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2. IMIIQeNYolasaSIAN

2.1. uilsduniaes (Soy Flour, SF)

78

v o A b4 o
Qmmmﬂmmmwmuummamzm 100 % $151 ABya

dlszneu AB 100 A5U
Wiy (Rlaunas?) 471.0

waeen lvify (Flaunass) 190.0
e (03) 21.1

lasfuBuda (n5) 3.4
Tus@u (N x 5.71) (n%) 34.2
il lansa

5w leoms) (RTy) 36.0

loomins (p5%) 17.5

sian (N3N) 55
TasRon @aansy) 19.5
B1(liadnsw) 0.01
B2 (Ha@nsu) 0.02
uAnison (Jadnsy) 272.0
man @adnsu) 5.68

2.2 Yeast Peptone Dextrose (YPD)

dadsznou
Yeast extract 1 %
Peptone 2 %
Dextrose 2 %

pH 5.010.1
¥ v 1 5
audsensuianuamazatelusingu 1 aas wanlddndu wazi ldialy

1 Y oy
nfeilsnnudulothiigungd 121 esrwaiFod wiu 15 Wi
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2.3. Peptone Dextrose Agar (PDA)

duilsznou

Potato extract 4 g/l
Dextrose 20 g/l
Agar 15 g/l

pH5.6 0.2

£
ar

v 1 [
Widudszneunanvamiazarsluiingu 1 8as pau iy waziit ey

& o J A a a
nieieanuanlewimenvail 121 essuwaded Wiy 15 W

2.4. mawSemhaiannuiledumaes

241 azmouihiduniealinsidusandiudled 100 ndy detndy 1503
Aimsnauauuilsazae

242 dmiufledandesfiazauidansosdaunsza1nnses Whatman wes 1 1d

3 [ 3 ¥y
asluviaiiazetn udnh i lundeiwnuduletihigamgil 121 esrusaiBoe 1w 15

i
25. msgeadlafudlzwasldihnima
msdountlalumsnanssiinzinnnnmsisoves N33 631974 (2548) Tasdl
anmzlumstooded

msdevaaiuaiasn (Liquefaction) vz 1%teu lassimosiniia (Termamyl) s 0.5
% (viv) AU uLAaiEsnae 1sa 30 ANGY anududuvewdlaiudulenduniiu 30 %
(wiv) Arnamiihinsasaie 6.5 guvngil 90 serniraea NIUAIBAIET 400 SOURDYT
I@USanhmadudi 38 nsusedns 14 DE iy 28

mséaaﬁmm’]’quﬁ’w (Saccharifcation) Tag1dieulusing Tnes luaa aamdudy
0.1 % (vv) fle mauilunsa-ana 4.5 gainiail 65 osrafea naudaen WIS 200 sUAD

¥
i TaSunahaadudugege 253 nfudedns 1881 DE iy 98.5
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MANUIN U

ada d
IBIUAICH

= ¢ ° qa ¢ .
1. I aanzvlSnoanimasfig (Reducing Sugar)
1.1 Hanms
2
o aa o ° aaa (Y = ar
ihmasasannsailjisnduaisazate 3,5 o lulasnadan
< ! @ ot e
(3,5 dinitrosalicylate) luannziluwadonldmsnzmefduuas Jadmsaanduuasinny
4 a o (& et <3 @ 1
g1Aau 520 1 Tuns Iaseidsine TaentsilSoufoydummsganauueaves
asazateng lnauinsgiu
= as A
1.2 MIniinaz 5w
ot ¢ @ @ 31 a aa -~
1.2.1 azmelsaguleasen laamin 16 a¥u Turh 200 Tadaas uaziiu 3,5
aw 9 o 1 q 9 ¥ A A O]
laTuTnsendaduian min 10 n¥u as'hl quldanfounasauiemumsayan]fid v
= d o
12.2 azawladoy InunmFennisimsa (Sodium Potassium Tartrate) M17n
o = @ J . @ o :‘ o o
300 n§u toz ImiRoumar luda 1WA (Sodium Metabisulfite) 370 8 nsuasluti1 500 Taddas
v
123 mavensazaeiigesdauidndsssuuazdiudsmand 1 fas
ad A
1.3 Inm3sunsvlnnsgiu
1.3.1 wisnarazatwnglnauinsgiu anududu 0.2, 0.4, 0.6, 0.8 uag 1.0 nfu
seans Uilamsazateng laanesgiudiunas 1 Tadans aslunaeanagevudazvaen
a a o =y Jd ta a an 3 v o
v 3,5 laluTasnddonn Sionud Usues 1 Tadans i liraudun
o J & o o d A
1.3.2 i lddulnideailunat 5 uii udnimasmnusluhduiioan
a a 3' M = s A ] ) [ o Y o o ¥ = d’
gl @minausuIes 10 Haddas warldwaudun udanh lSamgandunasini
4 =t = @ = :’ o
o1Indu 520 W Tuwas TasSeuieuduuvasd Alfhnduunumazawng Taa
ada ¢
1.4 5 0nszn
) Y ' '
14.1 Ylamsazarehaai ldsimsdeoutla viemasanmsndnun 1
A aa = a o = Jd (a s aas 1
iinaans aaluvaeanadey iy 3,5 lalulasanddunn Sewud Usuas 1 Tadaas wdld
HErAUNT

o :l o ¥ o,‘v o 4
142 hlduluindeadunal 5 wii udnihmaeauwslutihdumioas

¥ v "
a9 Y Y 9

gl Anhadud3unns 10 Taddas we ldweuiui udni luSameanduuasiian
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4 =t < Y J a g’ o a 4
s1nau 520 1 Tumas TaeSeudsuduuuasd Nldhnduuuaiazang Ina Sinnizd

UsinalasnfSeunsudunsininasgiuvesng Ind

a d Y d' 2 .
2. MIUATICHIDNIUBANINANIDIND Ebulliometer

2.1 Hanns
o r = A a v w :’ [y :l Ao 4 4 ayd'd
dlumsiagungiivesgaeanuanaisiuvenii Auitiliteanssedtu Faini
o =1 -} 3 '
ueansaodaluvziigaAending
ana d
2.2 A5 UATITH
3 1
2.2.1 mihnauaslunasaufiniesudsiia EAU udni lumldasludeudy
MedveunTeslie (¥een 13ldiseniagungl) uazivenlsenminldlureududiods
a 2 . ) 4 A S y d & A 4 4
wazanthas ludiuvesenauavuniediie ninmivimsdusmivdeansn Givdead
= c; I}
ganginei wndszina s W)

222 Lfie1‘fuﬁﬂﬂmﬁuﬁflﬁ@,qmmﬁﬁﬂsmn sazhimslsudmunvisrgungd
(Degres du Thermometer) mamw’mmmqmngﬁ (Dosage del’ Alcool Dans les Vins) ﬁém"ﬁé’“&ﬁ’
assfudumisavguivesaulesidudueanseoa (Degre Alcoolique du Vin)

223 Tmsmaiminnalunasaudaieieia VN udnhiduaslugdeuiu

¥ 4 i
Metuazdusutindendnase mimsammgangiifldnndsen uazsumgangdinld

ooy sd o 7 ' ad 9 1 sd o ¢
mamﬂ‘umzﬂaimummaﬂeaaaummmmmqmmn ﬂﬂg\lﬂﬂuﬂﬂik“]ﬂ!mtﬂﬂﬂ@aﬂﬁﬂﬂﬂiﬂ

