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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.
Howéi;g;: b—y_:pioc_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 acetobutylicum TISTR 1462 and 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 we;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 h01;rs, 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 (biodiesel 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 the 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 thc 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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#B IUPAC 6-(hydroxymethyl)oxane
-2,34,5tetrol 38 (2R,3R,4S,5R,6R) -6 -
(hydroxymethyl) tetrahydro -2H-pyran-2,3,4,5-
tetraol -

: ‘#a?)"u Lﬁﬂ‘ﬁﬂﬁ(Dextrose)

gasindl CH,0, .

miinlana 180.156 n3uanlua

ANUAHMUY 1.54 nfuAgMNARTURILAG

PAviadNvial OL-D-glucose: 146 °C

B-D-glucose: 150 °C

lan: http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%AS5 %E0%B8%B9%E0%B9%82%EQ

%B8%84%E0%B8%AA (22/03/2554)

CH,OH

CWO OH

l/

OHH

\ ]

0 c--c|> ¥

H

31 2.4 gas Taseadumaniiveang Tna

OH

i1 http://eu.lib.kmutt.ac.th/elearning/Courseware/BCT611/Chap1/cha terl_2.html

(22/03/2554)
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L

2.2.3 snideiinedesdemsilynglnalumsndaiiinmuea

Monot  wazaAmez (1982) ldswaudr lunsninesdlau Jamueaves C

] Ed [ v
acetobutylicum iing Tasranudududisg dumsdsdu wuding Taadlanududusudu
° @ 1 & o 9/ o A d? < 3 s = ;’,’ ¥ a =4
d1(5-10 niuaedns) sz ldmsninfadufissnsufos Aeduasumsainansadunid

1 ns/' 1 3/ @ o A Y ¥ a g 3 ' @ 1 a o
MUY %z‘llllmﬁﬁﬂﬂﬂ’lﬂ'lﬁzﬁ'lﬂ ﬂgTﬂammmwmmimumxm 20-40 NTUADANT I -

4

¥ [] 1
TienSylaange uaznglaaiiinnududuSudu 80 nfudedns sz W Clostridium

afrsdamuealdgega

Monot 1Az Engasser (1983) na1731 luns@iiunasmisveu (nglae) diwin misdida
YsuanmasluTasou wewTudlon) szunaniadiiiazats uamsauueyTwioun
a 9 Y o 3 ' o o =} v ' o w < =} <
w1y sz Idmsndnldnsamnniidaiiazats niena1ni msddadsnaneuTuiioy A

0w a <] 4 4 @ @ o
whssirifatSusngInadqe Sulluoulviimmzanlunmsaivayuldinsadedah

A 1 t @ Yy v = A = a [~
azatw n3ona1IN srauanududuvesng Inauazien Tuflsuiazi/fowiiudimiuea

A a Y 9 o d' S < a Y ¥ a w o o
ﬂﬂizﬂﬂﬂ'ﬂﬂﬁ]u‘uuﬂ‘@\jﬁﬂﬁlﬂiﬂﬂﬂglﬂﬂﬂulﬂuizﬂﬂﬂ'J’]uﬁum]uaua\'iwaﬂﬂmmu‘l«uaq

Pimpa 1Az Goma (1984) na1711 TuitmivedFuvesnmsadreiimueaninng lae
3 v
Tav lirnsadfsaiu 9z 3mszd 1491 Tuwnanss Clostridium aunsaadaiianueanin
- [N a aa L2 ay oA [P o_ o oo 3
nalnaldlaoase Tngliriunsafiafisa Felidedofie uonoin lulimsmdnnsavzFanuda
}4 .
fafoald NADH+H" mndudadie
= vq ¥ a oo a =1 a a o o 1q ¢ o
udiug (2527) IR ldmailadusunisfnyimsnsyvesdunsin lildeendioulae
[ a { a 3 o a [~
msfarSinafmaiifaiu Taoinisdnuinsniyves Closridiun  (Mnglamilueims)
nFsuivusznivmsiannuguveurad (Iaslfinsesmslnlas I Tnfimes) uaznisia

a o a Yy 2 o H Y o
dsuasvosiie (Taemsunuivesh) Fasinghidulsinesneanaoadu

23 naweIea (Glycerol)

wa
231  dszinvesnawesen

E 4 x
msnawesegafunuaswusnludl a.a. 1779 Taminniia1iaiauie Carl W. Scheele
14
aaa any o o_ o Y o 1
nnlfaselouiiflindu (sponification) vaniniuugnen dnyaziiiuveunamila la i
s 1 A a ' A 7 o o S e &
T Litindunazlsavnanu aeuwuhndweseadiuesdlszneundnluluviuuasihiufeoy

= 1

a % :’ Qs 1Y A o d [ ' A
nawila Tagludunaniniudsenovdronfiveseahinyoamosuumenu 3 vy nief
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v s 4 [} Y :’ % oy
Fonh lasndire 158 (Triglyceride) o lusiuniminfumnuenaarsdioi luannzniasg

I@narosen (Glycerol) uaznsa lusiu (fatty acid) Aauaaslugali 2.5

lugaausn Idindmesealldlumskaanma Felidutheildnnlinnumiie
nay Tunademn gl lumshadeomiminuasiug wnseiald an1867 vl
¥EhauTe Alfred Nobel 1dAadussntskanseifialeunlud (dynamite) Taeldnfiverend
foglugylulasnBisoTu (nitroglycerine) o maufuFan (silica) o yafiaoihy

a v Ao o ) a o
isuauidiAgy lumsthnfiwesealiszgnd lugaamnssu (ous gateru uazamz, 2550)

heod

31,0
H(l:—o-iu pos— Tb
-
H,C-0 O
1 O Hg(l_:"OH
o . HC-OH
COH {
H,C-OH
O :
Fally acid Glyeerine

v ¥
51 2.5 aumsusnaaielasndwe lsddoti luanznse
4
i : ous uAZANE (2550)
232 lszlamivesndivesen

at o3| T ' a 2
AfI¥DI0a 130 1.2.3 propanetriol 1T1119aN08980613410 (simple alcohol) WiiaAnila
& o q ¥ ¢ H 4 a A o 4 s
a1y lyse Torinnie Hagamnnisuinioad1end ¥ 1A7099907 1ATBIOUA D15 UIGU
) 3 ' 1 k4
d¥NITU MonsEA IS0l LazTne uaaiaa1s19h 2.5 uenanil nfiesenadignld
[~ :j 9/ ° Y a a1 ] 9/ a
fluens@sdu (feedstock) dmfumsnanasinlinngg @ 19 lumsnda 1,3-Insmulavea

(1,3-propanedial) 1AonA18 (Biebl azaniz, 1998; 1999)
233 goauliAvaInawasen
2.3.3.1 QaUEudANnmgMHYeINaITeIaa

nAwosoaliguaulianIanIenINA1NA1313% 2.6
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a ad o - & o o o
NALFDTDAUFDITYNNIUANUMURTIT NN 2.7 llﬁz“q@ﬁiﬂi\Tﬁi'N'ﬂ]\nﬂUﬂq

v
=

e lugui 2.6

a15191 2.5 M3 15152 Tenianndmeson

(Chinese Chemical Engineering Information Center)

ND 6831910 no data (hifideya)

i3 : Wang uagame (2001)

, mai ¥ Geea)
awimin Ny -
o oy a4 g
y aAUIG glsy aiifu o
sz la
(160,000 fiuneil) | (190,000 Aumell) | (50,000 Aunell) | (80,000 Annoll)
& 39.5 23.1 34.0 52
91 15.8 25 53 73
o a e
ﬂﬁl‘ﬁﬂi‘iﬂﬂi@z‘mﬂ‘ﬂ b
ND 14.4 ND ND
(glycerintriacetate)
21113 14.5 56 ND ND
Tnadmoeseanagona ,
10.5 13.1 11.6 52
(polyether acohol)
i 9.2 13.1 19.5 49.0
ralaiy (cellophane) 2.0 44 . 38. 1.5
5241@ (dynamite) 0.6 3.1 1.9 3.1
BN ND ND ND 16.0
n303d191d ND ND ND 6.3
o 7.9 20.6 23.9 7.2
a Y U L] Y a ~ ' =t
HUNA Jeyadiulugiihnnnnnenuvesguiveyalrinssualiursszimaiu
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s P 1

M15199 2.6 AUAVTANMENINUDINAITDITOD

AMANTANIINYMN Awnsfines
amuy YpunaINiia
o 1A
a . Tt Tanid
A' 1 Q' 1y
nau-sa Taifinau uallisananu
ihmiinluaga 92.10 nfusio Tua
A ‘ a A a =t
ANMKHA 1,400 iiadthania Juin
yetq ¢
mIazay azmelaa luiwezueanseed

¥ 9 a Jd
azma"lmaﬂuaﬂ"luamas "lﬂﬂilﬂ!,“h’u

waz liazaelumsdszneulalasamsvou

AMANTANIIMENN Awsiines

o 1 > o
anuilunsa-a1e (pH) 5 #1 20 DIRUT AT

b= =

9A1ARA 290 DIA UV AITOA
QANADINTA? 17.8 DIA U AUTOT
CRRP LR RIS 1.26 nuABgMUARITURILAS
anudule 0.0025 Jadllson 71 50 BeFUFATYA

#lan : Aanase1n Mallinckrodt Chemicals 1182 The Columbia Electronic Encyclopedia, 6th ed.

Copyright © 2007, Columbia University Press

120209




18

d' U = (=}
MINN 2.7 QUANUANNUANYDINAEDIDD

¥® TUPAC 1,2,3-Propanetriol #39

1,2,3-Trihydroxypropane

yoraly Glycerol ; Glycerin

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

Polyhydric alcohols, Propanetriol

gaslaana C,H,(OH),

fan: http://msds.pcd.go.th/searchName.aspvID=1568 (25/04/2554)

HO OH
OH

D.

s 2.6 gasTaseasrwwendiwosen

#1311: Richard, Rusty (8 Myers (2007)

234  msfunszvinawasen

23.4.1 pszunumsnenonnanaedld  (by-product) 88ADINNITUIUMS

wan lulefivanso0ingaaInns s

nﬂ' 9y ~ o [ Jd 9 d‘ a =Y P=1 é

ifloadrondesoallundnsusinasyld Afannnszurumsnisnan luTefmad

[] 1 9 o 4 4 a n’é 1

daulngezennsati ) 4sz Tenl1ddouniiosninnfiesoad Idlauusgnia ud
= PRy a = 3 0 Slﬁ 3 LY [ g 1

naweseaniauuTgnigeq Huamnseh lliduasddulunszuaumsdien ldedn

9
wornane Jiesdunisi b iddumsddulumssdao i ld1$lumsieay uie

a.

