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ABSTRACT

To study the possibility of glycerol utilization as carbon source in microbial medium,
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 37OC. 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 resulted the maximum growth of 8.33 x10° CFU/ml at 24 hours of the cultivation, while
the maximum gfowth 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/1) 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 maximum buthanol level of
4.70 g/l and acetone concentration of 0.7927 g/l at 144 hours. The addition of 20 g/l glycerol gave
the maximum buthanol level of 3.7961 g/l and acetone couldn’t be discovered in the samples

from the fermentation. However, ethanol couldn’t be discovered in the samples from the

fermentation.

Keywords: Butanol, Anaerobic fermentation, Clostridium beijericnkii, Glycerol
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EMP
glucose Pathway (2) pyruvate
2NAD* 2NADH Fd-Ox
CoA NADH NADPH
COz NAD‘X NADP*
Fd-Red
ATP ADP CoA P; NAD(P)H  NADMP* Hy

acetat M) acelyl-PM(Z) acetyl-CoA
«)acetate S PTA

(2) acetaldehyde

CoA
CoAT THL
s NAD(PH
\X CoA
\' NAD()*
aceto- acetoacetyl-CoA  ethanol
acetate
AADC AT
l o
\ NAD*
acetone
+ B-hydroxybutyryl-CoA butanol
CO;
CRO
butyrate crotonyl-CoA
ATP NADH NAD(PH
BK 3\ 5 ED NAD(P)H  NAD(P)*
ADP NAD*
butyryi-P (APT‘%— butyryl-CoA AAAI%—) butyraldehyde
CoA
4 ad a & 9 d
31 2.5 FAmsadreesdTlay Timuea leniuen v01 C. aceoburylicum ¥1lszneudive i
Ql da’ a A4
qeii:  HYDA unulalasPiua (hydrogenase) PTA  unuwosalWnsiuaosiynad

(phosphotransacetylase) AK unuordan lnna (acetate kinase) THL unyn Totaa (thiolase)
CoAT unuos® Inozdaa-laazdan- TInsa: laenituawosa (acetoacetyl-COA acetate-
butyrate:CoA transferase) AADC UNUBLT INDZFIAN Ansuendiad (acetoacetate decarboxylase)
BHBD unuud-leasendinnga-Taw @ lalasdue (B-hydroxybutyryl-CoA dehydrogenase)
CRO  unuTasIniua (crotonase) BCD  unuiiansa-Tao dlalasdiue (butyryl-CoA
dehydrogenase) PTB ununea Tins1uaiafiise (phosphotransbutylase) BK unuiafiisn lawa
(butyrate kinase) AAD unusad lad/eanosed A lalasoiud (aldehyde/ alcohol dehydrogenase)
BDHA&BDHB  unuiioniuea alalasdiue 1o uazdiniuea alelasdiudai (butanol

dehydrogenase A & butanol dehydrogenase B)

#37: Ruchir 1azane (1999)
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o

a Id v @ a c?l % 9 (I~ [y Y a q 3 ]
aaldn msdudasuoendwuluiihminuuy l¥oimalidudunswdunaluszvzdua odils
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92aAAe 8RINMIASEY MIFUATILVABWE 01518110 taz TdsAuazngawe In meldaniieill
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21N1A @auw?ﬂﬂzﬁwawmﬁaﬂm LLﬁ$11ﬂ'ISNﬁWlJ’J°V]']LiV]Lm\lﬂﬁﬂ'l‘iWﬁﬁﬁg‘%mVl HaZIsngang
3

a o a g a a @ 1 a y 1
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anz 1501medn

2.2.3.5 szaunnilunsanig (pH)
g 3/

“luummmwmﬂuﬂmmﬂ%‘”mu AIMUANISE0eEA18UDIIINIE MINTAYITZAU A

I~ 1 o Y] i o Al d 1 v g Q
Lﬂuﬂﬁﬂmwammmvﬁﬁmqm winlindasasiduIvagvesmsuimiunsa Tunins

o

@

1 3| < 1 ya 1 o a o g 1 a4 <] v o
miﬂmmﬂ’nmﬂumm&‘ﬂumﬂmﬂmmmq WﬁﬂﬂmW]ﬁ’JuclﬁﬂJV]Lﬂﬂ‘lluﬂgllluﬂ')'ﬂ']ﬁxaTﬂ
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Ad 1 g ' g oA o q YA a ! ' ) A8
’ﬂu‘lfl'iEJEJEJN‘l‘iﬂmiJ“IfN"Umﬂ’nmﬂuﬂ’iﬂm\‘m%‘V]ﬂ“l’illﬂTiNaﬁﬁﬁﬁzmﬂaﬂu%wﬂ’lm HIUUD