U

3. mﬁmswﬁmmuaaﬁ"amﬂémﬁa Gas Chromatography
3.1 Hanns
dumsuenasfisdesmsesnu Taserfonnwannialumsazarei liwiduly
Stationary Phase 1182 Mobile Phase #151aza16 1 Mobile Phase 8@ vzgnuunssnnnriou
asfinzawlu Stationary Phase 147
3.2 qunssinaznesile
ufa TasurlamsH (Gas Chromatography) 3:11! UNICAM Pro GC
unias aedw InsanTasmasl (Capillary Column) Ju AT "-AQUAWAX
e Tulnsou (V)
uRaSiAey (He)

Absolute Ethanol (99.7-100%)
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Absolute Butanol
GC Vial
3.3 Mmseunnlainasgiu

¥ 1 v
3.3.1 MIM3IAINIVDUATOI Gas Chromatography A3t

Oven Temp. 80 IR UYATE
Injection Temp. 250 NG}
Detector Temp. 260 DR N AT
Split 109 NagansAouIN
o cg'
Pressure 20 Houanon151947 (psi.)
Injection Volume 0.4 luTnsdng
Standard Volume 0.3 luTasans

3.3.2 NSUNEISALDWONIUBANIATIIU (Absolute Ethanol) AT 6,9, 12
ez 15 % vv) Tdnaean19619(GC vial) ITenaIsaza1edmIueauIng 11 (Absolute
Butanol) 1914 10 % (v/v) 1dluvaeaiiasgiu (Standard Vial)

3.3.3 himsdanuligadiediuuusa lwid g3t Ingamsazareimen
uasgulangs 3 lulasns uazasazaisemueanasgiuduas 4 lulasans Tieglu

=] =t ¥ . 4 ]
14 AA (Standard add to Syringe) 4337 A4 11/ 11994 injection diorawiu sz 2.5 wift
=Y a3 =}
tomuea naziiueanssreneenudsngdiuiia (Peak) uulnsun launsy
(Chromatograms) 1agfAU8910N1HOAILUYNBONUIADUNAVBILINIUGA
v 1

3.3.4 masuaiun lansvvesiiaemusavesaisazaiseniuea
MR wazdamueavesmsazawiimusaninigu laeld lusunsuveunieelnsn
T3l ifeuidluadnsiaau (Peak Aria Ratio; PAR) szniafinvaueniueainaudadi
A19 9 AUTINMUBANAMMTUTU 10 % (v/v)

Aada d
3.4 A5UATIEH
] 3 J A = v
3.4.1 MMsasauRTounlaute 3.2.1
3.42 midemigadediamiionde 3.2.3 udwdsuningaaisazae
[~ :, o o
emueanasguuuugatiming ldnnmsnaasauny
° o g ~ b4 =t P v g’ @ =
3.43 fmsmuraiui lanswvesfiaemuean ldsnmiminuazimiuea
= = @ 1 < 1
nnasazatwiinuennasgv Wisueulusasid iy (Peak Aria Ratio; PAR) Aoz |1&a

anudutuenuealasdSuias (v, % (vv))
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4. BmsvmhmTinirasdaduia (Cell Dry Weight)

4.1 ﬁmaaﬂwmﬁﬁﬂmmmﬁﬂmauﬁqmwgﬁ 70 peruTaTed U 12 %9 T e
asumual¥iunldlu Desiccater a1 12 42 Tuaimaoanarefnvinadniiasdan
Fahmiindrondoada 4 Sumsia nagtuiingl3 almiinvasanouey)

42 vmstlalmimsafannnaass Usinas 1 Sadaas ldaslunaen
waraAnfms WA IANds Fmsnaass 3 41

43 lilumdos dromdes Tumiss fianmiisen 10,000 50T UM 10
17 nmfumdanlais thnasawmadnvadn levufiaunad 70 esruwaiod um 12
1 Tua ilonsumualifinnldlu Desicator 714 13umi 12 $2Tue ndanniuinndadas
w3eada 4 dumia wazufind 13 ahminvasangaew)

44 Mmsdmnahminmadsadts Iﬂﬂﬁ11§1ﬁﬁﬂﬁaﬂﬂﬁﬁﬂﬂu MaUNY

¥

° @ 1 <3 91:' Y] ot ¢ 9 v 1A
imdnnasaneusy Nl minwaddaduinsunsang (g

5. AEmamdanmaesgdumsluaniz Static

asy o A
5.1 IBNSAUUUNIT

o o’o’/) ¥ g 9 1 g a =t °
5.1.1 u1EJﬁmmﬁu‘wmu‘lﬂuﬁm’mmam PUNHY -20 DIAUBDFHT WININTT

S a4 s a aa ol O {
azane nnuawtadasll luraraiving 250 adiaes Mllom5180ie Yeast Peptone
Dextrose Broth (YPD) 13398¢1/3103 100 Tadaas v lluufigamail 30 essuvadon Ty
1 =] d =i o
ANITVEIAIBANTY 175 SoUABUIH WU 24 F2Tug
L= o (a a A oA g’ o o [
5.2 owdaddTnes 10 dadans asludaradfiussyrhaanldnamsdes.

9

o/ @ e Y Y 3’ sa J @ 1 a =
uilasinddenda (scs) Nlanududuve sihniasaidlseuna 200 niuaeans Usuas 100

v
=

aaa 9 o o (] o o v ] = =
adnas lakhmsdiuaifies eH) Wi 5.0£0.1 i T ludrivgungil 30 oseusadva
Wunan 24 92 Tue luaans lifiasve
o S @ 1 ) I~ o 'y T a
5.1.3 YIMsnUAI0819nN 9 2 ¥ 109 a1 24 ¥ T humaSunas
3’ A oA o a gl o G ' oA A
aanmasnmsnin UTunanhminwaadadude wazmanuguianueinduuas
600 W1 Tutuay
o 1 = oy ) =) d g () . o 1 A 9
5.1.4 WdanfTinaniminwadeaauialde Natural Logarithm 1iand 1dun
o o o v o’l @ o (3 [ o a LY o
afunsmanuduiuissnhahmineadtadudeiuna uaghmsdnnusanmsesy
3 . @ v o 1 :’ v
MW (U,,) Tuenaz Static 910A3WFY (Slope) voenTANUFURUTsEH NI e g

s d w 1w a o v
erauianunat Tag ldmsnsimsnSysumeluaniiz Static (1,...) MY 0.067



5.2 HamInaaed

Anaerobic Growth Rate
In CDW

3.00 4

250 4

240 - AY

240 1
AX
120
300
130
1.60

140 -

120 - Time (Hr.)

