hr 1.3600E8
gly 30 g/L_120 hr 1.6433E8
Sig. .697 .234

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
CFU/ml
Sum of Squares df Mean Square F Sig.
Between Groups 4.862E19 3 1.621E19 81.713 .000]
Within Groups 1.587E18 8 1.983E17
Total 5.021E19 11
Post Hoc Tests
Homogeneous Subsets
CFU/ml
Duncan®
Subset for alpha = 0.05
gly40g N 1 2
gly 40 g1_96 hr 3 1.2967E6
gly 40 gA O hr 3 1.3033E6
gly 40 gN_120 hr 3 5.3333E8
gly 40 g/i_144 hr 3 4.8000E9
.198 1.000]

Sig.

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
CFU/ml
Sum of
Squares df Mean Square F Sig.
Between Groups | 4.275E15 6 7.126E14 3.437 .018
Within Groups 3.940E15 19 2.073E14
Total 8.215E15 25
Post Hoc Tests
Homogeneous Subsets
CFU/mlI
Duncan®”®
Subset for alpha = 0.05
treatment N 1 2
48 hour 3 2.3167E6
0 hour 5 - 3.7040E6
72 hour 6 5.9333E6
24 hour 4 6.8750E6 | ... _.
120 hour 3 9.5667E6
96hour 3 1.1960E7
144 hour 2 5.3300E7
Sig. 454 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.307.

b. The group sizes are unequal. The harmonic

mean of the group sizes is used. Type | error

levels are not guaranteed.
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ANOVA
CFU/ml
Sum of
Squares df Mean Square F Sig.’
Between Groups 3.273E15 6 5.455E14 2.026 112
Within Groups 5.116E15 19 2.692E14
Total 8.389E15 25
Post Hoc Tests -
Homogeneous Subsets
CFU/ml
Duncan®"®
Subset for alpha = 0.05
treatment N 1 2
96hour 3 1.0873E6
0 hour 3 2.5700E6
72 hour 3 3.2333E6
48 hour 6 3.5567E6
144 hour 3 8.7333E6 | 8.7333E6
120 hour 5 2.1560E7 | 2.1560E7
24 hour 3 3.4667E7
Sig. 162 .063

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.443.

b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type | error
levels are not guaranteed.
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ANOVA
CFU/mi
Sum of
Squares df Mean Square F Sig.
Between Groups 2.313E17 6 3.855E16 .30.399 .000
Within Groups 1.902E16 15 1.268E15
Total 2.503E17 21
Post Hoc Tests
Homogeneous Subsets
CFU/ml
Duncan®® >
Subset for alpha = 0.05

treatment N 1 2 3

0 hour 3 756666.6667

24 hour 3 1.1600E6

48 hour 3 2.4333E6

72 hour 2 1.5850E7 | 1.5850E7
144 hour 3 [773.9333E7 |3.9333E7

96hour 3 8.0333E7

120 hour 5 2.6040E8

Sig. .251 .053 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 2.958.