J 4

fuenoiuivegaunid uazan1izlumswiin Jones 1AZWoods, 1986) F2eANilunsAd 197

q

d
=\
b\

&Y ] ' [ 1
ﬂ’]ﬁﬁ%ﬁ\?fﬂiagﬂ‘]ﬁmﬂ@giu‘b")ﬂﬂ'ﬂﬂlﬂuﬂﬁﬂﬂ’l\i 3.8-5.5 (Bahl tlagaMy, 1982)
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2.2.3.6 IMAY

a AR a a ; 5 ¢ o o
1y Tofu (biotin) taznsan1s1-0xd T 1480 (p-aminobenzoic  acid) HAUT Y
° o a a ada y a a & e )
ﬁﬂ’iiﬂﬂ'\ilfﬂﬁmﬂlﬂﬂﬂﬁuﬂﬁﬂﬂﬁi?ﬂ@&’“ﬁiﬂu-ﬂ?ﬂ']u@a %Qﬁ15@1ﬂ15lﬁﬁ1un@g1uﬁ]iﬁﬂﬂ%?ﬂ
el i A W a A 9 a A do d ¥ . 3 o 4
ge® (yeast extract) mamqﬂumﬂﬁzﬂau"thmmsJumuﬂu (essential vitamin) (UWI83UNT LDE

a

7Y, 2548)
2.2.3.7 Clostridial degeneration

a S @ 0 a PR
nalamsiAannuguidsanumusaluniseindaiazaisdunioarldnn a )
{ a ' a 1 a 2 £
msad1ansanmnAunosEnImInTylugae Msan TauyunINs (exponential phase) %9
Y ! SR v ) IS y o & 9
Eva nazanz (1995) 1851091451 € beijerinckii NCmv 8052 fims 19nglaalumsnindaay 14
A a a a v { ' a o o a aJ 0 3|
asapzdAnuaznsatomsn lwsasfiunaniimsnaadatiazanedunsd semldanuiunsa
' JN v A U ' a0 v
arvanauavsan lansalaouloglugiswesnswandiiiazaiy (Solventogenesis phase)
Jd a 3 v @
I&uaziinsadrediofifadiu @) Hugh 1oy Chen 1u¥ 1995 1ddnusnmuiuinarsves
é 1 = a g o
C. beijerinckii NCIMV 8052 alianunumuseanugyidonnuainsalunisnandiiazaiy
a a Jd = 1A R s - d'd =) Y ]
SuN3d (3) FmsmansiuIIUAILANYES € beijerinckii AT gayFvaninudahiains

v A 1 a

9 dy J { 1
nduAugamwan1dlumswazidouny ATudunn(chemostat) 1AL (4) A AITOTMNIZINIY

@ 1 1 A (% 1 A ~ s 1A ™ o 9 a A

fodsaifiadlumsndnuuusoiiiovaziasadn litdeedamoznyatiadandnsunasuuilag
<

Tidlweoulaalos

2.3 ﬂgiﬂﬁ (Glucose)

[

[ o = o { '
nglaa WuthatatszanluTunsan 156 (monosaccharide) Tnnuddgyiigalungu
Vv

5]

a9 10 lansndaofy vadvesdadFiannaialdng Tamilunndindsau uazansmpaigdy
a4 (metabolic intermediate) g laaifunilalunandandnveanisdunsiziuas
(photosynthesis) ttazifuimamasnudmsumsmeloveusad (cellular respiration) IGERGERD
TurananmusssumAYeiU (D-glucose) azoglugilfiont and Inse (dextrose) TnommMIZaL1S

talugaamnssueIns (htp://th.wikipedia/ng Ina, 01/04/2554)



16
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Y
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RABuYInTZIIUMTIZRgR M AN A uHauvBwilsnguvgil 130 °C MiDFoUNIT NTlenT
A [ 9 Y [ dy A ] q cy v g ) = g
wsonnnd1 My ldanudeusyantiivedromsazarsve sl luiwadufvziiaegnion

A a 1 1 (31[
Favzdounmou lidh Ui lumsduunazas

qu ~ =) ' a v 5 2 :;I dﬁ’ o
2. VHADUNTDNLITYNIN LL%ﬂﬂWﬁWLﬂﬂﬂ! (saccharification) mumuuaz”laimvlm

uffaunadiniaz lalas ladng Taaedeauysel lngldiou lmil ngTaes luaa (glucoamylase) 910

aaa
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ﬂ']'liJLSUJJ"UHGUENﬂ’ﬁIUVla!ﬂiﬂﬂzﬂa\‘l@fﬂq 30-35% Tﬂﬂu11’iuﬂ ﬂWUiWﬁﬂT)ﬂ’]im&Wﬂ‘]ullﬂﬂi]gfgﬂ

v

v t4
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s gt { g ] o
L@uﬂﬂiéﬁ’d\‘iﬂ (multlple-effect evaporator) ?] -0 Tﬂﬁﬁlﬂuﬁ@ﬂuﬂlﬁ%%ﬂ1qﬁiﬂﬁl mmﬂwﬁn