100 T T T Y T T T T T T T 1

1] 2 4 [ 8 18 12 14 16 18 29 2 24

MR 6-1" MIMIABATINITYIUW (L) 9INAININA (Slope) ¥o3n31W

NNAWH 6-1 1IMIMIAIANNFY (Slope) 31081 AY/AX 92 1dA1dainsiniey

TuWE (L) W11 0.067
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MARNUIN A

W o d
msdadmundas

Tageinsemayiimsnaaes
1. a5l
95% Ethanol
0.5 M EDTA, pH 8.0
20% SDS
Phenol solution
Phenol: Chloroform: Isoamyl alcohol (25: 24: 1)
7.5 M Ammonium acetate, pH 4.8
Ethanol {70% 462 absolute; chilled)
Phosphate buffer pH 7.0
50X Tris-acetate-electrophoresis (TAE) buffer
CTAB extraction buffer (pH 8.4) stock solution
2. ‘ﬁ’ﬂswa%’
TE buffer, pH 8.0/(10 mM Tris-Cl, pH 8.0 +1 mM EDTA, pH 8.0)
TES buffer (25% sucrose in 1X TE buffer)
TAE buffer
3. eulani
Tag DNA polymerase (Invitrogen)
4. UBWPMINTFIU ( DNA Marker)
Hyperladder I (Bioline)
5. 'lwsnies
Insiedi 19 lumsAnsndanusumiedesy 18S rRNA (White, Bruns, Lee, &

Taylor, 1990) Aautaad lua15199 2



A15199 6-2 "lw%"ma{ﬁ“l%“lumsﬁﬂm (White, Bruns, Lee, & Taylor, 1990)

.. fdvihndlelng ' Adure )
Inses A1 Tm (°C) 13 195911
5. ) ithnmna
NS1 GTAGTCATATGCTTGTCTC 56 18S rRNA PCR & Sequencing
NS5 AACTTAAAGGAATTGACGGAAG 57 18S rRNA Sequencing
NS8 TCCGCAGGTTCACCTACGGA 65 18S rRNA PCR & Sequencing

¢ A4 A
gunsaiuazinIesile
13091 UMTeInIUNNRUNYI (Refrigerated centrifuge)
X a - < ' .

inTouNULS AU (DNA thermal cycler 34 Biometra®)
n3eetuauaIdans 1 Teian (UV transilluminator)
Rotary shaker

4 a do o A d
Tsunsumilumsinnzradutionaleing
BioEdit (Department of microbiology North Carolina State University)
Blastn (National Center for Biotechnology Information U.S. National
Library of Medicine, 2004)
acy
IBNINATBY

(=] s [ a o d
1 MIANHIANHUSTUSIUING1VOIBTN

v
=t

k4
= o 1 =
LI mziestaausios lo Taranluemns YPD tinfigeivgd 30 osriwaifoa
e < v g o
WIMANNEITEY 175 yeudoui Wy 1 5u
o @ (=S Y a9
1.2 hmsgadiedesaadenaeaven viveaasuua lagd uditladae Cover
o ¥ S o ' Y &
stip ud i ldeanieldndesqanssent Addavme 40 w1 udreaiuiindefiiu
v o a a g dey ¢
2. myafadluiinfBueinsadtan
(@a11)a991n35909 O’Donnell et al., 1997)

=) =

o a g 4 A0 o4
2.1 Yhaafmnezdes 1 luemns YPD Minfigaimgil 30 osrmwaiFoa
1 g ' ~ g Y o < 1% y a
WEMANNEITOV 175 seuAUIN Wum 24 91 1us unhimsinuesad laensilumdes
a <4 v =1 a A o) = Y o Y
AN 14,000 S0UADUN QuHQll 4 osrnaiied Wuial 15 i Srawadale PBS

Ea
buffer 2 759
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¥

2.2 thivaddSuas 200 luTasans 11y Eppendorf tube 9101 LAY CTAB
buffer Y5105 400 TuTasdns Punaw (vortex) iilunan 5 3ud uazvir lihiuigaimail 65
DA AITOE UIU 30 UIR

y oS A ' a A ~t A g

2.3 ThumQe9i 14,000 50UAUIN N 4 osrusidod W 15 WA AUEINVeS
asaza1ei landesnnmsilumieslau Eppendorf tube vianaln

2.4 19 phenol 410 chloroform-isoamyl alcohol 5ums 1 wen laemsnay
waoa T (Inversion)

' Yy A A 3 ) A ~ A d

2.5 ThumieaNauisT 14,000 5oURDUIN N 4 DSPIEAFOE WU 15 W P

dauvesmisazaen lAndsnamsthunisaldaslu Eppendorf tube viaoalny

2.6 114 7.5 M Ammoniur Acetate YTUM9T 0.5 191 1A 95 % ethanolllS1u105 2.5

1
a3 oy

1 A‘l =1 © o =
W ieANAZNBUAIBLLE 111Ma8A Eppendorf tube Tihiufigaimail - 20 sersaidoa iy
387 30 WIN
y =t a I~ v o A = =
2.7 Thuvdssensazaeinuiia 14,000 seudouIi Nguugll 4 83 raiFva
=1
Y15 U
2.8 $r9fBuen 1886 70 % Ethanol 151105 1 Tadans
y A A 3 ' o\ - ot
2.9 Tum3eanaui57 14,000 F9UAUIN N 4 DIAUTAFoa WY 15 WIR

v s 4 o d o aY ¥
Wﬁﬂ‘l]'lﬂuu&ﬂﬂﬂzﬂQUﬂlGULﬂklﬁ$W11ﬁﬁtﬁﬂ

1
o1 =

A\ G A oy o a =3
2.10 azaeatowe lasmsmuingu 20 lulnsaas NUNYUNHN ~20
DI UL AT
3. M3MNvEeEY 18S rRNA Taamaiia Polymerase Chain Reaction (PCR)
o A a A o Y |a A an @ o ¥ A
3.1 haruwenana ldUSuas 0.5 Tadans vwaniuesslsznoudie q e
INUENEEY 18S rRNA saudaaslua1s19n 6.2
o oy ey K:' =y ¥ Y Q' ~y = & oy ey
3.2 ihmasalnsorimson1d ldluaTeurutSuual ue 91/§A381 PCR

o a’/} ~ d' 3 [ d'
MINIHUA 35 501 1AsNan LN IFLaAIRInITI9N 6-3
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M15197 6-3 venlsznpuvenlFAsen PCR

. Paanasily . v v
aanlszneu - ANMANBUGAMN Y
(lulasdns)

naudanInge 384 -
10X PCR buffer 5.0 1M

a oa o a a o
50 fiad Tuans MgCl, 15 1.5 Jadluas
10 #iadTua1s dNTP mix 1.0 0.2 Gadluany
IwiweF (Forward primer) (30 uTas Tua3) 0.8 0.5 ulasTuay
Infwes (Reverse primer) (30 TuTas Tuans) 0.8 0.5 lulasTuary
fdususiuuy (50 uTuniune luTasdas) 2.0 100 W1 Tunsy
Taq DNA polymerase 0.5 25 gﬁﬁ
5umssu 50.0 -

a3197 6-3 TUABUVBNIHNT81 PCR vosBU 18S rRNA

Tunou gaungi namlvaesey F1useu
.. . =t =l 1
Initial denaturation 94 BIANY UYL IUmM
A =t - = 35
Denaturation 94 DAY DG 45 UM
. ) a o 35
Annealing \ S5 DNV 30 W
i a = 35
Extension 72 s uyae 2UN
Final extension 72 peisaLFoa 10 w1 1

3.3 asdvdeundnsual PCR Taethasazaslunasad§asoninde 3.2
Y5103 5 luInsans viidiaalns s dauueznmsaia (Agarose Gel) 1 % (30 1.3) A529
HAINIAEY UV Transilluminator WSe0fiouvinaveanansaisi PCR AUAIB UM
Hyperladder Marker
4. azmlsananianinsliide (Agarose gel electrophoresis)
4.1 wisuezmIsmmannududu 1 1eofiFud 11 TAE buffer ¥ l1dulu