b. The group sizes are unequal. The harmonic mean of the
group sizes is used. Type | error levels are not guaranteed.
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ANOVA
CFU/ml
Sum of
Squares df Mean Square F Sig.
Between Grbups 1.650E19 6 2.749E18 33.828 .000
Within Groups 1.138E18 14 8.127E16
Total 1.763E19 20
Post Hoc Tests
Homogeneous Subsets
CFU/ml
Duncan®
Subset for alpha = 0.05
treatment N 1 2 3 4
24 hour 3 1.1600E6
0 hour 3 |24267E7
48 hour 3 |2.0767E8
96hour 3 8.2667E8
144 hour 3 1.5367E9
72 hour 3 2.0333E9 | 2.0333E9
120 hour 3 2.2400E9
Sig. 414 1.000 .051 .390
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
CFU/mi
Sum of
Squares df Mean Square F Sig.
Between Groups 5.846E15 6 9.744E14 1.764 163
Within Groups 9.941E15 18 5.523E14
Total | 1.579E16 24
Post Hoc 'fests
Homogeneous Subsets
CFU/ml
Duncan®”®
Subset for alpha = 0.05
treatment N 1 2
24 hour 4 | 2.1575E6
0 hour 6 3.6633E6
48 hour 3 1.2580E7
120 hour 3 1.7100E7 1.7100E7
|72 Rour 3 2.1933E7 | 2.1933E7
144 hour 4 2.8523E7 | 2.8523E7
96hour 2 5.7250E7
Sig. 220 .060
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size = 3.231.
b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type | error
levels are not guaranteed.
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ANOVA
CFU/mi
Sum of
Squares df Mean Square F Sig.
Between Groups 1.566E17 6 2.610E16 7.534 .001
Within Groups | 5.197E16 15 3.465E15
Total 2.086E17 21
Post Hoc Tests
Homogeneous Subsets
CFU/ml
Duncan®®
Subset for alpha = 0.05
treatment N 1 2 3
120 hour 2 9.5500E6
24 hour 3 1.6533E7
L ,O hpur 3 2.1067E7 )
i 48 hour 6 |9.3783E7|9.3783E7
72 hour 2 1.8250E8 | 1.8250E8
144 hour 3 2.1733E8
96hour 3 2.2533E8
Sig. 139 .095 427
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size = 2.800.
b. The group sizes are unequal. The harmonic mean of
the group sizes is used. Type | error levels are not
guaranteed.
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ANOVA
nfusedns
Sum of Squares df Mean Square F Sig.
Between Groups 9.139 6 1.523 9.146 .000
Within Groups 2.331 14
Total 11.470 20
Post Hoc Tests
Homogeneous Subsets
niunoang
Duncan®
Subset for alpha = 0.05
gly N 1 2
144 hour 3 7.0700
48 hour 3 7.4533
72 hour 3 7.5533
120 hour 3 7.5667
96 hour 3 7.5967
Ohour 3 8.5167
24 hour 3 9.1167
Sig. 173 .093

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
niuRedns
Sum of Squares df Mean Square F Sig.
Between Groups 1.671 6 .278 15.852 .000
Within Groups 246 14 .018
Total 1.917 20
Post Hoc Tests
Homogeneous Subsets
nSuniedng
Duncan®
Subset for alpha =0.05
Glycerol N 1 2 3 4
0 hour 3 21.0367

24 hour 3 21.4300

72 hour 3 21.4900

48 hour 3 21.5233

96 hour 3: 21.5733 | 21.5733

120 hour | 3 21.7667

144 hour 3 22.0267

Sig. 1.000 241 .096 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
niudaans
Sum of Squares df Mean Square F Sig.
Between Groups 4.081 6 .680 93.227 .000
Within Groups 102 14 .007
Total 4.183 20
Post Hoc Tests
Homogeneous Subsets
nSuneans
Duncan?
Subset for alpha = 0.05
Glycerol N 1 2 3 4
0 hour 3 21.8267
24 hour 3 22.0500
72 hour 3 22,5367
48 hour 3 22.8767
120 hour 3 22.8967
96 hour 3 22,9733
144 hour 3 22.9900
Sig. 1.000 1.000 1.000 .155
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size =.3.000.
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ANOVA
piunedns
Sum of Squares df Mean Square F Sig.
Between Groups .029 6 .005 8.543 .000
Within Groups .008 14 .001
Total .037 20
Post Hoc Tests \
Homogeneous Subsets
nSudodns
Duncan®
Subset for alpha = 0.05
Acetone N 1 2 3
0 hour 3 .0243
48 hour 3 .0690
24 hour 3 .0763
72 hour 3 .1037 1037
120 hour 3 1237
144 hour 3 .1300
96 hour 3 1340
Sig. 1.000 AN A71
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
nSumodng
Sum of Squares df Mean Square F Sig.
Between Groups .029 6 .005 8.543 .000
Within Groups .008 14 001
Total .037 20
Post Hoc Tests
Homogeneous Subsets
nSunedng
Duncan®
Subset for alpha = 0.05
Acetone N 1 2 3
0 hour 3 .0243
48 hour 3 .0690
24 hour 3 .0763
72 hour 3 1037 .1037
120 hour 3 1237
144 hour 3 1300
96 hour 3 .1340
Sig. 1.000 11 A71