(crystallization)
2.3.2 uanliAvednglna

dd’ ) =) wva ~ = kY a
ﬂQIﬂﬁJJ‘I)’@LiEJﬂ‘V\NLﬂMlLﬁﬁﬂﬂlﬁNUﬂﬂWNﬁﬁNﬂ 2.3 LLaZquﬁTﬂiiﬁiNﬂN!ﬂN

aauaaalugl 2.6

M3 2.3 quantiamaniivesng lna

¥o IUPAC 6-(hydroxymethyl)oxane
234 5tetrol 1350 (2R,3R,4S,5R,6R) -6 -

(hydroxymethyl) tetrahydro -2H-pyran-2,3,4,5-

tetraol
A A B\ @
YOOU !ﬂﬂ“ﬂ@l’d(Dextrose)
gasndl C.H,,0,
winlwana 180.156 nSudo lua
AUHUIMUY 1.54 A3 UADYALIARIUALLAS
YAHABDNIHAN OL-D-glucose: 146 °C

B-D-glucose: 150 °C

AN: http://th.wikipedia.org/wiki/%E0%B8%81 %E0%B8%A 5%E0%B8%B9%E0%B9%82%E0

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

117165



18

CH,OH

L "’"O\?H
\C__C/ |

H OH

HO

= Y =
51126 gaslnseadramuniivosng Ina

M http://eu.lib kmutt.ac.th/elearning/Courseware/BCT611/Chapl/chapter]_2.html (22/03/2554)
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A: http://biology.clc.uc.edu/courses/biol104/lipids.htm (22/03/2554)
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2.4.1 Y5z Aveandivosen

gnAunuasausnluil aa. 1799 Tag Carl W. Scheele 1nAsenadousiindy
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A

: o A o <] A a2 A =
(sponification) UDIUINUUENDN Nﬁﬂ‘kliu%!ﬂﬂﬂ]@ﬂlﬁﬁ?ﬂuﬂ Glﬁ VI,JJJJ’L’( "luuﬂauuazmamm
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1 1 a I~ Jd [ v a @ oy &Y
douwmuindeseaiussdlszneundnluluiuiazthiiunoy yoaialasluiuuazihiy
{ ' @ ] { ' J . .
Usgnoudenfiesoanivyio@mosuumeiu 3 Wy nsoNiFend lasndielse (Triglyceride)
At NS ks Yy a -
dworh luiunseshiuuuenaatedroriluanizninee ldndsesea (Glycerol) taznsa ludiu

(fatty acid) Aauanlugy 2.8

8 i
T i
CH,- OH H-0-C-R, CH-0-C-R,
0 : I o
] i &»Mtﬂﬁﬁm,ﬁ} I
CH-OH 4 H.0-C-R, <——-e— CH-0-C-R, * 3HO
I 2 -
1l 1
CH,- OH H-0-C-R, CH-0-C- Ry
nasesoa nsalutiu Tutiunazthiiu
I ghyo's"Fafatey deid) 77--F3E322on- =Triglyceride + 3 Hz0

Tnsasialasnavgalsa

~ aaa = JY :’
3‘1]7] 2.8 fmm‘iﬂ;]ﬂiEnLLEJﬂ’deJ'lﬂ'iﬂaL‘flf@"lﬁﬂﬂiﬂuﬂuﬁmwﬂiﬂ

‘ﬁ%ﬂ . http://learners.in.th/blog/biochem/171449 (22/03/2554)

] 9 o = ) a é =] 1 o Y =1 a
Tugrausn Idindwesea Tl lumsnaanmy Falidmwsei ldnnilianumionn
4 v ) '
3 Tunasein Idih Il lumshddousihwminuagdug aunsznaludl ae. 1867 Waaiisd
4 a a, a a 4 a { ) 1
aAUYo Alfred Nobel TdAnAuIsnsnansziia lautlud (dynamite) Taoldndiesoanihioglu

= i x § ) v aa HER dy < a {
s TuTasnfmo3u (nitroglycerine) OB INWANAVFAM (silica) & YatidoiTlugaisudund Ay

Tumsinawesea lssgndlugaamnssuy
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d =
2.4.2 Ys<larivesnaiyesen

