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ABSTRACT

From the characteristic of expired carbonated soft drink that contains high
sugarconcentration, it is possible to use this wastewater as a carbon source for ethanol production.
The culture broth composition prepared from expired carbonated soft drink and culture condition
for ethanol production by Saccharomyces cerevisiae (S,) were optimized. The results showed the
appropriate culture broth and culture condition for S. cerevisiae (S,) were the diluted expired
carbonated soft drink contained initial sugar concentration of 25 g/L, added 0.1 g/L of (NH,),SO,,
adjusted initial pH to be 5.0, incubated at 30 °C and 100 revolutions per minute of agitation rate
for 48 hr. With these appropriate conditions, S. cerevisiae (S,) yielded highest ethanol production
by 1.17 %(v/v) or 9.02 g/L with 0.384 g ethanol/g sugar in Yp/s and the biomass obtained was 1.2
g/L. The ethanol concentration in samples were measured by Ebulliometer and the values
obtained from Ebulliometer were compared with the values analyzed by Gas chromatography
(GC). 1t was found that the ethanol concentration in each sample analyzed by GC was higher than
that obtained from ebulliometer measure obtained ment by 0.23 & 0.024 %(v/v)

Tthe ethanol production from S. cerevisiae (S,) fermentation in this study was
low in comparing with other studies. Therefore other isolate, S. cerevisiae (S,) was also studied.
The culture broth composition and culture condition’ used for S. cerevisiae (S,) was the condition
optimized from the previous study with S. cerevisiae (S,). The results showed
S. cerevisiae (S,) could tolerate to higher initial sugar concentration than S. cerevisiae (S)).
S. cerevisiae (S,) could produced ethanol in the non-diluted expired carbonated soft drink
contained the initial sugar concentration of 98 g/L. This culture yielded 6.17 %(v/v) or 48.72 g/L
of ethanol, 0.504 g/g of Yp/s and 5.97 g/L of biomass. In addition, this study also investigated the

effect of autoclaving and using Potassium metabisulfite (KMS) on ethanol production. It was
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found that S. cerevisiae (S,) could not tolerate to KMS at 200 ppm whereas the ethanol
production of S. cerevisiae (S,) in autoclaved culture did not different from that produced by the

culture decontaminated with 200 ppm of KMS (1.57 %(v/v) or 12.37 g/L).

Key words: Ethanol, expired carbonated soft drink, Saccharomyces cerevisiae
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SE>-0 3384 ;e ZFEAAL | 35 £ Y SB-PBEA AB=S S to¥ 3362
(Srinoraketaaii2004)

Ad~° e, A m opt §oCerevisioe 1 FHRGH
AZpa A ° 5 196K 00l 15 « 2 e fA (B 0o A A ABYOU ®FL ! §

, Bt pAASRI|L e (B2 cerevisjpe pT B B A de—E p2AS.. ¥
A3 A e BARE ¥ o SHRRIA-A ¥Rk £ 3 b8 B 33
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A Egp ! XRehSZSEpjAcd AL e ... ° S
S. cerevigidet 1 ¥gpfAKIuyveromyces mafBanasevisige pT ™ Y -
A ° 3y @& RAmarxiahes ° [ERHT ES 1 2 ReSBYoApA -~ ek
% B2 - o ofllivte A oo BORD A 2 A Zpiobch icE | p°
SUIYAC S poe °F EdenBelAfl, T A REX AcerevishpS A2 —
(877 pe»n2548)

3.2, U KA &858, bevisice A 02 SABY¥
Phylum Ascomycetes

Order Saccharomycetales
Family = Saccharomycetaceae
Genus  Saccharomyces

Species Saccharomyces cerevisiae

3.37, - — 3 & pdMorphological characteristics)
S.cerevisigEoe ¥'2 Eukarydid S A ge-— 3 gL
(Unicellular orgarism) ABER ®Li -~ 16 pe2fonl Y offBA ~ 3 Y8EA o
o - ®2gjpe —2p S, " SEA(Rbund or oval°Mape)- > AEEC
. A2 501 E S% | 210Kt ¥ o 7 | Uo2o T ° e
(- o AA £ 25449 0chE A« LA« A ¥ AY5! Uibeh + oA 0
° A | « A— o, ABID cn e, RF3D)

).
£y EAA - —S-%h S . E¥ BAccharomyces cerevisiae
3E phttp//www.jpkc.njau.edu.cn
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3.47, - — 3 & A$Bibchemistry Chadacteristics
Y 8 AIZ S cerevighat | @S S AREA-L-Bi-Layered
cFH3 iR, °S N3 fA¥185-9G ! 3, *B¥tannoprofeiff-D
Glucats Fez | | 7 PolyaccERié u %, €AR peb¥ae £1,3-Linkage
A "B1,6-Linkage | * ABE Alce -BA 3RS , B¢, ' 3+2 08 i B'Y i ce
A3V REE-°S-£usd SEAA 4% b e, |22 S5 Y e
A" Yo dnbed b u - R Ao pBPAUIGGA e - £
A2pol AAT3al A B [12538)
SRS uEpte, | 3.3 QPGS A 08 SR 3 S
° u,(Araerobic coAdHBhI AR, 1 | Fermentalbn) 3 « 2 of, At ® ©
Awt u, 48 S S ud Ry | , |04 A%~ hY, | 3 « Eaebppén-Meyerhof-
Parns pathway (EMP —BabthwaySHEA70eeEy, k §1 A3 A oA °3
fpoe A—Ae WHASE Apfe e, AZ°PSE A°- K3,
-ui 213, 8t ce Aok, BB AL I5A CAGREY
(Oranut, 1999)
Be ~ ° ccEmBdSlen-Meyerhof-Pak§ ASakEVAY S L oe °
- oy pTAsARe T SEde
1.0t - g, H4RA S | A ° - ¢(TrHds@é phosphate)
21! Eps A S A - Ak MieRyiueate)
’ 3.0 e Rt BEEOR 1 ) cdoed ° S @AY P ce
Are
e CBerd 3, B¥A-7 1Y 12 LY p L He®king®
Glucokindss\TPAG A E ¢ T -AjES|ucose-6-phosphate ALagR) 7
Fructose-6-phosph&HE§iohexoisqmiRisrsphofructoRiABLE
F6PA@EFructosel,6-diphospiBtd THPP) [E @ o £ P « aed®
Glyceraldehydes-3-pho&pBatyd@3pacetonephospghateq DHERR)
... °'S ARlIdeldsk EBHAPS AEGd@Iycerol pholpidéree®didds
BT ope$ 7 ¥ |IBRAMOHAR EoddS3PA — ¥ A° e AZ
Triosephosphate  isGifierp8eoeG3P 3R 21¥ [t ¢ ° - ABGA ®
1,3-Diphosphoglycerateq BREN YA | ° oA BIAD? ', | ¥ |rdoR¥
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Glyceraldehydes-3-phosphate ZA1&BGro§&nzs¥ &, ADP Ao—
3-PhosphoglycerAte{BRGE 2¢ 1 ... ° PhSsehAdlyeerdte Rinkse
- n ATPA —»-Sibstrate level phogbHeR@RiaFG: A pdBosphoenol-
pyruvate (AERPINT®, ®BEA »Subdtrate level phogmedhgiaticit: S
A®padE ¥ |1 ARyriwate kinase

LB Bed A, | BATAG BEEG 1| 2 | B2 ®F 3
Tl 6 A cBR@ ol BE AR S, | § A CREY
- e ud ™R 5B AR (L Actare)—DNDAEETT AE” | ° oo
A e ¥ Lattate dehydrdf§griadE« ok §!° I ofeficetyl CAA— ¥
A ° oPlrdvate dehydrogendecetyhGiés #iuc, | A 1A A g AZ o
oE¥ce A o A A ° 3Enzyhe comptBe” « 1 S« 842 S Vil -
TP oe A —pey Petaldeldyde ¥5 pPAtivate decarffoxplgse
Acetalderyd@? ° AZ+aEIAD, ~ 1 ¥ A {Aceta®y Y42 Z8WADH
A — ¥ Miaehdl flehydrddgeasé {pae B jsloe,2542)
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D-Glucose
hexokinase

ADP =1 €= a7p

Glucose-6-phosphate
Phosphohexoisomerase ‘

Fructose-6-diphosphate
Phosphofructokinase

ADP ¢— | +— ATP

Fructose-1,6-diphosphate

Triosephosphate isomerase
A

y

Glyceraldehyde-3-phosphate @) Dihydroxy-acetone phosphate
Glyceraldehyde-3-phosphate

dehydrogenase
NADH + H- == | €= n\ap.
v A 4
1,3-Diphosphoglycerate Glycerol phosphate
Phosphoglycerokinase

ADP g— | 4— ATP

A 4

3-Phosphoglycerate Glycerol

2-Phosphoglycerate

Hzo h‘
Phosphophenol-pyruvate
Pyruvate kinase
ADp &= €= A1p
pyruvate
Pyruvate decarboxylase
C02 h

Acetaldehyde * Alcohol dehydrogenase ~ Ethanol

NADH + H+

NAD+

£ 1 ST 1 YA ° § e & 1 Bmb&den-meyerhof-parns pathway
SE o ce, Sfpece $2542)
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1.1 fvenanonan

d o a1 O o & v J ¢ sy o A
Lﬂﬂ@]?@ﬂTQuT@ﬂﬂuﬁNﬂ@Tq G]N']Jizﬂ@ﬂ@]']ﬂ u”lﬁﬂfﬂi‘ﬂ uTTﬂﬂ HUVYT

o

3’ g‘ o o J [ J 3 o ] 3’ qu‘
1!1??(}11 gAY NINTUNU 1/1”|ﬂ”|sa”|mm”|ﬂmﬂmiﬁ;ﬂmmaQ“lum’mmmaaemm MNUUNN

a

oy s Iy A a s . Y o & w A
fniulﬁﬂ1615ﬂ1i‘1JE]‘L!llﬂf]ﬂﬂll%ﬂﬂﬂﬂlﬂiﬁiicﬁulﬂlﬂ@i (sonicator) LAIUUNUINHINGUN YV 4