Y & q a a oy 2 o, a
Llﬂﬂigﬂqcl‘lfiuﬂ'liWﬁﬂiglUﬂ ﬂ?Ulﬂ@]uﬂQUﬂ1iﬂﬂﬂ]

dd‘ Y a =1 a A"
ﬁﬂ%%ﬂ11ﬁﬂﬁmﬂ’0‘5’0ﬁﬂﬂ’.ﬂ&lﬂiEI‘VI‘ﬁil'Iﬂ

4 4 4 ' a adealq 9 e q Y a . gy o
ﬂJuLWﬂLWUgaﬂWGQﬂaL%ﬂiﬂa IﬂtlﬂiZ‘InumiLLaZ’Jﬁﬂal‘lfﬁluﬂ‘lﬁnﬂﬂUi’c‘ﬂ’lﬁ‘lﬂuﬂ fnillill

waq ¥ o A o a o o 9 o a Y g 9
ﬁﬂ’lWﬂmﬁM‘U%TﬁLﬂuﬂiﬂmﬂllﬂﬂ‘ﬁumﬂﬁﬂﬁmﬂﬁE]ﬁﬂ‘l]vhlilu Tﬂﬂj‘ﬁﬂiﬂcﬁﬂﬂiﬂlﬂlﬂﬂluiﬂﬂaz

o o 'Y @ o 4 4 0 9
5 ‘Hadilmuuﬁﬂﬂﬁ?ﬂﬂ’)ﬂmza1ﬂlﬁﬂllﬂﬂﬂ3ﬂﬂuﬂ!mmﬁﬂ®0ﬂ ‘UTﬂfﬂiWﬁﬂﬂ\“ﬁ@Vﬂiﬁ
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[ 1ol . o 3
ndweseaiinnuiunsaogil pH 2-4 s lilduvesnfiweseausnsenuniosas 38-40

Y ! o a ¢ ¢
Tavsimndn uazdindndinziviesdlszneuaiuunasgiu BS 5711 sswundireseall

'
=

a Vel 4 a < { °
anuuTqniegniovar 80-85 FalanwugnifemefazannsnilylFlugaamassy

1
= 1

mj uazansaiiuyas1vendweseald 1az1AsIUTBINALBTOATILNAINGATITHAT Y

TMUN13199 2.8

d' a et o Y
M1INN 2.8 1”@153!’11\!‘1]@\1615ﬂﬁl“ﬁﬂﬁ@ﬁﬂ'lll@'ﬁﬁ'lﬂﬂiiUWﬂﬂ'liu']llln%

dq ¥ Yy a Py = o
HRUIELHG 1]']@]iﬁ'lu'ﬂi‘lfﬁluﬂ'l'iﬂ'NENﬁlmﬁﬂ‘HmSﬂlﬂﬂﬂﬁl‘]fﬂiﬂﬁ e UIATIU
wﬁmﬁmcﬁqmamnsm (190.337-2538)[13] 1A British Standards Institution (BS 2621-5 : 1979)

H ﬁ‘/
i nasgumskaafuaigammnssunfimeI Uy, won 377-2538

. QATTHNTIN da s
naAnbaE — ; nasyunlimagey

il [lawhed | oo | ewis |

o sidi Uifi Nl ] - BS 5711 :Part 19
T
ndrrosea faua: Thmhnnin » ]
A 99" 9o T[TesT 9 T[T [ BS3TITPAN R -
Bitaunt
i1y fowas Taminiin - - - . 0 | 150 2097- 1972
i RHYNE - - - - 10| 180 2098 - 1972
dEaka fooar lagsiniin
o 0.01 2.01 0.01 0.01 - ISO 1616 - 1976
L
anamisilildndirnisa
Y . - - - . 25 | 180 2464~ 1972
Fauas Tantiviin by
AR Aing
P a Lo - - -
Weanigh 207C20°C 126108 | 1.2610% - 1261048 - 180 2099 - 1972
¥
1.264 1.264 1.264

B . . 244
flganigdi 25°C 25 °C 1239
Asnabuasiaanimiy
Ava fiaddafiaudda 100 | 0064 0.32 - 0.22 - BS 5711 :Part 3
adin hiapu
aryuy hadinjpasdilaniy )

2 N 2 BS 5711 :Part 1O
asd imdnhikichlanin 1
. - . - - | BS2621-5
s
aag'lydfosas Tasinnin hi : i
. - 0.01 0.01 0.01 - BS 5711 :Part 12
i
Aonofilmiudaiinaud
fiaddadrnaudao 100 nfu | 064 0.64 - - - BS 5711 Part 21
Tajifing
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a = o o 9/ a = 3/

nanszuunsnaa luTeda SufludewsnnfivesoananninluTofiralinua

a 5 a o o @ ) Y a a L= I ' =y & o
iingfunfweseass ligaiaifauazdinelfifnuTinudad lad luvie leidomsosoudunizimn

g/ ' a a a ] 3
Infiganiin@Bndae Tavindnswdalulefaudazasez idndweseatssinaovas
a & o o &
10-15 TaodTinas Feeziinisesneen lddremsilduenduosnnn’ylefwadeniy
unpAvveIn MY 1o TeRwalinnumuuniu 0.86 afudegnuiadioufiuns Tuvas
v
nlwesoalnuMUIIY 126 nsudegnuafisudinns Il navhldnfwesoausndiegi
k4 ¥ [ 1
annes lyTefaegiuuy  ludivosdunimeseadensdifuioduduldus 1uTedira
Tnsndwolid lanfelsd Tulunfiwelsd wniuea nfeusanoseadldluylfnse
] 3

TwiRouTansonladnSe Tduna@oulonsenladFalfiludus wlfisn agjuasin Hudy

Whuraidndweseafiuen 188 lanseir 1 19)s s Tendld

o a o X A A o e
Yong uazamiz (2001) Hmsinsiziniesdlsenevvesnfivesoandundnsa
Y a =t :’ o 4 1A e [ :;’ =)
waoy Idvinnszuumsnia lulefanniiuldy wuh SUSinavesmsdsil ndlresea
¥ ) '
$ovay 202 161deuay 64.3 thisvaz 3.0 uazmsBunsoouq flildndeseaovay 124
uazey (pH) 12.8 uazidlousndudetulavldnsadafaSnuds nuindweseailatnaiu
a & 4? ' =) Y = a <y . : @ a . 3
UTqnsundu nanfe TandmeseauSqnisovas 33.9 n3aluiiufy (crude fatty acid) $ooaz
1] 1} o« = Q’
105 uazinde (salt) Sovaz 652 wazfanudt pH fwadelSuimuazanuuSgnives
a o o = a a A
nayasea nMIUTun/dsuiiey (pH) vosm1saza1uniresoanInfieds (pH) 1-7 WuAR
4 1
ey (pH) 1-2 TnfweseauSqnigege nande Undwoseadovar s4 id1¥euaz 74

Jy a R Y 1g 1 A Y o ot o '
UYL 7.5 I.Lﬁzﬁﬁﬁ)u‘ﬂiﬂau“‘] quimﬂaimﬂiﬂaiﬂﬂag 31.1 MaN9INUINALEDTOANINATT

h.

o

lundunyuqaysniaed1adw (simple vacuum distillation) HAMFY 4 x 10783 4 x 10”
a o 4 o v A Y a 1 a d? Y o o
iadus uaz pH dindh 5 ietlesdumsifavosninayiifadiu) Idndireseandudieanin
Mgamnil 120-126 saruwaFen iodins1wvosdilszney wundwesoauSqnisevaz 96.6
Y o v a  add A1 g v ) e
1015900z 0.03 115000z 2.4 uazmsouNs ooUq T lildndresoaiouas 2.4 uaziifiies (pH)

MY 3.5
2.3.4.2 05zUIUMSNINAT (Myers lag Myers, 2007)

Tl a1 1940 finnwdesnisnfimesoaninaunassssumnaaien e ldlumsndnm)
a ' Sd A a a a o > | Y
uazimou luyasasnsiwlanasan 1 Gulimswaandwesealaedsmsndnnimhmadundn
oo a ad o 7 =
uennnfdalindnnnassuiumsmunlFaduns12vu191n Tns Indu (propylene) Taunns
o ¢ a ad 2 1 & o a a -
wunszvnnIns Indultuaiwsnnouasnswlanadeit 2 uazmsndaluFemsdusudu

Fulidl a.a. 1943 Taedsemaeo sl
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o £ as & o o g =
mimmﬁwﬂamaieamatﬂuumimmmiwmﬂ‘suﬁmmuw"lsTﬂimu’om’owm
T lll ) l;l!lj:’:] @ a Ill 'd R P A’f o aan o
W IWau lanuarssananae lia (allyl chloride) MUANNITN 1 mﬂuumﬂgﬂimﬂ‘umﬂ

Yeldnasavzldiilu 1,3 lanaoTslaasu (1,3 dichlorohydrin) Asarun1sH 2

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

H,C=CH-CH,Cl + HOCI » H,C — CH-CH;Cl 2

s
nnudumsazmelydoy uSounadoulslasesn ludaslu 1,3 lanaslslaasu

S a

214 Bnan 15 1aaTu (epichlorohydrin) @aaunsh 3

cl  OH
N

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

k4 Ed .
U§asntuneugatniudfinaslsleasuszgnlalasladlddu ndwoseadie

o a 701 R {
Twidan'leasenlea v3o la@ouarsusma daaunsh (@)

0O OH OH OH

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

L. é s =)
msdunsesamanite Ae sadanaelsdgnlalasladduludenlensenladld
14
ilusaiaueanesed (,C-CH-CH-0H) nniwdunasiuszidluTunanlsleniu
a ] z o
(Monochlorohycrin) ttaz'lanaels'laa3u (Dichlorohydrin) Feiadesgnlalasladdae

TyReylunsveualindmesoa
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2.3.4.3 AITUIUNMTNNT NN

da Silva uazaaiz (2009) na1aded Tas@vuduuvddiauiignldlfifadse Tomnd

wndigalulan ualidpuaziidedldedisiifa Sailddoanumamdnuiihindumn 14 1nd

lllﬂ! A g a Y 1 1 .ﬂy a a . v a &

& guilunauleduetiann ethadomdadinw (biofuel) 1 ton1uoa uaz luToRiam ¥

I~ ¥ T N $ 4 = a {

@aldreundenneg e ldunuivewemasoada (fossit fuel) luToRiwasusaunui

F4 1

VasBoufira (petroleum diesel) waa1n luiiudatuastiniuiy Faadrunfiwesoatu

:’ Qs é L =y i ¥

nanavn 1d (by product) Uszanmiesas 10 Taimiin FedruAuvesndiresoanignadisiiy
o a o ] o

swvznmuduilymFunaden sunsziandmesealiannsagnianisIdnualylu
a [~ { ° 1

Funadoy JuiluldIdnssimnindiresealyld Tavenldiduundiaisuou uazmse

UM TRy Tavesgauns dlugadiinnrgaamassy endaiilumsiadl

q 9

E4
= ]

Tagldaszuruntadiamidlyanigediu v 1,3-Twsiwulaesa (1,3-propanediol)