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
nYunedns
Sum of Squares df Mean Square F Sig.
Between Groups .010 6 150.039 .000
- Within Groups. .000 14
Total .010 20
Post Hoc Tests
Homogeneous Subsets
nSuAoans
Duncan®
Subset for alpha = 0.05
butanol N 1 2
0 hour 3 .0000
144 hour 3 - -.0610 ~
120 hour 3 .0613
48 hour 3 0617
24 hour 3 .0630
72 hour 3 . .0640
96 hour 3 .0653
Sig. 1.000 A77

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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=
ANOVA
aYusdedns
Sum of Squares df Mean Square F Sig.
Between Groups .057 6 .010 28.903 .000
Within Groups .005 14 .000
Total .062 20
Post Hoc Tests
Homogeneous Subsets
pSunodns
Duncan®
Subset for alpha = 0.05
butanol N 1 2
0 hour 3 .0000
24 hour 3 .0000
48 hour 3 .0270
96 hour 3 .1093
72 hour 3 .1120
144 hour 3 1127
120 hour 3 1173
Sig. .104 .626

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
pFunodns
Sum of Squares df Mean Square F Sig.
Between Groups .005 6 .001 182.617 .000
Within Groups .000 14 .000
Total .005 20
Pbst Hoc Tests
Homogeneous Subsets
nSunodns
Duncan®
Subset for alpha = 0.05

Ethanol N 1 2 3 4

0 hour 3 .0000

24 hour 3 eeoe [T T

48 hour 3 .0000

72 hour 3 .0000

144 hour 3 .0070

120 hour 3 .0123

96 hour 3 .0450

Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.



Ge’ 00’ 00LL” 9€00’ 6¥520° 289l L 8960 ¥4 el
10 00 6610 6500~ 00€00° o.o..moo. 0.00° € noy vyl
Lo’ Lo’ 8elo’ 60L0° €£000° 85000 €CcLo’ € Jnoy ocl
SO 140} 00G0° 00v0° S1100° 00200 050 € inoy g6
Ge’ Le GLLE 268e’ 12010 64210 ggee’ € inoy g/
00 00 0000 0000 00000° _moooo. 0000° € inoy 8y
- 00° 00 0000 0000 00000° owoooo. 0000 € inoy ¢
00 00’ 0000 0000’ 00000° ﬁwooo_o. 0000’ £ noy o
WNWIXeW | WnWIUIN punog Jeddn punog JamoT | Jou3 'piS co_um_>mo ‘nS ues\ N
UBS\ JO} |BAIS)U| SOUBPBUOD %56 __
eBpeLy m
saAnduosag W

BML]L] LT S8 ¢ G_.3FCR$v63w3@ﬁrwr€vG$:3?fG@H@CRS.@“S
o 3 = ro n rd [} = Lo o8 aﬂ

L3

AemauQ

ULIQBITEE 00C n.nm:.m&\@

PRUTELULCR] G@J_.s.@_n@_rﬁ‘_w;\mw:ﬁ.ﬁwacvrgﬁnrmcdmwrc 1T mv_.w_.s



ANOVA

nSuAodns

Sum of Squares |df Mean Square |F Sig.
Between Groups |.272 6 .045 913.550 .000
Within Groups .001 14 .000
Total 273 20

Post Hoc Tests
Homogeneous Subsets
nSunodng
Duncan®
Subset for alpha = 0.05

Ethanol N 1 2 3

Ohour | 3 | .0000

24 hour 3 .0000

48 hour 3 .0000

144 hour 3 .0070

120 hour 3 .0123

96 hour 3 .0450

72 hour 3 .3333

Sig. .071 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Post Hoc Tests

ANOVA
niunBaNS
Sum of Squares df Mean Square F Sig.
Between Groups .000 6 5621 .004
Within Groups .000 14
Total .000- 20
Homogeneous Subsets
nSusiadng
) Duncan®
Propanedio Subset for alpha = 0.05
I N 1 2
0 hour 3 0127
—i— = |--48-hour” [FTALFN .0167
24 hour 3 .0170
72 hour 3 .0190
120 hour 3 .0200
96 hour 3 .0203
144 hour 3 .0203
Sig. 1.000 .069