= A i S| d ' , a 4 & a

NALDIDA Y130 1,2,3-propanetriol Wuueanedoaoy19d1y (simple alcohol) FUANUIH

) P o A o a A o A 4 o

ms 195z Tominnme segaanssuATeddiae @ 1AT09INT INTBITUA DINT 1Y INETY

ns3u wawluemsdad 1910 mswan Propylene glycol 1Az Ethylene glycol ttazldliuaninau

4 1 ¥ [ | qsll o [

iieahelumsmzignity ifudu uonnnil ndiweseadegnlfilumisasdu (feedstock) dm3y
a a0 ! Y a . [2d

msnaamsaiiane Wy Wlumseda 13-Tnsmulaeea (1,3-propanediol) uialalasiou

a a a aa I 9
emuea nsatdnsn nsaln'lnledin waznsaosdan iuau

(http://www.neutron.rmutphysics.com/scienceglossary/index.php?option=com_content&task=view&i

d=12495&Itemid=5, 01/04/2554)

2.4.3 AaENIAYLINAIDIOA
2.43.1 AENANIMEMNYLINAIA
nawrosoalinmauliinnNIeMWMmNITINN 2.4
2.43.2 paaulamunilveInalreIen
2 Ad o o =~ =
nalresoatiFeiEonma ez maualmunIs19h 2.5
(v Jd A
2.4.4 MITUAIIZHNABOION

n3ztnumsienannanaseld (by-product) eanannszuIUMsHAnlulofsa

N3001NYATHNITNHIIY

£
ndiresoagaMan 1HANTZUIUMTHAINHAIENININAT NI9FININ Tagns 19
3y

A a Aad KR g 9 a = A aaa a 1 aw d”
woyaun3d swdaiuranacyldvinmandalulefwansolfseimsifaay lunuidetiee

'
% o = =)

o I~ a 4 {
Iganudansunaweseaindunanassldmarnaszuiumsnan luTefra Fatuualduiae

o
¥ 1

[ ' K4
PSinannaiuisoe mufdinsnaa luTedmanmuninaiy



M5190 2.4 QuanlianiamemMnIednalyeIoa

AMANTANIIMEMN mmsfines
anuz YOUHAIN TN
a Ta Tunid
- A (=1
pau-5a Tulinau ualsaranu
Wwrinluana 92.10 nSuAB 1ua
A a a a ~
ANNKIA 1,400 aatheaia Juin
y csl 4
myazay azawlda luinazioanssea
¥y3 9 = 7
azaelaandoyludmes laoonau
uaz liazawlumsisznenlalasaisuou
AMANTANIIMEYMN AMs1nes

anuilunia-as (pH)

5 91 20 pIFNYALTIA

A
AIN0A

290 DARUT AT

gAriaaNlvial

17.8 DIFy AT

ANND UL

126 ASNADQNUANITURIAS

anuaule

0.0025 Haalson M 50 papaIToa

22

731 : aau1/ag91n Mallinckrodt Chemicals 118¢ The Columbia Electronic Encyclopedia, 6th ed.

Copyright © 2007, Columbia University Press



23

d’ ﬁ' = a =)
MINN 2.5 YOLIYNUASTATIANVDINALYDIOA

¥ IUPAC 1,2,3-Propanetriol %30

1,2,3-Trihydroxypropane

o lu Glycerol ; Glycerin

%av’u’m‘éuq D-glycerol, L-glycerol, Glyceritol, Glycyl
alcohol, Trihydroxypropane, Glycerin mist,

Polyhydric alcohols, Propanetriol

gasluana C,H,(OH),

AR http://msds.ped. go.th/searchName.asp?vID=1568 (25/05/2554)

Y v
aszurumskaaluleaaldnaisesoanullszuin  10% lagtimiinved luTodwahn

a & = a { <) oy y 2 { d a 4 1&g
nanld Fendweseadun ldiludiaia iesnintauieluiiumssunidduegyaily

a a oA = a a Y a ad VoA ° o A
assunsdigqaidennnszuaumsnanlulefma  SrarsdBunidimariigningu e

1 2 % ") F4 3 \
wlaowdhuluTomwald ez ldnaldninnszuaumsaie lu TeAmagadu wenuintilis
a A v a dy a & 9 o =< =) a 9y
naweseaiifnemulumanamihusomaialdin msdnpinszviumanlsgindiyeseadulv

I~ o v ) = A o Y a ad A o
Wuufalalasnudimsldnszuiuminedannie nszuiumsninlagldgaunidiveniin