U

SN LI
X a A d
1.2 wogaunse
% 4 a
S. cerevisiae (S)) IlQg S. cerevisiae (S,) ”l?fimammgmswwmﬂmmm
a a 4 a [ a s Y
07N AULINGINAAT YU1INGITEAVATUATUNS 18891UDIMIT YM (Yeast malt extract

a ~ a

VA < & o 2 o ¥
agar) ‘].lll‘ﬂ'qmﬁﬂﬂ 30 DAY QLYY Lﬂuszﬂznm 48 6]5'3111\1 mﬂuummﬂmll’nnam?mm 4

U Q U

= o = | & o
AT LaziiINTasue11IsaeYo (Subculture) tABDUAL 1 AT

-
1.3 91M131381%0

) [ S o 4
- q@lﬁ@WWWiﬁWWiUlﬂUiﬂHﬂ‘dﬁﬂ S. cerevisiae (YM agar) ﬂi%ﬂ@‘ﬂﬁ?ﬂ

Peptone 5.0 NFUADANS
Yeast extract 3.0 NSUADANS
Malt extract 3.0 NSUADANS
Glucose 10.0  NSUADANT
Agar 150 niuAoaAs

@ a I~ a 3’ q'/ 09/’ o 5 1 g 1 [
U5udSuasdlu 1 dasdreiindu mndui llisadusenanudu 15

J 4 a ~ IS =
Vouanean1519in UMY 121 pefusased 1unan 15 UM
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Y v
- gAIe TN IAT 0T S.cerevisiae ITUAY 152NOUAIY

Peptone 5.0 NTUADANT
Yeast extract 3.0 NSUNDANST
Malt extract 3.0 nNSuARANAT
Glucose 200  NIUADANT

Y] a I~ a 3’ q'/ 09/’ o 5 1 g y [
U5udsuasdlu 1 dasdreiindu i llisad s nanudu 15

J 4 a ~ S =
Vouanean1519in UNHY 121 pefusased 1unal 15 UM

Aq ¥ o [ a Y
- q@]i@TWTTV]1ﬂfﬁ1wjﬂﬂ1jﬂaﬁlﬂﬂ1u@a senoune

Yeast extract 1.0 NINNDAAT
MgS0,.7H,0 0.5  NINd0aNA3
(NH,),SO, YTz aunnImaaed

o a <3| a g‘ Y o S 3
Ysvil5iasilu 1 dasdroidaaununelg USu pH 1fu 4.5 aniiu

o 4 4 & A Y N 2 a = ] 2
i hisaingeinaudu 10 Youdaenseiii gaumgil 115 essuwaded Wunar 15w
2. ginsainazaisndl

o (Y] d\” & = d
2.1 MUITUVNISLa8NB AR S. cerevisiae
2.1.1 Uitla (Pipet)
2.1.2 inoaNAaod (Tube)
= 4
2.1.3 UnNiN®d9 (Beaker)
2.1.4 N32UBNAY (Cylinder)
2 A4 A
2.1.5 1 e¥e (Loop)
2.1.6 91UD1M1512891%0 (Plate)
Y 4 .
2.1.7 Na999aNIIAU (Microscope)
A 2
2.1.8 199394 (Balance)
2.1.9 niloilaainradrenuau 1o1i (Autoclave)

2.1.10 1TOUVGMUVAIVANGUHAN (Incubator shaker)



2.2 fmSUnsInIY pH
2.2.11A5097A pH (pH meter)
2.2.2 1nau (distilled water)

=\ 4
2.2.3 UnNNodT (beaker)
2.2.4 0.5 N NaOH

2.2.5 H,S0,

2.3 dmdumIasidnnzyhima
2.3.1 Lﬂ?@ﬂ%ﬂﬂﬁﬂﬂﬂﬁl&&ﬁi
232 °I§1ﬂéju
2.3.3 sagaesy InsauInIgIu
2.3.4 conc sulfuric acid

2.3.5 5% phenol

° [ d
2.4 MHIVATIVIAIZHIBMUDA
A g a J .
2.4.1 15093l auoansgea (Ebulliometer)

2.42 10504 Gas Chromatography (GC)

2.4 SMuATI AN HIIATIMN
2.4.1 él,}E)‘ULLﬁﬁ (Hot air oven)
2.4.2 é’@ﬂmméﬁu (dessicator)
243 mé@ﬂ?&ﬂ (balance)

2.4.4 Hemacytometer
2.4.5 Lﬂé@\iﬂi@\i

2.4.6 NTAIYNTDIVUIA 0.45 um (cellulose nitrate filter)



37
3. 3sM A uIuUMIdY

a A 4 g
3.1 MIAIBNYDLINAU
' dy a J L. A a <3
DIYLFVYT R S.cerevisiae NATYUUDINTLLUS (YM agar) asluemsmian
] { a < ) (% 1
(YM broth) tufguugid 30 esausaded 1ilunat 24 2 Tus 1000510151061 150

Y [
souapwd wazii 11 usesudu

3.2 MsAnMaNUAYeRNOAaNTINADE

s

Y 1

win1sanu1dnumzvediidaauvuanig Ariunislania
4 9 A a I =} o a o a g’

msuauhlﬂaaﬂhlﬁmﬂ’mmiaﬂ%ummai Wunan 30 4N Tﬂﬂmmi’smswwmﬂsmmmma

pH BOD ttag COD

Y d
33 MSANYINIGATIMISTIHINZaNADNISHANIEN I U AV Id A
S.cerevisiae (S,)

3.3.1 msanumifInanihmaBuau (hdnanvinaeig) Nrisnzan

= Y 9 a J A 9 S o d'

AnyianudutuyeslTuanihnasuan ihdaaunuaeiy) 1

' a a o ~ A Yy v

MINZTUADMITNAABNIUDAVDITAA S. cerevisiae (S,) 1ATMTIATINDIMIINUAN AU
[ 1T Aa [ Aa I A Aaa g‘ @ {

Y94 (NH,),S0, 0.5 niuaeans Usuisuasniu 100 addaas dreirdaaunuasigiaiim
3’ A T W [ 1A o 3
[WNYHY s NAWNIAY 25, 30, 40 uag 50 NTuARANT YTV pH VoI 1MITHIU 4.5 A

4 a Aaa ] 4 { a [
0.5 M NaOH luslardvuia 250 Haddns sindengaumgil 115 oaruaaiGea AU 10
J a A di’ Iy a di’ A 9 [ %
Youa 1WuszezIan 15 W0 AWFD S, cerevisiae (S, MNUTMansaizuaulue1i1smIny
1 A Aaa a c?/‘ 1 { a
1x10° 1saa@oladans #1095 Hemacytometer (NANUIN N) 3INUUUNNGUUYL 30 999N
Y] 1 1 I~ o o o 1 a 4
warFea A2e9n31M131UEN 100 s0URBUIT 1Tuszeznal 48 %2 Tua 1hded1aN AT 1L
a oy d' A a =
pH Usunaimanwae Usuaemuea wazuiadinn
< - ' 4
3.3.2 msanmmifSinamvaslulasou (NH,),S0,) Tranzan
= a 1 d' 1 a
AnwrdsumunasluTasiou (NH,),S0,) Ntnuzauaonsnan
4 9 [ T A
ONUDAVBIOEA S.cerevisiae (S,) TAIMIATINDINT F9U52NOURIY Yeast extract | NSUADANT
MgS0,7H,0 0.5 nuaeans tag (NH,),S0, A udiuminy 0.05,0.1,05 tag 1 niuaeans U5y
a I~ A aa 9 2’ [ ~ 9y 9 3’ A 9 A
YSuasiilu 100 Taddns Ar1daauuA1gNANMTVTIUYDINMAITUAUNIHIZANIIN

19 (3.3.1) U5V pH vesewailu 4.5 18 0.5 M NaOH Jurlarduuna 250 aaans snaen
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a = o A =} c?/l a dy =) 4
QU 115 evewarFoa Auay 10 Youa 1Wuszozinar 15 10 niuausedaa
a g A [ Y 1 A Aaa o 1 {
S. cerevisiae (8,) ThtllSunauseisuduluormisminy 1x10° wadaedanans 1 lddun
A o 1 1 I o )
gungil 30 eeruTAIFed A288ATINTIUE1 100 souaoud Tuszezinal 48 421w 1
Y] [ a 4 a 3’ 1 a
f198191121A5 12111 pH Usuaniimafias USuatenivea tazuiadimw
3.3.3 M3AnYIY pH Ntvianzay
Ayl pH 891NN AUADAINAAIDNIUAVRITAA S
cerevisiae (S,) TagnisiaseuensniianududuvesdSuaunaslulasou (NH,),80,) @
9 o Aa I Aa Aaa Y 2’ @ A (A 2’
MzanInUe (3.3.2) YSu1lsuasdlu 100 Jaaans areivaaunuaoignilsuaninia
U ] Y
SuAUNMINZaNINTe (3.3.1) 1MUY pH ¥8I0 1IN 4.0, 4.5 UAE 5.0 A8 0.5 M

a =

J A aa A 4 o J g
NaOH Gluﬂmﬁéumﬂ 250 HaaaAT NUFDNYUNHN 115 DIAUEALFIT ATUAU 10 ﬂﬂuﬂ nJu

U

= a dy .. y (a dy A g ' o 8
JTYTIAT 15 U IAULEe S, cerevzszae(Sl)Glfl”ill‘ﬂiNWﬂ!L‘BﬂLiNﬂuiuﬂWﬁﬁm1ﬂU 1x10

a S

1 A aa o 1 { o 1 [ I
LFAANBUNADNT quﬂUNﬁQﬂlﬁﬂN 30 oAU LT ﬁ?ﬁl’ﬂ@liWﬂ’lil"UﬂW 100 3@‘1J§5]’E]1Hﬁ 1Wu

U

a J

J 9 v
521781 48 $2 104 11i08191 N5 12N pH Tanimaiimae Usmaeniuea uaz
=
WIATININ
Y a dJ
3.4 MSANNTAIZTHINZANADNIIWAADNIUBAVDILAA S. cerevisiae (S,)
< ad
3.4.1. M3AnMIMIRMHY NN AN