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Post Hoc Tests

Homogeneous Subsets

ANOVA
pSudodng _
Sum of Squares df Mean Square F Sig.
Between Groups .000 6 5.621 .004
Within Groups .000 14
Total .000 20
niunedns
Duncan®
Propanedio Subset for alpha = 0.05
I N 1 2
0 hour 3 .0127
o 43 hour 3 .0167
© T T T Shhour 3 0170
72 hour 3 .0190
120 hour 3 .0200
96 hour 3 .0203
144 hour 3 .0203
Sig. 1.000 .069

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
nFuAedns
Sum of Squares df Mean Square F Sig.
Between Groups ..OOO 6 .000 76.867 .000
Within Groups .000 14 .000
Total .000 20
Post Hoc Tests
Homogeneous Subsets
n3NADEAT
Duncan®
Propanedio Subset for alpha = 0.05
| N 1 2 3 4
144 hour 3 .0267
'96 hour- 3 .0273 .0273
48 hour 3 0277
72 hour 3 0277
120 hour 3 .0280 .0280
24 hour 3 .0287
0 hour 3 .0340
Sig. 116 144 116 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
nYudodns
Sum of Squares df Mean Square F Sig.
Between Groups .000 6 .000 140.900 .000
Within Groups 000 14 000
Total .000 20
Post Hoc Tests
Homogeneous Subsets
nSunedns
Duncan®
Propanedio Subset for alpha = 0.05
l N 1 2 3
120 hour 3 0213
- 144 hour 3 .0217
72 hour 3 .0220
96 hour 3 .0220
48 hour 3 .0233

24 hour 3 0313

0 hour 3 .0320

Sig. 293 1.000 256

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
pSuroans
Sum of Squares df Mean Square F Sig.
Between Groups 1.020 6 170 13.336 .000
Within Groups 179 14 .013
Total 1.199 20
f
Post Hoc Tests
Homogeneous Subsets
nSufeans
Duncan®
Subset for alpha = 0.05
Galactose N 1 2 3
144 hour 3 .0383
72 hour 3 .0387
96hour 3 .0387
120 hour 3 .0390
48 hour 3 | 0737
24 hour 3 3143
0 hour 3 .6610
Sig. .733 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
niunoans
Sum of Squares df Mean Square F Sig.
Between Groups 1.020 6 170 13.336 .000
Within Groups .1?9 14 .013
Total 1.199 .20
Post Hoc Tests
Homogeneous Subsets
piunoans
Duncan®
Subset for alpha = 0.05
Galactose N 1 2 3
144 hour 3 .0383
72 hour 3 .0387
96hour 3 .0387
120 hour 3 .0390
48 hour 3 .0737
24 hour 3 3143
0 hour 3 6610
Sig. .733 1.000 1.000
Means for groups in homogeneous subsets are displayed.
- a. Uses Harmonic Mean Sample Size = 3.000.

170



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenansianubidniunislynuienisfnewniu lueygsinillydsslesuaunisan

lunnsdllagisau Snvinudilvdaulailon waznesedaiuaivetenarsynasminisinluly



ANOVA
piusedng
Sum of Squares df Mean Square F Sig.
Between Groups 4.927 6 .821 3098.276 .000
Within Groups .004 14 .000
Total 4.931 20
Post Hoc Tests
Homogeneous Subsets
\ ninsoang
Duncan®
Subset for alpha = 0.05
Galactose N 1 2

24 hour 3 2747

72 hour 3 .2760

48 hour 3 2763

96hour 3 2767

120 hour 3 2790

144 hour 3 .2820

0 hour 3 1.6617
Sig. 626 1.000

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
nSudedns
Sum of Squares df Mean Square F Sig.
Between Groups 23.937 6 3.989 3.385 .028
Within Groups - 16.500 14 1.179
Total 40.437 20
Post Hoc Tests
Homogeneous Subsets
nSumoans
Duncan®
Subset for alpha = 0.05
Galactose N 2