= a £
ﬂal“ﬁ@ﬁ@ﬁﬂﬂiuﬁﬂ13$1§61ﬂ1ﬁ

v

aaa Jd a = ¥ | aaa '
UFRSmsudieninodilindu  (trancsterification) 1fuilfAsmsznilasndirelsd

v
A o @ A

i 3 @ O O @ J [ @ ' aaa ) [
(triglyceride) voa lufudadnsarniuieiuueansgea Taslwmiludnssljnsen dnsy
a o s a 3 A a J = = & a = ]
WARAUNNINAUU AD LUNAIDTINDT (Vllliﬂﬂlclfﬂ) HASNALEDIDA F9USuIUVDINAITDID AL

1 ¥ v k4 [
Uszana 10% voaluTeRwaiifadu Tavjnsermiiadundasld degun 2.9



24
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| 3 |
H,C—OQCOR" ROCOR™ H,C-OH
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Division : Firmicutes
Class ] Clostridia
Order : Clostridiale
Family : Clostridiaceae
Genus : Clostridium

Species : Clostridium beijerinckii
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Oneway
Descriptives
cell (CFu/ml)
95% Confidence Interval for Mean
Time = il ;
Mean Std. Deviation Std. Error Lower Bound Upper Bound Minimum Maximum

3 1.96E+06 5.57E+04 3.21E+04 1.82E+06 2.10E+06 1.9E+06 2.0E+06
growth_0 hr.

3 8.38E+06 2.07E+05 1.19E+05 7.87E+06 8.89E+06 8.2E+06 8.6E+06
growth_24 hr.

3 9.26E+05 2.08E+03 1.20E+03 9.20E+05 9.31E+05 9.2E+05 9.3E+05
growth_48 hr.

3 9.10E+04 7.23E+02 4 18E+02 8.92E+04 9.28E+04 9.0E+04 9.2E+04
growth_72 hr.

3 6.90E+04 2.00E+03 1.16E+03 6.41E+04 7.40E+04 6.7E+04 7.1E+04
growth_96 hr.
growth_120 hr. 3 4.58E+04 7.23E+02 4.18E+02 4.40E+04 4.76E+04 4.5E+04 4.6E+04
Growth. 144 hr. 3 1.31E+04 8.72E+02 5.03E+02 1.09E+04 1.53E+04 1.3E+04 1.4E+04
growth_168 hr. 3 7.10E+03 9.50E+02 5.48E+02 4.74E+03 9.46E+03 6.5E+03 8.2E+03
Total 24 1.44E+06 2.76E+06 5.64E+05 2.70E+05 2.60E+06 6.5E+03 8.6E+06
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ANOVA

cell (CFU/ml)
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/ml)
Duncan®
Subset for alpha = 0.05
Time 1 2 3 4

growth_168 hr. 3

7.10E+03
growth_144 hr. 3

1.31E+04
growth_120 hr. 8

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
1.96E+06
growth_24 hr. 3
8.38E+06

Sig. 0.236903834 ) 1 1

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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M3 U2 M5IATERNARAM IS UARD 1AV Clostridium beijerinkii TISTR 13900 1ue1M15P2 Wilng lad 20 n5uvdns

Oneway
Descriptives
cell (CFU/ml)
95% Confidence Interval for Mean
Ti
e Mean Std. Deviation Std. Error Lower Bound Upper Bound Minimum Maximum

3 2.07E+06 8.55E+04 4.94E+04 1.86E+06 2.28E+06 2.00E+06 2.10E+06
growth_0 hr.

3 3.93E+06 3.73E+05 2.16E+05 3.00E+06 4.85E+06 3.50E+06 4.20E+06
growth_24 hr.

3 2.45E+05 2.10E+04 1.21E+04 1.93E+05 2.97E+05 2.30E+05 2.70E+05
growth_48 hr.

3 3.82E+04 3.97E+03 2.29E+03 2.83E+04 4 80E+04 3.40E+04 4.20E+04
growth_72 hr.

3 3.31E+03 1.87E+02 1.08E+02 2.84E+03 3.78E+03 3.10E+03 3.50E+03
growth_96 hr.

3 3.90E+02 7.00E+01 4.04E+01 2.16E+02 5.64E+02 3.20E+02 4.60E+02
growth_120 hr.
growth_144 hr. 3 9.33E+01 2.52E+01 1.45E+01 3.08E+01 1.56E+02 7.00E+01 1.20E+02

3 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
growth_168 hr.
Total 24 7.86E+05 1.40E+06 2.85E+05 1.96E+05 1.37E+06 0.00E+00 4 20E+06
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ANOVA
cell (CFU/mI)
Sum of Squares df 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/ml)
Duncan®
Subset for alpha = 0.05

growth_hr N 1 2 3
growth_168 hr.