ANHQUUYINMIN ANABNITHAADNIUDAVOIOHR S. cerevisiae

a g 4 a 4 A - Jd
(S) Taemsausedan S. cerevisiae (S,) TRUSuanFosuduluemsminy 1x10° ivadao

a

A Aaa ~ 9 o VoA
Haddns  aslugasermsimunzaunnde 3.3) i ldduiiguugil 25, 30 uwaz 35
@ 1 1 I o c?/l o o 1
DIFNIFAIT I A280ATINTIVEN 100 TBUAUIN 1T UTZezIAT 48 $2THa 1MTnidIog1an
a 4 a g’ A A a =
AATIZHN pH YSuanheaitvae YSuateniuea Lazu1a®Inw
3.4.2. MIANYIIOATIMIVENNITIINZ AN
ANHIOATINITIVI NN U AUADNITHANIDNIUOAUDIDA A
a g 4 a 4 t:' [ Y
S. cerevisiae (S,) TAsMIIAUTOBAA S. cerevisiae (S,) MRS FoFudAU U MITIMIAY
8 d1 A aa A 9 ) ' Aaa
1x10" iadneiaaans aslugasennsimingawnnde (3.3) W lliuluguuginmuizaw
@ [ 1 I M) qu‘ )
9199 (3.4.1) A2899310131U81 0, 50 1A 100 ToUADUIN 1HUTZazIAT 48 %2 Tua 91T
(Y] 1 a 4 a 091 1 a
f1981911A5 12411 pH Usunaniimnaiimas USuaenivea tazuiadinw
3.4.3 MIANIMIsZEzRNIUMSHI DNz ay
= % d' 1 a =1 4
ANYITZ A 1 UNMTHIN MM VI FUADNITHAAIDNIUDAUDIT AN

L. a dy =S 4 L. I A dy A 9 T W
S. cerevisiae (S,) TaeMsIANYDIAA S, cerevisiae (S) 1955 uanrersuduluoimsminy
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8 L T A Y ) ] A
1x10 Kaanolanang aﬂuqmmmiﬂmmmmnﬂsua (3.3) m"lﬂuﬂuqmwnuwmmmu

(% 1 { c?/‘ o <3 % 1
%'lﬂefljﬂ 3.4.1) ?’9]}'38’8']@]3'lﬂWﬁHlEﬂﬁlWiﬂ%ﬁﬂJﬁnﬂst}@ (3.4.2) NUUNNITINUAIDYNNN 12
o I @ A o a 4 a g’ A A a
“If’JIiN Wuszezan 3 1 e BATIEHIN pH Usuanimanmae Ysuiaenivea wae

=
UIAYINTN
= a ) Yy a Jd . .
3.5 MSANHINAAIR MU AINUIDAANHNADIELAIYUAN S. cerevisiae (Sz)
Y
a o o 4
AnEIMsHaAMUEANIIOAANNUADIYRIGTAR S. cerevisiae (S,) 1Y
1 Y

1%’@@13@1%15;1@3ﬁmazﬁﬁmmzﬁmmwamiﬁﬂmmswammnmaaﬁnm‘hﬁﬂauwmmqﬁ’m
a o 0 & o o 3 o A o
gae S cerevisiae (Sl) HASMMSINUAIBY NN 12 ‘lf'JTlN Wuszezan 3 U IWOUINN

a 4 a c;y d‘ A a =\
UATICYIN pH Usuahaanwae Ysuaemuea uazuiayinin

4
v A

=] Aad o J : (%4
3.6 msanyMIshvaweuileuluidnanrinaeiy

= as o w dy dy c,; [ 9 ag

Any1ITmsiTaelwilenluiingnanune1ga183s Autoclave
T8N VNUNITANATT Potassium metabisulfite (KMS) TAgM3n3 sugasoIsnmuIzan

9 o ' g Y ad A A a ~ Y
9090 (3.3) MM3dUBDAEIT Autoclave TABNITHUFDNQUNNN 115 DIAUFALTHT AWAL
J < ~ o ] dy Y ad a a a

10 doua uszeznal 15 w1 uaziimsnuyea1835an KMS Tagmsiay KMS Tuil3unm

S X yua & £ o = S a g . A g
200 ppm @NTNhl’JL‘iJuL’Jm 24 6]5')11]\1 PIVSMINITANYINIYTAN S, cerevisiae (Sl) Uaseuae

a

a g A a 1 o g aa
S. cerevisiae (S,) Taoam¥osuduasluons1dilsuasiidy 1x10° wadaeliadans

Y

:;’ o 1 ~ Y o w T a 4 a o a
mﬂuum”lﬂuuiuﬁm’szmmmmumﬂmﬂ (3.4) UINIDYNNUATIE N pH Usuaniaan

Moo UTuateniuea LazuIATINN

¢
4. MINTIVNATIZHNAZINIUND

4.1 pH

v
S 1

75197018 141A504 pH meter 31891UNAINAINB1H 1A INDIAAING
VDIIATDINTIVIA

4.2 Y5aanima

o a J (a g’ o ] a . .
Mmsinszrdsnarhmaludiediadieds phenol sulfuric acid total

@ 1 1

Y
a A aa o < a
sugar I@m@lj\lﬁ'ﬁaga']ﬂﬁﬂﬂﬂ'm 2 yaaansg Gluﬁaﬂﬂﬂﬂﬁ@ﬂ (LL“]SGlumLLGlN) Lléjjlﬂll 5% phenol

F4 E4 [ 2
solution A4N19'14 2-3 Uil Ngungiifes 1A sulfuric acid 5 Haaans N913 10 WA wer TN

=

9
A hldaaimsganauuas 1490 wTuwas MNTUAEUNIINNIATTIUTZUINAINT
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A o a J A D] = = a J
ﬂﬂﬂﬁul!ﬁﬂﬂﬂﬂiuWﬂ!uWﬂ1ﬁ (MANUIN N) LWﬂﬁl“ﬁGluﬂWiLﬂﬁEJ‘iJL‘V]EJ‘iJWTIJilJ1ﬂlu1@HﬁGlH
v ] = A Y A o 1
GREGHGEEZRRERN G]foﬂiﬁ$aWS%IﬂiﬁiJW@]iﬁWu‘l’]Gl‘]f Ao 10, 35, 50 ag 70 Vllliﬂiﬂill@]@ 2
Haaans
4.3 PSnamemuea
o a d 1a LY ] Y d‘ .
‘VI”IﬂTi”JLﬂS”I%“Hﬂ53J1ml@7]11!@ﬂ11!9]3681\1@]38&?156\‘] Ebulliometer
o 3 d' Y dd’ o = [ =~ =
(MANUIN N) Llﬂgﬁ”lﬁiﬂsljﬂﬂ”lﬁﬂﬂai’)\ﬁ/l‘lﬁWaﬂ”li‘ﬂﬂai’]\WWIqﬂﬂ$ﬂ1ﬂ1§EJHEJUNﬂL']J§EJ‘]JWIEJU
@ a 4 4 [
AUMIUATIEHABIATEY GC 34 HP 6850 Gas Chromatography with Flame Ionization Detector
Taele column: HP-Innowax, length 30 m, 250 pm I.D, 0.25 pm film thickness ﬁqmwgﬁ
Detector 200 09 1 aLT e
4.4 120TINN

) I sAAAA Y do o ]

1!’1J‘DWH'JHLG])'ﬁaUﬂﬁﬂh“ﬁ?@ljﬂﬂﬂiQ%Wﬂﬂﬁﬂﬂﬂa‘V]ﬁﬁﬁuﬂWa\iGUEﬂEJ 40 N
#18 Hemacytometer (N1AKNUIN 7) HAZHINITNTOIAIDENAIUATZAIYNTOIVHIA 0.45 pm

. ) A = 3 o

(Cellulose nitrate membrame) IﬂﬂuWﬂﬁg?ﬂ‘Hﬂiﬁl\ﬂﬂﬂUﬂ 105 93 aLd Lﬂumm 24 “]5’3111\‘1
M 3’ Y] J 1% 3 [ g’ @ 1A a
PIUTUNUNNIZATHNDULLASHAINTON TIEN”IUWEH']JL! ﬂiuuTWuﬂL%ﬂéllﬁQﬁ961@]'51/!?11/‘1131%!;@]@5(

Y

F18UHAAIA R AL A AU oUUUNIATININNTATIVIA 3 4

5. MINIUANAUMNMINATDU
1 09)1 { o a :‘ o oy 09/’ a 4
Tuugazasanimsnagevdsuaihmatazioniuea laging 3 59 LazAnIIZH
1 1 ~ a 4 = 9
ANuuANAUeIALRaY Iasns1IzHANLlsUsIuN1uae) (One-way anova) Tag ]y

Talsupud n%'ﬁ]g 1) SPSS (Statistic Package for the Social Science) Version 11.5



Nﬁﬂ"li‘i’lﬂﬂﬂx‘lllﬁ%%%“liﬂi

1. HamsANIaN Yz YR 1INANTINAD 1Y
=2 va g/ v [ 16V J J
HansAnauiAvenhdaauuaegraIIums lamamsueu lasen lud
4 o a J a oy ' g/ g va o
WeiinsBnsizivliuanivia pH BOD tag COD wuinhdaauruaeigiauia 6

uanaluaisnen 3-1

v 9
M3197 3-1 aulidvenihdaaunuaeIy

auiafinseda fouslYe ndaahive
ﬂ?uwmﬁywma«gimﬁ (g/L) 145-148 98-108
pH 3.02 4.63
BOD (mg/L) 83,541 -
COD (mg/L) 152,470 -