120 hour 3 1.5900

144 hour 3 1.6790

96hour 3 17533 -

72 hour 3 1.7803

48 hour 3 2.4070

0 hour 3 3.2727 3.2727
24 hour 3 4.6933
Sig. 110 131

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
cell (CFU/m)
Sum of Squares df Mean Square F Sig.
Between Groups 1.75E+14 7 2.50E+13 4373.041 0
Within Groups 9.16E+10 16 5.73E+09
Total 1.75E+14 23
Post Hoc Tests
Homogeneous Subsets
cell (CFU/mI)
Duncan®
Subset for alpha = 0.05
Time N 1 2 3 4
growth_168 hr. 3
710E+03¢ |
growth_144 hr. 3
1.31E+04
growth_120 hr. 3
4 58E+04
growth_96 hr. 3
- 6.90E+04
growth_72 hr. 3
9.10E+04
growth_48 hr. 3
9.26E+05
growth_0O hr. 3 1 9BE+06
growth_24 hr. 3 8.38E+06
Sig. 0.236903834 1 1 1

Means for groups in homogeneous subsets are displayed;

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
cell (CFU/mi)
Sum of Squares df 4 Mean Square F Sig.
Between Groups 4 45E+13 7 6.36E+12 345.444 0
\Within Groups 2.94E+11 16 1.84E+10
Total 4.48E+13 23
Post Hoc Tests
Homogeneous Subsets
cell (CFU/mi)
Duncan®
Subset for alpha = 0.05
growth_hr N 1 2 <3
growth_168 hr. - 3 SRS
0.00E+00
growth_144 hr. 3
9.33E+01
growth_120 hr. 3
3.90E+02
growth_96 hr. 3
3.31E+03
growth_72 hr. 3 .
3.82E+04
growth_48 hr. 3
2.45E+05
wth_0 hr. 3
growih_= e 2.07E+06
24 hr.
growth_24 hr 3 3.93E+08
Sig. 0.0651393 1 1

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
cell (CFU/ml)
Sum of Squares df Mean Square F Sig.

Between Groups 1.44E+14 15 9.58E+12 277.976 of
Within Groups 1.03E+12 30 3.45E+10

Total 1.45E+14 45
Post Hoc Tests
Homogeneous Subsets

Subset for alpha = 0.05
Time N 1 2 3 4 5 6

growth_360 3 3 24E+03

growth_336 3 2.03E+04

growth_312 3 2 15E+04

growth_240 3 3.25E+04

growth_288 3 3.73E+04

growth_264 3 4.08E+04

growth_192 | 2 2.04E+05 |-

growth_216 3 . ’2—4_3E+_05 ]

growth_0 3 2 09E+06

growth_24 3 2 76E+06

growth_48 3 2 80E+06

growth_96 2 3 51E+06

growth_72 3 367E+06| 3.67E+06
growth_144 | 3 3.77E+06| 3.77E+06
growth_120 3 3.97E+06

growth_168 3

4.78E+06

Sig. 0.1955745 1| 0.8149716| 0.1236666| 0.0716468 1

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Glucose (g/L)
Sum of
Squares df Mean Square F Sig.
Between Groups 3826.190 7.000 546.599 456.760 0.000
Within Groups 19.147 16.000 1.197
Total 3845.337 23.000
Post Hoc Tests
Homogeneous Subsets
glucose (g/l)
Duncan®
) ~ Subset for alpha = 0.05
Time
1 2 3 4 5 6
168 hr. 3| 20.3072
120 hr. 3] 206769
144 hr. 3| 21.2457
9%hr. .. . 3) . . 147255973
72 hr. 3 29.1809
48 hr. 3 33.1627
24 hr. 3 37.0876
0 hr. 3 60.7509
Sig. 0.334 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
Glucose (g/L)
Sum of
Squares df Mean Square F Sig.
Between Groups 15563.176 7.000 221.882 1204.326 0.000
Within Groups 2.948 16.000 0.184
Total ' 1556.124 23.000

Post Hoc Tests

Homogeneous Subsets

glucose (g/l)

Duncan®
) Subset for alpha = 0.05
Time N
1 2
168 3 0.1860
120 3 0.2002
144 3 0.2002
S T 0.2150
72 3 0.2258
48 3 0.2452
24 3 0.2708
0 3 24.5449
Sig. 0.832 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
glycerol
Sum of Squares df Mean Square F Sig.
Betwéen Groups 458.157 15 30.544 11.169 .000
Within Groups 87.514 32 2.735
Total 545.671 47