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_0 hr. 3

2.07E+06
growth_24 hr. 3
3.93E+06

Sig. 0.0651393 i 1

Means for groups in homogeneous subsets are displayed.



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

growth_hr 1 2 3
growth_168 hr.

0.00E+00
growth_144 hr.

9.33E+01
growth_120 hr.

3.90E+02
growth_96 hr.

3.31E+03
growth_72 hr.

3.82E+04
growth_48 hr.

2.45E+05
growth_0 hr.

o 2.07E+06
growth_24 hr.
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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M1af 4.3 MITATITMaaaamsSaAuIaveuto Clostridium bejerinkii TISTR 13900 T1p113P2 Miindi0350a 20 N3N

ADaNI
Oneway
Descriptives
cell (cru/ml)
95% Confidence Interval for Mean
e Mean Std. Deviation Std. Error Lower Bound Upper Bound Minimum Maximum
growth_0 hr. 3 2.09E+06 1.19E+05 6.85E+04 1.79E+06 2.38E+06 2.00E+06 2.22E+06
growth_24 hr. 3 2.76E+06 1.35E+05 7.82E+04 2.43E+06 3.10E+06 2.61E+06 2.87E+06
growth_48 hr. 3 2.80E+06 2.29E+05 1.32E+05 2.23E+06 3.37E+06 2.54E+06 2.99E+06
growth_72 hr. 3 3.67E+06 5.51E+05 3.18E+05 2.30E+06 5.03E+06 3.30E+06 4.30E+06
growth_96 hr. 2 3.51E+06 1.01E+05 7.12E+04 2.61E+06 4.42E+06 3.44E+06 3.58E+06
growth_120 hr. 3 3.97E+06 5.17E+04 2.99E+04 3.85E+06 4.10E+06 3.92E+06 4.01E+06
growth_144 hr. 3 3.77E+06 2.36E+05 1.36E+05 3.19E+06 4.36E+06 3.57E+06 4.03E+06
growth_168 hr. 3 4.78E+06 2.55E+05 1.47E+05 4.15E+06 5.41E+06 4.50E+06 5.01E+06
growth_192 hr. 2 2.04E+05 6.01E+03 4.25E+03 1.50E+05 2.58E+05 2.00E+05 2.09E+05
growth_216 hr. 3 2.43E+05 5.12E+03 2.95E+03 2.31E+05 2.56E+05 2.38E+05 2. 48E+05
growth_240 hr. 3 3.25E+04 2.64E+03 1.52E+03 2.59E+04 3.90E+04 3.03E+04 3.54E+04
3 4.08E+04 6.90E+02 3.98E+02 3.90E+04 4.25E+04 4.03E+04 4 15E+04

growth_264 hr.




72

95% Confidence Interval for Mean

Time
N Mean Std. Deviation Std. Error Lower Bound Upper Bound Minimum Maximum
growth_288 hr. 3 3.73E+04 3.40E+03 1.97E+03 2.89E+04 4 .58E+04 3.54E+04 4.13E+04
growth_312 hr. 3 2.15E+04 2.08E+03 1.20E+03 1.63E+04 2.67E+04 1.97E+04 2.38E+04
growth_336 hr. 3 2.03E+04 4 .55E+02 2.63E+02 1.92E+04 2.15E+04 2.01E+04 2.09E+04
growth_360 hr. 3 3.24E+03 2.43E+02 1.41E+02 2.63E+03 3.84E+03 3.02E+03 3.50E+03
Total 46 1.74E+06 1.79E+06 2.64E+05 1.21E+06 2.28E+06 3.02E+03 5.01E+06
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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 0
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 o, 3.24E+03
gl’OWth_336 3 2.03E+04
growth_312 %) 2 15E+04
growth_240 3 3.25E+04
growth_288 3 3.73E+04
growih 254 TNE 4.08E+04
gl’OWth_1 92 2 2.04E+05
growth_216 3 2 43E+05
Growi0 - 2.09E+06
growth_24 3 2.76E+06
growth_48 3 2.80E+06
grow . 2 3.51E+06
growth.72 3 3.67E+06| 3.67E+06
growibe | 2 3.77E+06|  3.77E+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.
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Subset for alpha = 0.05

Time 1 2 3 4 5 6
growth_360 3.24E+03
growth_336 2.03E+04
growth_312 2. 15E+04
growth_240 3.25E+404
growth_288 3.73E+04
growth_264 4.08E+04
growth_192 2 .04E+05
growth_216 2 43E+05
growth_0 2.09E+06
growth_24 2.76E+06
growth_48 2.80E+06
growth_96 3.51E+06
growth_72 3.67E+06| 3.67E+06
growth_144 3.77E+06|  3.77E+06
growth_120 3.97E+06
growth_168
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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Clostridium beijerinkii TISTR 13900 Tuo11113 P2 Niling Ina 60 NFuABANT