Y Y Y
nnauidvesthdaauruaogiedunuIniidaanruaeiglilsuaniiaia
a3 P A ~ 3 A o A 1A (a J
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m%l‘mﬁamaau : HP 6850 Gas chromatography with flame ionized
detector

Column : HP-Innowax

Column description : Length 30 m., 250 um 1.D, 0.25 pum film thickness

Oven tempurature : 50 °C hold 6 minutes

Inlet tempurature : 200 °C

Detector tempurature : 200 °C

Carier gas, flow rate : Helium
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A9LINMIAIUIN

VINHANITHAALONIUDAVDIDAA  S.cerevisiae (S,) é’am‘iwﬁﬂawmmqﬁ
USnanhmasuduniify 25, 30, 40, 50 LA 98 NSUADANT HaAMIANEIND TSI
shaaisuduIiTY 98 NSUREAAT BA S.cerevisiae (S, AwmnsaRanemuea ldgegaminy
48.72 PSusioans TlSianhmafivaesidy 1,30 niudoansdeannIafuIamAHanan

1 k4 4
remuean lanedsasdu (Yp/s) 3ngas Idail

Tae (AP) = 48.72 NTUADANT
(AS) = (98 —1.30) NFUADANT
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= 0.5034 NTUONMIUOANDNTNIINA
° U a dd’ Pl g.’l Y
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I 1 4 4 A a 4 5 o [ I
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a LA Y c?/‘ 9 =\ 1 3 o oy o Y o QsJ‘ Y
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U \l o
AIDENINSATHIN

a 4 2’ v {
INHANITHAALONIUOAVDIT A S.cerevisiae (Sz) gf’.lfl‘l!”l’f)ﬂﬁllﬁllﬂ@1§ﬁ

Y v H
USuanimasuduminy 25, 30, 40, 50 uaz 98 NTUABAAT WAINMTANMINUINYT LI

3’ A 1 @ ] T A 4 a 1 @
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% 1 A 3’ Y] 4 1 @ % 1A a 3’ { 1 @
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Tag (AX) = 5.97 NFUADANT
(AS) = (98 —1.30) NTUADANT
= 96.7 NTUADANT
Yx/s = 5.97/96.7

v v
= 0.061 ASMIMIALTIReNS LI IANa
) U Aa A v . . = Jd d d
4. masnnamilszansamwnala (Yield efficiency) (Sug19n 9e1l51va), 2547)

alszansmmwald (%) = WA laenIuea X 100

9 =
wa“lmamuaammqy;] (0.51)
U | o
AIDYNNITIATHIN

a 4 2’ v {
INHANITHAALONIUOAVDITHA S.cerevisiae (Sz) gf’.lfl‘l!”l’f)ﬂﬁllﬁllﬂ@1§ﬁ
Y v H
USuanimasuduminy 25, 30, 40, 50 uaz 98 NTUABAAT WAINMTANMINUINYT LI
3’ A - [ 1A 4 a
MAITNALIIINY 98 NSUADAAS BER S.cerevisiae (S,) AsaHAAENILDA IAgIga tazd)

v 4 Y I
AwananeNIUean 1Anea1sAIAY (Yp/s) 110U 0.503 Asuemueanansuiiaia ¥
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) o ! a A 9 A =} o 1 = 9
ﬁm1sammmmmmmﬂsmmmwwa"lmmmauﬂummyQ i]”lﬂf;(@]i]lﬂﬂ\iu

alszansmmwald (%) = 0.503 X 100
0.51

= 98.82
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wimsinszrdoyalaoldlsunsuduiagal SPSS (Vertion 11.5) Tasl#33

least-significant different (LSD)

o a 4 g’ [ !
MANUIN A-1 ﬂﬁ‘VillﬂLi’J‘VI”I‘L!i’JaLm%ﬂﬁﬁliﬂuﬁlﬁ’]\ﬁlﬁ@] S. cerevisiae (Sl) il”lﬂ‘l!”li’]ﬂﬁllﬂllﬂi’]”lﬂﬁ

Y v
ANUTUTUIIMATUAY 25, 30, 40 LAT 50 NTUADANT

ANOVA
Sugar
Sum of
Squares df Mean Square F Sig.
Between Groups 804.848 3 268.283 182.196 .000
Within Groups 11.780 8 1.472
Total 816.628 11

Dependent Variable: Sugar

least-significant different (LSD)

Dependent 95% Confidence Interval
VZriable c-glla)P éJR)P Differl\gﬁig (1-3) | Std- Error | Sig.
Lower Bound | Upper Bound
25 30 -4.8433(%) 99079 | .001 | -7.1281 -2.5586
40 | -12.0600(*) | .99079 | .000 | -14.3448 -9.7752
50 | -21.7433(*) | .99079 | .000 | -24.0281 -19.4586
30 25 4.8433(%) 199079 | .001 2.5586 7.1281
40 -7.2167(*) 99079 | .000 | -9.5014 -4.9319
50 | -16.9000(*) | .99079 | .000 | -19.1848 -14.6152
40 25 12.0600(*) 99079 | .000 | 9.7752 14.3448
30 7.2167(*) 99079 | .000 |  4.9319 9.5014
50 -9.6833(*) 99079 | .000 | -11.9681 -7.3986
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50 25 21.7433(*) .99079 .000 19.4586 24.0281
30 16.9000(*) .99079 .000 14.6152 19.1848
40 9.6833(*) .99079 .000 7.3986 11.9681
* The mean difference is significant at the .05 level.
ANOVA
ETHANOL
Sum of
Squares df Mean Square F Sig.
Between Groups 11.533 3 3.844 99.377 .000
Within Groups 309 8 .039
Total 11.842 11

Dependent Variable: ETHANOL

least-significant different (L.SD)

Dependent 95% Confidence Interval
VZriable G(E{)P G(g{)P Diffe:clleﬁig (13) | Std- Error | Sig.
Lower Bound | Upper Bound
25 30 1.1833(*) 116059 | .000 8130 1.5537
40 1.3133(*) 116059 | .000 9430 1.6837
50 2.7633(*) | .16059 | .000 2.3930 3.1337
30 25 -1.1833(%) 116059 | .000 -1.5537 -.8130
40 1300 | .16059 | .442 -.2403 5003
50 1.5800(*) 116059 | .000 1.2097 1.9503
40 25 -1.3133(*) 116059 | .000 -1.6837 -.9430
30 -1300 | 16059 | .442 -.5003 2403
50 1.4500(*) | .16059 | .000 1.0797 1.8203
50 25 -2.7633(%) 16059 | .000 -3.1337 -2.3930
30 -1.5800(*) 16059 | .000 -1.9503 -1.2097
40 -1.4500(*) 116059 | .000 -1.8203 -1.0797

* The mean difference is significant at the .05 level.
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ANOVA
BIOMASS
Sum of
Squares df Mean Square F Sig.
Between Groups .195 3 .065 42.471 .000
Within Groups .012 8 .002
Total .208 11

least-significant different (L.SD)

Dependent Variable: BIOMASS

Dependent (1) ) _ Mean Std. Error | Sia. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

25 30 -.0687 03197 | .064 -.1424 .0051

40 -.2410(*) .03197 | .000 -.3147 -.1673

50 -3170(*) | .03197 | .000 -.3907 -.2433

30 25 0687 | .03197 | .064 -.0051 1424

40 -1723(%) | .03197 | .001 -.2461 -.0986

50 -.2483(%) 03197 | .000 -3221 -.1746

40 25 2410(*) .03197 | .000 1673 3147

30 1723(*) 03197 | .001 .0986 2461

50 -0760(*) | .03197 | .045 1497 -.0023

50 25 3170(%) .03197 | .000 2433 3907

30 2483(%) .03197 | .000 1746 3221

40 .0760(*) .03197 | .045 .0023 1497

* The mean difference is significant at the .05 level.
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ANOVA
Yp/s
Sum of
Squares df Mean Square F Sig.
Between Groups .036 3 .012 132.006 .000
Within Groups .001 8 .000
Total .037 11

least-significant different (L.SD)

Dependent Variable: Yp/s

Dependent (1) ) _ Mean Std. Error | Sia. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

25 30 .0553(¥) .00783 | .000 0373 0734

40 0910(%) | .00783 | .000 0729 1091

50 1517(%) | .00783 | .000 1336 1697

30 25 -.0553(*%) .00783 | .000 -.0734 -.0373

40 .0357(*) .00783 | .002 0176 .0537

50 .0963(*) .00783 | .000 .0783 1144

40 25 -.0910(*) .00783 | .000 -.1091 -.0729

30 -.0357(*) .00783 | .002 -.0537 -.0176

50 0607(*) | .00783 | .000 0426 0787

50 25 - 1517(%) .00783 | .000 -.1697 -.1336

30 -.0963(*) .00783 | .000 -1144 -.0783

40 -.0607(*) .00783 | .000 -.0787 -.0426

* The mean difference is significant at the .05 level.