'nlansonFozd Iau (dihydroxyacetone) (BVNUOA (ethanol) FAFIUN (saccinate) 1T uA

S 2 a s a a Yot a A v
WIERziu 3 UMAnEIMINaRInaresea 1as eIt AT NIFININ 1oann1s 1F

= = o/ :?’ . = a [=) a
Ulas@oy @93 Benito  uazAmMz (1994) AOWINITHAANDIHOTOA IAUHATIZNITHUN
v A o a S 9 s 2 a o
wuvaeiidesludalfnsaifininuuumaiua (packed  bed) laulyradaisveidad
Saccharomyces cerevisiae 81113 aRARAAITRIOA IdA Nt UgIgR 30 niuAedas Taoll

9 a [~ Y " a v @ { a [l

Sasmanaady 36.6 nfudednsaodalus Nguvgdl 28 ssruwaded auilunsanie (pH)

& . . =] v a
6.9 1A= 1oNT1N15199914 (dilution rate) 1T 1.22 Ao¥aTug

. . =4 . a 9 ot g O
Bisping 1lag Rehm (1986) Any1nswannaiyesen lasldiyadond Saccharomyces

] 2 ' a 4 i da Y o
cerevisiae $49NAT108 UTWIABINAT (sintered  glass) NHVUIAITUHIFUINAL 60-100
A ] o o Vot & 4 o
TuTaswas wuFumasnae (sintered glass) inNuasalumsfnfumrad 188 Fuleh
msnAandesea luan1IzmsHIALUUNIABITDI (semi-continuous) 8 FOU VXA WITONARA

= 14 < @ toa
ﬂﬁl‘h’ﬂiﬂﬂllﬂ 26.2 ©329.5 NIUADDAAT

Guo UazANE (2006) finyransznUYeIaIsAIURUITUesd TuAnwiind1eq Wilna
3 a v 4 )
ROMIHAANAITOI0aUBIBAR Candida krusei 1hun TwiRounaslsd (Nac) Tndeitulna-
] a -4 Yy
Aen 4000 (PEG 4000) LAZNAIFBI0A (glycerol) WUI@NNIONAANTITRs0n IMANUdLdY
@ 1 a A qu o a a Y Y g
qeqa 179 niudedns iieldmsmruquuswivesaludnduntimosen Tdnnudududios
80 niudedas uazluganisnaasnugui ilims@uasaruguussduesa luanase

a = 9 v a
Naﬂﬂamasaablmwm 41 ATUNDAAT
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a & o

Zhuge UAZANE (2001) AnwIAISHAANAITOTDATAY Candida glycerinogenes FUilu

A ' o s o o a ' §

Barannuaousuesa TuAnga (osmotolerance yeast) Tudandinuuia 30 das nudranizh

minzauremIasendiosoane Ngungll 20-33 e uralee uaziioy (pH) 4-6 lav

d' ) o’ a =) k% [ 1 =)

nsiminaudmiunianiiresea Usznovu ludionglaa 230250 niudedns giSe

£ 4 '

2 nfudedns uaziuwd1aIna (com steep liquor) 5 Hadans Famelulinemailszney
a a o 1t a 1 Y a d Y :‘ o

55-65 iaanTuAvans wudilinaldvenfireseagegaiiuiosas 64.5 Tagtimiin uazanu

Yy 9 = [ @ 1 a
wmummﬂmmasaaqaqmﬂu 137 NTUNDDAT

. =2 a o nﬂy ot a a '
Yalcinl itag Ozbas (2008) Anmwavelsuuiurenlnemsniy@yla uay

% a o L o oday a ¢ o &
sauwamaasvesmInaandireseauuunzveutetadnldnaa Tl aeWuy Seccharomyces
¥
cerevisiae Kalecikl Q% Saccharomyces cerevisiae Narince3 TagvimsAnusuiuiudo

b4 1 ¥
FuAdeaz 2.5, 5.0, 7.5, 10.0 waz 12.5 wuiudeldFinaiuiedovas 2.5 dmsumeiug
Saccharomyces cerevisiae Kalecikl 311 annsondnnfivesea ldniududugga
) ¥

8.6 N3UADAAT AIUAUNUT Saccharomyces cerevisiae Narince3 (iio 19T mauroagluta

sznnsforas 2.5-7.5 szerunsanaandesea ldnududugeqa 7.6 niudedas

= a I Y dy
Spencer uazAMY (1956) Anzmsndnndiresoalayliiye derobacter aerogenes Tu
anneifianududuvenglnage wuhaunsondandresealdiovas 3.2-4.8 uaziilo
Q = a a v g . . ' = o a o 4
WmmsAnmsnanndiresealauldiie Toruopsis magnoliae WuNNRIYBTOAII UNARA DI

- A a é‘ 1 Qs a = ¥y
RUINAGATVUIZUINNTUUN Llﬂzwﬁﬂﬂﬁﬂfﬂiﬂﬁviﬂiﬂﬂﬁ$ 17

E v

Liu uazasie (2002) Any1n1skannatresen lagan1izmMsmizidouu Ui vouiye

T = =} I'd o LR y -4 1 Q'

Candida lrusei wuiimsiaulzfounaolse 40 nSudodns asluemsideadoszaiomy

a a I~ v t a
UTunsHanndireseanin 16.5 (U 47.7 nTuADAAT

FY
ar EY 1 a

& - & A = ' =
U fﬂiﬁﬂB'WILﬂEl’J‘U'tNﬂ‘IJﬂﬁNﬂﬂﬂﬁl“ﬁﬂiﬂﬁﬁiﬂﬂgiuﬂﬁ’lﬂﬂ 2.9
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235  (MUNUDATNVRINAITR5OA

Glucose
Glucose-1P p
40 NADPH NADPH + CO,
6- Phospho- 3
Fructose Glucose-6P —i) glucono- €——> 20 Ggﬁ]f(‘:%snlggg _.ZI 21

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

Mannose-6P<—1> Fructose-6P < .. 22 23

M .

1}‘\ TP 5 |~ ATP ﬁ Ribose-5P  Xylulose-5P
Mannose  gryctose-1,68P )

24

A ",

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

NADH
8}\5 NADH 6 l/

26
Fructose-GP Erythrose-4P

Glyceraldehyde-3P Sedoheptulose-7P

1J

1,3-Bisphosphoglycerate Glycerol-3P
9& ATP 1 7 /
. Biomass
Biomass «—-«— 3-Phosphoglycerate Glycerol

5

Giucokinaze (GLK) and Hexokinase (HXK}
Phosphoglucose tsomesase (PCGI)
Phospliofiuctokinase (PFK)

Aldelase (ALD}

Triosephosphate 1somerase {TPI}
Giyceroi-2-phosphate dehvdrogenase {GPD!
Glyceroi-3-phosphatase {GPP)

R R N

Ly

eed

ilh'l 2.7 LﬁJ'ﬂ'l‘U'E]'ﬂ“]fiﬁl'OQ au NITYNTINNAUYDIBA

11 : Mostafa (1995)

51]1’1 2.7 Lﬂummuawmm “u'ﬂ ‘ﬁﬁ'lll'l'iﬂﬂﬁﬂﬂﬁl"lfﬁ)i'ﬂﬁllﬂ l‘l)'u Uﬁﬁ az
UuATISUBY Lactobacillus lycopersici 1Y Bacillus subtilis muﬂauﬂ?E‘fﬁmmiammmﬂﬂ
Gluﬁm’;:”l:jﬁe1mﬁf°f'un§masaamnuwmmﬂwmmmmauuaztmmwawm JuInuIe
NAWIA U Citrobacter freundii (Homann UazAME, 1990; Daniel LazAME 1995; Seifert LAz
AME, 2001) Klebsiella pneumoniae (Forage (8% Foster, 1992; Tong UazANg, 1991; Menzel
uazAMe, 1997b; Biebl (azAM, 1998; Németh UazAMz, 1998; Biebl, 2001) Clostridium
pasteurianum (Luers (18ZANE, 1997; Macis HazAME, 1998; Biebl, 2001) Clostridium butyricum
(Abbad-Andaloussi UazABLE, 1995; Biebl, 1991; Biebl ttazAtiy, 1992; Himmi UasAN, 1999;

Malaoui 418 Marczak, 2001; Colin uagam, 2001) Enterobacter agglomerans (Barbirato L
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A, 1996; Bories, 1997; Barbirato UAYAML, 1997a) Enterobacter aerogenes (Ito UAZAMY,

2005) Uz Lactobacillus reuteri (Talarica iaznle, 1988, 1990)

ﬂlugﬂ‘ﬁl 2.8 Klebsiella, Citrobacter, Clostridium Ik Enterobacter ﬂﬁl“ﬁﬂiﬂﬁgﬂﬂl‘ff/ T
muaﬁ-cﬁwmgﬁuw’?ﬁmdﬁ quﬂﬁﬁ?maaﬂa'“m‘x?u(oxidation) UagIANTU (reduction) (Zhu
tazAne, 2002) 1 oxidative pathway 921 NAD' lidase o'l glyceroldehydrogenase (EC
1.1.1.6) ni:é’u"lf’i’zﬁﬂﬂmﬂ?iauuﬂawmﬂﬁwasaa"lﬂaﬂu dihydroxyacetone LAZHAN
ol dehydroxyacetone kinase (EC 2.7.1.29) 15 Qﬂﬁﬁ%]ﬂ‘li WA® phosphorylates (Daniel (18
AMY, 1995; Luers UaAMe, 1997; Macis UasAme, 1998) cf«ﬂuﬂﬁﬁ?m"lﬂﬂﬂ'lac?a
(glycolysis) €U reducing pathway WYNAT zé’u‘[mmu'lmﬁ glycerol dehydratase (EC 4.2.1.30)
figosms Taewloafifuin1iud 12 (coenzyme B -dependent) uagifordosiuionlal diol
dehydratases (EC 4.2.1.28) (Toraya LazAtue, 1978; Forage 11ix Foster, 1982; Knietsch (azaAMe
, 2003) ﬂﬁwmaagmﬂﬁﬂu'lﬂxﬂu 3-hydroxy propionaldehyde (Toraya DA, 1980;
Tong LAZAME, 1991; Seifert LIAZAME, 2001) uazrou"lmﬁ 1,3-propanediol dehydrogenase (1,3-
propanediol-oxydoreductase, EC 1.1.1.202) ﬁé’f’mmi NADH+H" (NADH+H" dependent) 9571
mIsad 3-hydroxypropionaldehyde Tlilu 1,3-propanediol Loz $1aNAD" ‘ﬁluclﬁﬂ (Macis
azame, 1998; Skraly HazAME, 1998; Ahrens UazAMe, 1998; Veigo da Chuha (a2 Foster,
1992; Németh tazaAM, 2003) ﬁqgﬂ‘?i 2.10 HAasaaigai1e Ao 1,3-propanediol (1,3-PDO) iilu
Naﬂﬁmﬁﬁﬁﬂ’l'm‘ﬂs'lﬁ‘l'l&’m15ﬂﬂﬁ1ﬁ§'ﬂﬂ'ﬁﬂﬁﬂﬂal°ﬁﬁiﬂﬂ (Homann tagatde, 1990; Deckwer,