¥y ¥
Tulasnrauezmlsdazae dsnaanfigamglyssanes 50-55 osrusaidoa 1d Ethidium
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w1 A an

a e '~ [~ ar VoA an
Bromide (10 iindniusiaidadans) aqlldlianwududugadiodu 0.5 ulnsnsudedadans
o Y Y o a A )
vinduranlF T uazmas eI o1
4 I~ =3 o 1 .
4.2 deezmlsawauds Aseenninna uaziuealdasly Electrophoresis
¥
Chamber H899101 UM TAE Buffer 1¥nuia
s d s o ] ] ~ 1
4.3 WANAUIBMNY Loading Buffer uaztinnveealdasluresiaguiiea
] v & I ¢ o ~
4.4 Wanszua i Tagldtanuamsdndiiu 80 Trad Wuear so wan
4.5 A3IINDAIUATOI UV Transilluminator TUNOHANISNARDS 1A8AISE 100

5. mahwandaa PCR Wu3gqns

a 4

1% UltraClean™ 15 DNA Purification Kit lunis#iwaasaal PCR 1uSans

9

[ o aag <3 et - d v A&
menaanamsiezn lsmaadianles W53 e Taolidunoudail
o a 1 a  w J Qy 1
5.1 dnezm lymeanssdwniisvewndadiual PCR uuFuudeluiiafiazeia
¥ 1

1 3
molduassans1 1 lemauningss UV Transilluminator N9 nsiushguduit 14y

9

3

Eppendorf Tube ¥319 1.5 480003
9 ¥
5.2 A1 ULTRA SALT U515 3 1 (JSuasatorimiin) nasdunaysianus

o I

i tasii hhisfigungd 55 ssmwaidea uny's 1l wddassraudiugag 4 e
dalsznouems 9 1Ay sunsyiserm Isanaana e

5.3 uvIuasy ULTRA BIND Iiuiieider Tnemsidindosilumay fiaamis
qaga (Uszum 2,500 seudewm) Tagvazdhldnaasaludumiamnsyuny Adna
Uszuas 5 1)

54, 19 ULTRA BIND 5 luTasans van 1 luasaas (§m5ums Recover aigu

1
P=1

w1510 0-1 luTnsnii) aslumsazawibuelude 5.3 vungangives ifuna s i
Tusenid Ifwausegelshmudiugag 9 (Tﬂa‘lﬁi’f’ﬁmmzﬁff‘mﬂaﬂﬂ)

5.4 Tumdoaianuda 13,000 59UADHIN WU 5 31N uendulaoon way
WYIUBDIAZNBU IneMIIAN ULTRA WASH USu10s 1 iaaans mmfui"]uwau U
5-10 U0

55 umivsiianuda 13,000 SUABYNIR 11 5 51T masazamedulang
azimsthuninesnasefinimds 13,000 59UADUIN WU 5 IWFi Ay 9 gaaITazasaIy

2
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Y v
5.6 wyivavsnznoulutiinay wis TE Jusu1as 2 mvesd5u19s ULTRA
v v Y 9
BIND silica 14 1uden 5.4 uazldtagamisazasiuasauihuilemoasu (1u Vortex)

~ = :JI Y { A =4 J =t
vugumrgivealszuia s wii vimiuilumIsefinanda 13,000 seudewti w1 i
5.7 QAIUYBATEa 1w ld eppendorf tube vinoalud (FiuA vindd Silica
1171 9 Aesnde i urlss )
3 ad { a =
5.8 NUAENYUNYT 4 PIRIBATET NTD —20 DIRUTBITEA
a do w A Al d
6. MIUATHAMUHIADIG InA
° a o I'd A a & e o o a - I a o
Wnaanmal PCR NUTgns Il insiznaiduiiond lo Inanustim Macrogen
Yszumenmmald (Macrogen Inc., Floor 28 Yongondang Chongno-Go, Seoul 110-799 Korea)
(http://www.macrogen.com/eng/sequencing/extension.jsp)
o Jdy T A-Y a8 d
7. myInsIzHdeyadidviingleing
o Y 0o wa = o« a o Y 2 o W
Weyadiauilang lo Inaves 18S rRNA 11 3Rs1zHANNAR 18RRI 151
a o . -
u?ﬂﬁiﬂqﬂﬂﬂﬂg m%’eyjamm GenBank 911 National Center for Biotechnology Information

Server (NCBI) Tosl4 1251051 Blastn (http://www.ncbi.nlm.nik.gov/Genbank/)

HaNINAag

AISIRNENEE 18S rRNA

MstivveeT 188 (RNA vindad e Taan TC6 Tao1# Indusod NS1 uag Ns8
daumaiiueneiy 183 rRNA 910 Ssps 19 Iwsiued NS3 wag NS wAadual PCR 7114910
usine lo Tmaniviayseuias 1.8 Alawa onidu Ssps Feflvinanansas PCR Uszana

= { 5 y 4 g o ]
1,500 Alawa (1M 6-2) Fansanuiinin 1Banms1d Inswesganandredu
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= =t = £ a 1a aaa
WA 6-2 Bu 188 RNA vesdad 1o lman TC6 4118 nmaiiiuiSua lasyl§A5er Per
@aud M: AIBUIATI M Hyperladder marker, 1aud 1: Han0i97 PCR 484 Bast

1o Twian TC6

o daoa oo a = d =
MIUATITHAIAUHING 0 INAVYSTH 18S rRNA
feuTiand Te lnauesdy 188 rRNA vosddad 1o latan TC6 Hansen g
v+ Y
UgTems 19 Inswes NS uax Nsg aunsasuma 14 800 uag 840 gua mud iy luiidl
o o < 1 B 8 o o o 9~ =
Sutudeald Insie a1y (nternal Primer) fie NS5 ioSinszvawuiiing Is Insusine
i =3 v 9 v 4! - P zﬂ' 9 @ Y
aluyodti 185 (RNA Tagansasunald 540 guua galduimbendounudeya
o @ a =t o =t 9 & o F o w a ~ o 3 o
dauiiana lo nan 1dein Ns1 was Nss disvhdeyadiduinnd Te nananuauisiwatis
I~ 0 w a Sk A a 4 { o W
iy Contiq ldd1auiiang o Inadelinnuen 1,740 aaa 1o Ina (mwi 6-2) Taedsy

a = g 3 [ P
u’maTa"lmmwmuﬁmmmww 6-3
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NS5 (540 base)
|
NS8 (840 base)
L Fa VvV |
NS1 (800 base)
]

'4

18S rRNA: (1,740 base)

l‘

1 o w 9« =t 4 - o
AW 6-3 AIA319 Contig 1INARLTIAE To InAuadtu 18S rRNA veu¥e TC6 F93n

180nms 1 lwsies NS1, NS taz NS5

1 ATTTGCTTGT CTCAAAGATT AAGCCATGCA TGTCTAAGTG ATAAGCAATT TATACAGTGA
61 AACTGCGAAT GGCTCATTAA ATCAGTTATC GTTTATTTGA TAGTTCCTTT ACTACATGGT

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

ATAACTGTGG
TATTTATTAG
AATCGCATGG
GGTAGGATAG
AGAGGGAGCC
AATCCTAATT
AATTGGAATG
CCAGCAGCCG
CTCGTAGTTG
ACGGGGCCTT
TACTTTGAAA
TAATAGAATA
AGGGACGGTC
AAGACTAACT
TAGGGGATCG

TAATTCTAGA
ATAAAAAATC
CCTTGTGCTG
TGGCCTACCA
TGAGAAACGG
CAAGGAGGTA
AGTACAATGT
CGGTAATTCC
AACTTTGGGC
TCCTTCTGGC
AAATTAGAGT
GGACGTTTGG
GGGGGGCACT
ACTGCGAAAG
AAGATGATCA