Oneway

Glucose (g/L)

Descriptives

/s

95% Confidence
Interval for Mean
Time Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum Maximum
0 hr. 3 60.7509 | 05595 | 03230 | 59.3610 | 62.1408 60.1536 | 61.2628
24 hr. 3 37.0876 | 12579 | 0.7262 | 33.9629 | 40.2123 35.6655 | 38.0546
48 hr. 3 33.1627 | 09437 | 05449 | 30.8184 | 35.5070 321672 | 34.0444
72 hr. 3 20.1809 | 03719 | 0.2147 | 28.2570 | 30.1048 28.9249 | 29.6075
96 hr. 3 255073 | 11158 | 06442 | 22.8256 | 28.3690 248204 | 26.8771
120 hr. 3 206769 | 1.7242 | 09954 | 16.3938 | 24.9600 19.1126 | 22.5256
144 hr. 3 212457 | 08403 | 04852 | 19.1582 | 23.3333 205631 | 22.1843
168 fr. 3 20.3072 | 1.3136 | 0.7584 | 17.0441 | 23.5702 19,1980 | 21.7577
Total 24 31.0011 | 12.9301 | 26394 | 255412 | 36.4611 19.1126 | 61.2628
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

Duncan®

glucose (g/l)

Time

Subset for alpha = 0.05

1

3

4

168 hr.
120 hr.
144 hr.
96 hr.
72 hr.
48 hr.
24 hr.

0 hr.
Sig.

W W W W wwww

20.3072
20.6769
21.2457

0.334

25.5973

1.000

29.1809

1.000

33.1627

1.000

37.0876

1.000

60.7509
1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.




77

d’ a o aa a A A A kU dﬂ‘ .3'
13190 V.5 mmmiwwmmamls11wmﬂgiﬂﬁmﬂaammamw%iumammamwa

Clostridium beijerinkii TISTR 13900 lue1113 P2 Niling Ina 20 nFuAvans

Oneway

Descriptives
Glucose (g/L)

95% Confidence

Interval for Mean

Time Std. Std. Lower Upper
N Mean Deviation Error Bound Bound Minimum Maximum
D 3 | 245449 | 12137 | 07007 | 215300 | 27.5599 23.72 25.94
24 fr. 3 0.2708 |  0.0245 | 0.0142 | 0.2098 0.3317 0.24 0.29
48 fr. 7 0.2452 | 0.0069 | 0.0040 | 0.2279 0.2624 0.24 0.25
72hr. 3 | o0.2258| 00077 | 00045 | 02066 |  0.2451 022 0.23
96 hr. 3 0.2150 | 0.0081 | 0.0047 | 0.1948 0.2352 0.21 0.22
120 hr. 7173 0.1860 |  0.0017 | 0.0010 | 0.1818 0.1902 0.18 0.19
144hr. 1 3| 02002 | 00034 | 00020 | 01917 | 0.2088 0.20 0.20
168hry | D N G2eas4ilio0ag0 | / 0.005%Y ol 782/|lidlas 0.19 0.21
L) 24 | 32610| 82054 | 16790 | -0.2123 6.7343 0.18 25.94




ANOVA
Glucose (g/L)
Sum of
Squares df Mean Square E 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 ] 0.1860
120 8 0.2002
144 3 0.2002
96 3 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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Clostridium beijerinkii TISTR 13900 11491%13 P2 Nlndiros0a 20 nSuA0aNS

Oneway
Descriptives
glycerol (g)