ANOVA

Yx/s
Sum of
Squares df Mean Square F Sig.
Between Groups .000 3 .000 .957 .458
Within Groups .000 8 .000
Total .000 11

Dependent Variable: Yx/s

least-significant different (L.SD)

106

Dependent (1) ) _ Mean Std. Error | Sia. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)
Lower Bound | Upper Bound
2 30 -0030 |  .00361| .430 -.0113 .0053
40 -0040 | .00361| .300 -.0123 .0043
50 -.0060 |  .00361| .135 -.0143 .0023
30 25 0030 |  .00361| .430 -.0053 0113
40 -.0010 | .00361| .789 -.0093 .0073
20 -0030 |  .00361| .430 -.0113 .0053
40 2 0040 | .00361| .300 -.0043 0123
30 0010 | .00361| .789 -.0073 .0093
50 -0020 |  .00361| .595 -.0103 .0063
50 25 0060 | .00361| .135 -.0023 0143
30 0030 |  .00361| .430 -.0053 0113
40 0020 | .00361| .595 -.0063 0103

* The mean difference is significant at the .05 level.
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Y
o a 4 o w
MANUIN A-2 ﬂﬁ‘VillﬂLi’J‘VI”I‘L!i’JaLm%ﬂﬁﬁliﬂuﬁlﬁ’]\ﬁlﬁ@] S. cerevisiae (Sl) VINUIBAANNNADY

Taold (NH,),S0, innudiudv 0.05, 0.1, 0.5 uaz 1 nSusoans

ANOVA
SUGAR
Sum of
Squares df Mean Square F Sig.
Between Groups 8.037 3 2.679 5.297 .026
Within Groups 4.046 8 .506
Total 12.083 11

least-significant different (L.SD)

Dependent Variable: SUGAR

Dependent 95% Confidence Interval
VZriable c-glla)P C-gJR)P Difference (1) | Std- Error | Sig.
Lower Bound | Upper Bound
005 |01 1.4300(%) 58066 | .039 .0910 2.7690
0.5 -5933 | 58066 | .337 -1.9323 7457
1 -5500 |  .58066 | .371 -1.8890 7890
01 0.05 -1.4300(*%) 58066 | .039 -2.7690 -.0910
0.5 -2.0233(*) | .58066 | .008 -3.3623 -.6843
1 -1.9800(*) | .58066 | .009 -3.3190 -.6410
05 1005 5933 |  .58066 | .337 -.7457 1.9323
0.1 2.0233(*) 58066 | .008 6843 3.3623
1 0433 58066 | .942 -1.2957 1.3823
1 0.05 5500 | .58066 | .371 -.7890 1.8890
0.1 1.9800(*) |  .58066 | .009 6410 3.3190
0.5 -.0433|  .58066 | .942 -1.3823 1.2957

* The mean difference is significant at the .05 level.
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ANOVA
ETHANOL
Sum of
Squares df Mean Square F Sig.
Between Groups .879 3 .293 7.324 011
Within Groups .320 8 .040
Total 1.199 11

Dependent Variable: ETHANOL

least-significant different (L.SD)

Dependent (1) ) _ Mean Std. Error | Sia. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)
Lower Bound | Upper Bound
005 |01 -.5233(*) 16330 | .013 -.8999 -.1468
0.5 1333 16330 | 438 -.2432 5099
1 1333 | .16330| .438 -.2432 5099
01 0.05 5233(%) 16330 | .013 1468 .8999
0.5 6567(*) | .16330| .004 2801 1.0332
1 6567(*) 16330 | .004 2801 1.0332
05 10.05 -.1333 16330 | 438 -.5099 2432
0.1 - 6567(*) 16330 | .004 -1.0332 -.2801
1 .0000 | .16330 | 1.000 -.3766 3766
1 0.05 -1333| 16330 | .438 -.5099 2432
0.1 -6567(*) | .16330 | .004 -1.0332 -.2801
0.5 .0000 16330 | 1.000 -.3766 3766

* The mean difference is significant at the .05 level.



109

ANOVA
BIOMASS
Sum of
Squares df Mean Square F Sig.
Between Groups .013 3 .004 1.815 222
Within Groups .019 8 .002
Total .032 11

Dependent Variable: BIOMASS

least-significant different (L.SD)

Dependent 1) Q) - Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

00> |01 -.0700 04014 | .119 -.1626 0226

0.5 0167 |  .04014 | .689 -.0759 1092

1 -0033|  .04014 | .936 -.0959 .0892

01 1005 0700 | .04014| .119 -.0226 1626

0.5 0867 | .04014 | .063 -.0059 1792

1 0667 |  .04014| .135 -.0259 1592

05 1005 -0167 |  .04014 | .689 -.1092 .0759

0.1 -.0867 |  .04014 | .063 -1792 .0059

1 -0200 |  .04014 | .632 -.1126 0726

1 0.05 0033 |  .04014| .936 -.0892 .0959

0.1 -0667 |  .04014 | .135 -.1592 .0259

0.5 0200  .04014 | .632 -.0726 1126

* The mean difference is significant at the .05 level.
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ANOVA
Yp/s
Sum of
Squares df Mean Square F Sig.
Between Groups .000 3 .000 .046 .986
Within Groups .001 8 .000
Total .001 11

least-significant different (LSD)

Dependent Variable: Yp/s

Dependent 1) Q) ' Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

005 |01 -.0037 |  .01030 | .731 -.0274 .0201

0.5 -.0020 |  .01030 | .851 -.0257 0217

1 -0010 | .01030 | .925 -.0247 0227

01 1005 0037 |  .01030| .731 -.0201 0274

0.5 .0017 .01030 | .875 -.0221 .0254

1 0027 | .01030| .802 -.0211 0264

05 005 0020  .01030| .851 -.0217 0257

0.1 -0017 |  .01030| .875 -.0254 0221

1 0010 | .01030| .925 -.0227 0247

1 0.05 0010 | .01030| .925 -.0227 0247

0.1 -.0027 |  .01030 | .802 -.0264 0211

0.5 -.0010 |  .01030 | .925 -.0247 0227

* The mean difference is significant at the .05 level.



111

ANOVA
Yx/s
Sum of
Squares df Mean Square F Sig.
Between Groups .000 3 .000 .288 .833
Within Groups .000 8 .000
Total .000 11

Dependent Variable: Yx/s

least-significant different (LSD)

Dependent 1) Q) ' Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

0.05 |01 .0000 | .00248 | 1.000 -.0057 .0057

0.5 -.0007 | .00248 | .795 -.0064 .0051

1 0020 | .00248 | .444 -.0077 .0037

01 10.05 .0000 | .00248 | 1.000 -.0057 .0057

0.5 -0007 |  .00248 | .795 -.0064 .0051

1 0020 | .00248 | .444 -.0077 .0037

05 |0.05 0007 | .00248 | .795 -.0051 0064

0.1 .0007 | .00248 | .795 -.0051 .0064

1 -.0013 00248 | .606 -.0071 .0044

1 0.05 .0020 00248 | .444 -.0037 .0077

0.1 .0020 00248 | .444 -.0037 .0077

0.5 0013 | .00248 | .606 -.0044 .0071

* The mean difference is significant at the .05 level.
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a a 4 3’ v {
MANUIN A-3 miNammnmaauazmsmmﬂmm%ﬁ S. cerevisiae (Sl) iﬂﬂiﬂﬂﬂﬂllﬁllﬂ’f)”lfalﬁ

pH 514U 4.0, 4.5 1AL 5.0

ANOVA
SUGAR
Sum of
Squares df Mean Square F Sig.
Between Groups 22.356 2 11.178 10.037 .012
Within Groups 6.682 6 1.114
Total 29.038 8

least-significant different (L.SD)

Dependent Variable: SUGAR

Dependent (I) ) Mean std. Error | i 95% Confidence Interval
Variable | GRP | GRP | Difference (1-]) ' 9:

Lower Bound | Upper Bound

4 45 2.4600(%) 86166 | .029 3516 4.5684

5 3.8067(%) 86166 | .004 1.6983 5.9151

45 14 -2.4600(*) 86166 | .029 -4.5684 -3516

5 1.3467 86166 | .169 -.7617 3.4551

5 4 -3.8067(%) 86166 | .004 -5.9151 -1.6983

4.5 -1.3467 86166 | .169 -3.4551 7617

* The mean difference is significant at the .05 level.



113

ANOVA
ETHANOL
Sum of
Squares df Mean Square F Sig.
Between Groups 8.711 2 4.356 41.521 .000
Within Groups .629 6 .105
Total 9.340 8

Dependent Variable: ETHANOL

least-significant different (LSD)

Dependent 95% Confidence Interval
@M | @ |  Mean Std. Error | Sig.
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

4 45 ] . ] ]
1.5767(%) 26445 | .001 2.2238 9296
5 -2.3667(*) 26445 | .000 -3.0138 -1.7196
45 (4 1.5767(%) 26445 | .001 9296 2.2238
5 -.7900(*) 26445 | .024 -1.4371 -1429
5 4 2.3667(%) 26445 | .000 1.7196 3.0138
45 .7900(*) 26445 | .024 1429 1.4371

* The mean difference is significant at the .05 level.
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ANOVA
BIOMASS
Sum of
Squares df Mean Square F Sig.
Between Groups .062 2 .031 23.232 .001
Within Groups .008 6 .001
Total .070 8

least-significant different (LSD)

Dependent Variable: BIOMASS

Dependent 1) Q) - Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

4 45 -1267(*) .02991 | .005 -.1998 -.0535

> -2017(%) | .02991 | .001 -.2748 -.1285

45 (4 1267(%) .02991 | .005 .0535 1998

> -0750(*) | .02991 | .046 -.1482 -.0018

5 4 2017(*) 02991 | .001 1285 2748

4.5 .0750(*) 02991 | .046 .0018 1482

* The mean difference is significant at the .05 level.
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ANOVA
Yp/s
Sum of
Squares df Mean Square F Sig.
Between Groups .006 2 .003 11.701 .008
Within Groups .002 6 .000
Total .008 8

Dependent Variable: Yp/s

least-significant different (LSD)

Dependent 95% Confidence Interval
@M | @ |  Mean Std. Error | Sig.
Variable GRP GRP | Difference (I-J)
Lower Bound | Upper Bound
4 45 .
2.4600(*) 86166 | .029 3516 4.5684
5 3.8067(*) 86166 | .004 1.6983 5.9151
45 (4 -2.4600(%) 86166 | .029 -4.5684 -3516
5 1.3467 86166 | .169 -.7617 3.4551
5 4 -3.8067(*) 86166 | .004 -5.9151 -1.6983
4.5 -1.3467 86166 | .169 -3.4551 7617

* The mean difference is significant at the .05 level.