GCTAATACAT
AATGTCTTCG
GCGATGGTTC
TGGTTTCAAC
CTACCACATC
GTGACAATAA
AAATACCTTA
AGCTCCAATA
CCGGTTGGCC
TAACCTTGAG
GTTCAAAGCA
TTCTATTTTG
CAGTATTCAA
CATTCGCCAA
GATACCGTCG

GCTTAAAATC
GACTCTTTGA
ATTCAAATTT
GGGTAACGGG
CAAGGAAGGC
ATAACGATAC
ACGAGGAACA
GCGTATATTA
GGTCCGATTT
TCCTTGTGGC
GGCGTATTGC
TTGGTTTCTA
TTGTCAGAGG
GGACGTTTTC
TAGTCTTAAC

TCGACCCTTT
TGATTCATAA
CTGCCCTATC
GAATAAGGGT
AGCAGGCGCG
AGGGCCCATT
ATTGGAGGGC
AAGTTGTTGC
TTCCGTGTAC
TCTTGGCGAA
TCGAATATAT
GGCCCATCGT
TGAAATTCTT
ATTAACTCAA
CCATAACTAT

1021 GATCGGGTGG TGTTTTTTTA ATGACCCACT GGGCACCTTA CGAGAAATCA
1081 GTTCTGGGGG GAGTATGGTC GCAAGGCTGA AACTTAAAGG AATTGACGGA
1141 CAGGAGTGGA GCCTGCGGCT TAATTTGACT CAACACGGGG AAACTCACCA
1201 CAATAAGGAT TGACAGATTG AGAGCTCTTT CTTGATTTTG TGGGTGGTGG
1261 TTCTTAGTTG GTGGAGTGAT TTGTCTGCTT AATTGCGATA ACGAACGAGA
1321 CTAAATAGTG GTGCTAGCAT TTGCTGGTTA TCCACTTCTT AGAGGGACTA

GGAAGAGATG
TAACTTTTCG
AACTTTCGAT
TCGATTCCGG
CAAATTACCC
CGGGTCTTGT
AAGTCTGGTG
AGTTAAAAAG
TGGATTTCCA
CCAGGACTTT
TAGCATGGAA
AATGATTAAT
GGATTTATTG
GAACGAAAGT
GCCGACTAGG
AAGTCTTTGG
AGGGCACCAC
GGTCCAGACA
TGCATGGCCG
CCTTAACCTA
TCGGTTTCAA

¢
il
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1381 GCCGATGGAA GTTTGAGGCA ATAACAGGTC TGTGATGCCC TTAGACGTTC TGGGCCGCAC
1441 GCGCGCTACA CTGACGGAGC CAGCGAGTCT AACCTTGGCC GAGAGGTCTT GGTAATCTTG
1501 TGAAACTCCG TCGTGCTGGG GATAGAGCAT TGTAATTATT GCTCTTCAAC GAGGAATTCC
1561 TAGTAAGCGC AAGTCATCAG CTTGCGTTGA TTACGTCCCT GCCCTTTGTA CACACCGCCC
1621 GTCGCTAGTA CCGATTGAAT GGCTTAGTGA GGCCTCAGGA TCTGCTTAGA GAAGGGGGCA
1681 ACTCCATCTC AGAGCGGAGA ATTTGGACAA ACTTGGTCAT TTAGAGGAAC TAAAAGTCGT

v k4
NN 6-4 ﬁwﬁuuuﬂaia%ﬁmawu 18S rRNA v09:¥® TC6

4 0o o0 w ~a 4 4 @ 8 w A a
Werhdwuilang Te lnAveddiu 18S rRNA veutio T6 ulSeumisududinuiong o
InAvestad Mlsngeg lugmdeyn GenBank Tas1d Tulsunsy Blastn
1 6 - a a4 o g
(http://www.ncbi.nlm.nih.gov.com) WU WUHINA [0 INAYBEY 18S rRNA v¥931%8 TC6 1)

AMUAAIARI ST 99% Al Saccharomyces cerevisiae S12 AY218890 AT MIA15 1N 6-4

~ o & A = 4 g o w
ATTNN 6-5 ﬂ'J'liJﬂ'g'lfJﬂaﬁlﬂ\iﬁ'lﬂUU'JﬂﬁT?J‘lﬂﬂ"ﬂﬂ\i?lu 18S IRNA ﬂjﬂm% TC6 nURIRU

) 4
19nd 1o InAnIngudoya GenBank*

Organism Accession Number* Y Similarity
Saccharomyces cerevisiae S12 AY218890 99
Saccharomyces cerevisiae S14 AY218889 98
Saccharomyces cerevisiae 2755787 98

* GenBank accession number (http://www.ncbi.nlm.nih.gov/Genbank/)
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MANHIN I

d a Z v o (v
fn33!?1‘5131’3“]‘149]‘llf’N‘H"IﬂTﬁﬂ1ﬂﬂ"l55@8&&%]\‘13“4@71‘1.]3‘”?1\1

(%4

Jagainsainazitmananes
(@aulasain http://www.uni-graz.at/~huber/ahactivities/content/lecture03/handout
/Gent-2006_huber praznik_loeppert.pdf)
1. M5
Eluent solution 1/52n8UA20 Butanol: Propanol: Ethanol: H,0 Tudasidau 2:3:3:2
(vIviviv)
Sample solution ADAITALDIY 5% (v/v) Saccharified Cassava Starch
Spray solution ADA1T0¥00 30 % H,SO, conc.
Standard solution 18un #15a%a18 1 % (v/v) Glucose, 1 % (v/v) Fructose,
1 % €v/v) Galactose, 1 % (v/v) Maltose, 1 % (v/v) Sucrose, 1% (v/v) Lactose 482 1 % (v/v)
Malto-triose
2. ginsal
Thin Layer Chromatography plate (TLC) (Aluminium Silica gel 60 F254) 4119 20x20
HUAINAS
Simultan Separating Chamber (DESAGA Germany)
Auto Pipet 41114 20 luInsang
3. 3BMInAaes
3.1 imanssdu (Activated) uin TLC Tasmsth loufigamgil 100 eaem
sraied Uy 30 11 MIMTuTi s TLC iaduimuansveams d1eaude Taeins
anidu 19 liszozve0nueave Y TLC 1.5 wufimns
3.2 19 Auto Pipet @ﬁﬁ13ﬁ18€1m1au1¢15§1u WazasazaItIMaRI08 11
ad1az 2 ulnsdas udnhimsgaesazawasunusy TLC wAsunnaI0613 so91
A30LA1BUT
3.3 1uHY TLC 11919897 Chamber fiU539e1508076 Eluent 1311913 120
iadans Wrhuie udrsovundiensazat Eluent avwe llsudsvoudiuunveusiy TLC

o & Ao ¥
n3esoanasve lituszozmemuinmuauda
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o ¥ o A ar 1
3.4 YWY TLC 990910 Chamber ud21h luasIdud s ludanniu seamiiy
Y :,' 2 o = : v ¥ = 1q ¢
TLC uns 1NiuAnimsdas Spray as lunuiu TLC Taenoy 9 Aaais il

swnull  seauuHY TLC uie

v
[= o

3.5 v TLC Teuigamgd 100 ssmusa@on i 30 wiil udr3eriufinne
wazonegy
4. HANIINARDY
PRy A 1 ] o v Y L4
wamsnaaesn lauanalunmi 6-4 wudmsdesutlaiudlendadaeen el
¥
7 = s o
Me311{da (Termamyl) tazion Taing Inez Tuaa 9318 vhmang Ina vea laa uay

woalnlesloa

¥ ;4 k4 ]
MHN 6-4 Nﬁiﬂﬂﬂﬁﬂﬂﬂﬂ\?!!ﬂﬂ"]fuﬂ‘llﬂ\?ﬁ”lﬂ'lﬁ"01ﬂﬁﬁﬂ%ﬁ'lﬂﬁ’lﬁ"lﬂﬂlw{mﬂﬂﬁﬂﬂﬂl&‘ﬂ\?ﬁu
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¥
A al Jd