1995)

MU K. preumoniae (Forage W@ Lin, 1982) Uag C. freundii 81AUNI5IE616IV040U
gateimifigouTosaznszduionlad giycerol  dehydratase  (dhaB), 1,3-PDO
dehydrogenase (dhaT), glycerol dehydrogenase (dhaD), }lag dihydroxyacetone kinase (dhaK) 51? i
gndousaulny dha regulon (Zhu uazAniz, 2002) As3l 24 dmfunguou 1,3-PDO Y3
C. butyricum 93152n0Ud0 3 Suuandreiu fetenlmil glycerol dehydratase (dhaBl), 1l
f1n5eduTalsAu (dhaB2) uaz dhaT (Raynaud UBzANE, 2003) Tunuafioil euled gycerol
dehydrogenase Tin117es ladesendinusdiagunss Fuziwfuminradvesiafiuify
ORGIEE, (vitamin-B, independent) (Saint-Amans UazAMe, 2001; Raynaud Hazanl, 2003;

Gonzalez-Pajuelo HAZANE, 2004, 20053,b, 2006)
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GLYCEROQ

N

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

#,0
e NADH,

#
{DIHYDROXYACETONE] [3-HYDROXYPROPIONALDEHYDE|
Dihydroxyacetone ==~ ATP NADH, i 1 3-propanediot
o i . w———) 1,3-pro i
kinase {dak} —\'\“'L AOP /ﬂ defydrogenase (dhat)
NAD® 4~
{DIHYDROXYACETONE-P| Y

NAD! e e ADP 1,3-PROPANEDIOL!

NADH, 41
[PHOSPHOENOLPYRUVATE;

U1 2.8 nmmsusinnfiweseaiidauniluiiumsasie 1,3-PDO
#1301 : Bouvet LATAME (1995); Barbirato {azfale (1997b); Menzel LiazAt (1997a); Biebl

(2001)

A dA

WS, cerevisiae meqﬁumﬂ’ouq ﬂﬁwamngmwmﬂu dihydroxyacetone ED)
glycerol-3-phosphate mugﬂ‘ﬁ 2.9 (Wang uUagaAng, 2001) ﬂ1ﬂﬁ1iﬁﬁd€u ﬂamaiangﬂ
Lﬂﬁﬂu‘lﬂﬂu glycerol-3-phosphate e ol glycerol kinase (EC 2.7.1.30) mmzﬁmmsn“l%’
sulasuniiuiuasddudimivnsdunnsdlvdfunfomswdounladlaifiu
dihydroxyacetone phosphate uazmmsmﬂﬁauuﬂm"ﬁhﬂu glyceraldehyde-3-phosphate Tag
tou Tasad triose phosphate isomerase (EC 5.3.1.1) Gluﬂf]ﬁ§ﬂ1llﬂﬂiﬂllaflfﬂ (glycolysis) N30
amsainnldiumsdadudmivduaseiiunveadudug (Wang  uazaaiz, 2001)
mileund sy glycerol oxidation (glp regulon) gmmm“lu K. pneumoniae (Ruch UDSAME,
1974; Forage Uag Lin, 1982) Gluconobacter oxydans (Bories lazAE, 1991; Claret LLASAM,
1994) iz C. acetobutylicum (Gonzalez- Pajuelo UBZANZ, 2006) ﬁagﬂﬁ 2.5 Ay

14 £ ag [ ;Y ) o et
78 Ruch uazaue (1974) %399 glycerol-3-phosphate !1]Uﬂulﬁfﬂﬁ'lﬂil!ﬂ']ﬂwﬂﬁﬂ'nx'ﬂll

b

= = A Aa
E]"Iﬂ1ﬁ'110~‘lﬂal°lfﬂ§’0ﬁ1u K. pneumoniae (uJaUu&naumm K. aerogenes) UUTNI

s b4
dihydroxyacetone (Judmgdmiumsuonans liflormavesasdefuil

3
o

o/ =] A - 12 (]
msninnnndwesea liduenueaniediniueala C. pasteurinum livuogiy

9 ‘f] lly . L W.L o vli o ¢ A
ATEITUVUFNANABY 1A (by-product) (Biebl, 2001) 3UNTNIAINTLE mmumﬂummmegn

y & 19 a . a4 w ' P o
ﬁiN“lluﬁl‘Hllcluiﬂ (Blebl HagAe, 1998) 2NNV UIVDINTZUIUNT redox-balanced L‘]J‘L!
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31+ ac a

d' a d .. .
msiasundasndmesoalihily succinic acid 1309 M TUONIUOAUDE saccinate A1
[ Y a4 o :1’ A A Y  a ad . A
(MAU redox-balanced NiNe ToaAUNIHUIR FIUMT 1FWAIUUDTD ethanologenic Fa11N AD
[~ a ] T c& i g a
1ATP urandadoudaz TulanaveIntwesen Fagnulaenlihiuenuena vasiinisnin
@ a. . o o [ .
Wa U8 saccinate vzgndrdaluifuaiueiuisalumsadhe proton motive force Taw

fumarate reductase (Dharmadi {azAtlE, 2006) ﬁ'\igﬂﬁ 2.11

Giyeerol

Lo . [DIHYDROXYACETONE]

Glyerret-3-phospirete NAR®
debydrogenase ..

* NADH,
DIHYDROXYACETONE-P|

Tadwmiumsnseuazmsuia DHA Tas C oxydans Tuna1w@s0a membrane-bound

€ah
.
=
~
o

glycerol dehydrogenase ildgmsnaauenvadyes DHA wazldeandinuiu
A5 11'cmmtﬁlaamaﬂmauumummmumaimﬂﬂammawm Ubiquinone 1182
Cytochrome O @7U DHA-P gﬂﬂsmuTﬂUmmawmm pentose-phosphate

i1 : Bories LazAtLE (1991) 1182 Claret LazAME (1994)

a sy y a = a ¢ 3 o a %
ﬂﬁL‘]f’é]iElﬁ‘VlhlﬂiHﬂﬂiS’U’J‘Hﬂ'liNﬂﬂ‘lﬂiﬂﬂtﬁﬁﬂxmlﬂﬁﬂﬂﬂﬂﬁ HIWU Mﬂuﬂﬂm“]f’t‘)lliﬂ
= J T S A o v o = =y a & 9 o =

llﬂﬂm‘lfﬂuliﬂ iy uasmaﬂﬂiﬂauq ﬂuﬂuag ﬂ]iﬂ"lﬂﬁl“lf’t’]il!'ﬂif;f‘ﬂ‘ﬁ‘l’nulﬂiﬂﬂu'lﬂﬁﬂfﬂiE]a

o ana [ A 9/ o P 9 g a A
SJ'I'VHTJ!;]ﬂiEﬂﬂ‘Uﬂ‘Jﬂ lW’E)cl‘HﬂﬁWUL‘ﬁuﬂiﬂVl‘Ulﬂuuﬁglﬂﬁﬂ WIDUNUANTITASDIUENIHUIND

a A J Y g a =} :/, o a = a 1

Zﬁ"lﬂﬁﬂlﬂf]‘lluﬂ'l\i‘] 1ﬁllﬁlﬂﬂﬂﬂmﬂ°ﬁl\lﬂmcﬁﬂiu mﬂuuumamﬁ)iu‘lﬂmummuuaxﬂsm

Y o A A o '3 g Y a a a af A
290 ﬂzulﬂﬂmclfﬂiuqﬂﬁlﬁﬂ'361ﬂ 1UBNAUDUIDANDIDADDN ﬂi]zulﬂﬂm“lfﬂiuﬂifIﬂ‘ﬁﬁlUﬂtIﬂ
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GLYCEROL

NAD" = o
taoi,<"""

DIHYDROXYACETONE|
e e BT

e

P

¥ pRCPYA

[PIHYDROXYACETONE-P]

AN e :“N Y .V}
Al R np
HADH, *77 . s arp

Y ACP H1p
'PHOSPHOENOLPYRUVATE — 32 3 [OXALOACETATE
s, NAGH, —o.
e AP s

Trae. . -
a1 NAD

Y
NAD* HNADH, Piruvate
;LACTATEE o e PYRUVATE . \\_'

.- Fd .. . H,

CC’;*V!‘ '(» s
.t'rmh ADF { FUMARATE
ACETATE = ----- ACETYL-COA g
Acctyl-cuA.S‘ ///‘ \'.(_‘,_.,. e NADH,
& A
[ACETOACETYL-CoA [ACETALDEHYDE]
3 HAOH, e o NADH,
2 NAD" ar ‘ Y T Nage
ETHANOU
. - NADH,
Wmea NAD
e 4
BUTYRYL-P BUTYRALDEHYDE]
FU-L I o NADI
ATR <. ""‘“«. NAD
BUTYRATE BUTANOL .

= o

o v Y Y a ' ' O
i 210 pwsuveawanasyldiionn ldlumsldgaunidaiag sennemsmiziaoiy

ol

GICRYED

i1 : da Silva tazANE (2009)

a a 2 o g E vy 1 o o P
aswanluTeRadadudunszvaumsi liduaimsasmu dufulumsiezvee
a = o Q2 o o Yy a a ' a
aszuaumsnaaluTofmaldgszdugammnssu Ve uiluszaealimsmuyanivosnanan

v q ¢ das @ @ a A = Yo &
Wﬁf]f.lvlﬂ Iﬂﬂ‘luﬂizﬂjuﬂ'ﬁ'ﬂi’lufﬂ'ﬂﬁlﬂ@iiV\llﬂ“ﬁuuuﬁlxLﬂﬂﬂalm@ﬁ@ﬂlﬂuwﬁwﬂﬂﬂqﬂﬂquu
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A A

a a ' 4 ° a
wnfaludursugmansuuavil Ao myiindmesealduigniiiefivz 18145z Tomian

a =Y 1

= E) a A a { a ¢
ﬂaquﬂiﬂﬁuumﬂllﬂ ﬂal%’ﬂiﬂa'ﬂ'ﬂiqﬂ'ﬁi]ﬁ?lli’]ﬂ1q3ﬂ3’]luwalf’]ﬁmﬂi

- [ v [ A Y 9 =] LY as
nawammﬂuzmmwswmﬂiwmmmnaum“hf“lﬂu mgﬂuwawaaﬂ"lmmmswn

] 9y
AA o

4 g Y a v o A
ton1ueaninng Inansoflunanaseldvesnszurumsiiiduseusudunin luduily uaz
v o dat A o o & ! a1 a =
Tuffudad TunaiiSedwannaninnfwesea lugmandl i danuea eniuea oxdlau