116

ANOVA
Yx/s
Sum of
Squares df Mean Square F Sig.
Between Groups .000 2 .000 .006 .994
Within Groups .000 6 .000
Total .000 8

least-significant different (LSD)

Dependent Variable: Yx/s

Dependent 1) Q) - Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

4 4.5 .0000 .00359 | 1.000 -.0088 .0088

> -.0003 |  .00359 | .929 -.0091 .0085

45 |4 .0000 .00359 | 1.000 -.0088 .0088

> -.0003 |  .00359 | .929 -.0091 .0085

> 4 .0003 00359 | .929 -.0085 .0091

4.5 .0003 00359 | .929 -.0085 .0091

* The mean difference is significant at the .05 level.
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a a 4 3’ v {
MANUIN A-4 miNammnmaauazmsmmﬂmm%ﬁ S. cerevisiae (Sl) iﬂﬂiﬂﬂﬂﬂllﬁllﬂ’f)”lfalﬁ

B931N15081 0, 50 AL 100 FOUADUIN

ANOVA
SUGAR
Sum of
Squares df Mean Square F Sig.
Between Groups 136.886 3 45.629 44.975 .000
Within Groups 8.116 8 1.015
Total 145.002 11

least-significant different (L.SD)

Dependent Variable: SUGAR

Dependent (I) ) _ Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

0 50 7.2267(*) | 1.38980 | .002 3.8260 10.6274

100 8.8900(*) | 1.38980 | .001 5.4893 12.2907

50 0 -7.2267(*) | 1.38980 | .002 -10.6274 -3.8260

100 1.6633 | 1.38980 | .277 -1.7374 5.0640

100 10 -8.8900(%) |  1.38980 | .001 -12.2907 -5.4893

50 -1.6633 | 1.38980 | .277 -5.0640 1.7374

* The mean difference is significant at the .05 level.
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ANOVA
ETHANOL
Sum of
Squares df Mean Square F Sig.
Between Groups 120.194 5 24.039 346.321 .000
Within Groups .833 12 .069
Total 121.027 17

least-significant different (LSD)

Dependent Variable: ETHANOL

Dependent 95% Confidence Interval
VZriable G(E{)P G(g{)P Diffe:clleﬁig (13) | Std- Error | Sig.

Lower Bound | Upper Bound

0 50 -4.6100(%) .15205 | .000 -4.9820 -4.2380

100 -5.9233(*) 115205 | .000 -6.2954 -5.5513

50 0 4.6100(%) 115205 | .000 4.2380 4.9820

100 -1.3133(%) 115205 | .000 -1.6854 -.9413

100 10 5.9233(%) 115205 | .000 5.5513 6.2954

50 1.3133(*) 115205 | .000 9413 1.6854

* The mean difference is significant at the .05 level.
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ANOVA
BIOMASS
Sum of
Squares df Mean Square F Sig.
Between Groups 774 5 .155 170.188 .000
Within Groups .011 12 .001
Total .785 17

Dependent Variable: BIOMASS

least-significant different (LSD)

Dependent 1) Q) Mean std. Error | i 95% Confidence Interval
Variable | GRP | GRP | Difference (1-]) ’ g

Lower Bound | Upper Bound

0 50 -.3550(*) .02867 | .000 -.4252 -.2848

100 -4717(%) .02867 | .000 -.5418 -.4015

50 0 3550(%) .02867 | .000 2848 4252

100 - 1167(%) .02867 | .007 -.1868 -.0465

100 (0 A4717(*%) .02867 | .000 4015 5418

50 1167(*) .02867 | .007 .0465 1868

* The mean difference is significant at the .05 level.
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ANOVA
Yp/s
Sum of
Squares df Mean Square F Sig.
Between Groups .110 5 .022 56.688 .000
Within Groups .005 12 .000
Total 114 17

least-significant different (LSD)

Dependent Variable: Yp/s

Dependent 1) Q) - Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

0 50 -.1913(%) 01169 | .000 -.2199 -.1627

100 -.2280(*) 01169 | .000 -.2566 -.1994

50 0 1913(%) 01169 | .000 1627 2199

100 -.0367(*%) 01169 | .020 -.0653 -.0081

100 (0 2280(%) 01169 | .000 1994 2566

50 .0367(*) 01169 | .020 .0081 .0653

* The mean difference is significant at the .05 level.
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ANOVA
Yx/s
Sum of
Squares df Mean Square F Sig.
Between Groups .000 5 .000 16.579 .000
Within Groups .000 12 .000
Total .000 17

least-significant different (LSD)

Dependent Variable: Yx/s

Dependent 1) Q) - Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)
Lower Bound | Upper Bound
0 >0 0003 |  .00586 | .957 -.0140 0147
100 -0013 |  .00586 | .828 -.0157 0130
50 0 -0003 |  .00586 | .957 -.0147 .0140
100 -0017 |  .00586 | .786 -.0160 0127
100 0 .0013 .00586 | .828 -.0130 .0157
20 0017 | .00586 | .786 -.0127 .0160

* The mean difference is significant at the .05 level.
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Y
o a 4 o w
MANUIN A-5 ﬂﬁ‘VillﬂLi’J‘VI”I‘L!i’JaLm%ﬂﬁmiiym@ﬂ%ﬁ@] S. cerevisiae (Sl) VINUIBAANNNADY

TagiuNgungil 25, 30 Lag 35 pIA ATy

ANOVA
SUGAR
Sum of
Squares df Mean Square F Sig.
Between Groups 134.023 2 67.012 23.129 .002
Within Groups 17.384 6 2.897
Total 151.407 8

least-significant different (L.SD)

Dependent Variable: SUGAR

Dependent 1) Q) ' Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)
Lower Bound | Upper Bound
0 50 0003 |  .00586 | .957 -.0140 0147
100 -0013 |  .00586 | .828 -.0157 0130
0 10 -0003 |  .00586 | .957 -.0147 0140
100 -0017 |  .00586 | .786 -.0160 0127
100 0 .0013 .00586 | .828 -.0130 .0157
50 0017 |  .00586 | .786 -.0127 .0160

* The mean difference is significant at the .05 level.
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ANOVA
ETHANOL
Sum of
Squares df Mean Square F Sig.
Between Groups 58.063 2 29.031 837.176 .000
Within Groups .208 6 .035
Total 58.271 8

least-significant different (LSD)

Dependent Variable: ETHANOL

Dependent 95% Confidence Interval
VZriable G(E{)P G(g{)P Differl\gﬁig (1-3) | Std- Error | Sig.

Lower Bound | Upper Bound

25 30 -1.0533(*) 115205 | .000 -1.4254 -.6813

35 1.0500(*) 15205 | .000 6780 1.4220

30 25 1.0533(*%) 115205 | .000 6813 1.4254

35 2.1033(%) 15205 | .000 1.7313 2.4754

35 25 -1.0500(*) 115205 | .000 -1.4220 -.6780

30 -2.1033(%) 15205 | .000 -2.4754 -1.7313

* The mean difference is significant at the .05 level.
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ANOVA
BIOMASS
Sum of
Squares df Mean Square F Sig.
Between Groups .362 2 181 146.800 .000
Within Groups .007 6 .001
Total .370 8

least-significant different (LSD)

Dependent Variable: BIOMASS

Dependent 1) Q) - Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

25 30 0143 | .02580| .599 -.0488 0775

35 1077¢%) | .02580 | .006 0445 1708

30 25 -0143 | .02580 | .599 -.0775 0488

35 0933(%) | .02580 | .011 0302 1565

35 25 -.1077(*) .02580 | .006 -.1708 -.0445

30 -.0933(*) 02580 | .011 -.1565 -.0302

* The mean difference is significant at the .05 level.
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ANOVA
Yp/s
Sum of
Squares df Mean Square F Sig.
Between Groups .090 2 .045 219.477 .000
Within Groups .001 6 .000
Total .091 8

least-significant different (LSD)

Dependent Variable: Yp/s

Dependent 1) Q) - Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)

Lower Bound | Upper Bound

25 |30 -0097 | .02147 | .668 0622 0429

35 0743(%) | .02147 | .013 0218 1269

30 25 0097 | .02147 | .668 -.0429 0622

35 .0840(*) 02147 | .008 0315 1365

35 25 -.0743(*) 02147 | .013 -.1269 -.0218

30 -.0840(*) 02147 | .008 -.1365 -.0315

* The mean difference is significant at the .05 level.
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ANOVA
Yx/s
Sum of
Squares df Mean Square F Sig.
Between Groups .000 2 .000 .045 .956
Within Groups .000 6 .000
Total .000 8

least-significant different (LSD)

Dependent Variable: Yx/s

Dependent 1) Q) - Mean std. Error | Sig. 95% Confidence Interval
Variable GRP GRP | Difference (I-J)
Lower Bound | Upper Bound
25 30 0073 | .00396 | .114 -.0024 0170
35 0093 | .00396 | .057 -.0004 .0190
30 25 -0073 |  .00396 | .114 -.0170 0024
35 0020 | .00396 | .632 -.0077 0117
3> 25 -.0093 0039 | .057 -.0190 .0004
30 -.0020 |  .00396 | .632 -.0117 .0077

* The mean difference is significant at the .05 level.
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Y
o a 4 o w
MANUIN A-6 ﬂﬁ‘l’illﬂLi’J‘VI”I‘L!i’JaLm%ﬂﬁmiﬂﬁli’]\ﬁlﬁﬁ S. cerevisiae (Sl) VINUIBAANNNADY

TaguuNszezan 12, 24, 36, 48, 60 1Az 72 43 134

ANOVA
SUGAR
Sum of
Squares df Mean Square F Sig.
Between Groups 136.886 3 45.629 44,975 .000
Within Groups 8.116 8 1.015
Total 145.002 11

Dependent Variable: SUGAR

least-significant different (LSD)

Depe.ndent G(g{)P G(g{)P Diffel:cla?\?:r; ) Std.Error | Sia. 95% Confidence Interval
Variable

Lower Bound | Upper Bound

12 24 2.5800(*) .67149 .002 1.1169 4.0431
36 4.7600(*) .67149 .000 3.2969 6.2231

48 9.2067(*) .67149 .000 7.7436 10.6697

60 10.2300(*) .67149 .000 8.7669 11.6931

72 10.2300(*) .67149 .000 8.7669 11.6931

24 12 -2.5800(*) .67149 .002 -4.0431 -1.1169
36 2.1800(*) .67149 .007 .7169 3.6431