ﬁﬂﬂ‘t’l«!‘ﬂuﬂ]iﬁ!ﬂﬂzﬁ‘ﬂﬂuﬁ
U

d o
myineviveyalaalilisunsuduiogi SPSS (Version 11.0)
° = Ed) -~ 3 o o
wimMsanzvaulesimudieniuealaelsuias @viv) luanagnsunuuy

o L4 ' ¥
nuagLazuu VALY A VNIINATDIN 9 ﬂ'JfJI‘lJiuﬂill SPSS

AAMINAGDY

@ A o oA a 3’ Ay v ' v o v
msmm'e)ﬂﬂﬁmwmmmNamimmaamﬂmma1/1‘lﬂmnmsaaauﬂwumﬂzﬁm

ANOVA
ethanol (v/v)
Sum of
Squares df Mean Square F Sig.
Between Groups 3.849 4 962 3.045 070
Within Groups 3.160 10 316
Total 7.009 14
ANOVA
P
Sum of
Squares df Mean Square F Sig.
Between Groups 237.246 4 59.311 3.054 .069
Within Groups 194.190 10 19.419
Total 431.436 14
ANOVA
residual sugar (mg/ml)
Sum of
Squares df Mean Square F Sig.
Between Groups 472.635 4 118.159 2.422 117
Within Groups 487.820 10 48.782
Total 960.455 14




ANOVA
Yp/s
Sum of
Squares df Mean Square F Sig.
Between Groups | 2.507E-03 4 6.266E-04 1.095 411
Within Groups 5.725E-03 10 5.725E-04
Total 8.232E-03 14
ANOVA
Yx/s
Sum of
Squares df Mean Square F Sig.
Between Groups | 3.740E-04 4 9.351E-05 5.947 010
Within Groups 1.572E-04 10 1.572E-05
Total 5.313E-04 14
Yx/s
Duncan®
Subset for aipha = .05
Yeast N 1 2
4= TC2 3 .049367
1=SB 3 .052300
3=53 3 .054100
5=TC6 3 .055500
2=51 3 .064200
Sig. .108 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
ANOVA
%theoritical yield
Sum of
Squares df Mean Square F Sig.
Between Groups 96.018 4 24.004 1.096 410
Within Groups 219.038 10 21.904
Total 315.055 14

97
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Tests of Between-Subjects Effects
Dependent Variable: ETOH

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 467.950° 20 23.398 40.521 .000
Intercept 7710.514 1 7710.514 | 13353.49 .000
N 319.254 4 79.813 138.225 .000
CONC 1.500 3 .500 .866 .465
N * CONC 23.390 12 1.949 3.376 .001
Error 27.716 48 577
Total 8288.966 69
Corrected Total 495.666 68

a. R Squared = .944 (Adjusted R Squared = .921)

ETOH (%v/v)

Duncan®>©
Subset
N-source N 1 2 3

2= ammonium sulfate 12 6.98942

1= none 9 7.16900

3= urea 12 10.27575

5= soy flour 12 12.58483
1 6= soy liguor 12 12.77467

4= yeast extract 12 13.10742

Sig .576 1.000 .128

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = .577.

a. Uses Harmonic Mean Sample Size = 11.368.

b. The group sizes are unequal. The harmonic mean of the group
sizes is used. Type I error levels are not guaranteed.

¢. Alpha = .05.



ETOH (%v/v)

Duncan®P
Subset
Conc. N 1 2

1= none 9 7.16900

3=2g/l 15 10.94773
2=1g/l 15 11.07647
5=8g/l 15 11.18193
4= 4 g/l 15 11.37953
Sig. 1.000 .190

Means for groups in. homogeneous subsets are displayed:
Based on Type III Sum of Squares
The error term is Mean Square(Error) = .577.

a. Uses Harmonic Mean Sample Size = 13.235.

b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error
levels are not guaranteed.

C. Alpha = .05.

Tests of Between-Subjects Effects
Dependent Variable: P

Type III Sum
Source of Sguares df Mean Square F Sig.
Corrected Model 28910.7312 20 1445.537 41.843 .000
Intercept 475746.985 1 | 475746.985 { 13771.12 .000
N 19746.898 4 4936.724 142.900 .000
CONC 83.508 3 27.836 .806 497
N * CONC 1424.613 12 118.718 3.436 .001
Error 1658.242 48 34.547
Total 511428.799 69
Corrected Total 30568.973 68

a. R Squared = .946 (Adjusted R Squared = .923)

99



100

P
Duncan®©
Subset
N-source N 1 2 3
2= ammonium sulfate 12 54.8733
1= none 9 56.2833
3= urea 12 80.6742
5= soy flour 12 99.0517
6= soy liquor 12 100.2933
4= yeast extract 12 102.9075
Sig. .570 1.000 .146

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 34.547.

a. Uses Harmonic Mean Sample Size = 11.368.

b. The group sizes are unequal. The harmonic mean of the group
sizes is used. Type I'error levels are not guaranteed.

C. Alpha = .05.
[+
Duncan®™*
Subset
concentration N 1 2
1= none 9 56.2833
3=2g/l 15 86.1507
2=1¢g/l 15 86.9600
5= 84/l 15 87.7893
4=4 g/l 15 89.3400
Sig: 1.000 211

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 34.547.
a. Uses Harmonic Mean Sample Size = 13.235.
b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I efror
levels are not guaranteed.

¢. Alpha = .05.



Tests of Between-Subjects Effects

Dependent Variable: S

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 21418.553° 20 1070.928 41.035 .000
Intercept 51011.179 1 51011.179 | 1954.608 .000
N 11140.446 4 2785.111 106.718 .000
CONC 224,413 3 74.804 2.866 .046
N * CONC 2083.182 12 173.598 6.652 .000
Error 1252.699 48 26.098
Total 72274.150 69
Corrected Total 22671.253 68
a. R Squared = .945 (Adjusted R Squared =.922)
S
Duncan®™¢
Subset
N-source N 1 2 3 4
4 12 | 5.069625
3 12 | 7.516892
5 12 29.38587
2 12 33.69063 | 33.69063
6 12 37.58394
1 9 54.56262
Sig. .259 .050 .075 1.000

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 26.098.

a. Uses Harmonic Mean Sample Size = 11.368.

b. The group sizes are unequal. The harmonic mean of the group sizes is used.
Type I error levels are not guaranteed.

C. Alpha = .05.
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S
Duncan®™¢
Subset
Concentration N 1 2 3
5 15 | 19.44557
2 15 | 22.82773 | 22.82773
4 15 23.95252
3 15 24.37174
1 9 54.56262
Sig. .095 469 1.000

Means for groups in homogeneous subsets are displayed.
Based on Type IIT Sum of Squares

The error term is Mean Square(Error) = 26.098.

a. Uses Harmonic Mean Sample Size = 13.235.

b. The group sizes are unequal. The harmonic mean of the group sizes is
used. Type I error levels are not guaranteed.