Qa a { <3 é Q' 1
nsAozdan unznsauanda Ayl 2.10 Snuuamanil lumsiiuyanvesanass ldves
a ot a [ 1A a
aszuaumswuan lulefirade mslsglndweseaduldiluasyaauiy Taomsilaeuna-

wosoa lidluimuea Fuilududuiiae

24 ﬂizﬂ?ﬂﬂ1iﬁﬁﬂﬁ)$°§1ﬂu Tamuoa tomuoa

a

2.4.1 aun3dnidlumanin

a & a dyy o = <

Jameatunandnn Ido1ansruiunsnin ozd lau damidea enmuea 310
aszuaundnuun T l9e e laouuafiis o'lulde1n1e (anaerobic bacteria) 19U Clostridium

. P .. . ad ¥ o aa
acetobutylicum, C. beijerinckii W0e C saccharoperbutylacetonicum Fudu Taoid luuaiite
E4
s o o =) )

C. acetobutylicum a5 onsinudls enaten laa viemu law iWuezdlau danvea em-

vea 14 lnowdnludasiaau 6:3:1 (Spivey, 1978)

uunREolungu Closridium HunuaiiFounsuuangyviou dnyusa1udi0d1
v 3
s oludiiaamgui 2.11 wadlanuendwa 3-8 Tafiwas uazndne 0.4-1.2 liadans
& {g 1 A A A
fuminuuafSen lailFe1n1e (obligate anaerobes) M3ofiutawanduuuafisohinusine
v [} A cial aa r w oA Y g a
(aerotolerant) A2 Inajindouidrsuvanwaainiiegseud tanumuseluaiealesaila
4 o g = 4 F4
oulaaied (endospore) Fuiluatosiadasiunelumaduuafife awgui 2.12 mawiig
¢ aa o q9 aa ' Y dy Y
adesveauaiiSom IdunaiiGsansanumusgluaniizuadeni limmnzaula 1y
S Y '3 ' Y = & Ay 1 a
msviamserns ihudu adesaz lisendrvaanmiinzay fle anwd hilioandiou
L) 3 9/ 3 Ay Yo ] o a .
alosTianunumudeniuiou anuute uazasiali IAAnIuyadUna (vegetative cell)
as a y = a A aa oy ¢
mnsanugungiing 120 eseusaion tlduiuba 10-15 WA WeuuanFaieafes mm-

a aa o @ Y < ' g o a
U@i“lfll“llﬂulﬂﬂ'ﬂﬁﬂﬂgﬁEﬁ]‘]fg\ﬁ] %uﬂiz'ﬂ\‘]ﬁﬂ]wu’lﬂﬁﬂmwN1$ﬁﬂ%439ﬂ1ﬂﬂlﬂu1%ﬁﬁﬂﬂﬂ

(2591, 2541)
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-

51011 2.11 EnyBILUDA C. bejjerinckii ICM 1390 szndnmsniinTuemisgan (P2 medium) tilo
dewrundIganssenifaesiasves 100 wh

131 ; Spivey (1978)

Spore of {habierineki

Ufi 2.12 Snvmzatlosvea C. bejerinckirIcM 1390 Fagrifu 13 Tuhndudlodesriindes

ot

anssAlRIuR1AIweIY 1000 M1

311 : Spivey (1978)

g & oy v = . 1q ¥ & o de
msmzasareriildluanm1foongiou Tasdrulnglemadodluemsuiiani
] 2 3 ]

FIUNTNYBUADA (blood agar) Az 91MsudeNldumTuv09 1A (egg yolk agar) Tuanw
14 ) [ o = < et 1 A °
"lmlmmﬁu.lunm 48-72 ‘lf'ﬂlN Iﬂiﬁuinﬂ'ﬂ1ﬁ15llﬂlﬂﬂuﬁ?uﬂﬁu‘lﬂﬂﬁlﬁﬂﬂ MUITDUTN

aas [} o A o a0 ng A a < da
ﬂi'J‘Tlﬂllgﬂiﬂ'lﬂ'liﬂ'i)ﬂﬁﬁ'lﬁllllﬂlaﬂﬂllﬂq uazaﬂ'ymﬂﬂhu mumam%sﬂﬂumﬁmwmu
1 ] ° d an e
fT'JUWﬁllellfNuhllLﬂﬂ ﬁ'lll'lﬁﬂﬂﬁ'Jﬂ‘l’ﬂfniVl'li'lu‘ll't)\'ili‘]u‘l“h'illﬁclf‘l’lluﬁ (lecithinase) Tﬂﬂﬂﬂ'lﬂ
F4
Snwazanaznouguunludlofu uazasremmsmhauveveulydlanle Tasgainany

& v a ¥
(Tl1191 (iridescent sheen) 1RIMTI%D

F4 k4 [ ] ' . . . o " o
MsUONEe Clostridium vanNABdURUzUDY (Primary isolation) ¥11AlAst

o 1 Y Y a P ¢ _a v Y
memqm“lﬁmmsau 80 DI U ALFUAUIY 10-15 UIN lWi’J‘VHﬁ'IE!l‘h'a’ﬂ‘ﬂﬂﬂ lLﬂZ‘UﬂJul’) 37
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-} \ dy T P-} o o/ L L
s AT nou1 10Aeae  (subculture) 1U®IMIT IR 28019 ldluoIns

1 } 4 v
thioglycolate broth iing Tae vin'l3 24-48 42T 10 Clostridium vz1faoung Tna 1diunsa

v

o o & a et i ¥
oz lSudimsnTyvewuaiiGeunsuanla

@0 Clostridium Human? WilszuylaTns sy saznalnmsdienendidnasen
eadamndaau ATP Safums1ginde ATP Sadoarinnszioums Fumasniana-
Woa TW-51a%u (substrate- level-phosphorylation) . ms$adiwanluseruiiaeeniluaiisd
199 oz ldpmautaludunnuaunselums gaauialudunnuannsalumsldms
wiina19e) (HUUMAIWEIY (U C, cellodioparum Wag C. thermocellum @3 avsinisag lag
wdr Iinadunsnozdan (acetic  acid) ASAFATUA (sucounic  acid) 1ON1UBA (ethanol)
arfueu'lasenlad (Co,) uaz'lalasiou (0, 991 C bupricum  C. pasteurianum C
perfringens UL C acetobutylicum niimiana udls uazunadu Weadniduesdlau
(acetone) TIN1UBA (butanol) 19N1UBA (ethanol) 1o 1w ITHIWIUDA (isopropanol) NIATINTA

a <
(butyric acid) NIABETAN (acetic acid) AT usu laoonlya (Co,) uazlalasiou (1)
2.4.2 ATZUIUNTNIT UATVRINIHID

Anvazveamsinandafaat lusenienssuumsninezd Tay Toniuea en1Uea
1 kY 1 o a o s a é’ 1 a A g/ a w a
ansouti i@ty 2 s mudnyazvowdas U TUAATU T NUUATNIE BIZ A3 19HAA H TN
A o ﬁ? a 1 dyl a aaa . . )
nflunsaduiSonaaeiiin eeFladtiFala  (Acidogenesis phase) Iawnglaaezgn
wouiluezd-Aalame (acetyl Coa) uazozdaalae szgnildouiunsaosFan (acetic acid)
= a J { <] a an [} ¥ =]
-nazdanSalaw (butyryl CoA) Aowdouiilunsadiafngn (butyric acid) Turaefianutiu
' & & o A P a o s o Y &
AsAA1wDIMISIREUFzanas MnTuuuafiGoeznldsundaduyiiunsalndy
a o oot @ o 1 Aa = =/ = 1 a aa
nansuandudiiazaiodeg Tasnsaezdanzgnalasuiluesdlau daunsadininoy
- [~ = aa { o a o I'4 § a o
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2 ADP 2ATP

ghucose PihM»fay (2) pyruvate

2 NAD+ 2NADH

Fd-Ox -

NADH NADPH
COy NAD* NADP*

Fd-Red

ATP ADP CoA Py NAD(P)H  NAD(PY*

@ acetate&—zz) acely!-PL—J(Z) acetyl-CoA (2) acetaldehyde
AK PTA

CoAT NAD(P)H
CoA
NAD(P)*

aceto- acetoacetyl-CoA  ethanol
acetate

AADC

acetone
B-hydroxybutyryl-CoA butanol

+
CO,

A
CRO\L\ )
NAD(M* BDHA
H20 > BDHB

butyrate crotonyi-CoA
ATP NADH NAD(PH
. CoA P, BCD NADPH NADP*
0. i
ADP U NAD*
butyryl-P - P butyryl-CoA AD > butyraldehyde
CoA

31]‘?; 213 Samsadieezdlau S1muea en1uea 104 ¢ acetobuticum Fa1szavudas
oulaiden: HYDA unu'lalassiua (hydrogenase) PTA ununoalinsuaezdiima
(phosphotransacetylase) AK Lmuaz%mﬂmuﬂ (acetate kinase) THL unu'lnTewas (thiolase)
CoAT unuos¥lavzdfa-lam:esdian- DaMsa:Inens UmwWoIse (acetoacetyl-
COA:acetate-butyrate:CoA  transferase) AADC ~ unuosi lnozFian dasvendiad
(acetoacetate decarboxylase) ~ BHBD tnuind-laasenddaisa-lne alalasiua (B-
hydroxybutyryl-CoA dehydrogenase) CRO unuIas Iniua (crotonase) BCD unudiansa-law
ale1ATsiud (butyryl-CoA  dehydrogenase) ~ PTB  unuealdnsiuaiafsa
(phosphotransbutylase) BK ~ unuianism laima(butyrate  kinase) AAD tnudad las/
woanesod alalassie (aldehyde/ alcohol dehydrogenase) BDHA&BDHB unuiiinivon @
1aTasdiue o unzdaniuen alelasvuad (butanol  dehydrogenase A & butanol

dehydrogenase B)

111 Ruchir tazAe (1999)
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2.2.3.7 Clostridial degeneration
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msadransainafunessnaamsnTyluae n13ay Tauuum3nisexponential phase) 49
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& ' o Q
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Kingdom : Bacteria

Phylum : Firmicutes

Class : Clostridia

Order : Clostridiales

Family : Clostridiaceac :
Genus : Clostridium
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i 9 S ° I
anaznouyuynhuiiodu uagasramnisiamvouenlay Lipase Tasgainanuium

(Iridescent sheen) Ao

MIUONED  Clostridium eeﬂmm%aéuﬁﬂ:ﬂuad (Primary isolation) 11d1ay
et tanudou 80 ssruwaien w10 - 15 Wit Wevimuwadilnd ezl
37 eewaiua dowihldosie (Subcuiture) Tuemis wievaedis ldluomis
Thioglycolate broth fiunglne Uu'l3 24 - 48 #2Tus 0 Clostridium szfavungTaaldidhy
nsaftoz WdufamsnTave wuaiiGounsuau e wenvniigaamnsavidaedaldly
Chopped meat medium Parhaiindiu  Pertrolatum Wé"_ammjn"l”fﬁ 37 oI