48 6.6267(*) .67149 .000 5.1636 8.0897

60 7.6500(*) .67149 .000 6.1869 9.1131

72 7.6500(*) .67149 .000 6.1869 9.1131

36 12 -4.7600(*) .67149 .000 -6.2231 -3.2969
24 -2.1800(*) .67149 .007 -3.6431 -.7169

48 4.4467(*) .67149 .000 2.9836 5.9097

60 5.4700(*) .67149 .000 4.0069 6.9331

72 5.4700(*) .67149 .000 4.0069 6.9331

48 12 -9.2067(*) .67149 .000 -10.6697 -7.7436
24 -6.6267(*) .67149 .000 -8.0897 -5.1636

36 -4.4467(*) .67149 .000 -5.9097 -2.9836

60 1.0233 .67149 .153 -.4397 2.4864

72 1.0233 .67149 .153 -.4397 2.4864

60 12 -10.2300(*) .67149 .000 -11.6931 -8.7669
24 -7.6500(*) 67149 | .000 -9.1131 -6.1869

36 -5.4700(*) .67149 .000 -6.9331 -4.0069

48 -1.0233 .67149 .153 -2.4864 .4397

72 .0000 .67149 | 1.000 -1.4631 1.4631

72 12 -10.2300(*) .67149 .000 -11.6931 -8.7669
24 -7.6500(*) .67149 .000 -9.1131 -6.1869

36 -5.4700(*) .67149 .000 -6.9331 -4.0069

48 -1.0233 .67149 .153 -2.4864 4397

60 .0000 .67149 | 1.000 -1.4631 1.4631

* The mean difference is significant at the .05 level.
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ANOVA
ETHANOL
Sum of
Squares df Mean Square F Sig.
Between Groups 120.194 5 24.039 346.321 .000
Within Groups .833 12 .069
Total 121.027 17

Dependent Variable: ETHANOL

least-significant different (LSD)

Depe'ndellt égp éJR)p Diffe:l?q?:r; o) Std.Eror | Sig. 95% Confidence Interval
Variable

Lower Bound | Upper Bound

12 24 -2.6297(%) .21512 .000 -3.0984 -2.1610
36 -4.6025(*) 21512 .000 -5.0712 -4.1338

48 -6.8380(*) 21512 .000 -7.3067 -6.3693

60 -6.8380(*) 21512 .000 -7.3067 -6.3693

72 -6.8380(*) 21512 .000 -7.3067 -6.3693

24 12 2.6297(*) 21512 .000 2.1610 3.0984
36 -1.9728(*) 21512 .000 -2.4415 -1.5041

48 -4.2083(*) 21512 .000 -4.6770 -3.7396

60 -4.2083(*) 21512 .000 -4.6770 -3.7396

72 -4.2083(*) 21512 .000 -4.6770 -3.7396

36 12 4.6025(*) 21512 .000 4.1338 5.0712
24 1.9728(*) 21512 .000 1.5041 2.4415

48 -2.2355(%) 21512 .000 -2.7042 -1.7668

60 -2.2355(*) 21512 .000 -2.7042 -1.7668

72 -2.2355(%) 21512 .000 -2.7042 -1.7668

48 12 6.8380(*) 21512 .000 6.3693 7.3067
24 4.2083(*) 21512 .000 3.7396 4.6770

36 2.2355(*) 21512 .000 1.7668 2.7042

60 .0000 .21512 | 1.000 -.4687 4687

72 .0000 .21512 | 1.000 -.4687 .4687

60 12 6.8380(*) 21512 .000 6.3693 7.3067
24 4.2083(*) 21512 .000 3.7396 4.6770

36 2.2355(%*) 21512 .000 1.7668 2.7042

48 .0000 21512 | 1.000 -.4687 4687

72 .0000 21512 | 1.000 -.4687 4687

72 12 6.8380(*) 21512 .000 6.3693 7.3067
24 4.2083(*) 21512 .000 3.7396 4.6770

36 2.2355(%*) 21512 .000 1.7668 2.7042

48 .0000 .21512 | 1.000 -.4687 .4687

60 .0000 21512 | 1.000 -.4687 4687

* The mean difference is significant at the .05 level.
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ANOVA
BIOMASS
Sum of
Squares df Mean Square F Sig.
Between Groups 774 5 .155 170.188 .000
Within Groups .011 12 .001
Total .785 17

Dependent Variable: BIOMASS

least-significant different (LSD)

Depe'ndellt égp éJR)p Diffe:l?q?:r; o) Std.Eror | Sig. 95% Confidence Interval
Variable

Lower Bound | Upper Bound

12 24 -.1470(%) .02462 [ .000 -.2006 -.0934
36 -.3337(%) .02462 .000 -.3873 -.2800

48 -.6337(*%) .02462 .000 -.6873 -.5800

60 -.4703(%) .02462 | .000 -.5240 -.4167

72 -.3903(*) .02462 .000 -.4440 -.3367

24 12 .1470(*) .02462 .000 .0934 .2006
36 -.1867(*) .02462 | .000 -.2403 -.1330

48 -.4867(*) .02462 .000 -.5403 -.4330

60 -.3233(*) .02462 .000 -.3770 -.2697

72 -.2433(*) .02462 .000 -.2970 -.1897

36 12 .3337(%) .02462 .000 .2800 .3873
24 .1867(*) .02462 .000 .1330 .2403

48 -.3000(*) .02462 .000 -.3536 -.2464

60 -.1367(*) .02462 .000 -.1903 -.0830

72 -.0567(%) 02462 | .040 -.1103 -.0030

48 12 .6337(%) .02462 .000 .5800 .6873
24 .4867(*) .02462 .000 .4330 .5403

36 .3000(*) .02462 .000 .2464 .3536

60 .1633(*) .02462 | .000 .1097 2170

72 .2433(*) .02462 .000 .1897 .2970

60 12 4703(%) .02462 | .000 4167 .5240
24 .3233(*) .02462 .000 .2697 .3770

36 .1367(%*) .02462 .000 .0830 .1903

48 -.1633(*) .02462 .000 -.2170 -.1097

72 .0800(*) .02462 .007 .0264 .1336

72 12 .3903(*) .02462 .000 .3367 4440
24 .2433(%*) .02462 .000 .1897 .2970

36 .0567(*) .02462 .040 .0030 .1103

48 -.2433(*) .02462 .000 -.2970 -.1897

60 -.0800(*) .02462 .007 -.1336 -.0264

* The mean difference is significant at the .05 level.




ANOVA
Yp/s
Sum of
Squares df Mean Square F Sig.
Between Groups 110 5 .022 56.688 .000
Within Groups .005 12 .000
Total 114 17

Dependent Variable: Yp/s

least-significant different (LSD)

130

Depe'ndellt égp éJR)p Diffe:l?q?:r; o) Std.Eror | Sig. 95% Confidence Interval
Variable

Lower Bound | Upper Bound

12 24 -.1296(*) .01605 .000 -.1645 -.0946
36 -.1965(*) .01605 .000 -.2314 -.1615

48 -.2240(*) .01605 .000 -.2590 -.1891

60 -.2078(*) .01605 .000 -.2427 -.1728

72 -.2078(*) .01605 .000 -.2427 -.1728

24 12 .1296(*) .01605 .000 .0946 .1645
36 -.0669(*) .01605 .001 -.1019 -.0319

48 -.0945(*) .01605 .000 -.1295 -.0595

60 -.0782(*) .01605 .000 -.1132 -.0432

72 -.0782(*) .01605 .000 -.1132 -.0432

36 12 .1965(*) .01605 .000 .1615 .2314
24 .0669(*) .01605 .001 .0319 .1019

48 -.0276 .01605 112 -.0625 .0074

60 -.0113 .01605 .495 -.0463 .0237

72 -.0113 .01605 .495 -.0463 .0237

48 12 .2240(*) .01605 .000 .1891 .2590
24 .0945(*) .01605 .000 .0595 .1295

36 .0276 .01605 112 -.0074 .0625

60 .0163 .01605 .330 -.0187 .0513

72 .0163 .01605 .330 -.0187 .0513

60 12 .2078(*) .01605 .000 .1728 .2427
24 .0782(*) .01605 .000 .0432 1132

36 .0113 .01605 .495 -.0237 .0463

48 -.0163 .01605 .330 -.0513 .0187

72 .0000 .01605 | 1.000 -.0350 .0350

72 12 .2078(*) .01605 .000 .1728 .2427
24 .0782(*) .01605 .000 .0432 1132

36 .0113 .01605 .495 -.0237 .0463

48 -.0163 .01605 .330 -.0513 .0187

60 .0000 .01605 | 1.000 -.0350 .0350

* The mean difference is significant at the .05 level.
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ANOVA
Yx/s
Sum of
Squares df Mean Square F Sig.
Between Groups .000 5 .000 16.579 .000
Within Groups .000 12 .000
Total .000 17

Dependent Variable: Yx/s

least-significant different (LSD)

Dependent 95% Confidence Interval
G(rIa)P CEJR)P Diffel:(l:'l?:?e(I-J) Std.Error | Sig. i
Variable