C. Alpha = .05.

Tests of Between-Subjects Effects

Dependent Variable: YP

Type II1 Sum
Source of Squares df Mean Square F Sig.
Corrected Model 3198 20 .016 6.637 .000
Intercept 12.359 1 12.359 | 5147.163 .000
N .292 4 .073 30.441 .000
CONC .004 3 .001 .543 .655
N * CONC .022 12 .002 779 .668
Error 115 48 .002
Total 12.810 69
Corrected Total 434 68

a. R Squared = .

734 (Adjusted R Squared = .624)
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YP
Duncan®™¢
Subset
N-source N 1 2 3 4
2 12 .303025
3 12 .389342
1 9 422889 .422889
5 12 455375 455375
6 12 479542
4 12 * .490783
Sig. 1.000 109 121 110

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = .002.

a. Uses Harmonic Mean Sample Size = 11.368.

b. The group sizes are unequal. The harmonic mean of the group sizes is used.
Type I error levels are not guaranteed.

C. Alpha = .05,
YP
Duncan®>°
Subset
Concentration N 1

2 15 415427
4 i5 419260
1 9 422889
3 15 .422953
5 15 436813
Sig. .326

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = .002.

a. Uses Harmonic Mean Sample Size = 13.235.

b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error
levels are not guaranteed.

C. Alpha = .05,



Tests of Between-Subjects Effects

Dependent Variable: YX

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model .0252 20 .001 20.888 .000
Intercept .164 1 164 | 2722.257 .000
N .024 4 .006 98.279 .000
CONC .001 3 .000 3.418 .025
N * CONC .001 12 5.884E-05 975 .485
Error .003 48 6.033E-05
Total .193 69
Corrected Total .028 68
a. R Squared = .897 (Adjusted R Squared = .854)
Yx/s
Duncan®™*
Subset
N-source N 1 2 3 4
2 12 027608
3 12 .033675
4 12 .043783
1 9 1044922
6 12 .059367
5 12 .082917
Sig. .069 .728 1.000 1.000

Means for groups-in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 6.033E-05.

d. Uses Harmonic Mean Sample Size = 11.368.

b. The group sizes are unequal. The harmonic mean of the group sizes is used.

Type 1 error levels are not guaranteed.

C. Alpha = .05,
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Yx/s
Duncana'b’c
Subset
Concentration N 1 2

2 15 .044727

1 9 .044922

3 15 .048580 .048580
4 15 .051267 .051267
5 15 .053307
Sig. .052 .146

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 6.033E-05.

a. Uses Harmonic Mean Sample Size = 13.235.

b. The group sizes are unequal. The harmonic mean of the
group sizes is used. Type I error levels are not

guaranteed.
C. Alpha = .05.

Tests of Between-Subjects Effects

Dependent Variable: TE

Type IIT Sum
Source of Squares df Mean Square F Sig.
Corrected Model 10557.6972 20 527.885 11.537 .000
Intercept 463788.708 1| 463788.708 | 10135.90 .000
N 10141.828 4 2535.457 55.411 .000
CONC 18.728 3 6.243 .136 .938
N * CONC 391.668 12 32.639 713 731
Error 2196.337 48 45.757
Total 477056.139 69
Corrected Total 12754.034 68

a. R Squared = .

828 (Adjusted R Squared = .756)
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TE
Duncarf>°
Subset
N-source N 1 2 3 4 5
2 12 | 59.3017
3 12 76.1908
1 9 82.7578
6 12 88.9558
5 12 89.1167
4 12 96.0425
Sig. 1.000 1.000 1.000 955 1.000

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 45,757,

a. Uses Harmonic Mean Sample Size = 11.368.

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error
levels are not guaranteed.

C. Alpha = .05.
TE
Duncan®?°
Subset
Concentration N 1

2 15 81.2987
5 15 81.5687
4 15 82.0487
1 9 82.7578
3 15 82.7700
Sig. .625

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 45.757.

a. Uses Harmonic Mean Sample Size = 13.235.

b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error
levels are not guaranteed.

C. Alpha = .05.
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Dependent Variable: Ethanol (%v/v

Tests of Between-Subjects Effects

107

Type III Sum

Source of Squares df Mean Square F Sig.
Corrected Model 23.293° 4 5.823 29.873 .000
Intercept 1056.821 1 1056.821 | 5421.589 .000
F 23.293 4 5.823 29.873 .000
Error 1.949 10 .195
Total 1082.063 15
Corrected Total 25.242 14

a. R Squared = ,923 (Adjusted R Squared =.892)

Ethanol (%v/v)
Duncan®”
Subset

Fermentation N 1 2 3 4
2 3 6.35433
3 3 7.99500
1 3 8.40400 8.40400
5 3 9.10833
4 3 10.10700
Sig. 1.000 .283 .079 1.000
Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is‘Mean Square(Error) = .195,

a. Uses Harmonic Mean Sample Size = 3.000.

b Alpha =105,

Tests of Between-Subjects Effects
Dependent Variable: P (g/l)
Type III Sum

Source of Squares df Mean Square F Sig.
Corrected Model 1436.5723 4 359.143 30.000 .000
Intercept 65142.150 1 65142.150 | 5441.390 .000
F 1436.572 4 359.143 30.000 .000
Error 119.716 10 11.972
Total 66698.438 15
Corrected Total 1556.288 14

a. R Squared = .923 (Adjusted R Squared = .892)



P (a/l)
Duncan®?
Subset
fermentation N 1 2 3 4
2 3 49.8867
3 3 62.7667
1 3 65.9800 65.9800
5 3 71.5067
4 3 79.3600
Sig. 1.000 .282 .079 1.000
Means for groups in homogeneous subsets are displayed:
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 11.972.
a. Uses Harmonic Mean Sample Size = 3.000.
b. Alpha = .05.
Tests of Between-Subjects Effects
Dependent Variable: S (g/!)
Type IIT Sum
Source of Squares df Mean Square F Sig.
Corrected Model 781.368°2 4 195.342 8.667 .003
Intercept 65021.885 1 65021.885 | 2884.812 .000
F 781.368 4 195.342 | 8.667 .003
Error 225.394 10 22,539
Total 66028.647 15
Corrected Total 1006.762 14

a. R Squared = .

776 (Adjusted R Squared = .687)
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S(g/h)

Duncan®’
Subset

Fermentation N 1 2 3
4 3 | 55.51437
1 3 | 60.11367 | 60.11367
3 3 66.48437 | 66.48437
5 3 72.54153
2 3 74.54177
Sig. .263 131 075

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 22.539.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = .05.

Tests of Between-Subjects Effects

Dependent Variable: Yp/s

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 0402 4 .010 27.842 .000
Intercept 3.594 1 3.594 | 10131.84 .000
F .040 4 .010 27.842 .000
Error .004 10 .000
Total 3.638 15
Corrected Total .043 14

a. R Squared = .918 (Adjusted R Squared = .885)
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Yp/s
Duncan®?
Subset

Fermentation N 1 2 3 4
5 3 430667
2 3 454667 454667
1 3 1473333
4 3 511367
3 3 577567
Sig. .150 253 1.000 1,000
Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = .000.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = .05.