Y K s d’l dy a 4
1094 Subculture ‘lﬂmmm'smmwwuﬂau



37

v
[ 5 o J 4 a
AnYusdIAYUeY Clostridivm usazail ¥d Ao Anue5alums Ferment 1haa
1 a o yy A . A o yoy 4 Y
anwaiaiuld wennll Clostridium v1e¥iiademnsalifanane Moz 14 lums
b4 1
Swunide'ld  Clostridium sp. Tumumardylumsdesaarvannity sndad nu'ldnalylu
: a A e 1 Y o o J P ° b7 o qu v :’ =
Ay munydnde veadsmiudedszhiauludldvesdniifosgndiotiy uasl
o { o a [ [ o W a
iiva 2-3 at3d lusrldnmldiRaTsn 1w Closridium boudinum Hummadfavealuya
F (Botulism) Clostridium tetani Mmldinalsaanzdn (Tetanus) 18g Clostridium perfringens

o Y a o a
M liifan1suNINTU (Gas Gangrene)
15ANAAN Clostridium

Clostridium botulinum Clostridium perfiingens Uy Clostridium tetani 1 Exotoxin 9
Py o g Y a Ay ¥ A o A R
iuuidmmiﬂ‘iflilz‘l’]'lcl‘r‘iLﬂﬂTiﬂ‘Vli’IEJqulﬂ Ao Isnommsitluiy Botulism gas gangrene Qg

manzen
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4
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Kotze (1969) 'ldwuiueulafionTu8ua (hexohinase, HK, EC 2.7.1.2) tou'lal
ﬂgTﬂﬁ-G—‘V‘lﬂﬁW]ﬂ lolmmosa (glucose-6-phosphate phosphate isomerase, G6PI, EC 5.3.1.9)
uaztou Tl Inge lamd (pyruvate kinase, PX, EC 2.7.1.40) fifenssufiuandraiulylungs
¥94 clostridia (AI08195U ﬂfjmﬁdamfwma'lﬁ’f (saccharolytic) nguiitosTusAu'ld (proteolytic)
nguiigeurraglad R (cellulolytic) nionguiin3aluTasionld (nitrogen fixing) Fakanuadis

anuaunsalumsaaisais 1ulamsa

117 38904H0 C. acetobutylicum Wiyuldt 2.16 ienTarar 1 Twa 921 wgiom 2 Tua 18
ATP 2 Tua uag NADH 2 Tua nszuiumsnaadaizazaisein clostridia Famnsaldhima
mulnalaoigdnsvounulaawoada (Ounine UazamE, 1983; Cynkin AT Delwiche, 1958)
waf 185z niens@unyreaila femsuwdounineulminsudsalaad (ransaldolase)
uazoulyinsuda laaa (transketolase) 1ﬁgqé’ﬂiﬂjﬂﬁ—‘6-ﬂ@mﬂﬂ (fructose-6-phosphate)
uazndryesean 1oa-3-Woaina (glyceraldehydes-3-phosphate) Fuzithgiginglnaln’lada

aszuaumsamomulaa 3 Tua luidulngion 9219 ATP 5 Tua was NADH 5 Tua (Rogers,

1986)
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gﬂﬁ 2.16 39S nsveanszuIuMsaa1ng Inaves Clostridium acetobutylicum (FuilUAE
Wulszuaasaalfisoineuausinislumad uaznssuIuMIvuawnNd 1wy S1uIuves
Ufnsonzuandlurudy eulydssuaaslasay EC Formuyououlml uasetomsiail o
pansludufenazdydnyal

1311: Gheshlaghi Lazanz (2009)
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a

o 7 4 § 4 T a a
Taevia'ld Bogdunsd C. acetobutylicum DG1 dhudod himunsonigyduTaldlund
[ v o ~ ' ) 1 w o a 9/ t J
o508 HluuMaInIs vowisai1ufer uameRusHauszansndy Tnld luunasmisveu
Ed
& ] ¢
il Faazldoulaindimesealamie (glycerol kinase) wazioulminfiresoa-3-Womwnd
laTasSiud (glycerol-3-phosphate dehydrogenase) d1n3uA1T0ORT ladndwosoa Tasfindi
o Y v
ps0a 1 Tuafign1dluezld ATP 1 TunuazNADH 2 Tua C acetobutylicum Rucraslviviuds
[ { d' 9/ Y 1 ) 1
msiidunats q danRetesfunszuIumstosaatsmwag Tad (Nolling uazAME, 2001) (A
) 9
igunsohunlFlumsesay@uTald Mitchell, 1998) clostridia nguiidestiaialdee
v = =
awrsarldoulngialdifuuaninald Tavieulaiuaniaadlalasdiua (lactae
[} < [} [] aana a
dehydrogenase) 881415y Tngnadulng ez l¥ 1 lud§iseniid slavou el ngname
a a s o . . =] a
1590 TURDNT 15 ANING (pyruvate-ferredoxin oxidoreductase) 11ifluaziraiialnte (acetyl-

J Y a a
CoA) uazarsveulaven lad (CO,) fiumyanasveunelsnDAGU (ferredoxin) TuwSou q fu

Turkish ( 2008) Anwimsiiukandationiuealasld Clostridium acetobutylicumh
Y4 q ¢ c.!y :S‘l’ :’ g a ﬁﬂ = =g A o d
aanoviug laoldermsidsuseninnmimimialuanansigegaunsginanis AneRugaINg
v o & . <y
awsadgansilalean nisnatoiug laglda13iall @13 N-methyl-N-nitro-N-nitrosoguanidine
(MNNG) 1182 ethyl methanc sulphonate (EMS) Tavins ldmmiarafifinamdudu 120 ny

1A

o a = I~] dy -4 o o w a a =
aodasiauunameuasvemaduems@eade viinmsvdnluddnuuia 14 Gas Tagl

A i 1 g y & v a
pH (5uAUTN 6.2 ua:"luﬂmﬁ]nﬂﬂmﬂunmmmmmmiL?wu%aﬂaaﬂﬂszmumiwuﬂ Ay
o o @ A Y a a o o o a ‘
fa'lsTasiouludaninie Iinaan1izlaonvondiau Hin1snilnnguv QU 3242 93N

o < @ ' v a v
wageadunal 96 92 luseznunisaiesidgansiaTeme uazms19a15N-methyl-N-
nitro-N-nitrosoguanidine (MNNG) lifinansgnuaensHaalmuoauams@nms cthyl

¥ 1
methanc sulphonate (EMS) Fuilanumuselumsmumsudaioniueal@sovas 20
Qureshi LaABL( 2008a) AnyMsfiiamssudanisudafininvhavesdudiieman

' q 1 s o o ' P \ o a = ¥ oy P
sumslasan laimossenlofuazgosaioeu Lol : n1swaatanueaniaauuIenan
1 ] [ o = F% :’ [~
Mumsoeelauld Clostridium beijerinckii udamifaunung Tasiimsldinang lamiu

' ° % a s aa o a o
urasmduen inmsndnluluviadunderaving 125 Taddasiinsuiinidlual 48

#rTuluanng1oma Humsafoutuszuienguitldng Inalumsviinuaznguinldws

A

v o s ' a o o 9
Fmangndesuazdidainie sswuiiausonia ozd lau-Tamuea-leniven 16 2137

iay 22.17 ATUADAAT MU AU
Qureshi HAZAMY (2008b) ANHINITHAALINIUDA 210NTZUIUMTERIWIIT 1IN

dy 3 a &2 A <4 Y < v
Tne1¥0 Clostridium beijerinckii P260 UM THUNNUUNIADIUDA iﬂﬂﬂTiﬁﬂ'Bnlﬁﬂxﬂﬂlﬁu’ﬂ

¥ [
msteoiatmald idhaa lnagadvanazmsniin 1 lddmuea lundouqduldua
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100%  Tumsiturhadnailasmsilounsludenindrufumsazareninia mldsas
HaWAR (productivity) V0I9TF Iau 1M 1UDA LONIUBA Mty 16% fedsufumsnis
naaosmsigeundalfifuihmanaznninldiddmuealundonn fu Faldsan
HANAA (productivity) 036  gL'h” uay w nauwmﬁyﬂa'gﬁuw?égﬂﬂis@j'uqaqmz"lﬁ'ﬁﬁﬂ

a . 1. - o & A > 3 3
Wanaa (productivity) 0.77 gL'h” msuinuyufsrediesldnanlunsdu 533 42T

Qureshi AZAME (2010) AANINTZUIUNMIHAADLT Tau TINIUBA (BNI1UDA 91N
\ e Y A ) ! 3 . A .
aszurumsoesddunieluvesdnInauazmsooond switchgrass 1AUIAD Clostridium
e e s Y ) o S v
beijerinckii P260 #avein1inaavvs1dd1 mainanssniuquazlyng Inailumsdau
Q I’ a a 3 1 o ar " a
nadnslumsnane=a Tau Tamuea N uoanmuaniiy 21.06 nfudedas na ldvesozd
a o a I~ L) 1 a 1
Tau §2-n1u0a ENIUDAND 041 HAZSATINANAA (productivity) 111U 0.31 ATUADAATAD
M [ o ¥ r=-| E7 1Y 1Y) ]
#9719 nszuaunssesddunieluvesdaInalaslumunsdsuaainee lauansns
a a " a a = a [} o 4 °
nSauauTa uaz lifamsndaezdlau Jinea lenuea ag19lsAauietinisionadae
»
uazdedromsiinnsteswietnimd Fasidiu 1:1) nandased lau 13n1uea 1o
= I~ @ t a o L [ a
ueaveianudududu 1600 uaz 18.04 ASUADAATAINAINY HABWTUDIOATIHANDR
(productivity) 1521319 0.17-0.21 Afusedasaeds Tus uaziiovhims diuanmdiumsdes
o = o a 1
d1dunsoluvesdinlna drounaiFouleasenled [CaOH),]  (FundinTguIuns
a 4 a a Y] T a U
Overliming) AUNI G5 onTADES laU UImuea muaald 26.67 nsunodas MIIDY
(IR} ar a o/ .; o =4 1
M switchgrass Taelilrumsduanmeziiliwavesmsniind uazadunid ldamuso
wanoza Iau $aMuea BN1UaNINAI1 148 ASuADAAS HIBUIAIAU 14.61 ASuADAAST
v o Y o a w4 " A
guiuSanusaagyidi malfvanwasiwaa luannsoneengamsassmsguganin
9/ A & j’ o a d 1 o ;’,’ a a
pamInaaedld niedadsemanils @esdunidnudemsiuduazaunsonaniniuea

y v v v & Yo o - g o v &  qyxd
I§ianuduiuge ssenlddmsudusimdunsdsvdgnszuummindun nai