95% Confidence

Interval for Mean

Ui Std. Std. Lower Upper
N Mean Deviation Error Bound Bound | Minimum [ Maximum
growth_0 hr. 3 7.1245| 0.10983 | 0.06341 | 6.8517 7.3974 7 7.21
growth_24 hr. 3 7.3947 | 0.31415 | 0.18138 | 6.6143 8.1751 7.09 7.72
growth_48 hr. 3 6.9036 | 0.70758 | 0.40852 | 5.1459 8.6613 6.16 7.57
growth_72 hr. 3 6.8377 0.4643 | 0.26806 | 5.6843 7.9911 6.3 713
growth_96 hr. 3 5.9676 | 0.13301 | 0.07679 | 5.6372 6.298 5.82 6.09
growth_120 hr. 3 5.9207 | 0.07981 | 0.04608 | 5.7224 6.1189 5.83 5.98
growth_144 hr. 3 4845 | 0.71577 | 0.41325 | 3.0669 6.6231 4.23 5.63
growth_168 hr. 3 13.7571 6.07844 | 3.50939 | -1.3426 | 28.8567 6.77 17.81
growth_192 hr. 3 4.6434 | 0.40889 | 0.23607 | 3.6277 5.6591 4.38 5814
growth_216 hr. 3 4187 | 0.86893 | 0.50168 | 2.0284 | 6.3455 3.25 4.97
growth_240 hr. 3 3.2928 | 0.30786 | 0.17774 | 2.5281 4.0576 2.95 3.55
growth_264 hr. 3 2.6401 0.34503 0.1992 1.783 3.4972 2.26 2.94
growth_288 hr. 3 2.9958 | 0.97063 0.5604 | 0.5846 5.407 2.38 411
growth_312 hr. 3 3.5084 0.8613 | 0.49727 | 1.3689 5.648 259 4.3
growth_336 hr. 3 0.9356 1.62047 | 0.93558 | -3.0899 4.9611 0 2.81
growth_360 hr. 3 0 0 0 0 0 0 0
Total 48 5.0596 | 3.40735 | 0.49181 [ 4.0702 6.049 0 17.81
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ANOVA
glycerol
Sum of Squares df Mean Square F Sig.
Between 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
a1 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
240 3 3.2928 3.2928 3.2928
312 3 3.5084 3.5084 3.5084
216 3 4.1870 4.1870 4.1870
192 3 4.6434 4.6434 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.
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Clostridium beijerinkii TISTR 13900 Tup1115 P2 Nlinglad 60 nFuA0anT

Oneway
Descriptives
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean | Deviation Error Bound Bound Minimum [Maximum
butanol 0 3[ .0000 .00000| .00000 .0000 .0000 .00 .00
24 3 .0000 .00000| .00000 .0000 .0000 .00 .00
48 3] 5.6100 .54745]  .31607 4.2501 6.9699 4.98 5.97
72 3 7po588 39577 .22850 6.5702 8.5365 7R3 8.01
96 3l 178767, .21595| .12468 6.8402 7.9131 7438 7.58
120 3| 8.1167 .64856| .37445 6.5055 9.7278 7834 8.54
144 3| 7.9433 .63011] .36379 6.3781 9.5086 7.44 8.65
168 3| 7.8967 .31501| .18187 7.1141 8.6792 7.58 8.21
Total 24| 5.5621 3.38269| .69049 4.1337 6.9905 .00 8.65
acetone 0 3 .0000 .00000] .00000 .0000 .0000 .00 .00
24 3 .0000 .00000| .00000 .0000 .0000 .00 .00}
48 3| 1.0727 .22830] .13181 .5055 1.6398 .83 1.28
72 3| 1.5900 .16462| .09504 1.1811 1.9989 1.40 1.69
96 3| 1.5767 .04041| .02333 1.4763 1.6771 1.54 1.62
120 3| 1.6300 .08544| .04933 1.4178 1.8422 1.54 1.71
144 3| 1.3700 12767 .07371 1.0528 1.6872 1.26 1.51
168 3| 1.6500 .15133| .08737 1.2741 2.0259 1.48 1.77
Total 241 1.1112 .68793| .14042 .8207 1.4017 .00 10T
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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 vé 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
|0 3 .0000
24 3 .0000
48 3 5.6100
96 3 7.3767
72 7.5533
168 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 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 g 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 1481113 P2 Nlnglaa 20 nfuAoans

Oneway
Descriptives
95% Confidence Interval
for Mean
Std. Std. Lower Upper
N Mean | Deviation Error Bound Bound Minimum [Maximum
butanol 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 4.22 4.50
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 1.563665| .31367 3.3011 4.5989 .00 4.93
acetone 0 3 .0000 .00000] .00000 .0000 .0000 .00 ‘OOL
24 ] .7920 .10886| .06285 .5216 1.0624 .67 .87
48 3| ggte .17885| .10326 1471 1.0356 .39 .70
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 .
144 3| .7927 .09438| .05449 .5582 1.0271 .71 .90
168 3 .7210 .04857| .02804 .6003 .8417 .67 77
Total 24 6166 .25938| .05295 .5071 .7261 .00 .90
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ANOVA
Sum of Squares df Mean Square F Sig.
Jbutanol Between Groups 53.759 7 7.680 223.008 .000
Within Groups .551 16 .034
Total 54.310 23
acetone  Between Groups 1.409 74 201 23.234 .000
Within Groups 139 16 .009
Total 1.547 23
Post Hoc Tests
Homogeneous Subsets
butanol
Duncan®
Subset for alpha = 0.05
1 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

b 1 2 3
0 3 .0000
48 3 6913
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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