Post Hoc Tests
Homogeneous Subsets

Glycerol (g/l)

Duncan®
Subset for alpha = 0.05
P N 1 2 3 4 5 6 7
360 3 .0000
336 3 .9356 .9356
264 3 2.6401 2.6401 2.6401
288 3 2.9958 2.9958 2.9958 S
240 3 3.2928 3.2928 3.2928
312 . NG ) K 3.5084 3.5084 3.5084 } N
216 3 4.1870 4.1870 4.1870
192 3 4.6434 46434 4.6434 4.6434
144 3 4.8450 4.8450 4.8450 4.8450
120 3 5.9207 5.9207 5.9207
96 3 5.9676 5.9676] 5.9676
72 3 6.8377 6.8377
48 3 6.9036 6.9036
0 3 7.1245 7.1245
24 3 7.3947
168 3 13.7571
Sig. .073 .097 .166 .066 .069 .088 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.




[eoL

ov'l 6866°L LiglL'L 0560’ coval’ 00651 € ¢l
8¢'L €8’ 86€9°L §60¢° L8LEL” 0egcT 12L0°) € 8Y
j00° o]e) 0000 0000 00000 00000° 0000 € 144
00 00’ 0000° 0000 00000 00000° 0000° € 0 suoysoe
co'g 00’ G066'9 LECLY 61069’ 69¢8E'E LC9G'S e [ejo
l¢'8 86°L 26,98 349 /8181° LOGLE” 1968'L € 891
G9'8 vyl 98066 18L€°9 6.€9¢ L10g9’ cEV6'L g 1243
vS'8 LE°L 8/2.°6 GG0S'9 Stvle 968%9° /8118 € oct
8G°L Sl'L LELEL 20v8'9 89vClL’ S6GL¢C 19.€°L € 96
10’8 LEL G9es'8 Z0.5°9 068cc 1/86¢€° £EGG'L € (A2
L6°G 86y .|6696°9 L0SC'Y L09l¢ SYivS 00l9's g 8Y
00’ 00 0000 0000 00000 00000° 0000° € |44
ﬁOO. o0 0000 0000 OOOOO. 00000 0000 € 0 joueing
winwixepy WRLLIUI punog Jaddn punog Jamos loug 'piIs uonelnsq ‘PMIS ueapy
UEBI J0} |BAIS)U| SOUSPLUOT) %G6

saAnduosag

AemauQ

LWERBILy

09 CEH@C@$ Cd SLULER] 006ET Y1SIL myuraafiaq wniplisol) @Wﬂgmn_nréwrcﬁwwrszKﬁﬁwm\un@nG:G@Sr_\rn@&rRm?wmﬂv:\r&,nrwgmwrc SEM UBLELY

881




uealy 10} [BAI3}U] SOUBPUUOD) %G6

LL) o]0} L10¥'L 1028’ ZrovL’ £6.89 chiL'L 144 ejoL

Ll 8yl 6G20°¢C Wvic'L L€.80° geLslL’ 0059'|L € 891

1671 9zl ¢.89°L 8¢G0°1 LLELOD 1822V 00.LE°L € 14743

| YA pS'L [44 40" 8lLy’L £E6Y0’ P¥S80° 00€9’L € 4%

c9'L ¥S'L LLL97L €9.¥°L £eECo’ B4040) 19/S°L € 96
WnWIxXepy wnuwiuipy punog Jeddn punog tamor Jou3 'PIS uonersqg PIS uespy

saandisosaqg

AemauQ

LBERBILLY 09

M@HWC_Mﬁ td SLULGTL] 006€1 Y1SIL 1yU42{12q WNIPLISO] D) @@vmmﬂnrg;rcwﬁf@ramz$3&Hm\uu©wcica.3%SF@ErQW?wmngﬁwermwrc A@_Ev SEM WELELY

681

i




190

ANOVA
Sum of Squares df Mean Square F Sig.
jbutanol Between Groups 260.340 7 37.191 209.549 .000
Within Groups 2.840 16 A77
Total 263.180 23
acetone  Between Groups 10.630 7 1.519 95.392 .000
Within Groups .255 16 .016
Total 10.885 23
Post Hoc Tests
Homogeneous Subsets
butanol