Turkish (2008) @aminsmunanaadmuealaeld Clostridium acetobutylicum #
[ 4 dy Ay :’ o g a ada v
amewu laoldomsidougeainmnibhmaluannzigeaunsdinansna1ewUgIANIs
o ot o & . . . g
awiigansilalean nisnateduglaeldais  N-methyl-N-nitro-N-nitrosoguanidine
= :, P 3y o
(MNNG) 1A ethyl methane sulphonate (EMS) Taeiin1s 19mmiranafifianududu 120 asu
T A a a = 4 I dy 4%‘ ° Y ar w a =
aodnsnEuunaTun T Ueumiduems@oade vimswiin ludainvina 14 aas Taoll
a { ] o ¥ 4 o a
pH 5uduit 6.2 uazlinruguanudlunsawavesemsfvuienneanszuIunTndn iy
(44 ar Y 4'( Y a o o @ A =
tarlalasiuludminie 1difaeaizdaoaoendiou inmsninhguugl 3242 0381

wadvaduna 96 Frluseznunmsnesidgansilalema uazns 19a19N-methyl-N-
i
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nitro-N-nitrosoguanidine (MNNG) lifinansenuaensHanimuaauamsiAvens ethyl

3 '
methane sulphonate (EMS) Wufinwannsalumsiumswiaadmiuea lddevas 20

[
A

. P4 - [ n’: Y i

Qureshi iazAME (2008) Anyimsmdaansdudimsndninonwavesdudnaan
1 (Y] g I'd o ] 9 ' E
Aumsladan ladmesson loduazdesdroeulyyd Taeld Clostridium  beijerinckii 1

dy A a a [ o P=} 91:‘ I~ 1 o a

mizdsanenaaiimuealudminuuung Tasiimslahaang lasfuuvasaisueu i
aswiinluluvredunfertlavuia 125 Tadaas mnsudnduna 48 $2Tus Tueniazly

[~ Y [ 1 4 J o e { ]
o1ma WumsalSouduszninnguildng laalumswinuaznquinldvhednadngnoos
HazAvanae azwuaNTanaa s lau-Tanuea-loniuea 18 21.37 uag 22.17 asuae
ans mudIny

. [~{ a v a
Gheshlaghi Liazaaie  (2009) [Wuunanunaaduumuedasuves  Clostridium
=] H [ 3
acetobutylicum WusuanSenlilFer1aa arnsaldarsdedulanainnaie
(heterofermentative) #313183 16 (Girbal Ua Soucaille, 1994) MIMITNOLH TaU TIN1UDA 1D
NIUBA (acetone butanol ethanol, ABE) 1 ULUY (Batch) ﬂzmmmu‘u'd“l@’fmmmmua?cﬁmm
I~ 1 o w ;’ a =

C. acetobutylicum ooADUTOIEMATENBUZIAME AD Tuvosms Iiwandaiidunsa uaz
:/J a o o { 1 3 g o
Fuvowandandumsazate Johnson Lazane, 1931) vazindludunsmiv wadvzi@ula

1 < 9/ a o o s aa . . & v
DYIITIAUTY llﬁ:ﬁiNWﬁﬂﬂmmqugﬂuﬂﬂ‘ﬂ@\?ﬂ'iﬂfﬂi'l.lﬂﬂ“b’ﬁﬂ (carboxylic acid) ‘ﬁﬂﬁ?uﬁlﬁﬂ‘j

¥
A ar

[~ a o ' o ' - 1 dy
wiilusedmauaziinima nsamaiitn U'f)ﬂﬂﬂ'li];ﬂﬂﬁ}ﬂlpH NYUBNANAY NTAUNATUYN

° 3 d o @ g A o s a = ¢
1“qumlﬂuﬁqaﬁﬂuji‘l/Jﬂi:ﬁ‘U’JUﬂqi ‘If'JfT\uﬂi'13ﬁsllrt]\jﬁ'liﬁgﬁ']Uﬂu‘ﬂiﬂﬂ‘lﬂlauqcﬁu

' v 9/
15l .61 1997 Fermanek uazafiz WUMIzaUvSITMIURaLAzoLE IaulnuTy

[l a o 9 a ad a 4
daald ldnavediimueauazditazarsdunsdimiuiude 1ao C. beijerinckii BA101 1o

3 3 [
a

w gt = ] A . =2 [ E v
NCIMB 8052 sowugweusiioseylu emmisidoude P2 nwds Adszneuldvueala

&

(@3 NAAY (maltodextrin) Yovaz 6 nionglnalunszurumsndnuuune 20 8as C. bejjerinckii
BA101 ansanaadimiueald 19 nfunedas WenlSvuMeumsnantiiniuoasz ey
@ I'd

Wuf BAL01/U NCIMB 8052 wuaioiug BA101 sdadamuealudasifisaaizaniime

Wuf NCIMB 8052 uazaiowus BA101 Saaunseldailulamsaldedaauysaimnndine

Wuf NCIMB 8052

so11 T3] A.91. 2004 Tashiro uazAmE AnviMsnandImueadasmsninuuyfangd
m‘uquﬂ31m‘ﬂuﬂiﬂmﬂﬁ’mﬁﬁ'wmﬁLﬁuﬂi@ﬁaﬁ‘?ﬂ uazngIad 910NINARBINUIINIIAY
asadafsaasllueimis swrsaiudasimsndaiinusasume asndnesdlau
fianuea uazna'lduesiaiiaza1ed1e C  saccharoperbutylacetonicum N1-4 18 1oy

a a aa b Y
aszuaumsAunsadafsataznglaa mwisanvquanududuvenglaaluoimsivog
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o

Tusedudi1Resreminaue uazdnaldvosfimmoagsniimsniinuuunetszana 1.5 o
vennniideldsasnaniadmieatmie (specific butanol product rate) ¥10A31 0.10 ATY
donfunednsfing 39 $1Tuswosnsniin desnsimsduszndsnsadafsauazng Tna
AU 1.6 uaznunmsunsaiafise uazmsniuguanuiunsadieliedluszdud (oo
031 5.5) ez linunssaaemuen luvasfinmfunsaszdanas il luomsazmums
HaAnoxd Tnuminfu

Tutl a.71. 1982 Bahl uazaAnes10UTIMsANNTABZEAN uazdinTa aglunisniin
wuuRensile ¢ acerobutvlicum 1oz C. beijerinckii finlfwa lvoadaiaz iy deun
113l 0.6, 1984 Monot tazamz Idswninsadfisafigndualuemisniin dudadniy
WiRansnaadmuea 1ae C. acewbutylicum ATCC 824 MIHaMs nAasadany Ay
AsAswwete M THaReMsKAANIABUNTE uazdiazais Tuesiitaauniunsaiag

L d

Y Y a o o o a  w = o/ Aa [=f 1 s
ﬂ'ﬁﬂJJﬂ‘i]:i‘lﬂﬂiﬂ@u'ﬂiﬂ!ﬂuﬂﬁﬂﬂm%ﬂﬁﬂ Glu‘llﬂ‘lz‘l’lﬂ'liﬁ11ﬂ1u61ﬂ15ﬂﬂﬂ37hlﬂuﬂ'iﬂﬂNGﬂ

s
Py o -~ =2 Qs ] a

Yo o & 4w y 4 a o
i]%blﬂﬁﬁﬂ'laza’lﬂlﬂuWﬁﬂﬂm“ﬂﬁﬂﬂ“ﬁﬂﬂ15Waﬁﬂﬂ'ﬂ’la:ﬁﬁ’lﬁliﬂﬂ‘l% 1¥9aUNTy C.

q

1S T
2 A

a [ \ 4 a =)
saccharoperbutylacetonicum  N1-4 azifinuinnumiunsade 5.0 Felinandromsninesd

1]
A

a 9 a
Tau 1IN 1Uea NN Clostridium FUADU

113 .61, 1997 Formanek wazame wudlunszurumsninuuuaeiloaly 9mis
dy di’ & < ~ 9/ 3/ v v a o o
@ouvep2fauds fidszneudienglandesaz 6 wudimeWug BAL01 aunsonaadf
azmeduns 1daniaewus NCIMB 8052 fie ldwalduazdayimanGnvesdritazats
a [ Y v ot A "o o 1Y v
BunSEmif 0.78 uay 1.74 nuApAAIARY) Iued M Vmeug BA101 uag 034 uag 1.77
nsuAeansdota Tuadmsuaous NCIMB 8052 19as5u809190.05 4az 0.20 Aoy lus
ANAAY

T3l .61, 2005 Ezeji uasaniz wudnnuduld1dlunsldutledninalunmsniaes

= Qs ) g 4 y
&-Tau Sanuea onuea Tavld C bejjerinckii BA101 Aromsnsinuuuaoiios Tauiield
uilad Inadudu 30 nsudedns uasniinuuuaelas C bejerinckii BA101 @1 OHAADE

F1au 18 5.4 nsudedns Timueald 14.3 nsudodns uazen1UealR 0.3 NTuABARS

o . <2 a P a P
3 7.6, 2005 Tashiro LAZANLANYINISHARDLE T Tam1uea eMUoalR lAa1N
y ¥ & sl Y 9 ) o Py 9 ' Py o
wmuqﬂﬂﬂmsmmamwaawﬂ11uwmuqamﬂmsmwaaﬂaumiﬂflﬁu HaznIsAan
' o ' oA Ay e o ¢ W 9 A &
290 2IANTNATVINYI AsniTnegaatioan ilimsiwraandui e lvy Tons1naee
9193097 (critical dilution rate) (17U 0.26 Avd Tua naz Iddas wandnezdlau d1anea 1o

N1-U0a SANAUMIAY 1.85 nTuAeaasaoda Tuandns1n15:9091uM 1Ay 0.20 Ao%2 1N

N = -

o a ar ] 1 i ° d o a =Y
Smunninetedadisaiinmsiuvadnduinldlni Tdas wandaesd lau Jamuea 1o
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1 (Y Y L) ] n'/ [ 1 Y ] O'I é
MueagagaIAy 11.0 nfudedasaod Ty Fas1msiFo1aumiy 0.85 aodlue FIns
o dy @ [Y] a = a = a 9 d'
wiinluszvuliansnlsulgadasmandaeszdlau dimuea pmMusaEelTnas ladle
L% 1 i d‘ d’ Q A 1 1 l;l d‘ -3 1 T d’
niined1edonioansasudeniags (1nnd1 052 dedTne) luvaziinsndnegianeliied
$qusumsturagnsuu M lniuaznsfaradesnaindaniin Tsasinmsnanozd Tay 17
muea eneailSasqeqaniify 7.55 nfudednsaedaTua uazniin lduiuda 200

3139

= . 1 9/ 3 g Y w a A Z a
3 A.7. 2010 Qureshi tazAaly MstoeH g 1IVITIAIAIBNIAdaYTARDI NN
b 4 3
waz lirunsdsuan wdeun1sinz@oaie Clostridium bejjerinckii P260 Halunswaa Ao
. kY = = [~ a @ 1 a 9 = o
19 0@ lau fiamuea onuea iudlSue 7.09 nfudedas wa ldvesesd lau daniea
1w ar a < o A [
eN1-uea 1A 033 uazrdaTwanan (productivity) A1y 0.10 niudedaTADFI Tug
i 4 1
sedvozd Iau damuea eniusailvzliadesuindomoudiunisaiuguaisvin (21.06
v 1 a A v v A v 1w o 1 a 4 qud Y
nfusedng) ilennudiduveang TnaSudumiiu 60 nfusedns Felditlumsdsau lums
aruaumsnidn #a'ld vesedlau Saniuen leniusariifiu 041 AR IHANGR
b d
[ =S