Tests of Between-Subjects Effects
Dependent Variable: Yx/s
Type III Sum

Source of Squares df Mean Square F Sig.
Corrected Model .0042 4 .001 213.004 .000
Intercept .035 1 .035 | 7825.924 .000
F .004 4 .001 213.004 .000
Error 4.490E-05 10 4,490E-06
Total .039 15
Corrected Total 004 14

a. R Squared = 988 (Adjusted R Squared = .984)

Yx/s
Duncan""'b
Subset

Fermentation N 1 2 3
5 3 .028900
1 3 .038033
4 3 .040300
2 3 .066633
3 3 .068133
Sig. 1.000 219 406

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 4.490E-06.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = .05.
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Tests of Between-Subjects Effects

Dependent Variable: Theory yield
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Type III Sum

Source of Squares df Mean Square F Sig.
Corrected Model 1512.4433 4 378.111 27.851 .000
Intercept 137655.020 1} 137655.020 | 10139.55 .000
F 1512.443 4 378.111 27.851 .000
Error 135.760 10 13.576
Total 139303.224 15
Corrected Total 1648.204 14

a. R Squared = .918 (Adjusted R Squared = .885)

Theory yield
Duncan®”
Subset

Fermentation N 1 2 3 4
5 3 84.2800
2 3 88.9800 88.9800
1 3 92.6300
4 3 100.0700
3 3 113.0233
Sig. .149 .253 1.000 1.000
Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 13.576.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Aipha =.05.

1.4 MandaenusauuLanuad lasveeunaiiy 3 das
Tests of Between-Subjects Effects
Dependent Variable: Ethanol (%v/v
Type III Sum

Source of Squares df Mean Square F Sig.
Corrected Model .5842 3 .195 6.745 014
Intercept 887.847 1 887.847 | 30764.99 .000
F .584 3 .195 6.745 014
Error 231 8 .029
Total 888.662 12
Corrected Total .815 11

a. R Squared = .717 (Adjusted R Squared = .610)



Ethanol (%v/v)

Duncan®’

Subset
Fermentation N 1 2
4 3 8.35933
1 3 8.40400
2 3 8.81133
3 3 8.83167
Sig. .756 .887

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = .029.

a. Uses Harmonic Mean Sample Size = 3.000.
b. Alpha = .05.

Tests of Between-Subjects Effects

Dependent-Variable: P (g/)

Type III Sum ,

Source of Squares df Mean Square F Sig.
Corrected Model 35.130° 3 11,710 6.641 .015
Intercept 54689.851 1 54689.851 1 31017.24 .000
F 35.130 3 11.710 6.641 .015
Error 14.106 8 1.763
Total 54739.087 12
Corrected Total 49.236 11

a. R Squared =714 (Adjusted R Squared = .606)

P (g/1)
Duncan®?
Subset

Fermentation N 1 2
4 3 65.6300
1 3 65.9800
2 3 69.0867
3 3 : 69.3400
Sig. .755 .821

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares

The error term is Mean Square(Error) = 1.763.
a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = .05.

112



Tests of Between-Subjects Effects

Dependent Variable: S (g/l)

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 1241.668° 3 413.889 18.281 .001
Intercept 42897.603 1 42897.603 | 1894.746 .000
F 1241.668 3 413.889 18.281 .001
Error 181.122 8 22.640
Total 44320.393 12
Corrected Total 1422.790 11
a. R Squared = .873 (Adjusted R Squared = .825)
S(g/1)
Duncan®’
Subset
Fermentation N 1 2 3
2 3. 43.49470
1 3 60.11367
4 3 64.55603 | 64.55603
3 3 70.99413
Sig. 1.000 .286 136
Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square{Error) = 22.640.
a. Uses Harmonic Mean Sample Size = 3.000.
b. Alpha = .05,
Tests of Between-Subjects Effects
Dependent Variable: Yp/s
Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model .003° 3 .001 6.712 .014
Intercept 2.796 1 2.796 | 19117.67 .000
F .003 3 .001 6.712 .014
Error .001 8 .000
Total 2.800 12
Corrected Total .004 11

a. R Squared = .716 (Adjusted R Squared = .609)
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Yp/s

Duncan®’
Subset

Fermentation N 1 2
2 3 466767
1 3 473333
3 3 482700
4 3 .508000
Sig. .160 1.000

Means for groups in homogeneous subsets are displayed.

Based on Type III Sum of Squares
The error term is Mean Square(Error) = .000.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = .05.

Tests of Between-Subjects Effects

Dependent Variable: Yx/s

Type III Sum

Source of Squares df Mean Square F Sig.
Corrected Model .000°8 3 .000 43.837 .000
Intercept .025 1 025 | 11052.11 .000
F .000 3 .000 43.837 .000
Error 1.831E-05 8 2.288E-06
Total .026 12
Corrected Total .000 11

a. R Squared = 943 (Adjusted R Squared = .921)

Yx/s
Duncan®?
Subset

Fermentation N 1 2 3
1 3 .038033
3 3 .045267
2 3 .049267
4 3 .051067
Sig. 1.000 1.000 .183

Means for groups in homogeneous subsets are displayed.

Based on Type III Sum of Squares
The error term is Mean Square(Error) = 2.288E-06.

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha = .05.
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Tests of Between-Subjects Effects

Dependent Variable: Theory yield
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Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 112.6332 3 37.544 6.682 .014
Intercept 107074.188 1 107074.188 | 19057.29 .000
F 112.633 3 37.544 6.682 .014
Error 44.948 8 5.619
Total 107231.770 12
Corrected Total 157.581 11

a. R Squared = .715 {Adjusted R Squared = .608)

Theory yield

Duncan®®
Subset

Fermentation N 1 2
2 3 91.3467
1 3 92.6300
3 3 94,4567
4 3 99.4100
Sig. .162 1.000

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 5.619.

a. Uses Harmonic Mean Sample Size = 3.000.
b. Alpha = .05.
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Tests of Between-Subjects Effects

Dependent Variable: Ethanol (%v/v

Type III Sum
Source of Squares df Mean Square F Sig.
Corrected Model 24.1428 7 3.449 25.853 .000
Intercept 1732.521 i 1732521 | 12987.29 .000
F 24.142 7 3.449 25.853 .000
Error 2.134 16 133
Total 1758.798 24
Corrected Total 26.276 23

a. R Squared = .919 (Adjusted R Squared = .883)
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Ethanol (%v/v)

Duncar?’b
Subset

Fermentation N 1 2 3 4 5
2=BF50 3 6.3543
3= BF100 3 7.9950
8= 1/3Umax 3 8.3593 8.3593
1= control 3 8.4040 8.4040
6= Umax 3 8.8113 8.8113
7= 2/3Umax 3 8.8317 8.8317
5= BF400 3 9.1083
4= BF200 3 10.1070
Sig. 1.000 212 .164 .360 1.000
Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 133,

a. Uses Harmonic Mean Sample Size = 3.000.
b. Alpha = .05.
Tests of Between-Subjects Effects
Dependent Variable: P (g/1)
Type III Sum

Source of Squares df Mean Square F Sig.
Corrected Model 1485.797°2 7 212.257 70.377 .000
Intercept 106725.341 1 106725.341 | 35386.29 .000
F 1485.797 7 212.257 70.377 .000
Error 48.256 16 3.016
Total 108259.394 24
Corrected Total 1534.053 23

a.'R Squared = .969 (Adjusted R Squared = .955)
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P(a/)

Duncarf P

Subset
Fermentation N 1 2 3 4 5

2= BF50 49.8867
3= BF100
8= 1/3Umax
1= control
6= Umax
7= 2/3Umax
5= BF400
4= BF200 79.3500
Sig. 1.000 061 .808 124 1.000

62.7667
65.6300 | 65.6300
65.9800
69.0867
69.2733
71.5067

W wwwwwww

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 3.016.

a. Uses Harmonic Mean(Sample Size = 3.000.
b. Alpha = .05.