Duncan®
Subset for alpha = 0.05

o N 1 2 3
jo 3 .0000

24 3 .0000

48 3 5.6100

96 3 7.3767

B 72 3 7.5533

168 3 7.8967
144 3 7.9433
120 3 8.1167
Sig. 1.000 1.000 .069

Means for groups in homogeneous subsets are displayed.

a. Uses Hamonic Mean Sample Size = 3.000.




acetone

Duncan®

Subset for alpha = 0.05
o N 1 2 3 4
0 3 .0000
24 3 .0000
48 3 1.0727
144 3 1.3700
96 3 1.5767 1.5767
72 3 1.5900 1.5900
120 3 1.6300
168 3 1.6500
Sig. 1.000 1.000 .059 522

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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{ a L4 aa (a a =) a a dy g
M5 N 1.36 msamiwﬁ1nNﬁnﬂﬂsmmmmuaauazamimuwwaﬂ'lmumsmmaw%a

Clostridium beijerinkii TISTR 13900 luem1s P2 nlng Iad 20 nfudedas

Oneway
- Descriptives .
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean | Deviation Error Bound Bound |Minimum|Maximum
butano! 0 3| .0000 .00000{ .00000 .0000 .0000 .00 .00
24 3| 4.4500 .19698| .11372 3.9607 4.9393 4.23 4.61
48 3| 4.3867 .23438| .13532 3.8044 4.9689 4.12 4.56
72 3| 4.5967 11372{ .06566 4.3142 4.8792 4.47 4.69
96 3| 4.5867 245421 14170 3.9770 5.1963 4.44 4.87
120 3] 4.3733 14189 .08192 4.0209 4.7258 422 4.50J
144 3| 4.7033 .20257) .11695 4.2001 5.2065 4,54 4.93
168 3] 4.5033 21779 12574 3.9623 5.0444 4.26 4.68
Total 24} 3.9500 1.53665| .31367 3.3011 4.5989 .00 4.93
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1 a I'd .'.QQ a o = { = H 4
MmN 136 MInTzvneadnlsnudmueauazesd lauinaa lalumsmizi@oudo

Clostridium beijerinkii TISTR 13900 Tue1m1s P2 NlngInd 20 nunodas

Oneway
IN Descriptives
95% Confidence Interval
for Mean
Std. Std. Lower Upper ‘ L
N Mean | Deviation | Error Bound Bound |MinimumiMaximum
facetone 0 3| .0000 .00000{ .00000 .0000 .0000 .00 .00!
24 3| 7920 10886 .06285 5216 1.0624 .67 .87
48 3] .5913 .17885] .10326 1471 1.0356 .39 .70H
72 3 .7310 .04084| .02358 .6295 .8325 .70 .78
96 3| .6673 .08394| .04846 .4588 .8759 .61 .76
120 3| .6373 .07401| .04273 4535 8212} - 56 71
144 3l 7927 .09438| .05449 .5682 1.0271 71 .90
168 31 .7210 .04857| .02804 .6003 .8417 67 7
Total 24| .6166 .25938] .05295 .5071 7261 .00 .90
ANOVA
Sum of Squares df Mean Square F Sig.
butanol Between Groups 53.759 7 7.680 223.008 .000
Within Groups .551 16 .034
Total 54.310 23
Jacetone  Between Groups 1.409 7 201 23.234 .000
Within Groups 139 16 .009
Total 1.547 23




Pdst Hoc Tests

Homogeneous Subsets

butanol

Duncan®
Subset for alpha =0.05 .

a N 1 2
0 3 .0000
120 3 4.3733
48 3 4.3867
24 3 4.4500)
168 3 4.5033
96 3 4.5867
72 3 4.5967
144 3 4.7033
Sig. 1.000 .071

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

acetone

Duncan®
Subset for alpha = 0.05

e N 1 2 3
0 3 .0000
48 3 .5913
120 3 .6373 .6373
96 3 .6673 .6673
168 3 7210 7210
72 3 .7310 7310
24 3 .7920
144 3 7927
Sig. 1.000 115 .086

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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