. . [~ v 1 a Vs f o ' [}
(productivity) Ta1ilu 031 nfudpAnsdod ua msalSoufouilosd 1 imiuimstesvhad

)
Py

I's Y @ a A I~ a ] dy ad A < a o
siaddonsadansadenuilufivdensmzGosgiunid onanavesnnuiluivie
a 4 4 Y ¢ oA ' 9 v (o A Yo o v a
Fadud wedunsedfigndesdonsadayiadensez ldsumsdsuanindouaaion’ls
I'd Y [ 4 $ 1 @ a
asonlud [Ca(OH),] mudismaniin mssuaamvhadnindiigniesdionsadaysaine
o q ¥ o P v g a a PRy
sl meniadssaunaduse uazanudutuvotozdlau Sanuea emuea 714
v oo s A & Y Yt t o e 9 L4 P
MR 26.64 nSudBART Fawah ldAnImsaauquasniinuaznsvinyvhariusmengn
- o ¥ .
dovdaunsadarsaidonas Lidmmsdsuanm (rnududuvenihniaiuduniiiy 6o
afusedng) lumsusiana ldveezd Tau Saniea onuea iy 0.43 uaz1ddas1wandn
(productivity) 14 0.39 nfurodasaadaTud (390% yoemsusind llsunsd§ueramvhatn
s oA ' v N - q & v ¢ da ' 9 o = A
wsiadfigndosdaunsadayiadents uazmsldwdinniindngndesaionsadayiane
' J ; o g 1 v
nalagliisenahaia) deesdunadinugl msldusadouleason loadSuanimiain
¢ od vy o e A o q I Vo a . .. Vo,
nsiadigadesdiensadarsadess ild 1ddas wandamme (specific productivity) (MNY
" W q a LY Vo a { 9
0.55 Ap2 Tad efoudy 0.12 de4 1uaUeeMIAILUAITHINNLNM TAILANMTATZUYDY

s P 3 4 a o o
ATTUDUNNINUU “INU'ﬁnﬂWﬁﬁﬂmq’lﬂﬁﬁﬂﬂiﬂﬂﬂiﬂ
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a
unn 3
d ad
Qﬂﬂiﬂ!!!ﬁ%?ﬁﬂ"ﬁﬂﬂﬁﬂ\‘i
4" a a d
3.1 IyaaunNId

3.1.1 Clostridium acetobutylicum

Clostridium acetobutylicum TISTR 1462 mmng{uﬁ%ﬁum‘?ﬁ ﬁmﬁu?ﬁa’immmﬁmf

]

] o { a
pazmalulatuvalsemalne Taoifuluems reinforced clostridial Ngangil 8 8IfM
a =)

a v o {
waden uaziinisdafiulu glycerol stock Higungil -70 BIr VAT

U

3.1.2 Clostridium beijerinckii

a v aw A L4
Clostridium beijerinckii TISTR 1390 19 ngudydunsd sonfuiteinnmaniuas

= ' ° 1 d'u [ o« = )
maluladursszmaing  waziimsoedonn 4 duasiueziiulueinis  reinforced

a i)

clostridial NQMUAN 8 DIRFALBYE

G

=
3.2 MIny

GEAY (Casein) Cystein-HCl
TiRounnnlsa Resazurin
ARITDI0A - laTnunadou'le Taswuremma (K ,HPO,)

TwummFoulalalasnuroaia (kH,Po,) TaueuTudivdama ((NH,1,S0,)

puniliFusama-7-lamsa (MeS0, . 7TH,0) unaiFounanlsé-2-lamsn (CaCl, . 2H,0)

Tnueasnaslsd (CoCl,) msafannen

uua Tl Tau MsafaaInilo

s a ) do w

BATi (EDTA) o Tadawla-7-laasa (Feso,. 7H,0)

uuamianae'lsd-4-lawsa (MnCL, . 4H,0) aerlesnaslsalalamsa (cucl, . 28,0)
VoTALDTA (H,BO,) TR Tdthan-2-lawsa (Na,Mo0, . 2H,0)
finfanan’lsa-2-lamsa (NiCl, . 20,00 FeFamia-7-181930 (ZnSO, . 7H,0)

nIABFAN nglaa
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¢ P £ v
fana firnes MUINIZADUY
o
VIAMVDINT (Duran ®) NADANAADA NasANAanIRINAY?
. . 1 9/
Anaerobic jar UNAUNIAU ATLUBNAN
~ s d 4 &
avifgapanaand WAoo NaDANLA
titla NONYANTT 1A
oy 4 y a o ar '
gnenatlavaia napailumied YIAUNUAIDN
P ' 9 1 a A y o
CEGMUT gl 30, 37 sasuaarTua wn5oeihumios
YIAGTUY nsosalnlas I Indines wileilsdale
3 o %) [ & o
qiou daufalulasiou 1NF09%4
A v <
(A50UUIIAIS I (Vortex)
¥ v
=~ A
3.4 9119083190
3.4.1 2115d T UASeNa1/es Reinforced Clostridial
Tuewis 1 8as Yszrsuaie
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ANOVA
cell (CFU/ml)
Sum 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 . 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
lolucose_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

laty20 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
Pl
Post Hoc Tests
Homogeneous Subsets
CFU/ml
Duncan?
Subset for alpha = 0.05
gly 30 g/t 1 2
gly 30 g/L_O hr 1.1300E6
gly 30 g/L_144 hr 1.0000E7
gly 30 g/L_86 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 A 2
gly 40 g/1_96 hr 3 1.2967E6
gly 40 gA_O hr 3 1.3033E6
gly 40 gf_120 hr 3 5.3333E8
gly 40 g_144 hr 3 4.8000E9
Sig. 198 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 | 4.275E15 6 7.126E14 3.437 .018
Within Groups 3.940E15 19 2.073E14
Total 8.215E15 25
Post Hoc Tests
Homogeneous Sﬁbsets
CFU/ml
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 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 2.5700ES
72 hour 3 3.2333E6
48 hour 6 3.5567E86
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/mi
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 1.666E17 6 2.610E16 7.534 .001
Within Groups 5.197E16 15 3.465E15
Total 2.086E17 21
Post Hoc Tests
Homogeneous Subsets
CFU/mlI
Duncan®®
Subset for alpha = 0.05
treatment N 1 2 3
120 hour 2 9.5500E6
24 hour 3 1.6533E7
L 70 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
nfusodns
Sum of Squares df Mean Square F Sig.
Between Groups 9.139 6 9.146 .000
Within Groups 2.331 14
Total 11.470 20
Post Hoc Tests
Homogeneous Subsets
niunoany
Duncan®
Subset for alpha = 0.05
gly N 1 2

144 hour 3 7.0700

48 hour 3 7.4533

72 hour 3 7.55633

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
niunedns
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
nSunedng
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 3l 21.5733 | 21.5733

120hour | 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
nfudaang
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
nSunoans
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 229733
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
piuredns
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 A1 A71
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
nSudodns
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
nSunedns
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 A1 A71

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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ANOVA
nYusledns
Sum of Squares df Mean Square F Sig.
Between Groups .010 6 .002 150.039 .000
- Within Groups. .000 14 .000
Total .010 20
Post Hoc Tests
Homogeneous Subsets
nSunodns
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
pSudedns
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
nSunodns
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
nSunoanNs
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.
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ANOVA

pSufoans

Sum of Squares |df Mean Square |F Sig.
Between Groups [.272 6 .045 913.550 |.000
Within Groups ~ |.001 14 1,000
Total 273 20

Post Hoc Tests
Homogeneous Subsets
niusedns
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
pSusiating
) Duncan®
Propanedio Subset for alpha = 0.05
I N 1 2
0 hour 3 0127
e~ |--48-hour” 3 .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
pSudoding _
Sum of Squares df Mean Square F Sig.
Between Groups .000 6 5.621 .004
Within Groups .000 14
Total .000 20
nSunedns
Duncan®
Propanedio Subset for alpha = 0.05
[ N 1 2
0 hour 3 0127
| 48hour 3 .0167
C T B4 howr 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
pSunodns
Sum of Squares df Mean Square F Sig.
Between Groups .000 6 .000 76.867 .000
Within Groups .000 14 .000
Total .000 20
Post Hoc Tests
Homogeneous Subsets
niuABaNS
Duncan®
Propanedio Subset for alpha = 0.05
I 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
nYuAnans
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
| 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
piunoans
Sum of Squares df Mean Square F Sig.
Between Groups 1.020 6 170 13.336 .000
Within Groups 79 14 .013
Total 1.199 20
§
Post Hoc Tests
Homogeneous Subsets
nSusedns
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
n3uslodns
Sum of Squares df Mean Square F Sig.
Between Groups 1.020 6 170 13.336 .dOO
Within Groups .179 14 .013
Total 1.199 20
Post Hoc Tests
Homogeneous Subsets
nSunoaNs
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
p3usedng
Sum of Squares df Mean Square F Sig.
Between Groups 4927 6 .821 3098.276 .000
Within Groups .004 14 .000
Total 4.931 20
Post Hoc Tests
Homogeneous Subsets
\ nSuADaENs
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
niunDENs
Duncan®
Subset for alpha = 0.05
Galactose N 1 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
7A0B403 L]
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_0 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
celt (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_fr N 1 2 ~3
growth_168 hr. - 3 R
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
growth_O hr. 3
2.07E+06
growth_24 hr. 3
3.93E+06
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 9.68E+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 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 E
growth_216 3 . ’2—4_3[5 +_(—)5. o |
growth_0O 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 3.67E+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
g6hr. |.— . 3] - . 47555973
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 1553.176 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 ) e 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 . N ) E A 3.5084 3.5084 3.5084 _
216 3 4.1870 4.1870 41870
192 3 4.6434 46434 4.6434 46434
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.
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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
lo 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 Harmonic 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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Clostridium beijerinkii TISTR 13900 luem1s P2 ilnglad 20 niuneans

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 24542\ 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 .00 493
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1 a I'd .'.QQ a T = { =y H ¥
MIni 136 MInsizvinadalsnudimueanazesd lauiinga lalumsmiz@ouie

Clostridium beijerinkii TISTR 13900 Tue1m15 P2 NiingInd 20 niuAednas

Oneway
IN Descriptives
95% Confidence Interval
for Mean
Std. Std. Lower Upper ‘ L
N Mean | Deviation | Error Bound Bound |MinimumiMaximum
facetone 0 3| .o000 .00000{ .00000 .0000 .0000 .00 .OO!
24 3] 7920 10886 .06285 5216 1.0624 .67 .87
48 3] .5913 .17885| .10326 1471 1.0356 .39 .70H
72 3l .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 .55682 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
lacetone  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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