Lower Bound | Upper Bound

12 24 -.0028 .00161 .109 -.0063 .0007
36 -.0077(*) .00161 .000 -.0112 -.0042

48 -.0116(*) .00161 | .000 -.0151 -.0081

60 -.0030 .00161 .090 -.0065 .0005

72 .0002 .00161 .890 -.0033 .0037

24 12 .0028 .00161 .109 -.0007 .0063
36 -.0049(*) .00161 | .010 -.0084 -.0014

48 -.0088(*) .00161 .000 -.0123 -.0053

60 -.0002 .00161 910 -.0037 .0033

72 .0030 .00161 .086 -.0005 .0065

36 12 .0077(*) .00161 .000 .0042 .0112
24 .0049(*) .00161 .010 .0014 .0084

48 -.0039(*) .00161 .033 -.0074 -.0004

60 .0047(*) .00161 .012 .0012 .0082

72 .0079(*) .00161 .000 .0044 .0114

48 12 .0116(*) .00161 .000 .0081 .0151
24 .0088(*) .00161 .000 .0053 .0123

36 .0039(*) .00161 .033 .0004 .0074

60 .0086(*) .00161 .000 .0051 .0121

72 .0118(*) .00161 .000 .0083 .0153

60 12 .0030 .00161 .090 -.0005 .0065
24 .0002 .00161 910 -.0033 .0037

36 -.0047(*) .00161 .012 -.0082 -.0012

48 -.0086(*) .00161 .000 -.0121 -.0051

72 .0032 .00161 .070 -.0003 .0067

72 12 -.0002 .00161 .890 -.0037 .0033
24 -.0030 .00161 .086 -.0065 .0005

36 -.0079(*) .00161 .000 -.0114 -.0044

48 -.0118(*%) .00161 .000 -.0153 -.0083

60 -.0032 .00161 .070 -.0067 .0003

* The mean difference is significant at the .05 level.
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MANUIN A-7 mswﬁmamuaauazmmmﬂm S.cerevisiae (Sz) i]”lﬂﬁ”l’fﬁhﬂllﬁllﬂﬂ”lf! N
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daaunuaognlsnashmasuduminy 25, 30, 40, 50 e 98 NSuADANS

ANOVA
SUGAR
Sum of
Squares df Mean Square F Sig.
Between Groups 4.056 4 1.014 37.723 .000
Within Groups .269 10 .027
Total 4.325 14

least-significant different (L.SD)

Dependent Variable: SUGAR

Depe'ndent G(rla)P G%)P Diffe:/:qacr; iy | SEmor | Sig 95% Confidence Interval
Variable

Lower Bound | Upper Bound

25 30 .0000 .13387 | 1.000 -.2983 .2983
40 .0000 .13387 | 1.000 -.2983 .2983

50 .0000 .13387 | 1.000 -.2983 .2983

98 -1.3000(*) .13387 .000 -1.5983 -1.0017

30 25 .0000 .13387 | 1.000 -.2983 .2983
40 .0000 .13387 | 1.000 -.2983 .2983

50 .0000 .13387 | 1.000 -.2983 .2983

98 -1.3000(*) .13387 .000 -1.5983 -1.0017

40 25 .0000 .13387 | 1.000 -.2983 .2983
30 .0000 .13387 | 1.000 -.2983 .2983

50 .0000 .13387 | 1.000 -.2983 .2983

98 -1.3000(*) .13387 .000 -1.5983 -1.0017

50 25 .0000 .13387 | 1.000 -.2983 .2983
30 .0000 .13387 | 1.000 -.2983 .2983

40 .0000 .13387 | 1.000 -.2983 .2983

98 -1.3000(*) .13387 .000 -1.5983 -1.0017

98 25 1.3000(*) .13387 .000 1.0017 1.5983
30 1.3000(*) .13387 .000 1.0017 1.5983

40 1.3000(*) .13387 .000 1.0017 1.5983

50 1.3000(*) .13387 .000 1.0017 1.5983

* The mean difference is significant at the .05 level.
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ANOVA
ETHANOL
Sum of
Squares df Mean Square F Sig.
Between Groups 2546.417 4 636.604 | 12295.988 .000
Within Groups .518 10 .052
Total 2546.935 14

Dependent Variable: ETHANOL

least-significant different (LSD)

Dependent | (7 0) Mean StdError | Sig 95% Confidence Interval
Variable GRP GRP | Difference(I-J) ) )

Lower Bound | Upper Bound

25 30 -2.3767(%) .18578 .000 -2.7906 -1.9627
40 -7.6433(*) .18578 .000 -8.0573 -7.2294

50 -12.7767(%) .18578 .000 -13.1906 -12.3627

98 -36.3467(*) .18578 .000 -36.7606 -35.9327

30 25 2.3767(*) .18578 .000 1.9627 2.7906
40 -5.2667(*) .18578 .000 -5.6806 -4.8527

50 -10.4000(*) .18578 .000 -10.8140 -9.9860

98 -33.9700(*) .18578 .000 -34.3840 -33.5560

40 25 7.6433(*) .18578 .000 7.2294 8.0573
30 5.2667(*) .18578 .000 4.8527 5.6806

50 -5.1333(*) .18578 .000 -5.5473 -4.7194

98 -28.7033(*) .18578 .000 -29.1173 -28.2894

50 25 12.7767(*) .18578 .000 12.3627 13.1906
30 10.4000(*) .18578 .000 9.9860 10.8140

40 5.1333(*) .18578 .000 4.7194 5.5473

98 -23.5700(*) .18578 .000 -23.9840 -23.1560

98 25 36.3467(*) .18578 .000 35.9327 36.7606
30 33.9700(*) .18578 .000 33.5560 34.3840

40 28.7033(*) .18578 .000 28.2894 29.1173

50 23.5700(*) .18578 .000 23.1560 23.9840

* The mean difference is significant at the .05 level.
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ANOVA
BIOMASS
Sum of
Squares df Mean Square F Sig.
Between Groups 19.125 4 4,781 2927.282 .000
Within Groups .016 10 .002
Total 19.141 14

Dependent Variable: BIOMASS

least-significant different (LSD)

Depe.ndent G(QP G(g{)P Diffel:cla?\?:r; i | SEmor | Sig 95% Confidence Interval
Variable

Lower Bound | Upper Bound

25 30 -2.0467(%) .03300 .000 -2.1202 -1.9731
40 -3.0400(*) .03300 .000 -3.1135 -2.9665

50 -2.7600(*) .03300 .000 -2.8335 -2.6865

98 -2.9100(*) .03300 .000 -2.9835 -2.8365

30 25 2.0467(*) .03300 .000 1.9731 2.1202
40 -.9933(*) .03300 .000 -1.0669 -.9198

50 -.7133(%*) .03300 .000 -.7869 -.6398

98 -.8633(*%) .03300 .000 -.9369 -.7898

40 25 3.0400(*) .03300 .000 2.9665 3.1135
30 .9933(*) .03300 .000 .9198 1.0669

50 .2800(*) .03300 .000 .2065 .3535

98 .1300(*) .03300 .003 .0565 .2035

50 25 2.7600(*) .03300 .000 2.6865 2.8335
30 7133(%) .03300 .000 .6398 .7869

40 -.2800(*) .03300 .000 -.3535 -.2065

98 -.1500(*) .03300 .001 -.2235 -.0765

98 25 2.9100(*) .03300 .000 2.8365 2.9835
30 .8633(*) .03300 .000 .7898 .9369

40 -.1300(*) .03300 .003 -.2035 -.0565

50 .1500(*) .03300 .001 .0765 .2235

* The mean difference is significant at the .05 level.
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ANOVA
Yp/s
Sum of
Squares df Mean Square F Sig.
Between Groups .000 4 .000 2.185 .144
Within Groups .000 10 .000
Total .001 14

Dependent Variable: Yp/s

least-significant different (L.SD)

Depe'ndent égp éJR)p Diffe:lii,; o) Std.Eror | Sig. 95% Confidence Interval
Variable

Lower Bound | Upper Bound

25 30 .0037 .00519 .496 -.0079 .0152
40 -.0057 .00519 .301 -.0172 .0059

50 -.0083 .00519 .140 -.0199 .0032

98 -.0087 .00519 126 -.0202 .0029

30 25 -.0037 .00519 .496 -.0152 .0079
40 -.0093 .00519 .103 -.0209 .0022

50 -.0120(*) .00519 .043 -.0236 -.0004

98 -.0123(*) .00519 .039 -.0239 -.0008

40 25 .0057 .00519 301 -.0059 .0172
30 .0093 .00519 .103 -.0022 .0209

50 -.0027 .00519 .619 -.0142 .0089

98 -.0030 .00519 .576 -.0146 .0086

50 25 .0083 .00519 .140 -.0032 .0199
30 .0120(*) .00519 .043 .0004 .0236

40 .0027 .00519 .619 -.0089 .0142

98 -.0003 .00519 | .950 -.0119 .0112

98 25 .0087 .00519 126 -.0029 .0202
30 .0123(*) .00519 .039 .0008 .0239

40 .0030 .00519 .576 -.0086 .0146

50 .0003 .00519 | .950 -.0112 .0119

* The mean difference is significant at the .05 level.
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ANOVA
Yx/s
Sum of
Squares df Mean Square F Sig.
Between Groups .021 4 .005 | 4075.447 .000
Within Groups .000 10 .000
Total .021 14

Dependent Variable: Yx/s

least-significant different (LSD)

Depe.ndent G(QP G(g{)P Diffel;liacz o) Std.Eror | Sig. 95% Confidence Interval
Variable

Lower Bound | Upper Bound

25 30 -.0477(*) .00092 .000 -.0497 -.0456
40 -.0303(*) .00092 .000 -.0324 -.0283

50 .0060(*) .00092 .000 .0040 .0080

98 .0607(*) .00092 .000 .0586 .0627

30 25 .0477(*) .00092 .000 .0456 .0497
40 .0173(*) .00092 .000 .0153 .0194

50 .0537(*) .00092 .000 .0516 .0557

98 .1083(*) .00092 .000 .1063 .1104

40 25 .0303(*) .00092 .000 .0283 .0324
30 -.0173(*) .00092 .000 -.0194 -.0153

50 .0363(*) .00092 .000 .0343 .0384

98 .0910(*) .00092 .000 .0890 .0930

50 25 -.0060(*) .00092 .000 -.0080 -.0040
30 -.0537(*) .00092 .000 -.0557 -.0516

40 -.0363(*) .00092 .000 -.0384 -.0343

98 .0547(*) .00092 .000 .0526 .0567

98 25 -.0607(*) .00092 .000 -.0627 -.0586
30 -1083(*) | .00092 | .000 -.1104 -.1063

40 -.0910(*) .00092 .000 -.0930 -.0890

50 -.0547(*) .00092 .000 -.0567 -.0526

* The mean difference is significant at the .05 level.
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